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ABSTRACT 

Title of Thesis: Measurement of the Electrical and Optical Properties of THERMID 

Polyimide 

Zhixiong Zhu, Master of Science, Electrical Engineering Dept., 1991 

Thesis directed by: Dr. K. Ken. Chin, Associate Professor, Physics Dept. 

 
Electrical and optical properties of spin-coated THERMID polyimide EL-5010 have 

been studied and evaluated in this thesis. The D.C. bulk resistivities of 0.96-2.56 µm 

thick samples were measured to be 1016  Ω-cm over the 27-160°C range using a test 

system consisting of Keithley 236 Source-Measure Unit. The bulk resistivity decreased 

to 2 x 1014Ω-cm at 200°C. The surface resistivity, 1015Ω/0 , and breakdown 

voltage, 350 V/pm, were also measured. The fixed charge concentration and mobile 

ion concentration in the THERMID polyimide EL-5010 insulator of a MIS capacitor 

structure were measured using a high frequency C-V measurement technique. The 

measured value of the positive mobile ion concentration was 1.12 x 1011cm-2  and of 

the fixed charge was found to be negative with a value of 1011  cm-2. The 

transmission spectrum over the wave number range of 1-10 cm-1  was obtained using 



a test system consisting of a mercury lamp, a lamellar grating, and a dip-stick 

helium-cooled bolometer. The transmission spectrum for the wave number range of 

10-60 cm-1  was obtained using a test system consisting of a Synchrotron far infrared 

light source, a Nicolet Michelson scanning spectrometer, and a pumped helium-cooled 

detector. In the wave number range of 1-25 cm-1, the far infrared absorption of the 

THERMID polyimide EL-5010 increased with the increasing of wave number and 

reached the maximum at wave number 25cm-1. In the wave number range of 25-60 

cm-1, almost no transmission occurred. Mechanisms responsible for these electrical 

and optical properties are discussed. 
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Chapter 1 Introduction 

High speed , high density integrated circuits are revolutionizing the 

microelectronics industry. Today to place as many as 300,000 transistors acid 400 

I/O's, equivalent of an entire minicomputer, on a single monolithic silicon chip is 

possible.
[1] 

Mainly because of these ULSI devices, ultra-fast computers and 

telecommunication systems have beCome available. However such IC circuits have 

created many problems for present packing technology. In fact, many of the on-chip 

benefits gained by VLSI are now lost during packaging which uses the 

technology of multilayer and hybrid circuits.
(2] 

A technology that can accommodate 

greater package density and higher signal speeds is required . Recent literature 

shows that one of the most successful packaging technologies 

designed to match the requirements of today's modern IC's is applying thin film IC 

fabrication techniques to manufacture high-density interconnects(HDI) and multichip 

modules (MCM's).t31 A key to the success of this new packaging technology is the use 

of an organic dielectric as the interlayer.
[4] 

Polyimides, as organic dielectrics, are receiving more and more attention 

from the microelectronics industry because of their high thermal and chemical 

stability, good mechanical properties and excellent dielectric behavior.151 However, 
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conventional high molecular weight polyimides, derived from their corresponding 

polyamic acids, have certain inherent weaknesses that have limited their utility.(63 

Now acetylene-terminated polyimide oligomers, developed by the National 

Starch & Chemical Corp. and commercialized under the trade name "THERMID", 

offer an alternative. They maintain all the superior final properties of polyimides 

while 'dramatically improving their overall processability as a coating material. For 

the HDI process engineer, THERMID has shown a high degree of planarization, 

excellent adhesion, and very good ability to attain and maintain a low dielectric 

constant in service.
[6] 

Actual HDI devices which use THERMID as the interlevel dielectric, for 

example an HDI module which interconnects eight S-RAM chips
[6]

, have been 

reported to be very successful. The electrical and optical properties of THERMID, 

however, have not been completely measured and studied. Under a project sponsored 

by National Starch & Chemical Co., a series of experiments and evaluations of 

THERMID electrical and optical characteristics have being done. 

