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Abstract9

Impression creep, wherein a flat-tipped cylindrical punch is used to load a small area of the specimen in nominally uniaxial compression,
enables testing of very small material volumes and miniaturized components with minimal sample preparation. One of the attractive features
of the impression creep test is its ability to establish steady-state within very short times for rapidly creeping materials. However, for relatively
slowly creeping materials, a considerable time is necessary for the evolution of a steady-state plastic zone under the punch, resulting in
a prolonged period of decreasing creep rate even when the constitutive creep behavior is strain-independent. This test-dependent transient
behavior, where the creep rate decreases slowly even at very long test times, complicates the determination of true material creep parameters.
Here, we discuss the source of this problem, and prescribe a methodology to substantially shorten the required test times in order to make the
test technologically attractive. Because of the emerging importance of lead-free solders in microelectronics packaging, the analysis presented
here is based on finite element simulations of eutectic Sn–3.5Ag solder, deforming via power-law creep.
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1. Introduction21

Impression creep, which uses a cylindrical punch with a22

flat end to load a small area of the specimen under minimal23

uniaxial compression, has been used extensively to charac-24

terize the creep properties of materials[1–16]. Because it25

enables probing very small material volume, it is particularly26

attractive for testing of modern micro-components such as27

parts of microelectronic packages or MEMS devices. It has28

been shown that the stress and the temperature dependencies29

obtained from impression creep tests display good agree-30

ment with the results of conventional creep tests[1,17,18]. A31

steady-state creep region is established at a constant punch32

stress after a transient period, e.g., primary creep, and unlike33

conventional creep, no tertiary creep stage ensues thereafter.34

Under power law creep, it is found that the impression ve-35

locity and the punch stress conform to the same power law36

as that for the conventional creep[1,16,19]. From the im-37

pression velocity (V) versus punch stress (σp) data, the creep38
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strain rate versus effective creep stress relationship may be39

provided by using appropriate conversion factors[18,20], 40

which vary with material properties[1]. 41

One of the attractive features of the impression creep test42

is its ability to establish steady-state creep within very short43

times for rapidly creeping materials. The resulting stress ex-44

ponent,n, as well as the activation energy,Q, are comparable 45

to those obtained from uniaxial tests, e.g.,[2,3,21,22]. How- 46

ever, in many instances, it was also reported that the stress47

exponent determined from impression creep decreased with48

increasing testing temperatures, and the activation energy49

decreased with increasing punch stress[3,16,21–23]. For 50

instance, activation energy values measured within a given51

temperature range have been observed to decrease continu-52

ously from 112 to 105 kJ/mol with increasing punch stress53

in Pb [22]. Likewise, experiments on�-Sn single crystals 54

in [1 0 0] orientation have shown that the apparent stress55

exponent increases systematically from 3.6 to 4.5 with de-56

creasing temperatures within the same stress range[21]. In 57

some materials, such systematic temperature/stress depen-58

dency of stress exponents and activation energies truly reflect59

the material’s creep behavior; however, as discussed sub-60

sequently, similar effects may also arise during impression61
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creep due to a mechanics-induced artifact which severely62

prolongs the time necessary to establish steady-state creep,63

potentially leading to anomalous interpretations of the creep64

data.65

In this paper, we discuss the source of these mechanics-66

inducedσp–T dependencies ofQ and n, and prescribe a67

solution to minimize these effects. It will be demonstrated68

that these effects, while being relatively negligible in rapidly69

creeping materials, such as Pb[21], LiF [3], and succinoni-70

trile [2], become quite significant in relatively slowly creep-71

ing materials like Sn–Ag solders under similarσp/G and72

T/TM conditions.73

1.1. Finite element modeling74

Computational simulation has been commonly employed75

to analyze the impression creep of different materials since76

analytical solutions to many impression creep problems do77

not exist[17,25–29]. In this study, a commercial finite ele-78

ment analysis (FEA) software, ANSYSTM, has been used to79

model the sample/punch system. which are represented in a80

two-dimensional (2-D) half-space of finite width (Fig. 1a)81

by taking advantage of the axisymmetry of the problem.82

The model was meshed as shown inFig. 1b, using 66783

two-dimensional 8-node quadrilateral axisymmetric ele-84

Fig. 1. (a) Schematic of impression creep of a half-plane; (b) ANSYSTM

finite element mesh for the impression creep of a half-plane. A round
fillet is located at the contact corner of the indenter, as shown in the inset.

