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Thermal Impedance Measurements for Quality Assessment of Metallurgically Bonded Diodes.

Alexander Teverovsky, Ph.D.

alexander.a.teverovsky.1@gsfc.nasa.gov
QSS Group/Goddard operations, Greenbelt, Maryland

1.  Background

A significant proportion of metallurgically bonded, glass bodied, axial diodes fail destructive physical analysis (DPA) due to excessive voiding in the attachment media.  Internal examination of these diodes typically is performed by cross-sectioning the diodes in several planes parallel to the axis.  However the process of cross-sectioning might change internal mechanical stresses in the diodes and release mechanical energy stored in the highly stressed diode construction.  This often results in cracking of the die, glass, and/or the attachment medium between the die and slug and makes a quality assessment of the diodes difficult.

Thermal impedance (TI) testing of diodes is an assay, which characterizes die attachment integrity, and could be useful during DPA screening and/or testing to evaluate quality of the diodes.  This technique was applied to more than 50 DPA diode jobs in the GSFC PA Lab during 1999 to 2000.  The purpose of this work was to consider some of the problems related to TI measurements, to generalize the obtained experience, and to identify the place of this technique in diode screening and DPA test flow.  
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2.  Parts Description

The majority of parts currently used by NASA GSFC are DO-35 diodes with the Category I metallurgical bonds.  The diodes are constructed using two metallurgically bonded silver-plated tungsten (or molybdenum) slugs and a thermal compression glass seal sleeve.  During the metallurgical bonding silver forms a eutectic alloy with the silicon chip, dissolving part of the silicon.  The glass sleeve is placed over the slug-die-slug assembly and then heated at high temperature (approximately 800 (C) where the glass flows.  During controlled cooling the glass fills the voids, forms intimate contact with the die, and makes a strong thermal compression bond.  

3. Experimental

MIL-STD-750, TM 3101, provides a detailed description of the TI technique and recommendations for test conditions and evaluation of results.  Some aspects of the technique are detailed below.

3.1.  What is the TI technique measuring?

Electrical power in diodes is released at the P-N junction and dissipates by heat flow through the silicon die, die-to-slug interface, slug, sealing glass and lead.  Using an electrical analogy of thermal behavior, with temperature (T) analogous to electrical potential and dissipated power (W) analogous to electrical current, the equivalent thermal circuit of the diode can be represented as an Rth - Cth chain (see Figure 1).  Where the thermal resistance, Rth, of each element reflects its heat transfer capability and the thermal capacity, Cth, is a measure of the circuit element’s ability to accumulate heat.  These parameters can be calculated as:
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where:
  l and S=0.25(D2 are the length and the area of the element;


            ( is the thermal conductivity;


            ( is the specific density of the material:

            c is the specific heat.

By analogy with an electrical R/C circuit, a thermal circuit also has a characteristic time constant ( = Rth Cth which indicates the rapidity of heat transfer and the corresponding rate of temperature change.  The electrical behavior of the circuit shown in Figure 1 (and its electrical impedance) depends on the shape of the applied signal (frequency or pulse width).  Similarly, the thermal impedance Z( , which can be defined as a ratio of the die temperature rise to the dissipated power, (T/W, depends on the power pulse shape and width.  

To estimate the thermal characteristics of a diode let us consider a typical diode of Category I design.  Table 1 shows parameters of the equivalent thermal circuit calculated for 1N5811 diodes.  When the width of the applied power pulse is in the microsecond range (below ( for the die), the heating of the die is essentially adiabatic and the temperature rise depends primarily on the thermal capacity of the die.  In this case the TI measurements are not sensitive to the die attachment quality.  At the other extreme, when the pulse width is in the second range (larger than ( for the slug), the heat transfer and, correspondingly, the temperature distribution would be close to a steady state condition.  In this condition the die temperature rise is proportional to the dissipated power: (T = Rthdiode ( W, where Rthdiode ( Rdth + Rath + Rsth + Rlth is the thermal resistance of the diode (the subscripts stand for die, attachment, slug, and lead).  The thermal resistance of the die attachment, Rath  is only a relatively small fraction of the overall thermal resistance of the diode and therefore changes in the die attachment quality would make only slight changes in the total value of Rthdiode.  However, with power pulses in the millisecond range, most of the heat would transfer between the die and the slug, making the thermal impedance very sensitive to the die-to-slug thermal resistance and, correspondingly, to the attachment quality.  