This thesis reports part of the results of our recent electrical and optical 

studies and evaluations of THERMID EL(electronic grade)-5010 as well as the 

experiments, processes, and computer programs. Some of these studies have never 

been done before. In these investigations, we experimentally determined the D.C. 

properties ( bulk resistivity, surface resistivity and breakdown voltage ) of 

THERMID. We also studied the surface electrical properties of THERMID thin films 

when they are used as insulator layers in metal-insulator-semiconductor(MIS) 

structures. This was done by capacitance-voltage(C-V) measurements and 
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calculations of the fixed charge and mobile-ion concentration. The far infrared optical 

properties of THERMID were also studied by far infrared absorption measurements. 

These data gave a satisfactory explanation of the success of THERMID when used as 

a dielectric interlayer in HDI technology. They can also lead to possible future 

applications, such as using THERMID in optical devices for the far-infrared region. 

As an end of this introduction, some basic physical properties of THERMID 

films, parameters for THERMID film deposition, and typical etch conditions and etch 

rates are shown in table 1-1, fig.1-1, and table 1-2 respectively. These results were 

determined previously by the National Starch & Chemical Co.. 

EL-5010  EL-5512  

Viscosity (25°C, cps) 1500 1100 

Solids (%) 35 47 

Glass Transition Temp. 214 225-230 

(Tg, DSC, °C) 

Refractive Index 1.78 1.82 

Thermal Coef. of Expansion 38 38 

(TCE, TMA, ppm/°C) 

Tensile Strength (Kpsi) 22 21 

Elastic Modulus (Kpsi) 430 420 

Elongation (%) >7 6 

Yield Strength (Kpsi) 22 -- 

Table 1-1* THERMID EL(electronic grade) Basic Properties 
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Chapter 2 D.C. Electrical Properties of THERMID 

2.1 Bulk Resistivity 

2.1.1 Test System 

In order to measure the very high bulk resistivity and surface resistivity of 

THERMID, a special test system was designed. A Keithley 236 Source-Measure Unit, 

which can measure current as small as 10 fA (10-14A) DC was used as the voltage 

source and current measurement equipment during testing. Special test fixture which 

can effectively decrease the noise level.was designed to hold the sample being 

measured. The temperature of this test fixture can be controlled and monitored by 

using a D.C. heating coil and a type E thermocouple. The connections between the 

Keithley 236 and the test fixture were via triax connectors and triax cables which 

provided double shielding for the test signals. 

The measurement was under the control of an IBM 386 AT personal 

computer via an IEEE 488 communication port. Data obtained by the Keithley 236 

were sent to the PC, and then processed, plotted and printed. The system control and 

data processing program were written in Quick Basic Language. (See Appendix A.) 

The system schematic is shown in Fig.2-1. 
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2.1.2 Sample Preparation 

For testing the D.C. properties , p-type Si wafers with resistivities of about 

10-12 ohm-cm were used. All wafers were cleaned by using RCA techniqueMfollowed 

by a HF dip and thorough rinsing with deionized water. All microelectronic 

processing operations were performed in a class 100 clean room facility. The 

THERMID EL-5010 formulation was provided by National Starch & Chemical Co.. 

In the clean room of the company, each Si wafer was coated with the THERMID thin 

film strictly following the technology given by the company. The curing temperature 

and time were 180°C ( 30 minutes), 300°C (60 minutes), and 400°C(15 minutes).(73 

The back of the wafer was then sanded to get off the SiO2  and deposited with a 

layer of aluminum thin film so that a good ohmic contact with a copper plate was 

made. This copper plate served as negative electrode in the test. On the top of the 

THERMID film , aluminium and indiurn spots were deposited and their dimensions 

were measured. These spots served as positive electrodes in the test as shown in Fig 

