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Abstract

A ten-week summer research internship program is designed and implemented for community
college students. The research activity is performed in a four-year university under the guidance
of a faculty in charge of the research program, and the research interns are assigned a graduate
student mentor. The results of this program include research experience given to the community
college students early in their educational pathways. Such early exposure to research has benefits
of improved students’ outlooks which improve their performance in their coursework and sharpen
their interest in pursuing STEM fields. Given the often-lengthy background preparation needed
for conducting research, it is difficult to incorporate research experience as a curricular activity in
regular semesters when students have a lot of distractions managing various assignments in
different courses. Summer is a time when students have fewer distractions and can be effectively
engaged in a focused research activity. The intern cohort are divided to discipline of Electrical,
Computer, Mechanical, and Civil Engineering. This paper presents the details of the project for
the Electrical Engineering cohort, the research, and educational objectives, results obtained. The
planned research project for the Electrical cohort is related to anti-fuse memory technology, which
is a promising one-time programmable nano-scale technology for information storage. In this
technology, the information is stored in a resistive form which is a state of a fuse element that is
non-volatile. In this research, we propose a unique application for anti-fuse memory technology
and that is to realize non-volatile single-bit latch element that can be used for building re
configurable logic circuits. The entire intern cohort are surveyed at the end of the program to
assesses the program outcomes. According to the student surveys, the results suggest that research
experience is very valuable in encouraging students to pursue STEM research careers. Moreover,
this experience enhances students’ technical research skills such as scientific thinking, ability to
analyze and interpret results, and presentation skills. This flipped approach to educational
pathways in which research experience is offered early on results in students to be more determined
and motivated as they progress through their educational pathways.

1. Introduction
Background: With funding from the Department of Education, Canada community college and

San Francisco Sate University have collaborated to offer research internship experience to the
under-represented community college students. This program has been conducted for several years



now and every year it impacts close to 20 community college students. The community college
students are selected for this program based on criteria of diversity, technical background, and fit.
The program covers four disciplines of Electrical, Computer, Mechanical, and Civil Engineering.
In each discipline, there is a faculty research advisor at San Francisco State University who is in
charge of defining the research plan and hosting the inters in his/her research laboratory over the
summer and providing a graduate student mentor.

The paper presents the activity planned for the Electrical Engineering cohort and its results for
offering research experience to the undergraduate students to inspire them to pursue higher
education and research careers. An effective research experience for undergraduate students
requires proper definition of a focused research problem, proper training and mentoring. In
Summer 2018, we have been able to host three undergraduate students as the Electrical
Engineering cohort from the community college in our research laboratory in the 4-year university.
The undergraduate student research interns were mentored by a master student who was
experienced in the assigned research topic. A dedicated faculty member oversaw defining and
supervising the research tasks.

The research internship was conducted for ten weeks during summer. Undergraduate student
interns had weekly meetings with their mentor and faculty advisor. The assigned research task was
to explore design optimizations for a Non-Volatile Latch (NV-Latch) memory element using anti-
fuse memory technology. The research tried to evaluate the influence of various transistor sizing
on area and power and performance trade-offs in the design. Overall, the end design goal was to
construct an optimal design which could achieve the best performance and reliability under a given
silicon area budget. Throughout the introductory phase, students were given orientation and
resources to learn the basics of the technology under investigation and the operation of the NV-
latch module. They were also given tutorials to learn the spice circuit modeling and simulation.
Students were tasked to collect power, performance, and area results of various design points.
After data collection, students were then asked to interpret the results and offer meaningful
conclusions as to the design optimization process and results achieved.

Throughout the program, students made midterm and final project progress report in both written
and oral presentation forms to practice their writing as well as oral presentation skills. The students
were surveyed on the effectiveness and satisfaction of their research experience before exiting the
program.

Objective: The objective of this research internship program was to offer diverse and
underrepresented community college students an early exposure to research in STEM fields in
order to improve their interest and performance in the STEM fields. This objective is assessed by
surveying the intern using the same questionnaire at the beginning and at the end of this program
and measuring the difference in their responses.

This paper shares the research project details, research results, and the student survey results.
Section 2 presents a brief literature review of relate work and best practices in offering research
internship to students. Sections 3 through 6 of the paper are about the research work the students
conducted and may not be directly relevant to the education theme, but they represent a sample of
the writing the student prepared at the end of the internship.