         Table 1.  Thermal circuit characteristics for 1N5811 diodes.

	Element
	Material
	c
	(
	(
	D
	l
	Rth 
	Cth
	(

	
	
	J/kg-K
	W/m-K
	gm/cm3
	mm
	mm
	K/W
	J/K
	ms

	die
	silicon
	730
	150
	2.33
	1.5
	0.1
	3.8E-01
	3.0E-04
	1.1E-01

	attachment
	silver
	235
	430
	10.5
	1.5
	0.005
	6.6E-03
	2.2E-05
	1.4E-04

	slug
	tungsten
	135
	174
	19.35
	2.2
	2.2
	3.3E+00
	2.2E-02
	7.3E+01

	encapsulant
	glass
	44
	0.96
	2.2
	3.2
	2
	3.8E+01
	3.0E-04
	1.1E+01

	lead
	copper
	245
	401
	8.96
	1
	10
	3.2E+01
	1.7E-02
	5.5E+02


The characteristic, which is usually called just “thermal impedance”, depends not only on the diode design, but varies with the measurement conditions (mostly with the power pulse width).  Strictly speaking this characteristic can not be used to compare parts with different design or when the measurements are performed at different conditions.  This means that TI measurements have a limited value for engineering calculations of the thermal behavior of diodes in real applications.

A rigorous definition of this parameter per MIL-STD-750 reads as the “thermal impedance from device junction to a time defined reference point” and has the symbol Z(JX.

3.2.  Technique basics

Thermal impedance measurements are performed by first applying a small, forward-biased measurement current to the diode.  This current, designated IM, is typically 1 – 10 mA.  Next, the diode is stressed with a forward-biased heating current, IH, usually more than 50 times greater than IM.  The voltage drop across the diode, VF, is measured before, during, and immediately after the heating pulse.  Because the voltage drop at low forward currents is proportional to the die temperature, the first and third VF measurements indicate the increase in die temperature: (T = (VF1-VF3) ( K, where K is a constant (K-factor).  The VF2 value determines the dissipated power W = IH(VF2.  These measurements allow for the thermal impedance calculation: 
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The measurement delay time between the end of the heating pulse and the VF3 measurement, tMD, is critical for the test and is indicated in the diode specifications along with the width, tH, and amplitude, IH, of the heating pulse.  Typically, tH = 10 ms and tMD = 70 (s maximum for low power diodes (below 1A) and, respectively, 10 to 50 ms and 100 (s maximum for high power diodes.  The diode specifications indicate only maximum allowed tMD values.  Similar “flexibility” results in additional error in Z(JX measurements (see below).  

3.3  K-factor

The temperature-voltage coefficient (TVC) of the forward voltage drop in silicon diodes is equal to approximately 2 mV/(C and does not significantly vary for different diodes.  This means that the K-factor ( K = 1/TVC) can be assumed by default to be 0.5 (C/mV.  The exact value of the K-factor can be obtained by the VF measurements as a function of temperature at a constant forward current IF = IM.  Typical results of similar measurements are shown in Figure 2.

Table 2 shows the average TVC values (K-1-factors) and standard deviations (small font) for different parts.  From 3 to 5 samples were measured for each diode type.  The total average TVC value for all parts was found to be close to the “default” value of 2 mV/(C.  Variations of the K-factor between diodes in the same lot were small and did not exceed 3%.  However variation from the average K-factor between different part numbers can reach 20% - 30%.

TVC decreases approximately 10% when the measurement current increases from 1 mA to 10 mA (see Figure 3).  These changes are similar for all part numbers.  The total averages were 2.09 mV/(C for IM = 1 mA, 1.97 mV/(C for IM = 5 mA, and 1.86 mV/(C for IM = 10 mA.  To avoid possible error due to the IM variations, it seemed reasonable to standardize it at 5 mA.

3.4.  Effect of heating pulse amplitude and width

As expected, the heating pulse amplitude, IH, did not significantly affect thermal impedance (see Figures 4 and 5).  The heating current amplitude can be limited by the capability of available equipment.  Insignificant variance of the test results with IH allows for an estimation of the Z(JX values using lesser heating currents than is required according to the part’s specification.

