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ABSTRACT: High heat flux on a chip or high temperature region on a chip called HOTSPOTS. Based on HOTSPOT 

maximum chip temperature & how much power need to allow in chip will calculated i.e. Thermal Design Power (TDP). 

Therefore electronic device needs to process on uniform surface temperature for good performances. The existing cooling 

methods requires heat sink & Air to cool a chip, this leads to more power requirement & affect the system efficiency. Because of 

the time-varying Nature of the power dissipation, additional localized cooling can be provided only when hot spots appear & the 

maximum Temperature can be reduced. This is referred to as on-demand Cooling which could achieve by thermoelectric module 

(heat pump).The scope of the work is to fabricate an experimental analytical model based on core 2 duo new floor plan. Which 

had the uneven temperature on cores zone 91  (hotspots) & cache zone 61 . Therefore to develop an aluminum heat load is 

based on core 2 duo floor plan. The TEC device placed on respective hotspots zone & heat sink is placed in all 4 zones which are 

coupled with CPU cooling fan. The experimental analysis takes place based on hotspot appear on the heat load surface. The 

devices are actuated by maximum cooling based control algorithm, for to remediate hotspot when its appears. Therefore the 

hotspot temperature reduced close to the cache area temperature, (i.e.) uniform surface temperature is achieved by without 

affecting the device reliability. 
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I. INTRODUCTION: 

 Computers generate heat when they work. Is it a result of information processing? A computer's CPU works by either 

enabling electric signals to pass through its microscopic transistors or by blocking them. As electricity passes through the CPU or 

gets blocked inside, it gets turned into heat energy. While a processor in a high-performance workstation may run hot due to 

heavy use, a processor in a regular computer that overheats is almost always a sign of a malfunctioning system. Electronic device 

need to be in uniform temperature for good performance. 

 

A. HOTSPOTS IN MULTI CORE PROCESSOR: 

  Microprocessor chip and packages are an integrated circuits. They are the keystone of modern electronics Microcontrollers, 

microprocessors, and FPGAs, all packing thousands, millions, even billions of transistors into a tiny chip, are all integrated 

circuits. One of the guiding principles of computer architecture is known as Moore’s Law. 

  Moore’s law - One of the guiding principles of computer architecture is known as Moore’s Law. In 1965 Gordon Moore 

stated that the number of transistors on a chip will roughly double each year (he later refined this, in 1975, to every two years). 

B. VARIOUS TECHNIQUES FOR REMADIATES HOTSPOTS: 

There are two types of hotspot remediation techniques, 

1.) PASSIVE TECHINQUES: 

  Passive cooling techniques do not have moving parts and require no external power. These typically rely on highly 

conductive materials, spreading layers, and natural convection. Conductive materials [Al – (170w/mk), Cu – (385w/mk), diamond 

– (2300w/mk)]. The limited heat removal capability when compared to hot spot heat fluxes and to active techniques is the main 

disadvantage. 

2.) ACTIVE TECHINQUES: 

  Active cooling technologies typically contain moving parts and require the input of external energy. The most commonly 

used technique involves a heat sink coupled with a fan that increases the overall heat transfer coefficient. Their heat transfer 

coefficient is in the range of 25-250 W/m2k. Although high performance, forced convection heat sinks can reach effective heat 

transfer coefficients of several kW/m2k. Other active techniques, such as micro-channel heat sinks and jet impingement use other 
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fluids to remove heat from the electronics. Water has a high thermal conductivity, high density, high specific heat, and low 

viscosity 

  Thermoelectric provide an alternate active cooling solution for high flux cooling. Their high flux characteristics along with 

their fast time response, compact size, and reliability (no moving parts), translates into hot spot cooling capabilities. These 

devices can also be integrated into other cooling solutions, which further suit them for hot spot cooling. 

C. THERMO ELECTRIC MODULE: 

  The TEC operates on the basis of the Peltier effect by dumping heat from its cold side to its hot side when a current flows 

through it. The amount of heat taken away is proportional to the difference in the temperature and current through the TEC. 