2-2. The sample was then put in the test fixture and double shielded from the 

outside world 

2.1.3 Measurement method 

The sample as shown in Fig 2-2 can be treated as a capacitor with the 

THERMID as its dielectric. The bulk resistivity of the THERMID can then be 

obtained by measuring the leakage current of the capacitor.193 Fig. 2-3 shows the test 

configuration for the capacitor leakage current test. Once the leakage current I is 

known, the bulk resistivity p can easily be calculated from the applied voltage V and 

other related test parameters using the equation: 
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Since the resistivity of the THERMID film is very high , the resistance of the Si can 

be neglected. An important consideration that ensure accurate results was that after 

the voltage was applied to the capacitor, the capacitor must be allowed to be fully 

charged (this will be discussed further in section 2.4) before the leakage current 

measurement is made. Attached T-V and T-I curves (Fig 2-4 and Fig 2-5) clearly 

reflected this fact. Only the last current measurement point of each corresponding 

step voltage in T-I curve was used to calculate bulk resistivity. 

2.1.4 Test results 

The measurements revealed that the room temperature bulk resistivity of 

THERMID EL-5010 films of thicknesses of 0.96 - 2.56 pm is no less than 1x1016S2-

CM as shown in table 2-1. Temperature *dependence of THERMID EL-5010 bulk 

resistivity was also measured and the results are shown in Fig. 2-7 and Fig. 2-8. 

2.2 Breakdown Voltage 

2.2.1 Test System and Sample Preparation 

The system schematic diagram for measuring breakdown voltage is shown in 

Fig. 2-6. The sample preparation procedures were similar to that described in section 

2.1.2. The sample schematic is same as fig.2-2 except that the diameter of the 

aluminum spot was lcm. 

2.2.2 Measurement Method 

The breakdown voltage of the THERMID thin film can be obtained by d.c. 
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Sample Number Film Thickness Diam. of Spot 

(inn) (cm) 

Resistivity 

(Q-cm) 

1 0.96 0.102 5.69x1016  

2 0.96 0.201 6.12x1016  

3 0.96 0.304 6.01x1016  

4 2.56 0.201 6.10x1016  

5 1.08 0.251 5.94x1016  

Table 2-1 Data of Bulk Resistivity Measurement at Room Temperature 



current versus d.c. valtage measurement. The method of measuring the current was 

similar to that described in section 2.1.3. When the step voltage was increased to 

such a point that the corresponding current suddenly increased much fast than before, 

the breakdown occurred. After that point, decreasing step voltage could not make the 

current decreasing along the same path it increased before any more. That was 

because the breakdown of the THERMID thin film. 

2.2.3 Test Results 

The breakdown voltage of the 1 pm THERMID EL-5010 thin film was 

measured to be between 180 volts to 350 volts. ( See Fig. 2-9 , Fig 2-10 , and table 2-

1.) 

Sample Number Breakdown Voltage Sample Number Breakdown Voltage 

1 348V , 4 350 V 

2 200V 5 180 V 

3  350V • 6 349 V 

Table 2-1 Data of Breakdown Test 





2.3 Surface resistivity 

The system schematic diagram for measuring surface resistivity is shown in 

Fig. 2-6. _ 

2.3.1 Sample preparation 

For surface resistivity tests, a plate of teflon was used as a base on which 

about 2 mm thick layer of THERMID was coated. Before coating , the plate of teflon 

was RCA18  cleaned. The coating and curing procedures for THERMID given by the 

National Starch & Chemical Co. were strictly followed. On the top of the THERMID, 

two parallel 46 mm long stripes of aluminum with a 0.8 mm gap between them were 

deposited. They served as electrodes during the surface resistivity measurements. The 

sample as tested is schematically shown in Fig. 2-11. 

2.3.2 Measurement method and Results 

The sample as shown in Fig. 2-11 was used, to measure surface resistivity of 

THERMID. The current flux divergence at the terminals of the two strip electrodes 

can be neglected because of the large ratio of L/ W, where L is the length of the strip 

electrode , W is the gap between the two electrodes. Once the leakage current 

flowing between the two strip electrodes, I, is measured , the surface resistivity pa  

can be calculated from the applied voltage V using the following equation : 





Results of the measurement showed that the room temperature surface 

resistivity of THERMID is no less than 1x1015  Cl/D. ( See Fig. 2-12. ) 

2.4 Discussion 

There are several probable causes that may render the measured bulk 

resistivity of the THERMID EL-5010 unreliable. But experiments showed that those 

causes can be ruled out as follows: 

(1) Surface Leakage: While keeping the thickness of THERMID EL-5010 constant, 

different size of test spots were used. The data of the measurements were then scaled 

using equation 2-1. If surface leakage were the dominant mechanism responsible for 

the leakage, the leakage current should have been scaled with the circumference of the 

test spot, not the area of the spot as shown in table 2-1. 