Figures 6 and 7 show the effect of pulse width on the thermal impedance for two types of diodes.  In each of the two lots, parts with minimum and maximum Z(JX values were measured.  The difference ( = Z(JX MAX - Z(JXMIN indicates the sensitivity of the TI measurement conditions to the die attach quality.  It is seen that in both cases, the heating pulse width of 10 ms, which is typically used in the diode specifications, is adequate for the test.

              Table 2.  Voltage-Temperature Coefficients (K-1 – factor), mV/(C

	MFR
	SPEC. 19500/
	PN
	IM,
1 mA
	IM,
5 mA
	IM,
10 mA

	Microsemi
	144
	JANTX1N4454
	2.07
	1.87
	1.80

	
	
	
	0.01
	0.01
	0.01

	Sensitron
	420
	JANTX1N5554
	2.12
	2.04
	2.03

	
	
	
	0.05
	0.03
	0.02

	Microsemi
	477
	JANTXV1N5811
	2.76
	2.55
	2.46

	
	
	
	0.02
	0.02
	0.02

	Microsemi
	477
	JANS1N5811
	2.67
	2.42
	2.33

	Microsemi
	477
	JANTXV1N5806*
	-
	-
	1.85

	Microsemi
	231
	JANTXV1N3600
	2.14
	1.92
	1.82

	
	
	
	0.02
	0.01
	0.04

	Microsemi
	533
	JANTXV1N6311
	1.78
	1.64
	1.58

	
	
	
	0.01
	0.03
	0.05

	Microsemi
	533
	JANTXV1N6325
	1.68
	1.55
	1.52

	
	
	
	0.01
	0.01
	0.05

	Microsemi
	585
	JANTXV1N6621
	2.24
	2.07
	2.00

	
	
	
	0.02
	0.02
	0.02

	Microsemi
	356
	JANTXV1N4982
	2.03
	1.86
	1.78

	
	
	
	0.03
	0.03
	0.03

	Microsemi
	356
	JANTXV1N4993
	1.93
	1.78
	1.72

	
	
	
	0.02
	0.01
	0.01

	Sensitron
	286
	JANTXV1N4245*
	-
	-
	1.72

	BKC
	127
	JANTXV1N758A-1*
	-
	-
	1.751

	BKC
	117
	JANTXV1N967B-1*
	-
	-
	1.85

	Compensated
	435
	JANTXV1N4625UR-1*
	1.55
	-
	-

	Sensitron
	411
	JANTXV1N5418*
	-
	-
	1.77


* - Manufacturer data.

3.5.  Effect of measurement delay time.

Cooling plots for two types of diodes are shown in Figures 8 and 9.  The heating current effect was relatively small for the low power diode (1N4454) and did not affect results for the more powerful diode (1N5811).  A decrease in the tMD below the specified limits (100 (s for 1N5811 and 70 (s for 1N4454) slightly increased the measured thermal impedance.  A twofold decrease in tMD from the specified maximum values resulted in a 4 % – 6 % increase in Z(JX .  To avoid this error, the tMD should be standardized at the maximum allowed value.
4.  Experimental results

The results below are based on more than 50 DPA and evaluation jobs performed in GSFC PA Lab on different diodes during a period from October 1998 to September 1999.

4.1.  Typical distributions

The distribution of the diodes with thermal impedance can be described using a normal distribution function (see Figures 10 and 11).  The skew of the distributions is mostly positive, which can be explained considering the natural limits at low values of Z(JX, and essentially unlimited possibility for high values of Z(JX.  In some cases the distribution appeared to be bimodal (see Figures 12 and 13), possibly reflecting some variation in the manufacturing process.  But for the cases when the average values of the modes differ less than 20-25 %, the variation in attachment quality is probably not significant.

Large standard deviation and/or skew values indicate significant variation from the average value and are indications of the presence of potentially defective parts in the lot.  Figure 14 shows a distribution for the lot where several parts had 2-4 times larger than average Z(JX values.

According to the MIL-STD-750 recommendation, the limit for the thermal impedance values should be ZLIMIT = ZAVR + 3(, where ( is the standard deviation.  Table 3 shows comparison between the specified TI limits and experimentally obtained data.  It is seen that the specified limit in some cases is much lower than the one calculated using the distribution of parts.  This means that a part with abnormally high TI and correspondingly poor quality of attachment could pass manufacturing screening.