 
Fig 1 – Thermo Electric Module 

D. MINICHANNEL HEAT SINK: 

  Micro/Minichannel offers High surface – to – Volume ratio. The large surface-to-volume ratio leads to high rate of heat and 

mass transfer, making micro devices excellent tools for compact heat exchangers. 

 
Fig 2 - Aluminum Minichannel CPU heat sink. 

1.) CLASSIFICATION OF MICRO/MINICHANNEL: 

Kandlikar (2002) proposed a microchannel classification for single-phase as well as two-phase applications as follows: 

 Conventional channel dh > 3mm  

 Minichannel 200𝜇𝑚 ≤𝑑ℎ ≤3𝑚𝑚  

 Microchannel 10𝜇𝑚 ≤𝑑ℎ ≤200𝜇𝑚 

 
2.) HYDRAULIC DIAMETER: 

  The hydraulic diameter, DH, is a commonly used term when handling flow in noncircular tubes and channels. Using this 

term one can calculate many things in the same way as for a round tube. It is defined as 

 
Where A is the cross sectional area and P is the wetted perimeter of the cross-section. 

 

 

II. RELATED WORKS: 

 The recent research on processor cooling is to providing on- demand cooling when hotspot appears on processor chip 

surface’s .This will improve its reliability & performance of the chip. So the literature paper’s from respective journals talks about 

remediation of hot spots in microprocessor chip. And improve the system efficiency. 

Di Liu and his crew find out (2015) cooling capacity of this thermoelectric cooler did not continuously increase with the 

promotion of power input and Performance improvement of the full-scale prototype was also observed concerning the effect of 

thermoelectric module number. Blindly increasing the thermoelectric module numbers could deteriorate the performance of 

cooling system, which could achieve the maximum as the total dimension of thermoelectric modules match well with the 

dimension of CPU. 
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G. Jeffrey Snyder and his team done a work (2006) on chip hot spot cooling using embedded thermoelectric coolers. It is a 

promising approach to reduce the temperature of highly localized, high heat flux hot spots generated by today’s advanced 

processors. 

Anjali Chauhan and her crew developed a methodology (2010), Efficient installation of the microchannel heat sink proves 

to be very efficient in bringing down the Th hotspot,max of the base chip to 72.1°C, and limits the temperature of the remaining 

area of the chip to 55°C. 

Yongkui Han et.al. (2007) have performed floor plan based studies on multicore processor for hotspot remediation using 

simulated annealing algorithm. In this paper, they have shown how the temperature distribution of a chip can be improved 

through temperature aware floor planning. Through experiments on the Alpha, Pentium Pro, and Core 2 Duo microprocessors, we 

have shown that we can obtain a temperature reduction of 21 ℃ while keeping a comparable wire length for the Alpha processor, 

or a 6 ℃ reduction in the maximum temperature for the Pentium Pro processor with a penalty of 13% in terms of the total wire 

length, or a 2 ℃ reduction in the maximum temperature for the Core 2 Duo processor without significant performance 

degradation. 

A. SUMMARY OF LITERATURE REVIEW : 

  The collected general experience in relevant domains of science and technology about the thesis were found in literature and 

available from experts in these areas. This includes control aspects and non-technical based on component selection and economic 

basics of the work. Finally the conclusion obtained from the literature review need of efficient control algorithm for CPU cooling 

system with low cooling power consumption. The literature review is concluded requirement of on demand cooling for when 

hotspot occurs in processor chip. Which could lead a system efficiency. If number of thermoelectric coolers increase which would 

also degrade a system performance. 

B. RESEARCH GAP: 

 Development of efficient control Techniques for the transient operation of thermo electric 

cooler’s on processor cooling system. 

 Need efficient cooling system for multi core processor with low power consumption. And 

achieve the system performance while increase the number of thermo electric device. 

 

III. PROBLEM DESCRIPTION: 

 High heat flux on a chip or high temperature region on a chip called HOTSPOTS. Based on HOTSPOT maximum chip 

temperature & how much power need to allow in chip will calculated i.e. Thermal Design Power (TDP). The conventional 

cooling methods using a heat sink -and air flow aim to reduce average temperature of the chip. Reducing hot spot temperature 

with air cooling requires a very high flow rate leading to high cooling power and reduced system efficiency. Because of time 

varying nature of power dissipation additional localized cooling can be provided only when hot spots appear the maximum 

temperature can be reduced. This is referred to as on-demand cooling. 