2. Literature Review and Best Practices

There are many works published on research internship as a vehicle for improving engineering
education [4-11]. The target population for research internship varies from high school students
[4], to undergraduate students [5], graduate students [6], and faculty [7]. A common observation
in all these works is that internship experience does improve the educational outcome for the
participants. When it is targeted for high school students, it can assist in increasing diversity in
STEM disciplines by encouraging female and minority students to choose STEM fields for their
college [4]. When internship is offered to lower division undergraduate students, it improves their
retention in the STEM fields [5]. When offered to graduate students, it results in improved research
quality [6]. When offered to faculty member, it assists faculty in maintaining currency in
knowledge and skills [7]. The research and internship activities for undergraduate students have
been shown to improve their retention and learning abilities in their classroom educational
activities [11]. The scalability of offering research and internship opportunities to mass number of
undergraduate students remains to be a challenge.

3. Research Project Background: Anti-Fuse Memory Technology

The anti-fuse device is a cell whose insulating element breaks down under a high electric field,
which is made of transistor-dielectric or metallic materials. Anti-fuses are manufactured as high
resistance devices whose resistance can be permanently altered to a low resistance value by placing
a sufficient electric field across it. Once programmed the resistance value cannot be reversed,
hence an anti-fuse is one-time programmable. These devices may also be either fabricated at a
metal layer above the transistors of our design at no area cost or may occupy a small area (Fig. 1).
For metal-to-metal based anti-fuses depicted in Figure 1, the high electric field results in permanent
conductive paths being formed between initially isolated regions of metal layers (Fig. 2). Other
types of programmable anti-fuses exist, but for the purposes of this paper we will assume a metal-
to-metal type cell which can be fabricated above our transistor array, and, therefore, shows a lower
bit-cell area.

<— Contact M eta I B L

Figure 1. Programmable-Contact Based Anti-Fuse [Chen, 2009]
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Figure 2. Example of Programming of 45nm Anti-fuse [Tsai, 2009]

4. Research Project Task: Design a Non-Volatile Latch using Anti-Fuse Memory
Technology

The latch is the most fundamental unit of binary data storage. A Non-Volatile (NV) latch is a type
that does not lose its binary state when the power supply is lost. The use of non-volatile latches
includes storage of identification numbers such as serial numbers, secret key, configuration bits,
etc.

A typical non-volatile latch must have the ability to be programmed to a binary state and retain this
binary state even in the case of power down. The state of the latch can be queried by other
components as long as system power is present. Looking at Figure 3, a basic latch can have control
inputs for reading or sensing the stored data (‘SE’), a data input (‘D’) whose state is stored to the
latch, and an output which presents its current binary state (referred to as ‘Q’). By storing the state
of the latch in the anti-fuse element, that data is stored permanently in a non-volatile form. An
additional programming control input write enable (“WE’) is needed to activate the programming
of the internal fuse element. The research task is to design and optimize this non-violate anti-fuse
based latch in a 28 nm CMOS technology.

Data Input (D)

Write Enable (WE) RDZt;ITa?
Read/Sense
Enable (SE)

Figure 3. Block-Level NV Latch I/O
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Figure 4. Proposed Design of Anti-Fuse Based NV Latch

Figure 4 provides a transistor-level view of the proposed anti-fuse-based latch, which is to be
designed in a 28 nm generic process development kit (PDK). VPP is the fuse programming voltage
which will provide the necessary electric field, this signal will be set to a reported DC value of 4-
5 Volts during a write operation. All 2.5V gate-input transistors are always on and serve as
protection for core transistors whose maximum rated voltage is 1.05V at the 28 nm technology
node. The ‘Clamp-On’ signal serves as the circuit’s connection to ground during read operations.
‘Clamp-On’ is off during write to ensure the only DC path to ground is through the anti-fuse device
depending on the data input (‘D’) and is on during read operation. ‘D’ is the circuit’s data input
and acts as the user’s input to the circuit allowing the user to either apply an electric field potential
of “VPP’ or 0 across the anti-fuse. The signal ‘WE’ is the write enable signal which will allow the
data input to either alter the potential across the anti-fuse or stop any potential from being applied.
The ‘SE’ signal corresponds to the device’s sense enable (read) function. When this signal is high,
and if write enable is low, the latch will convert the resistive state of the anti-fuse to a voltage
value at output ‘Q’. It is important to note that everything above the anti-fuse element is shared
across all anti-fuse cells on-chip, which means that the total unit-cell consists of just 16 transistors
(only 3 of which are non-minimum size) and an anti-fuse element which may be manufactured on
top of the latch (meaning no additional area cost).

5. Anti-Fuse-Based NV Latch Optimization



The design needs to be optimized in order to function with a low expected rate of failure. The
following general approach was followed for this optimization:

1. Identify transistors which might impact read/write reliability perform parametric
sweeps with delay-based Monte Carlo simulations [1] at every parametric test to
identify trends in reliability.