(2) Metal-THERMID EL-5010 Contact: While keeping the size of test spots 

constant, different thickness of THERMID EL-5010 thin film were used. The data of 

the measurements were then scaled using equation 2-1. If the metal-THERMID 

contact were the main mechanism determing the leakage current, the leakage current 

would not have scaled inversely with the thickness of the THERMID thin film as 

shown in table 2-1. 

(3) Mobile Ion Motion: Following the theory of MOS capacitor structure, it was 

suggested that at room temperature, the mobile ions were basically bonded in the 

traps near the interface of THERMID and matel. They could not be moved to the 

interface of THERMID and silicon by the applied electrical field. The C-V 

measurements before and after temperature-bias stress, which is described in chapter 

3, showed that this suggestion was true. Thus, the measurement error caused by the 
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mobile ions can be neglected too. 

(4) Long Time to Reach Steady Leakage Current: The cause of the fairly long time 

needed to reach the steady leakage current, as shown in Fig 2-5, can be explained as 

follows. When a voltage is applied to a MIS capacitor, where polymer is used as 

dielectric, the current usually composes of charging current, absorption current, and 

leakage current. The absorption current is due to the dipoles and bonded ions in the 

polymer dielectric. Under the force of the applied electrical field, dipoles will be 

turned and bonded ions elasticlly shifted. These will generate current. The absorption 

current can exist from seconds to minutes, depending upon different materials. That 

is why that although the time constant RC of the test circuit was estimated only 

several seconds, in our experiment it took 3 minutes for the current to reach its 

steady value - the bulk leakage current - which kept the same even if we waited for 

three more minutes as shown in fig.2-5. 

Electrical conduction in organic materials may occur through the movement 

of either electrons or ions. Mechanisms which have been employed to explain the 

electrical conductivity of organic materials include
[la]

: ionic conduction, band-type 

conduction, hopping conduction, excitonic conduction, and tunnelling between 

metallic domains. Most common polymers have high resistivity since the electrons 

and ions are tightly bound in covalent bonds. Polar polymers have higher 

conductivity than non-polar polymers because of the electric dipole which is 

present
DA]

. The electrical properties of polymers depend more on an unbalance or 

asymmetry of dipoles than on the presence of polar groups
[12]

. 

Fig.2-13 shows the chemical structure of both THERMID EL(electronic 

grade)-5010: 
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THERMID at room temperature has very high resistivity since the electrons and ions 

in the THERMID are tightly bound in covalent bonds. Above a certain temperature, 

its resistivity begins to decrease because the temperature dependence of polyimide's 

resistivity is determined by its softening point
[13)

. When the temperature increases 

further, THERMID begins to decompose just as other polymers. The imide rings are 

destroyed , giving out CO gas and forming residues that contain NC. As there is a 

certain concentration of unsaturated free *radicals in these residues, the electrical 

insulation property of THERMID becomes worse. 

The breakdown in THERMID film can be either intrinsic or extrinsic. The 

intrinsic breakdown is caused by an electrical field in excess of its dielectric 

breakdown strength. The extrinsic breakdown is caused by an arc discharge, or 

electric spark, which normally takes place at points of defects, pinholes, and cracks in 

the dielectric film. At that time THERMID is decomposed and its resistivity sharply 

decreases as explained before. The 350 Wm breakdown voltage measured in our 

experiments is the intrinsic breakdown voltage of the THERMID thin film , whereas 

180 Vhi and 200 V/p breakdown voltages shown in table 2.1 are extrinsic breakdown 

voltages. 
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Chapter 3 Fixed Charge and Mobile ion 
in the THERMID Layer 

3.1 Test Principle 

In order to obtain the parameters of fixed charge concentration and mobile 

ion concentration in THERMID layer, high frequency C-V characteristic 

measurement technique of MIS structure was used. 