A. OBJECTIVE: 

  From research gap the following objective is concluded to mitigate the hot spot in analytical model of processor prototype & 

to develop the efficient control technics for the transient operation of thermo electric cooler by on demand dynamic smart cooling 

system for hot spots. 

B. METHODLOGY: 

Methodology for proposed work, Maximum cooling based control is one of the best way for provide effective cooling & 

maintain device reliability. 

 
Fig 3 - Maximum cooling based control Algorithm 
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IV. MODEL DEVELOPMENT: 

 The proposed analytical model development based on, Yongkui Han et.al. (2007) work. He developed a new floor plan for 

core 2 duo processor to minimize the core temperature in processor from 100 to 91 degree Celsius. But he didn’t achieve the 

uniform temperature on core & cache area. 

 

Fig 5 - Existing floor plan of core 2 duo & new floor plan by Yongkui Han et.al 

 

A. 2D OF PROPOSED ANALYTICAL MODEL: 

 
Fig 6 – New Heat Load Model 

  In above model T1 & T3 represented as cache area, T2 & T4 represented as core area of processor. Using a strip heater to 

generate a same temperature of processor for analytical experimental study. 

 
Fig 7 – 3D view of New Model 

  The lack of contact between TEC & Heat spreader, thermal resistance increases. So little more changes made in this 

proposed model. The heat sink is cut into 4 pieces for core zone’s & cache zone to reduce the thermal resistance because of void 

gap surface contact. Copper plate heat spreader is removed between heat sink & TEC because thermal resistance problem. 

 
Fig 8 - Changed model due to Thermal Resistance 

The proposed hotspot analytical model consists of following components-(length×width×height),  

  Aluminum block for heat load - (100×100×25) mm, Strip heaters - (40× 40× 0.6) mm – 4 nos, Thermo electric coolers (TEC-

Heat pump) - (40×40×3.6) mm, High conductive Thermal interface material (TIM) - (40×40×1) mm, Copper plate as a heat 

spreader - (40×40×3) mm, Low thermal resistance aluminum heat sink - (40×40×30) mm. – 4nos (Fin pitch - 5mm, Number of 

fins – 5, Fin height & width - 25×2mm), Cooling fan – (80mm radius fan blade). 
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B. ANALYSIS OF MODEL BEHAVIOUR OF THERMO ELECTRIC MODULE USING MATLAB : 

  Thermoelectric devices are solid state devices that convert thermal energy from a temperature gradient into electrical energy 

(Seebeck effect) or convert electrical energy into a temperature gradient (Peltier effect). 

1. THERMO ELECTRIC COOLING: 

  Current (IP) flowing in a circuit containing a semiconductor metal contact tends to pump heat from one electrode to the 

other because of the Peltier effect. 

 
Fig 9 – TEC Heat Pumping 

2. COMMERCIAL PELTIER CELLS ARE CHARACTERIZED BY THE FOLLOWING 

PARAMETERS: 

 Th – Hotside temperature ( , Tc – Coldside Temperature ( ,  – Temperature Difference (k), I – Current (A), V – 

Voltage (V), S – Seebeck Coefficient (V/K), K – Thermal Conductivity(W/K), R – Device Electrical Resistance (Ω), Vmax – 

Voltage at  = max, Imax – Input Current at max , Z – Figure of Merit (K-1).  

3. DETERMINATION OF TEC PARAMETERS: (HUAN – LIANG TSAI et.al – 2010 [9]]) 

1.  = TH - TC  

2.  

3.   

4.  

5.  

6.  

7.  

 

4. MODEL BUILDING & SIMULATION OF TEC: 

  The fundamental specification of TEC directly taken from the manufacturer Data sheet. The parameter of the proposed 

model can be calculated from above equations. 

Therefore, the proposed model and its subsystem for the TEC module can be implemented using Matlab/Simulink. 