ments and 37 2-D 3-node contact elements, with a total of85

2068 nodes. The contact between the indenter and the spec-86

imen surface were modeled using contact elements with a87

very small coefficient of static friction (µf = 0.0001). In 88

order to be consistent with the axisymmetry of the problem,89

the applied displacement boundary conditions are: 90

ur = 0 along the axisymmetric axisA, 91

uz = 0 at the bottom of the specimen, 92

and 93

uθ = 0 for all the nodes. 94

Impression of the sample was simulated by applying a95

uniform pressurepz on the line representing the top-surface96

of the punch using a built-in feature of the FEA code, such97

that 98

pz = σp 99

whereσp is the desired punch stress. In the model, the cir-100
cumference of the contact are the punch was assumed to101

have a fillet of 0.5�m radius, in order to avoid potential sin-102

gularities at the corner. It has been shown that a fillet radius103

of less than 5% of the indenter diameter has negligible ef-104

fect on the impression velocity[25], which was adopted in105

this study with a 1 mm diameter punch. 106

The specimen, assumed to be a 5 mm high cylinder of107

10 mm diameter, was modeled as an elastic–plastic-creeping108

solid, displaying bi-linear isotropic plastic hardening and109

steady-state creep via a power-law relation, given by: 110

ε̇ = Aσn exp

(−Q

RT

)
111

Table 1
Material properties used as input in the calculation[30,31]

Temperature (K) Young’s modulus
(GPa)

Poisson’s ratio

Elastic properties: material 1 (Sn–3.5Ag)[30]
423 24.2 0.35
398 28.8 0.35
373 33.5 0.35
348 38.1 0.35
323 42.8 0.35
298 47.5 0.35

Elastic properties: material 2 (the indenter)
All 500,000 0.2

Temperature (K) Yield strength
(MPa)

Tangent modulus
(MPa)

Bilinear isotropic plastic properties: material 1[31]
298 30 200
373 18 184
453 10 166

Creep equation[30]: ε̇ = 7.087×10−8(σ [MPa])5.5 exp((−38, 500 J/mol)/
RT)[s−1].

MSA 17701 1–10
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Fig. 2. Comparison shows a good agreement between the results by current
FEM model and the literature results[18] for Sn–Pb eutectic alloy.

whereε̇ is the creep rate;T, the absolute temperature;n, the112

stress exponent;Q, the activation energy of creep;R, the uni-113

versal gas constant, andA, the Dorn constant. The specimen114

material chosen for the simulations is Sn–3.5Ag, a lead-free115

solder of substantial current interest in the micro-electronic116

packaging industry. The 1 mm diameter punch is assumed117

to be non-deformable.Table 1lists all the material constants118

used in the numerical simulation.119

After testing the model for mesh independence, its work-120

ability was verified by comparing the results of impression121

creep simulation on two different materials (succinonitrile122

and eutectic Sn–Pb solder) with data available in the litera-123

ture[2,18,25]. As shown inFig. 2, the computed dependen-124

cies of impression velocity on punch stress for the Sn–Pb125

eutectic alloy displayed very good agreement with those126

from the analysis of Yang et al.[25]. And for succinonitrile,127

the calculated stress exponent was found to be 4.0 (Fig. 3),128

Fig. 3. The creep parameters obtained from current FEM model shows a
good agreement with the input values from the literature: an example of
stress exponent of succinonitrile[2] is given in this figure.