4.2.  TI correlation with voiding in the die attachment

In most cases when the diodes had thermal impedance values exceeding the average level for the lot or the TI limit, excessive voiding at the die attachment was observed.  Figures 15 through 26 show typical views of diode cross sections observed in parts with relatively large Z(JX values.  Figures 27 and 28 show correlations between the average voiding at the die attachment (estimated by the proportion of voids at three cross section planes) and the measured Z(JX values for JANTXV1N4245 and JANTXV1N5615 diodes.

      Table 3.  Statistics of TI measurements and comparison to the specified limits.

	PN
	DC
	N
	ZAVR
(C/W
	(
	skew
	ZLIMIT
(C/W
	(ZAVR + 3()/ ZLIMIT

	JANTXV1N4625UR-1
	-
	25
	9.06
	0.73
	0.91
	35
	0.32

	
	9730
	11
	9.12
	0.4
	0.95
	35
	0.29

	JANTXV1N4245
	9742
	32
	6.62
	0.55
	0.02
	4.5
	1.84

	
	9735
	190
	6.63
	0.69
	-
	4.5
	1.93

	JANTXV1N4148-1
	9715
	47
	40.54
	3.58
	0.36
	70
	0.73

	JANTXV1N4108UR-1
	9646
	45
	8.5
	0.47
	1.22
	35
	0.28

	JANTXV1N4104UR-1
	9626
	27
	12.6
	1.06
	-0.42
	35
	0.45

	JANTXV1N4970
	9025
	22
	0.78
	0.03
	2.07
	1.8
	0.48

	JANTXV1N6325
	8950
	31
	6.51
	3.14
	3.42
	15
	1.06

	JANS1N5806
	-
	289
	4.36
	0.64
	0.55
	4.5
	1.40

	JANTXV1N967B-1
	9618
	23
	21.6
	1.92
	-0.13
	35
	0.78

	JANTXV1N758A-1
	9808
	195
	20.74
	2.77
	-0.02
	35
	0.83


4.3.  TI correlation with VF

Similar to thermal impedance, the forward voltage drop in diodes depends on the quality of die attachment.  Better attachment should reduce the die-to-slug electrical resistance and, correspondingly, decrease the VF value.  This suggests a possible correlation between the Z(JX  and VF parameters.  Experiments have confirmed this correlation in many cases (especially when VF is measured at high forward currents).  Figure 29 shows an example of the Z(JX  vs. VF relationship.

4.4.  TI variations for diodes with similar design

All diodes manufactured to the same slash-sheet-number specification of MIL-STD-19500 have similar geometry and design and identical requirements for thermal impedance.  Thus suggesting that uniform Z(JX  values for these parts could be expected.  However, experiments showed that some lots had average Z(JX  values significantly different from the other lots.  A similar situation was found even with lots of the same part number.  Tables 4 to 8 show statistics for the lots, grouped by specification slash sheet numbers.

Analysis shows that TI measurements for the 19500/356 diodes (Table 4) were uniform.  One lot (DC9125) of the 19500/533 diodes (Table 5) had an average TI value almost twice the other lots.  However, no rejectable defects in the die attachment were observed suggesting possible design differences between diodes within this lot.  Physical examination found a rejectable level of voiding in the lot with the highest standard deviation (DC8950).




Table 4.  MIL-STD-19500/356 diodes.  Z(JX  limit = 1.8 (C/W.

	PN
	Mfr
	DC
	N
	ZAVR
(C/W
	(
	DPA result

	JANTXV1N4963
	Microsemi
	8751
	5
	0.87
	0.11
	P

	JANTXV1N4964
	Microsemi
	9847
	5
	0.77
	0.05
	P

	JANTXV1N4991
	Microsemi
	9136
	3
	0.91
	0.09
	P

	JANTXV1N4995
	Microsemi
	9332
	3
	1.17
	0.10
	P

	JANTXV1N4993
	Microsemi
	9848
	3
	0.99
	0.11
	P

	JANTXV1N4986
	Microsemi
	9107
	3
	0.88
	0.03
	P

	JANTX1N4970
	Microsemi
	9025
	22
	0.81
	0.09
	P

	JANTXV1N4992
	Microsemi
	9748
	3
	1.07
	0.11
	P

	JANTXV1N4982
	Microsemi
	8722
	3
	1.01
	0.22
	P

	JANTXV1N4989
	Microsemi
	9132
	3
	0.85
	0.05
	P

	
	
	Total  
	average
	0.933
	0.095
	





Table 5.  MIL-STD-19500/533 diodes. Z(JX  limit = 15 (C/W.