2. Select sizing of transistors such that pre-layout failure rates are no more than 0+-
001%.

3. Perform Layout.
4. Re-simulate Monte Carlo analysis and re-size transistors if necessary.
5. Characterize bit-cell.

All simulations were carried out using a collection of Synopsys tools CDESIGNER, Hercules, IC
Validator, and HSPICE.

The Anti-fuse latch is susceptible to read failures due to its single-ended design. A voltage divider
is formed during the sensing of a low resistive state. If the PMOS with input SEDb is not sized
properly sensing failure would occur. Also, since a high voltage (VPP) is present on-chip, specific
high voltage transistors need to be monitored to ensure no transistors gate-to-source, gate-to-drain,
or source-to-drain voltage exceed its rated voltage. Finally, a sufficient electric field or voltage (at
least 4 Volts) need to be present across the anti-fuse device during write. Therefore, the Monte
Carlo failure conditions are defined as follows:

1. Sensing failure during Anti-fuse read cycles resulting in mis-read output ‘Q’.
The Anti-fuse may have too large of a low-resistance to evaluate to a proper high
output. To mitigate this, we create a larger resistance on the PMOS-type transistor
with an input of ‘SEb’

2. Voltage/Current across the Anti-fuse insufficient. The Anti-fuse itself has
specific write current and device voltage needed to achieve a change in resistive
state. If these are not met the device cannot be written to properly.

Due to a lack of available robust models, the Anti-fuse was modeled at its measured blown and
unblown resistance and capacitive values reported in the literature. A blown resistance is reported
to be 15 kOhms, an unblown resistance of 15 MOhms (a ratio of 10"5) and a parasitic unblown
capacitance of 5 fF [2-3]. A failed Monte Carlo iteration can be detected by a gate-drain, gate-
source or source-drain voltage exceeding 10% of our 2.5V rated shielding transistors, by a false
‘Q’ or ‘Qb’ reported after sensing (see Figure 5 for example), or by insufficient write current (less
than 20uA).
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Figure 5. Anti-Fuse Monte Carlo Results Depicting a Sensing Error

6. Anti-Fuse NV-Latch Results

Due to a lack of a robust model many failure criteria were necessary which are listed as additional
metrics in Table 1. Histograms of optimized post-layout measurements shown in Figures 6 through
8 displays all criteria were met at the target reliability. Finally, Figure 9 shows the layout of the
Anti-fuse bit-cell.



Anti-Fuse Reliability Metric Failure Criteria

Max Gate-to-Source Voltage +/- 2.75 Volts
Max Gate-to-Drain Voltage +/- 2.75 Volts
Max Drain-to-Source Voltage +/- 2.75 Volts
Min AF Unblown Write Current 50 Micro-Amps
Min Program Voltage Unblown AF 3.6 Volts
Min Q Blown 0.945 Volts
Max Qb Blown 0.105 Volts
Max Q Unblown 0.105 Volts
Max Qb Unblown 0.945 Volts
Anti-Fuse-Based Latch Characteristics Post-Optimization
Static Power Pre-Layout 43.863 Nano-Watts
Static Power Post-Layout 70.3817 Nano-Watts
Sense-Delay Pre-Layout 15.8751 Pico-Seconds
Sense-Delay Post-Layout 933.136 Pico-Seconds
Reliability Achieved 100+.001% Percent
Cell Area 7.733 Micro-Meters”2
Write Delay (Reported) 20 Micro-Seconds
Write Current (Reported) 50 Micro-Amps
Resistive Ratio (Reported) 1075 High/Low
Optimized SRAM-Based Latch Reference Characteristics
Static Power Pre-Layout N/A Nano-Watts
Static Power Post-Layout 140.8 Nano-Watts
Sense-Delay Pre-Layout N/A N/A
Sense-Delay Post-Layout N/A N/A
Reliability Achieved Standard Cell Percent
Cell Area 6.61 Micro-Meters”2
Write Delay (Reported) 3.12 Nano-Seconds
Write Current (Reported) 370 Nano-Amps
Resistive Ratio (Reported) N/A N/A

Table 1. Optimized Anti-fuse Failure Criteria, Final Design Metrics, And DFF Reference
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Figure 9. Anti-fuse Based NV Latch Layout

7. Student Surveys

Surveys were conducted on the entire cohort of research interns from all disciplines of Electrical,
Computer, Mechanical, and Civil Engineering. There were close to 20 interns who were surveyed.
Table 2, 3 and 4 summarize the results of pre- and post-program student surveys designed to
measure perception and overall impact of the research internship program on student participants.
From Table 1, it is observed that while generally students had high level of agreements to all
questions asked on the purpose of doing a research internship, they noticeably showed a higher
level of confidence in choosing a STEM research career after the internship. This shows that doing
a research internship offers students a better insight into nature of STEM fields so that they can
better decide if they want to pursue STEM research.