which is identical to the input value from the measurements129

by Chu and Li[2]. 130

Following model validation, the creep behavior of131

Sn–3.5Ag under constant applied load was studied over a132

punch stress range of 15–65 MPa and a temperature range133

of 298–373 K. 134

2. Results and discussion 135

2.1. Stress and temperature dependence of creep 136

parameters 137

A typical impression depth versus time curve is shown138

in Fig. 4 and the corresponding impression velocity versus139

time curve is shown inFig. 5. Although the simulation as-140

sumed a steady-state creep law (i.e., a strain-independent141

constitutive creep behavior), the figures reveal the presence142

of a transient or primary stage, during which the impres-143

sion velocity decreases gradually, eventually converging to144

a fixed value (i.e., a steady-state velocity) after an extended145

period of testing. A similar effect was noted earlier by Yu146

and Li [18], who suggested that the steady-state impression147

velocity may be deduced by polynomial extrapolation of148

the velocity versus reciprocal time (1/t) data to infinite time 149

(i.e., 1/t = 0). However, this effect was indiscernible in150

experimental work on succinonitrile[2], where steady-state151

impression velocities were established well under 10 h for152

all testing conditions. In the experiments, the true primary153

creep region (during which the dislocation structure in the154

plastic zone evolves into a stable sub-structure) overlapped155

with, and masked the mechanics-induced transient behavior,156

thus enabling a steady-state impression velocity to be estab-157

lished within a reasonable time. It should be noted, however,158

Fig. 4. Typical impression depth vs. time curve of impression creep of
Sn–3.5Ag. The testing time is set to be 900,000 s (250 h) under the
punch stress of 25 MPa and the testing temperature of 373 K. Note that
a transient is observed even though the constitutive creep behavior is
strain-independent.

MSA 17701 1–10
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Fig. 5. The corresponding impression velocity vs. the time curve ofFig. 4.
It can be seen that the impression velocity decreased with time increasing,
which is consistent with the previous observations[1,18]. However, a
very long time may be required to reach a ‘true’ steady-state.