	PN
	Mfr
	DC
	SN
	ZAVR
(C/W
	(
	DPA result

	JANTXV1N6323
	Microsemi
	9231
	5
	4.81
	0.33
	P

	JANTXV1N6328
	Microsemi
	9748
	3
	4.59
	0.17
	P

	JANTXV1N6324
	Microsemi
	9115
	3
	4.32
	0.12
	P

	JANTXV1N6325
	Microsemi
	8950
	3
	5.69
	2.24
	F

	JANTXV1N6326
	Microsemi
	9910
	5
	4.90
	0.52
	P

	JANTXV1N6311
	Microsemi
	9125
	5
	10.8
	0.86
	P

	
	
	Total 
	average
	5.85
	0.71
	





Table 6.  MIL-STD-19500/477 diodes. Z(JX  limit = 4.5 (C/W.

	PN
	MFR
	DC
	N
	ZAVR
(C/W
	(
	DPA result

	JANS1N5806
	BKC
	-
	284
	4.36
	0.64
	F

	JANTXV1N5806
	Semtech
	9839
	5
	1.07
	0.07
	P

	JANTXV1N5806
	Microsemi
	9738
	5
	3.12
	0.06
	P

	JANTXV1N5811
	Semtech
	9822
	5
	3.68
	0.21
	P

	JANTXV1N5811
	Microsemi
	9601
	10
	0.97
	0.04
	-

	JANS1N5811
	Microsemi
	8950
	6
	0.94
	0.21
	-

	JANS1N5811
	Microsemi
	9830
	5
	0.90
	0.11
	-

	JANS1N5811
	Microsemi
	9828
	10
	1.05
	0.15
	-

	
	
	Total 
	average
	2.01
	0.18
	-




   
Table 7.  MIL-STD-19500/435 diodes. Z(JX  limit = 35 (C/W.

	PN
	MFR
	DC
	N
	ZAVR
(C/W
	(
	DPA result

	JANTXV1N4625-1
	Compensated 
	9746
	3
	8.31
	0.12
	P

	JANTXV1N4122-1
	Compensated 
	9827
	3
	9.05
	0.28
	P

	JANTXV1N4625UR-1
	Compensated 
	9730
	11
	9.12
	0.40
	P

	JANTXV1N4106UR-1
	Microsemi
	9834
	3
	12.72
	1.44
	P

	JANTXV1N4108UR-1
	Compensated 
	9646
	5
	8.17
	0.36
	F

	JANTXV1N4104UR-1
	Microsemi
	9626
	27
	12.61
	1.06
	P

	JANTXV1N4120UR-1
	Microsemi
	9527
	3
	13.21
	0.51
	P

	JANTXV1N4108UR-1
	Compensated 
	9646
	45
	8.50
	0.47
	P

	JANTXV1N4625UR-1
	Compensated 
	9827
	25
	8.70
	0.18
	P

	JANS1N4625-1
	Microsemi
	9803
	3
	7.82
	0.04
	P

	JANTXV1N4624UR-1
	Microsemi
	9646
	3
	11.66
	0.32
	P

	
	
	Total 
	average
	9.99
	0.47
	




  
Table 8.  MIL-STD-19500/116 diodes. Z(JX  limit = 70 (C/W.

	PN
	Mfr
	DC
	N
	ZAVR
(C/W
	(
	DPA result

	JANTXV1N4148-1
	BKC
	9414
	57
	49.53
	5.20
	P

	JANTXV1N4148-1
	Microsemi
	9849
	100
	39.47
	5.76
	F

	JANS1N4148-1
	Microsemi
	8914
	3
	10.41
	0.55
	P

	JANTXV1N4148-1
	Microsemi
	9849
	5
	35.80
	2.55
	P

	
	
	Total 
	average
	33.80
	3.52
	


Irregularities in the ZAVR values were observed in the 19500/477 diodes.  Diodes with identical part numbers had significantly different values of TI.  Again, physical examination found evidence of poor die attachment quality in the lot with the highest standard deviation.

JANTXV1N4108UR-1 diodes with DC9646 failing DPA (Table 7), had relatively low averages of thermal impedance and standard deviations.  In these cases the TI measurements failed to identify problems with die attachment.  However, analysis of the cross sections of the failed diodes (see Figure 30) showed that the die-to-disc attachment was good, but the disc-to-slug attachment had excessive voiding.  Obviously, the disc-to-slug interface has lesser effect on the TI compared to the die-to-disc interface.  Besides, the disc-to-slug interface separates relatively ductile materials, which most likely will not crack during diode operation.  On this basis and considering the adequate TI results, this formally rejectable defect can be assumed as posing no reliability risk.

