DECONSTRUCTING A LENOVO THIN

A Reverse Engineering An

r -

Y o
. '




Table of Contents

SUMMAIY REPOIE...ci i iietiiinnnieinnaisnessssssnissssns sossss sossssssssas snssss sosorssss st ssesss 0saes 400 00000s 0s 400008400 800000 000 400000 400 400000 000 000000 000000 000 400bssnns aess 3
INErOdUCLION T0 the Laplop....ccccecceiecer e cerreesetrer e cesseeseeaer e sassessae esnsn ansnsnses sreses sonansnssses sresss snansnss es sesas sen ansnssses sresas snnssesas snes 4
THE DiSaSSEMDBIY PrOCESS.......ccuiiieiceniiiessenneanessenseanessesssane sensss s senssnans senssnsns sesess sas senssn sesses sensneses sensneses sensneses sensnases sensnasns sensnssnesenss 5
AANAIYSIS...ceuecercerneeerseeseesaseenansssssnesonens sensnsnsssrssessas esnsss ses neses sns sasese ses reses sns asese ses sreses susses see aesess es SueeES SrenesenaTe SReES Seeaerensaeesanne sresanen 10
HArd DriVe ANAIYSIS... ..o ueiieeieiresieeernesceenesesceanensesceanensesesssesses sesesssns sssesssns sesess ns sesess anssns sassnssns sasssns oasssess asassans anssesss sesssesse snsnssase 12
COMPIELE PArtS LiSt....ccceecereeereieeerarecenseeseteneesanesassessassssessanssnsses ssesas ss nsnes ses seesas sos sesess ses sresss ses sassss ses sresss es nssss sesses sas snsese sossvssssnssses 14
EVOIULION Of TECANOIOZY.... .. ciuiiiiie it itiinienes e st snnes e sanses s sssnesses sassss ssssssnensasssssss sssens onsassseses sonens ensssssssss sosens sonsasnssssssssssssnes 20

BiblIOSraP Y ...t et cr et e e e cas ceass s ste e sas senese es sneses sas eness ansesn ea sueeEe SesaeRen eR SReES SesaRRen ea SReES Srs anren eaes n erene ennereane 21



SUMMARY REPORT

The device we chose to reverse engineer was a Lenovo ThinkPad SL500. This laptop was released in 2008, a time where
some of our team members were not even born! This made us wonder what technology was ‘cutting edge’ at that time
compared to what it is now. Whilst uncovering this technology of the past, one of our primary objectives was to learn
about differences in the specifications and capabilities of the different parts of the laptop, compared to something we
might expect to see in a modern laptop. We answered this question by successfully analysing different components,
such as the hard drive, which has significantly evolved since 2008. By discovering differences in the components of this
laptop and what we would expect to find in a modern one, we get to the core of what makes this ‘old’ technology
different.

Laptops are a work of art: the flow of electricity gives life to it, like the blood in our body. In this sense, the lithium-ion
battery which we removed first was the heart of the computer. The way every component worked with each other was
reminiscent of a human body; components like organs that co-ordinate with each other and producing the result of a
fully functional laptop.

Upon uncovering the motherboard, we saw a plethora of components we couldn’t identify, such as the 116 initially
mysterious-looking resistors, which is where our in-depth research was relied upon to fill in the gaps of our knowledge.
We thoroughly enjoyed discovering the unknown and learning about components and systems we previously had no
idea about. We concluded that the way this laptop worked was very precise and well-orchestrated, although it would
seem quite basic when compared to ones we all own today.

We encountered several challenges when it came to research and taking the laptop apart. To overcome these issues, we
applied our logic and existing knowledge of computers. Whilst we had identified some components with ease, we
struggled to label others, so considered what role the component played in the laptop, and what other functions would
be necessary in its circuit. The research we conducted supplemented our pre-existing knowledge and aided to extend
our understanding to far greater degree than we envisioned when we started this project.

Reverse engineering brought us together as a team, as we strategized the best way to go about research, we solved
problems together while figuring out how exactly we should take the laptop apart, and how precisely we would present
our findings. We thoroughly enjoyed learning about software and hardware development in the process, discovering
how the machines we use every day work and how they have evolved from technology regarded as “old” now. This
project made us appreciate technology, and the genius and hard work applied to create something as complex as this.
Moreover, reverse engineering did not only teach us about technology and what makes laptops so special, but we learnt
resilience and strengthened our teamwork, skills we will cherish later in life.

Word count: 500 Words



INTRODUCTION TO THE LAPTOP

The product we reverse engineered was the Lenovo SL500, Product ID 2746CTO

Figure 1.2 Left view

Figure 1.4 Right view

Fi 1.5 Front vi lid closed
Figure 1.3 Top view (lid closed) lsure ront view (lid closed)

Figure 1.7 Back view

Figure 1.6 Bottom view



THE DISASSEMBLY PROCESS

Safety
Wear safety googles while disassembling the laptop, to ensure
everyone’s safety.

Also ensure the laptop isn’t connected to a power source before
disassembling.