 
 

Fig 10 – Modeling & Simulation of TEC using MATLAB 
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Table 1 - TEC - Simulation Results: 

Th  (K) Tc (K) I (A) V (v) 

323  248 7 15 

313 268 5.8 12.86 

303 278 4.375 9.83 

 

For the proposed model TEC 12706 will be used for HOTSPOT Remediation. From the manufacturer data sheet the following 

parameters are taken Imax = 7A, Vmax = 15v, ΔTmax = 75 k, from the simulation, to achieve Tc = -25 , the following parameter 

value need to be required S = 0.04644 (V/K), Z = 0.002439 K-1, R = 1.645(Ω), K = 0.5735 (W/K), Input Current I = 7A, Input 

Voltage V = 15v. This all obtained from matlab simulation. 

 

 
Fig 11 - Tc – I and Tc - V Output Characteristics 

 

From the above graph In order to control cold side temperature to 248 K. The output current & power supply set to be 7 A & 

15 V respectively.  

C. DETAILS OF CONTROL LAYOUT: 

  The control aspects of the proposed system based on an arduino mega microcontroller board and a pulse width modulation 

(PWM) technic. 

The following selection components for controls are given below, 

  Arduino controller, K – Type Thermocouple, N – Channel MOSFET (IRFP 250 - N), bipolar junction transistor switching 

device (BC557, BC547), Relay switch 

 
Fig 12 – Layout of Control Circuit 

 

 

V. EXPERIMENTAL ANALYSIS: 

 The control of actuators is made by Arduino MEGA controller, 

 Therefore maximum cooling based control methodology used for Peltier control & fan control circuit, 

 Both cooling FAN & TEC controlled by voltage controlled device N – channel MOSFET DEVICE 

 IRFP 250 N – CHANNEL MOSFET is used as an amplifying device in control circuitry. 
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A. DEVICE ACTUATION CHART FOR RESPECTIVE HOTSPOT IN PROPOSED MODEL: 

Table 2.  Automation function of Fan & TEC devices for different hotspot temperature. 

Temperature set 

value 

Fan Actuation TEC 1- 

Actuation 

TEC 2 - 

Actuation 

61

 

12V (100 % - 

PWM) 

- - 

71

 

12V (100% - 

PWM) 

9V (60% - 

PWM) – 4A 

9V (60% - 

PWM) – 4A 

81

 

6V (50% - 

PWM) 

12V (80% - 

PWM) – 5A 

12V (80% - 

PWM) – 5A 

 
6V(50% - PWM) 15V (100% - 

PWM) – 7A 

15V (100% - 

PWM) – 7A 

 

B. DEVICE ACTUATION OUTPUT IMAGE: 

 
Fig 13 - Devices actuation at HOTSPOT 71  to 80  

 

 
 

Fig 14 - Devices Actuation at HOTSPOT 81  to 90  

 

 

 
Fig 15 – Devices Actuation at HOTSPOT above 91  

 

C. RESULTS FROM DEVICE ACTUATION: 

 On demand cooling is achieved but to reach uniform temperature on the surface it 

takes 16 minutes. 

 When T2 cross maximum temperature 91℃ the respective heat sink temperature 

(TMP 1 - 64℃) represent good conduction on T2 location. 

 When T4 cross maximum temperature 91℃ the respective heat sink temperature 

(TMP 1 - 47℃) represent conduction failure on T4 location. This problem due to device actuation 

failure because of pulse failure. 
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VI. CONCLUSION AND FUTURE WORK: 

 The temperature on core zones (hotspots) T2 & T4 is reach up to 91  & cache zones T1 & T3 reach up to 61OC, therefore 

by initiating the on – demand cooling, the temperature reduced (hotspots) on T2 is 63 OC & T4 is 67 OC. But T2 takes 12 

minutes to reach the near uniform temperature of 61 OC & T4 takes 16 minutes to reach the near uniform temperature of 61 OC. 

When temperature on cache zones cross 61 OC respective relay for T1 & T3 heat load gets turn off. And when temperature on 

core zones cross 91 OC respective relay for T2 & T4 heat load gets turn off, for the system safe limit 

 Due to the failure in analytical model because of poor heat dissipation the experimental results represent the need of 

mems based model to verified the Maximum cooling based control algorithm. 
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