Several lots of 1N4148-1 diodes (Table 8) also had irregularities in ZAVR values suggesting differences in their design.  A rejectable level of voiding was observed in the lot with the largest standard deviation (DC9849).

5.  Discussion

The effect of die attach voiding on reliability of the metallurgically bonded diodes has not been adequately explored.  Some general assumptions are as follows.  On one hand, non-voiding, 100% die attachment is difficult to achieve during manufacturing and, furthermore, a non-voiding attachment might actually create excessive strain in the die and increase the probability of failures at temperature extremes.  Small voids in the attachment media may play positive role resulting in strain relief without any significant deterioration of the thermal characteristics of the part.  On the other hand, large voids weaken the design and may increase the probability of die cracking and failures during temperature and/or power cycling.  

In this regard, the rejection criteria for the die attachment are somewhat artificial and should be assessed on the basis of practical experience, common sense and a critical analysis of the history of employment.

The NASA specification for destructive physical analysis regarding diodes, GSFC-311-M-70, references MIL-STD-1580.  Section 8 of this standard describes general requirements for DPA performance and the acceptance/rejection criteria for different types of diodes.  Although this document is somewhat obsolete (it was written ten years ago), its requirement for die attachment in diodes is straightforward and is based on the golden middle rule of thumb: no voiding in the attach media of more than 50% is allowed.  This golden rule has been used in our lab for more than 10 years and so far no proof that it is wrong has been found.  (Unfortunately the reverse is also correct: we do not have any evidence that the parts, which had been rejected by the 50% criteria, are not reliable).

The military standard for semiconductor devices, MIL-STD-750 (last version dated 1995), is used by all diode manufacturers and is much more flexible than the NASA specification.  MIL-STD-750, test method 2101 recommends (referred to as typical) that 80% of the attachment contact area should be bonded for diodes with category I construction (eutectic bonding), 50% for category II (solder bonding), and only 0% - 10% for category III construction (diffusion bonding).  Zero percent of the bonding here most likely means that if the diode has electrical continuity no evidence of bonding is required.  And, under the requirements of MIL-STD-750, even if a diode lot does not meet the criteria mentioned above, it still could be used provided the lot passed TI testing.  It should be noted that NASA requirements are not specific to the bond construction.

One of the drawbacks of this system is that the thermal impedance test results are not always a warranty of good quality of die attachment.  As was shown above, the specified TI limit in some cases is significantly larger (3 to 4 times) than the assumed reasonable statistical variation (Zavr + 3().  Therefore a part with poor attachment might still pass the test, even though it is a reliability concern.

The most appropriate DPA/screening procedure to assure the quality of die attachment would be as follows.  Five samples are submitted for DPA, and undergo electrical and thermal impedance testing.  Three of the five parts are then cross-sectioned for internal examination.  If the standard deviation of the TI measurements is larger than the typical value for similar parts or if evidence of poor attachment is revealed, the whole lot is subjected to TI screening with the Zavr + 3( value used as a rejectable criteria for individual parts.

Another procedure, which is slightly more time consuming, but would provide more dependable screening, is based on 100% initial TI measurements of the entire diode lot.  Parts with TI values of more than Zavr + 3( should be rejected.  After screening, three samples with the highest TI values, and two samples with average TI values are submitted for DPA evaluation and cross-sectioning.  The lot is accepted only if it meets DPA requirements.

6.  Conclusions

1. Thermal impedance measurement provides a reliable method of evaluating die attachment in diodes and should be included as an important step in the screening and DPA procedures for the parts used in GSFC applications.

2. In some cases the specified rejectable limit for thermal impedance is significantly larger than the average Z(JX value for the lot (3 to 4 times more than ZAVR+3().  This allows parts with poor attachment quality to pass manufacturer screening.  To ensure proper quality of the die attachment, parts with Z(JX > ZAVR+3( should be screened out.

3. Average thermal impedance values may vary significantly between diodes within the same specification slash sheet numbers and even from lot to lot for diodes with the same part numbers, giving an indication of part design changes.  A database with the thermal impedance measurement results would provide valuable information on the quality of different diode lots and would be useful for revealing irregularities in the Z(JX values.