3.1.1 MIS Structure Model 

The MIS structure used in the experiment was shown in Fig. 3-1 



Fig. 3-2 Equivalent circuit of the MIS structure of Fig. 3-1 











MIS structure capacitance so that a C-V plot can be produced. 

3.1.3 Measurement of flatband capacitance and flatband voltage 

In order to calculate the fixed charge concentration in the THERMID layer 

and subsequently the mobile ion concentration, we first need to calculate the flatband 

capacitance and voltage. Under the flat-band condition, we have
11411151 







3.2.2 Measurement Method — If There are Mobile Charges in THERMID at Room 

Temperature 

If there are mobile charges in the THERMID layer at loom temperature, 

much more strict measurement procedures will be needed. The temperature-bias 

stresses should follow steps shown in table 3-1:1161 

Step  Condition Function Charge at the interface of 

THERMID - Si 

1 V9  = 0 exciting the ions 
, 

T = 250°C in traps 

2 V9  = +20V drive room temp..mobile "+" fixed charge + room temp. 

T = 25°C charge to interface of TH.-Si mobile charge 

3 V9  = +20V drive sodium ion to interface fixed charge + room temp. 

T = 200°C of THERMID-Si mobile charge + Sod. ion 

• 4 V9  = -20V draw back room temp. mobile "+" fixed charge 

T = 25 °C charge to interface of Met.-TH. + sodium ion 

5 V9  = -20V draw back sodium ion to inter- fixed charge 

T = 200°C face of Metal-THERMID 

Table 3-1 Temperature-bias Procedures if Mobile ion existing in the 

THERMID at Room Temperature 
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3.3 Sample Preparation 

3.3.1 Parameter selection of the MIS structure 

In order to obtain useful C-V measurement data, the MIS structure sample 

should be carefully prepared. Among all parameters of the sample, most important 

ones are doping concentration of the silicon wafer and the thickness of the insulator 

(THERMID). From the above discussion, during C-V measurement the maximum 

capacitance will appear in accumulation region and is no other than the THERMID 

capacitance : 





p (ohm-cm) dt (Inn) Cm;n/Cmaz 

2 0.8 0.833 

3 0.8 0.813 

4 0.8 0.784 

5 0.8 0.776 

Table 3-2 Ratio of Cmin/Cma, estimated by eq.(3-20) 

3.3.2 Sample Preparation 

According to section 3.3.1, for our C-V measurement, lightly doped N-type 

wafers with a resistivity of 4-5 ohm-cm were used. All wafers were cleaned by using 

RCA[83 technique followed by a HF dip and thorough rinsing with deionized water. 

All microelectronic processing operations.were performed in a class 100 clean room. 

Just before THERMID EL-5010 formulation which was prepared by National Starch 

& Chemical Co. was coated on the wafers, these wafers were all treated in HF liquid 

to get off any SiO2  thin films that were formed on them by oxidation . The Si wafers 

were then coated with THERMID EL-5010 strictly following the technology given by 

National Starch & Chemical Co. to the thickness of 0.72-0.76 pm. The cure 

procedures followed were 180°C(30 min.), 300°C(60 min), and 400°C(15 min.). After 

that the backs of the wafers were sanded to get off the Si02  and then deposited a 

thin film of aluminum. On top of the THERMID film, aluminum spots with 

dimensions of lmm - 3mm were deposited. The final MIS structure sample for C-V 

measurement was schematically shown in Fig.3-6. 
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3.4 Test Results 

The actual C-V measurements were done by using C-V Plotter manufactured 

by the Micromanipulator Co., Inc. Tests before and after positive temperature-bias 

streeses, which are described in section 3.2.1, were performed separately. The 

constants needed by "C-V Measurement Analysis Programs" are shown in Table 3.3. 