that for the testing conditions used in the experimental work159

of [2] (σp ∼ 0.08–0.8 MPa,T ∼ 297–327 K), succinonitrile160

creeps at a strain rate of 10−6 to 10−3 s−1, which is two or161

three orders of magnitude faster than the rates expected in162

Sn–3.5Ag solder under theσ–T conditions of interest (σp ∼163

15–65 MPa,T ∼ 298–373 K). For conditions under which164

the material creeps slowly, the true primary creep region165

may not fully mask the mechanics-induced transient behav-166

ior, thus substantially prolonging the testing time necessary167

to acquire steady-state data from impression creep experi-168

ments. For instance, as shown inFig. 4, for σp = 25 MPa169

and T = 373 K, it takes approximately 360,000 s (about170

100 h) for the impression velocity of Sn–3.5Ag to reach a171

value which is within 10% of the true steady-state velocity.172

Mechanistically, this evolution of impression velocity173

within the transient regime may be associated with the174

development of the stress/strain field in the specimen imme-175

diately beneath the indenter.Fig. 6a–eshow the evolution176

of the Von–Mises equivalent creep strain (εc
eff ) within the177

specimen just below the punch during a creep test with178

σp = 25 MPa andT = 373 K, corresponding to the creep179

curve of Fig. 4. As observed inFig. 6a, which shows the180

εc
eff distribution after 9000 s of creep, the onset of creep oc-181

curs at the stress concentration at the corner of the indenter182

profile, even though the corner is filleted. With increasing183

time, the plastically deformed zone spreads out from the184

indenter corner, first becoming a hemispherical shell, and185

eventually evolving into a solid hemispherical shape below186

the punch by 360,000 s. Between 360,000 and 900,000 s,187

the size and shape of the plastic zone under the punch188

remains roughly constant, although the strain distribution189

inside it continues to evolve. Interestingly, the depth of the190

plastic zone remains roughly constant at the same order of191

the punch diameter throughout the entire test, in agreement192

with the observations of Chu and Li[2] and Dorner et al.193

[16]. Importantly, once the plastic zone under the punch is194

fully developed (i.e., when it becomes a solid hemisphere),195

the Von–Mises effective stress (σeff ) within the plastic zone 196

remains roughly constant, as shown inFig. 7a–c, which plot 197

theσeff distributions at 90,000 s (prior to complete evolution198

of the plastic zone), and at 540,000 and 900,000 s (follow-199

ing complete evolution of the plastic zone), respectively. It200

is this attainment of a steady-state stress distribution within201

the plastic zone that produces the observed steady-state202

creep behavior, even though the stress state within the zone203

is spatially non-uniform. 204

Fig. 8 shows how the profile of the punch impression in205

the sample varies with time during a creep test. In the fig-206

ure,x = 0 corresponds to the punch axis. It is apparent that207

a distinct material pile-up appears on the sample surface208

around the circumference of the impression only after the209

plastic zone under the indenter is fully evolved (at 360,000 s210

or 100 h). Prior to this, the material simply slopes into the211

impression around the edges, without showing any signifi-212

cant pile-up. Thus, it may be possible to utilize the presence213

or absence of an edge pile-up to ascertain whether a stable214

stress state, and hence a steady-state, was achieved during215

an impression creep test, particularly under dislocation creep216

conditions[1], although this needs verification. 217

As noted above, the time required to attain a steady-state218

impression velocity is related to the stabilization of the stress219

field under the punch, which depends on the creep resistance220

of the testing material, the applied punch stress, and the test-221

ing temperature. For a given material, the stress field will222

stabilize within a shorter period under a larger punch stress223

and higher temperature. Under identical test conditions, ma-224

terials that creep more rapidly (e.g., succinonitrile) will re-225

quire less time to establish a steady impression velocity. In226

contrast, considerable time may elapse before the plastic227

zone is fully evolved (and a steady-state is reached) for a228

relatively slowly creeping material, e.g. Sn–3.5Ag solder.229

Consequently, unless tests are conducted for very ex-230

tended times to ensure that a true steady-state is reached,231

it is possible to infer anomalously high impression veloc-232

ities. This is particularly true for tests conducted at lower233

stresses and temperatures, or on slowly creeping materials,234

where the creep rate continues to decrease very slowly even235

after long test times, increasing the possibility of miscon-236

struing the strain response as having reached steady-state.237

If this happens, the experimentally determinedn value will 238

be temperature-dependent, while theQ value will exhibit a 239

stress-dependence. 240

This is evident by comparingFigs. 9 and 10, which show 241

plots of lnV versus lnσp (Figs. 9a and 10a) and lnV ver- 242

sus 1/t (Figs. 9b and 10b) for creep times of 90,000 s (25 h)243

and 900,000 s (250 h), respectively. It is clear that at 25 h,244

the n andQ values (n = 4.4 andQ = 32 kJ/mol) are sig- 245

nificantly depressed relative to the values obtained at 250 h,246

which accurately reflect the input values used in the simula-247

tion (n = 5.5 andQ = 38 kJ/mol). This establishes two im-248

portant points. First, once a true steady-state is established249

MSA 17701 1–10
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Fig. 6. The development of the strain field of an Sn–3.5Ag specimen,σp = 25 MPa,T = 373 K, at (a) 2.5 h (9000 s), (b) 25 h (90,000 s), (c) 100 h
(360,000 s), (d) 125 h (450,000 s), and (e) 250 h (900,000 s).

MSA 17701 1–10
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Fig. 7. The development of the Von–Mises stress field of a Sn–3.5Ag
specimen,σp = 25 MPa, T = 373 K, at (a) 25 h (90,000 s), (b) 125 h
(450,000 s), and (c) 250 h (900,000 s). The unit of scale is MPa.

Fig. 8. The profile evolution of the sample surface with time during a
test. The gray area represents the punch, and thex value indicates the
distance from the punch axis.

(e.g., at 250 h), the computed creep parameters accurately re-250

flect the true material properties. However, if sufficient care251

is not exercised to ensure that all the experimentally deter-252

mined data points represent true steady-state behavior, the253

Fig. 9. The stress exponent and activation energy do not agree with the in-
put values when the testing time is assumed to be 25 h: (a)Q = 32 kJ/mol;
(b) n = 4.4.

MSA 17701 1–10
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Fig. 10. The stress exponent and activation energy are identical to the input
values when the testing time is assumed to be 250 h: (a)Q = 38 kJ/mol;
(b) n = 5.5.

calculatedn and Q values may be significantly depressed.254

Secondly, if impression velocities from the transient regime255

are used to determine the creep parameters,n values deter-256

mined will exhibit temperature-dependence, whereasQ val-257

ues determined will be stress-dependent. This is illustrated258

in Fig. 11a and b, where then andQ values are computed259

for a range of temperatures and stresses, respectively. Sig-260

nificant variations in then andQ values are noted, depend-261

ing on the conditions under which they were determined.262

In general,Q values at higherσp levels are closer to the263

true activation energy, since the material creep response gets264

close to a true steady-state quickly under these conditions.265

However, then values determined from the transient region266

appear to be constantly depressed irrespective of the test267

temperatures, since at a give test temperature, the impres-268

sion velocities are over-predicted at low stresses, but are269

closer to the values at higher stresses. Clearly, depending270

on the closeness of the various test conditions to the true271

steady-state, appreciable variations of then and Q values272

may be obtained. Indeed, such stress-dependence ofQ and273

Fig. 11. Illustration of stress/temperature dependencies of measured creep
parameters: (a) temperature-dependentn; (b) stress-dependentQ.