4. Thermal impedance test results are reproducible and in many cases show good correlation with the proportion of voiding in the attachment media and with the forward voltage drop measurements.

5. The K-factor had small variations within the same lot (less than 3%), and its variation between different lots did not exceed 20% - 30%.  This means that in many cases when a systematic error of approximately 25% is not important (for example for the purpose of ranging parts in the lot by the die attachment quality) it can by default be assumed equal to 0.5 mV/(C.
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Figure 1.  Schematic cross section and the equivalent thermal circuit of the diode.  
Td and Ta are the die and the ambient temperatures.  Gray arrows on the drawing indicate power flow.  Indexes d, a, s, l, g, and g-a correspond to different elements of the diode, correspondingly to the die, attachment media, slug, lead, glass, and glass-ambient interface.
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Figure 2.  Typical forward voltage drop - temperature dependencies used to determine K-factor (slope of the lines).  The three groups of lines correspond to different measurement currents.
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Figure 3.  The voltage-temperature coefficients (TVC) of the forward voltage drop (the value reciprocal to the K-factor) variation with measurement current.
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Figure 4.  Heating pulse effect on thermal impedance at different heating pulse widths.
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Figure 5.  Heating pulse effect on the thermal impedance averaged per 32 samples.
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Figure 6.  Heating plots for two parts with high and low TI values.  The difference between these two curves (delta) shows the range of the pulse times, where Z(JX is die attach sensitive (approximately from 8 ms to 100 ms).
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Figure 7.  Heating plots for another part type showing the range of effective pulse times (above 10 ms).
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Figure 8.  Cooling plots for 1N5811 diodes.  Note, that the heating pulse amplitude, IH, has no effect on the test results (typical for power diodes rated for currents more than 1A).
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Figure 9.  Cooling plots for low power 1N4454 diodes.  Heating pulse amplitude, IH, slightly increases thermal impedance.
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Figure 10.  Integral distribution of the diodes with thermal impedance is adequately described by the normal distribution function.
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Figure 11.  Another example of the diodes’ distribution (differential) which also can be adequately described by the normal distribution function.
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Figure 12.  A differential distribution which appears to be bimodal.
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Figure 13.  Another example of an apparently bimodal distribution.
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Figure 14.  A distribution for the lot with several parts having much larger than average Z(JX values.  The dashed line shows the distribution calculated using all samples.  The solid line was calculated without samples having Z(JX >10 (C/W.
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Figure 15.  SN 17, Z(JX  = 55.1 (C/W
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Figure 16.  SN 25, Z(JX  = 54.7 (C/W
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Figure 17.  SN 34, Z(JX  = 30.7 (C/W
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Figure 18.  SN 70, Z(JX  = 30.1 (C/W
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Figure 19.  SN 91, Z(JX  = 54.2 (C/W

Figures 15 – 19.  Cross-section of the die-to-slug attachment at die center (PN JANTXV4148-1, Job M99580) showing correlation between voiding and Z(JX values.   ((420X)

	[image: image23.jpg]




	

Fig. 20
SN 6
Z(JX =3.4 (C/W


	[image: image24.jpg]




	

Fig. 21
SN 7
Z(JX =3.0 (C/W


	[image: image25.jpg]




	

Fig. 22
SN 8
Z(JX =4.3 (C/W



Figures 20, 21, 22.  Cross-sections at the die center in PN JANTXV1N5418 (job M99585) showing excessive voiding at die attachment.  Note that all parts had Z(JX  values above the specified limit of 1.5 (C/W.        ((100X)
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Figures 23, 24, 25, 26.  Cross sections at two planes near the die center in P/N JANTXV1N4245 (job M99588).  Note that MIL-S-19500/286 does not require thermal impedance for these parts, however, per manufacturer information, the thermal impedance should not exceed 4.5 (C/W.       ((100X)
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Figure 27.   PN JANTXV1N4245 (job M99588).
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Figure 28.  JANTXV1N5615 (job M99595).

Figures 27, 28.  Correlation between the average voiding at the die-to-slug attachment and thermal impedance.
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Figure 29.  Correlation between the forward voltage drop and thermal impedance.
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Figure 30.  Formally rejectable voiding at the disc-to-slug interface in PN JANTXV1N4108UR-1  (Job M99601).
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