The results of the C-V measurement before positive temperature-bias stresses are 

shown in Fig.3.7 and table 3.4. The results after positive temperature-bias stresses are 

shown in Fig.3.8 and Table 3.5. By using eq.3.11 and eq.3.12 we found that the fixed 

charge in the THERMID EL-5010 thin film is negative and has a concentration of 

around 1011  cm-2. The mobile ion concentration in the THERMID EL-5010 thin film 

is 1.12 x 1011cm-2. 
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3.5 Discussion 

The fixed charge concentration and mobile ion concentration in the 

THERMID thin film are two very important parameters. The fact that there are 1011  

cm-2  negative fixed charges in the THERMID thin film is very interesting and 

significant. The cause of these negative fixed charges is perhaps the weak bond of the 

H-C*(C*means triple carbon bond) end of the THERMID molecular chain (which is 

shown in Fig.2-13). Because of the weak bond of the WC* end, hydrogen atom tends 

to escape by any activation energy, leaving a radical at the end of the THERMID 

molecule. The molecular chain is much bigger and more difficult to move than the 

H+. As a result, a certain concentration of negative fixed charge is formed in the 

THERMID thin film. 

We didn't expect the data of themobile ion concentration obtained from our 

experiment to be very accurate. This is because the shift in Hatband voltage may 

have one or more possible causes listed as follows: (1) Mobile ions , particularly 

sodium in THERMID; (2) Electrons or holes injected into the THERMID by the 

application of excessive voltage during the temperature-bias stresses; (3) Mobile 

impurities other than sodium; (4) Changes in measurement conditions, for example: 

the back-side ohmic and capacitative contact to the wafer, moisture on the surface. 

But these data certainly provide us with some significant information relevent to the 

production technology of THERMID. They are also very important to those who 

want to apply THERMID to HDI and MCM's technology. 

36 



Chapter 4 Far-Infrared Absorption Properties 
of THERMID 

4.1 Test Principle 

In the far-infrared spectral region, one of the most useful methods to observe 

all the spectral details is to observe the interferogram of the spectral elements 

produced in a lamellar grating spectrometer. This interferogram contains all 

wavelengths (spectral elements) incident onto the spectrometer. But, since all the 

spectral elements are "mixed up", this interferogram cannot be used directly to 

obtain the spectral details. However, aoFourier transformation of the interferogram 

can be used to untangle the spectral elements. 

4.1.1 Fourier Transform spectroscopy
[18][17] 

• Fourier transform spectroscopy applied to the millimeter wavelength region 

may provide continuous spectra desirable for the study of material properties over 

several octaves of the spectrum. The output intensity of the lamellar grating 

spectrometer for monochromatic light is: 













The detail of Cooley-Turkey algorithm will not be discussed here. 

4.2 Test System 

A Fourier transform spectrometer using a 250 watt mercury lamp, a lamellar 

grating and a dip-stick He-cooled detector was set up under the instruction of Dr. 

K.D. Moller[191. The interferogram measurement was under the control of an IBM 

386 AT personal computer via a White Box A/D and RS232 Communication Unit. 

N=2"(n is integer) points interferogram data obtained by the spectrometer were fed 

to the computer and then processed into a spectrum by using the Cooley-Turkey 

Fourier transform algorithm. 

The Test System is shown in Fig. 4-2. The lamellar grating had a grating 

constant of 1.8 cm and the plates could be moved backward and forward 7.5 cm from 
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the zero position. The grating was used with the Oates in horizontal position and the 

plates were made of aluminum. One stack of plates was fixed , the other was 

mounted on a carrier and could be moved with a stepping motor in such a way that 

each step of the motor resulted in a displacement of 1.25µ. The detector was a dip-

stick He-cooled bolometer manufactured by Dr. K. D. Moeller. 

The system control, data processing and Cooley-Turkey Fourier Transform 

program were written in Quick Basic Language. ( See Appendix B. ) 

4.3 Measurement Method 

In order to obtain an interferogram that is suitable for application of the 

Cooler-Turkey algorithm, the system was programmed to acquire 128 sample points 

by displacing the movable plate 128 times from negative position to positive position 

symmetrically across the zero position. Each time the plate was displaced by h=50 p 

(corresponding to 40 steps of the motor), the optical path difference was increased by 

A Y= 2 x 50 u = 100 u as shown in Fig. 4-3. 