Figure 2.1 Safety Goggles

Tools
To disassemble the laptop, we needed a cross-slot screwdriver.

Figure 2.2 Other necessary tools required for Figure 2.2 Cross-slot screwdriver
opening the laptop

Figure 3.1 Location of battery boxed in yellow  Figure 3.2 The lithium-ion battery




Step 2 — Remove the hard drive

Figure 4.1 Location of hard drive Figure 4.2 Opening the hard drive slot Figure 4.3 Metal case covering hard drive

OWOOMLYd | p00MEY Nid NH
MW 0v00MEY N/d INSY

Figure 4.4 Back view of hard drive Figure 4.5 Metal case Figure 4.6 Hard drive with metal case removed
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Figure 5.2 Cover for motherboard

Figure 5.3 Removal of the fan and heatsink
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Figure 6.1 Second area of motherboard to inspect. Figure 6.2 A zoomed in view
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Figures 7.1 and 7.2. Third area to inspect with a zoomed in view




Figure 8.1 Disc drive opened Figure 8.2 Back view of disc drive
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Figure 9.2 Zoomed in view



ANALYSIS

To successfully identify the components, present in the computer, we had to do research to learn what they each

looked like, and what their role in the machine was.
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HARD DRIVE ANALYSIS

Unfortunately, as we did not have all the tools to completely reverse engineer the hard drive, and see all its inner
workings, we have annotated what we would expect to see under the final sheet of metal (which we could not
remove), based on research.

Arm —
Holds
read/write
head in
/ place
Disk — Stores
Data

Read/write head —
reads and writes data
to the disc |

Spindle - haft that holds
rotating hard disk drive
(HDD) platters in place

Actuator- produces a motion by
converting energy and signals going
into the system




We based our annotations from this image we found whilst doing research:

Computer hard drive read/write head

arm

ower port
P B circuit board

data cable port

drive configuration port

© 2013 Encyclopaedia Britannica, Inc.

Figure 10.1 Source: https://www.britannica.com/technology/hard-disk
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COMPLETE PARTS LIST

Name of part

Function

CPU (Central Processing
Unit)
X1

Houses the circuitry
required to process input
commands and output. It
constantly executes
programs that tell the
computer what data to

store, and in which order.

It is like the ‘brain’ of the
computer.

Hard drive
X1

This is a non-volatile data
storage device. It holds
data even when the
computer is turned off.

RAM (Random Access
Memory)
X2

This is a volatile data
storage device. It only
stores data while the
laptop is on.




Optical drive
X1

A computer system that
can read CDs, DVDs, or
even data on discs.

Resistor
X116

An electrical component
that creates resistance in
the current.

Capacitator
X14

A device that stores
electrical energy.

Cooling fan
X1

This cools the
components, such as the
CPU, so they do not
overheat.

——




Heatsink
X1

Uses conduction to draw
heat away from the CPU.

Diode
X5

A component that allows
the current to pass
through one way, but
restricts flow from the
other direction.

RTC Battery
X1

Real Time Clock. Provides
power for the laptops’
calendar.
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Broadband module
X1

Used to send and receive
data over Wi-Fi.

Integrated circuit
X11

A circuit that houses
millions of tiny diodes and
other components.

MX Chip
X1

A microcontroller which
houses many different
sensors.




Flash Memory A store of data that can be
X1 electrically wiped and
reprogrammed.
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QUANTITY OF PARTS/COMPONENTS ON THE MOTHERBOARD

N CPU M Hard Drive H RAM M Optical drive M Resistor
M Capacitator M Cooling fan MW Heatsink H Diode B RTC Battery
B Broadband Module B Integrated circuit B MX Chip B Flash memory
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Figure 11.1 Bar chart showing the distribution of parts



Quantity of circuit components on the motherboard

= MX Chip Integrated Circuit = Diode = Capacitator = Resistor

Figure 11.2 Pie chart showing distribution of electric components



EVOLUTION OF TECHNOLOGY

We wanted to deep-dive into certain aspects of the parts of the laptop that had changed dramatically. The laptop we
inspected used a Hard Disc Drive. In laptops today, we would instead see a Solid-State Drive.

Here are the differences between the 2 types of hard drives.

faster @ C slower

shorter lifespan O @ longer lifespan

|
|
|
|
|
|
|
|
|
|
|
|
|
:
. |
more expensive C ! @ cheaper
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

non-mechanical (flash) @ O mechanical (moving parts)

shock-resistant @ O fragile

R best for storing extra data,

K such as movies, photos, and
documents

best for storing operating
systems, gaming apps, and O
frequently used files

Our laptop also used an Intel 2 Duo CPU, which is slower than most
processers today.

We also noticed that the bottom of the laptop had very visible screws,
while modern laptops keep their screws concealed, or harder to find,
possibly to seem more user-friendly.

Aside from this, we also learnt that laptops evolved by becoming more
compact as the development of CPUs made this possible. By having
stronger processors, the weight and size of other components was able to
shrink, leading to the modern, compact laptops we have today.
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