Table 2 shows that the participant had a high level of satisfaction with different parts of the
internship program. Table 3 shows the improvements in technical skills obtained by students going
through the internship program. Most notably students’ understanding of a scientific approach to
real problems improved significantly. Students also showed improvements in understanding the
research process, integrating theory and practice, analyzing data and other information, giving an
effective oral presentation, and scientific writing.

Table 2. Survey on Purpose of internship. / - Strongly
Disagree and 5 —Strongly Agree.
Post Pre  Diff

gain hands-on experience in research 4.28 4.72 -0.44*
solidify my choice of major 3.92

gain skills needed to successfully complete a BS degree 4.12

clarify whether graduate school would be a good choice for me 4.08 4.08 0.00
clarify whether I wanted to pursue a STEM research career 4.08 3.84 0.24

work more closely with a particular faculty member 4.00 4 0.00



get good letters of recommendation 3.80 4.08 -0.28

have a good intellectual challenge 4.28 448 -0.20
read and understand a scientific report 4.24
write a scientific report 4.00
ask good questions related to the scientific process 4.20
set up a scientific experiment 4.16
work with others to plan and conduct scientific experiments 3.96
talk to professors about science 4.04
think like a scientist 4.12

* The change is statistically significant at p < 0.050.

Table 3. How satisfied are you with each of the following? 1 being LEAST satisfied and
5 being MOST satisfied.

Opening Day at SFSU (June 6th) 4.43
Faculty Adviser Description of Project (June 6th) 4.39
Meetings with Graduate Student Mentor 4.40
Meetings with Faculty Adviser 4.21
Mid-Program Presentations (July 21st) 4.48
Final Presentations (August 12th) 4.27
The results of your project 4.12
Your final poster 4.38
Your final presentation 4.33
How much you learned from the program 4.60
Your group mates 4.17
Your faculty adviser 4.46
The Summer Internship Program as a whole 4.48

Table 4. Please indicate your level of agreement with the following statements.
1-Strongly Agree, 5-Strongly Agree.

Prompt Post Pre Diff
I was able to conduct the scientific research that is part of my summer

internship. 4.48

I am confident I will transfer to a four-year institution. 476 480 -0.04
I am confident I will complete a BS in a STEM field. 4.64 472 -0.08
I can imagine myself continuing after my BS to pursue a Master’s Degree in

a STEM field . 432 4.24 0.08
I can imagine myself continuing after my BS to pursue a Ph.d. in a STEM

field/Medical School/other education beyond the Master's level. 3.88 3.60 0.28
I have a clear career path. 4.28 4.04 0.24
I have skill in interpreting results. 4.28 3.96 0.32
I have tolerance for obstacles faced in the research process. 440 4.12 0.28
I am ready for more demanding research. 428 3.88 0.40
I understand how knowledge is constructed. 432 3.96 0.36

[ understand the research process in my field. 4.28 3.56 0.72**




I have the ability to integrate theory and practice. 4.20 3.84 0.36

I understand how scientists work on real problems. 440 3.52 0.88**
I understand that scientific assertions require supporting evidence. 4.52 4.04 0.48*
I have the ability to analyze data and other information. 440 4.04 0.36
[ understand science. 436 3.88 0.48%
I have learned about ethical conduct in my field. 3.96 3.96 0.00
I have learned laboratory techniques. 4.32 4.00 0.32
I have an ability to read and understand primary literature. 4.40 4.00 0.40
I have skill in how to give an effective oral presentation. 4.40 4.04 0.36
I have skill in science writing. 4.08 3.68 0.40
I have self-confidence. 432 4.08 0.24
[ understand how scientists think. 424 3.84 0.40
I have the ability to work independently. 4.64 4.16 0.48*
I am part of a learning community. 4.16 436 -0.20
I have a clear understanding of the career opportunities in science. 424 4.16 0.08

* The change is statistically significant at p < 0.050.
** The change is statistically significant at p <0.010.

8. Conclusion

We developed a summer research internship program in which three undergraduate students from
a community college were involved in a research program in a 4-year university in the area of non-
volatile latch design using anti-fuse technology. The student interns were mentored by a graduate
student and supervised by a dedicated faculty member in charge of the research project. The
student interns were tasked to perform design optimizations on a non-volatile latch designed using
anti-fuse technology. The students also prepared written and oral presentation on their research
findings. The student interns were surveyed at the end of the program to measure their satisfaction
with the offered research experience and the impact on their educational and career perspective.
The survey confirmed that the participants formed a higher level of confidence in pursuing STEM
careers after participating in this program. The scalability of this program to reach to a border
student body is a challenge.
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