4.4 Test Results 

The transmission spectrum of THERMID , Gt(v), in millimeter range is 

obtained as follows: 

(1) measure the background interferogram (without THERMID sample in the optical 

path as shown in Fig.4-5) and calculate its correspond spectrum Gb(v) (as shown in 

Fig.4-7). 

(2) measure the sample interferogram (with THERMID sample in the optical path 

as shown in Fig.4-6) and calculate its correspond spectrum G,(v) (as shown in Fig.4- 

7). 

where Gb(v) = spectrum without THERMID sample in optical path 

G3(v) = spectrum with THERMID sample in optical path 

(3) divide Gm(v) by Gb(v), we have 

Gt (v) = Gm(v)/ Gb(v) (4-19) 

The corresponding transmission spectrum is shown in Fig.4-8. The data for Fig.4-7 

and Fig.4-8 are shown in table 4-1. 

We like to note that the absorption in the air and in the water vapor present 

in the air has been disregarded in this study. 

The transmission spectrum II of the same THERMID sample shown in 

Fig.4-9 was obtained at Brookhaven National Laboratory. The source of the far 

infrared radiation in that experiment was the synchrotron. The spectrometer was a 

Nicolet Michelson scanning spectrometer and the detector was a pumped He-cooled 
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detector with 10-14  NEP. 

From Fig.4-8 and Fig.4-9 we found that the data obtained from the two 

systems match very well and have a smooth transfer. 

Fig.4-8 and Fig.4-9 gave us a complete information about the transmission 

spectrum of the THERMID sample in the range of 1 - 60 cm-1. 
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4.5 Discussion 

The study of molecular structures by spectrometry depends primarily on the 

existance of vibratory motions of atoms within the molecule. These motions depend 

on the nature and arrangement of the constituent atoms. Radiant energy, particularly 

infrared, falling upon matter is affected by the presence of such motions. A study of 

the behaviour of radiation falling upon matter is thus capable of giving indirect, but 

very valuable, information on molecular structure. 

The far-infrared frequency range is the range extending from about 300 

cm-1(33 µ) out to the microwave region (millimetre and even centimetre waves). The 

principle energy levels involved in this renge are of the order of a hundredth of an 

electron-volt, comparable to that of the thermal exitation of molecules at room 

temperature ( 0.03 electron-volt). The results of the far infrared absorption 

experiments of the THERMID sample show that in the range of wave number 1 cm-1  

to 25 cm-1, the infrared absorption of the THERMID increases with the increasing of 

wave number and reaches the maximum at wave number 25 cm-1. In the range of 

wave number 25 cm-1  to 60 cm-1, almost no transmission occurs. This means that 

some energy levels of THERMID molecules exist in this region.The energy levels of 

THERMID molecules that occur in this region owe their low frequency to several 

motions
[19]

: (1) The masses in movement are groups of atoms which move altogather 

with respect to the frame of the molecule; (2) The molecular chain has low frequency 

modes itself and one chain may move with respect to another; (3) Hydrogen bonds 

and Van der Waal forces produce weak bonds corresponding to motions of low 

frequencies; (4) Torsional vibrations of molecular groups and their tunneling may as 

well result in far infrared absorption. 
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Our far-infrared absorption measurements are not used to get the molecular 

structure of THERMID. The chemists of National Starch tz Chemical Co. have 

already achieved this as shown in Fig. 2-13, and the absorption of greatest interest in 

polymer chemistry is associated with covalent bonds and occurs at frequencies in the 

middle infrared, from 4000 to 300 cm-1, corresponding to energy level differences of 

the order of 0.1 electron-volt. The results of our tests, however, will provide 

supplemental information for polymer chemists on the structure of .THERMID and 

give us some bases of judgement for the potential future applications of THERMID in 

devices for the far-infrared region. 
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Chapter 5 Summary 

The progress of high performance electronic systems relies on the development 

of materials with improved properties. Acetylene-terminated polyimide oligomers, 

marked under the trade name THERMID, are receiving more and more attention 

from the microelectronics engineering because of their high thermal and chemical 

stability, low dielectric constants, excellent electrical insulation properties, and the 

simplicity of their processing. The study and evaluation of some of their electrical 

and optical properties in this thesis give more support to their application in the 

semiconductor industry, especially in the VLSI field. 