temperature-dependence ofn have been observed in impres-274

sion creep results[2,3,21,22], although it is unclear whether275

these observations are attributable to the mechanics-induced276

effect described here. 277

2.2. Proposed solution 278

It is clear from the above discussion that the mechanics-279

induced transient effect may preclude accurate measure-280

ment of creep parameters and produce artifacts such as281

stress-dependentQ and temperature-dependentn, unless 282

great care is exercised to ensure that all impression velocity283

data used for the computation of creep parameters repre-284

sent the true steady-state. For slowly creeping materials at285

low stresses and temperatures, this means that tests have to286

be conducted for very long periods, eliminating one of the287

primary purported advantages of impression creep, namely,288

its apparent ability to establish steady-state within a short289

time [1–3]. 290

In the following, we seek a solution to the above problem291

by developing a testing methodology to substantially accel-292

MSA 17701 1–10
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erate the evolution of the plastic zone under the punch to a293

stable state. In this methodology, the sample is plastically294

impressed under a large normal stress before the creep test295

is conducted, allowing a well-developed plastic zone to be296

present right from the start of the creep test. As shown in the297

following, this helps promote the stabilization of the stress298

field within the plastic zone shortly after the beginning of299

the creep test, thereby shortening the required testing time300

quite substantially.301

In the experiments simulated here by FEM, a punch stress302

of 57.1 MPa was used to plastically impress the specimen303

prior to creep. After the initial impression, the applied stress304

was reduced to the requisite value, and the creep test was305

conducted at this stress. All other conditions are the same306

as those in the simulations reported above. For comparison,307

a testing time of 25 h has been implemented. As depicted308

in Fig. 11, the calculatedn andQ values were appreciably309

smaller than the input values (n = 5.5,Q = 38 kJ/mol) with-310

out the presence of initial plasticity prior to the creep. How-311

ever, when the creep test is preceded by an initial plastic im-312

pression, the calculatedn andQ show excellent agreement313

with the input values, as shown inFig. 12.314

For comparison, typical impression depth versus time315

curves, with and without the presence of initial plastic im-316

pression, are presented inFig. 13, for a punch stress of317

25 MPa and temperature of 373 K during creep. It is seen that318

the impression velocity with the initial plastic impression319

(initial punch stressσo = 57.1 MPa) is about 40% smaller320

than that without initial plasticity at 25 h and is within 10%321

of the true steady-state impression velocity (as obtained af-322

ter long times from the test with prior impression). Impor-323

tantly, whereas the impression depth versus time plot without324

prior plastic impression displays appreciable non-linearity325

till ∼56 h, the plot is linear almost from the start when a plas-326

tic impression precedes the creep test. This is attributable to327

the existence of a well-defined plastic zone prior to the start328

of the creep test, which allows early establishment of a stable329

stress-state within the plastic zone within a short time dur-330

ing the creep test. This is clear fromFig. 14a and b, which331

shows the Von–Mises stress distribution in the sample after332

45,000 s (12.5 h) and 90,000 s (25 h) of creep testing. It is333

apparent that there is little change in the stress state within334

the plastic zone during this time-range, indicating that the335

prior plastic impression greatly facilitates the establishment336

of a steady-state stress condition, and hence, impression ve-337

locity within a short time. Thus, the proposed methodology338

allows us to reduce the required test time by at least an order339

of magnitude, and yet reach a true steady-state. The punch340

stress required to cause the initial plastic impression must341

exceed the indentation yield strength of the material, which342

may be approximated as 3σys, whereσys is the uniaxial yield343

strength at the appropriate temperature.344

In addition to enabling the establishment of a true345

steady-state within much shorter test times, the initial plastic346

impression also serves a practical purpose related to the test347

procedure. Our experimental work has shown that it is very348

Fig. 12. With the aid of initial plastic impression, a significant reduction
of testing time is achieved and the true creep parameters are obtained
under a wide range ofσp and T conditions after only 25 h (90,000 s) of
testing: (a) stress exponent; (b) activation energy.

Fig. 13. Typical impression depth vs. time curves with and without the
presence of initial plastic impression,σp = 25 MPa, T = 373 K. The
slopes associated with different regions of the two plots are also noted.
It can be seen that the required testing time is much shorter to reach the
true steady-state creep by introduction of the initial plastic impression.