In order to measure the very high bulk resistivity, surface resistivity, and 

breakdown voltage of THERMID EL-5010, a computer controlled test system, which 

includes an advanced Keithley 236 Source-Measure Unit and a special test fixture, 
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was designed and established. The sample preparation methods were carefully 

studied. We successfully measured the bulk resistivity , surface restivity, and 

breakdown voltage of THERMID polyimide EL-5010 thin film dielectrics. The 

measurements were accomplished by actually fabricating microelectronic capacitor 

devices with the THERMID Film as the dielectric. The room temperature bulk 

resistivity of the THERMID EL-5010 films of 0.96 pm to 2.56 pm thicknesses was no 

less than 1x1016  12-cm. In the temperature range of 27°C to 160°C, the bulk 

resistivity was almost unchanged. When the temperature increased further, the bulk 

resistivity began to decrease and reached 2x1014  12-cm at 200°C. The room 

temperature breakdown voltage and the surface resistivity of the 1pm THERMID 

EL-5010 thin film were measured to be 350V and 1x1015  52/0 respectively. 

The fixed charge concentratiort and mobile ion concentration in THERMID 

EL-5010 thin film were also obtained experimentally. These were accomplished using 

the technique of high frequency capacitAce-voltage(C-V) measurements of metal-

insulator-semiconductor(MIS) structure where THERMID was used as insulator layer. 

To ensure that the experiments were successful, extra attention was paid to sample 

preparations. The results of these experiments showed that there were 1011  cm-2  

negative fixed charges in the THERMID EL-5010 thin film. The positive mobile ion 

concentration in the THERMID EL-5010 thin film was measured to be 1.12 x 1011  
- CM2 . 

Far infrared absorption properties of THERMID polyimide EL-5010 over the 

wave number range of 1 - 60 cm-1  were also studied in this thesis. In order to 

experimentally measure the far infrared absorption properties of THERMID EL-5010, 

a Fourier transform spectrometer, which includes a 250 watt mercury lamp, a 
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lamellar grating, and a dip-stick He-cooled detector, was set up. A special Fourier 

transformation program which adopts the Cooley - Turkey algorithm was used to 

untangle the "mixed" spectral elements produced by the lamellar grating 

spectrometer. The far infrared transmission properties of THERMID EL-5010 

obtained by the lamellar gratting spectrometer were over the wave number range of 1 

- 10 cm-1. The transmission properties over the wave number range of 10 - 60 cm-1  

were obtained at Brookhaven National Laboratory where the synchrotron far infrared 

light source, a Nicolet Michelson scanning spectrometer, and a pumped He-cooled 

detector with 10-14  NEP were used. The data obtained from the two systems 

matched very well and had a smooth transfer. These transmissoin spectra showed 

that in the wave number range of 1 - 25 cm-1, the infrared absorption of the 

THERMID EL-5010 increased with the increasing of wave number and reached the 

maximum at wave number 25cm-1. In the wave number range of 25 - 60cm-1, 

almost no transmission occurred. 

Mechanisms responsible for resistivity, voltage breakdown, negative fixed 

charges, and far infrared absorption properties of THERMID polyimide are also 

suggested. Due to the limited experimental data at this time, these discussions are 

only preliminary. 

For future work, the measurement and evaluation of the interface trap 

concentration at the THERMID polyimide-silicon interface, using the technique of 

pseudostatic state C-V characteristic measurement, should be done. A lamellar 

grating spectrometer installed in a vacuum chamber should be established . In this 
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way, the error caused by the water vapor absorption during the far infrared 

experiment can be eliminated. Finally, in order to get a better understanding of the 

mechanisms responsible for the electrical and optical properties of THERMID, more 

feedback between the measurement results and the fabrication of the THERMID 

polyimide are necessary. 
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