MSA 17701 1–10
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Fig. 14. The development of the Von–Mises stress field of a Sn–3.5Ag
specimen,σp = 25 MPa,T = 373 K at (a) 12.5 h (45,000 s) and (b) 25 h
(90,000 s). It is seen that after initial plastic impression the creep reaches
the steady-state within a much shorter time. The unit of scales is MPa.

difficult to align the indenter axis exactly perpendicularly to349

the specimen surface, even when considerable care is exer-350

cised in mounting the punch and sample, and a self-leveling351

specimen stage with a universal ball joint is utilized[32].352

This is evidenced by frequent observation of gibbous im-353

pressions following creep testing, suggesting that the entire354

punch-tip did not come in contact with the sample even after355

long test times. For instance, when the axis of an indenter of356

diameterD deviates from the normal to the sample surface357

by an angleθ, a punch penetration ofD sinθ is necessary358

before the entire punch face comes in contact with the359

sample. Forθ = 1◦, andD = 1 mm, this amounts to an im-360

pression depth of 17.5�m. While typical impression depths361

much greater than this are readily obtained even under low362

stress/temperature conditions for rapidly creeping materials363

like Pb, succinonitrile, or even pure Sn[2,21,22], in slowly 364

creeping materials like Sn–3.5Ag solder, the impression365

depths are often much smaller, even after testing for 8–10 h.366

In this case, the indenter face never fully contacts the sam-367

ple surface, allowing the effective punch stress to gradually368

decrease as indenter-sample contact area increases with in-369

creasing impression depth. This precludes the establishment370

of a true steady-state, and thus leads to anomalous results.371

However, when the sample is plastically impressed prior to372

creep, this problem completely eliminated, since the plastic373

impression ensures that entire punch tip is in contact with374

the sample right from the start of the creep test. 375

One concern that arises when a prior plastic impression is376

utilized is that it is tantamount to a stress-decrease creep test,377

since the test stress is typically lower than the stress used378

for the initial impression. This requires that a steady-state379

dislocation structure corresponding to the test stress and380

temperature conditions be established under the punch be-381

fore meaningful creep data can be obtained from the test.382

Since the initial plastic impression would result in a plastic383

zone with much higher dislocation density than what would384

be produced by the test stress, this structure has to recover385

to a structure representative of the test conditions before a386

steady-state behavior is obtained, potentially prolonging the387

primary stage significantly. However, our experiments show388

that this recovery occurs quite readily, with little obvious389

prolongation of the primary stage, even under conditions of390

low stress and temperature[32]. It is likely that the addi- 391

tional recovery time required when a prior plastic impres-392

sion is used is more than compensated by the smaller time393

necessary to (1) establish full contact between punch and394

sample, and (2) overcome the mechanics-induced transient395

effect. Thus, the approach proposed here proffers an effec-396

tive means to enhance the accuracy of impression creep re-397

sults by reducing artifacts arising from the mechanics of the398

test, and the test set-up. The proposed solution is particularly399

beneficial for slowly creeping materials such as Sn–3.5Ag400

solders, where these artifacts can be particularly debilitating.401

3. Conclusion 402

A mechanics-induced artifact, which can lead to anoma-403

lous interpretation of impression creep data, has been iden-404

tified. This effect causes the appearance of an extended405

transient regime in the creep curve, even when the con-406

stitutive creep behavior is strain-rate independent. It has407

been shown that this mechanics-induced transient regime408

coincides with the time-period over which the plastic zone409

under the impression punch grows and evolves to a stable410

shape corresponding to a solid hemispherical cap. Once411

the plastic zone attains this shape, the Von–Mises stress412

distribution inside the zone becomes stable, and does not413

change appreciably with ongoing creep. This results in a414

true steady-state impression velocity, and creep parameter415

MSA 17701 1–10



U
N

C
O

R
R

E
C

TE
D

 P
R

O
O

F

10 D. Pan, I. Dutta / Materials Science and Engineering A xxx (2004) xxx–xxx

(i.e., n and Q) calculations using this steady-state velocity416

accurately reflect material properties. However, very pro-417

longed test times may be necessary to establish this true418

steady-state behavior, particularly for slowly creeping ma-419

terials and/or low stress-temperature conditions. In order to420

rapidly establish true steady-state behavior, and minimize421

the possibility of erroneous creep parameter computations,422

an experimental methodology is proposed to substantially423

shorten the requisite test time. This involves plastically im-424

pressing the sample surface prior to creep testing, in order425

to facilitate the development of the plastic zone under the426

punch. It is shown that this procedure also yields accurate427

creep parameter computations, but based on substantially428

shorter tests than in the absence of a prior plastic impression.429
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