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2. INTRODUCTION

The quality and reliability of a given product are governed by all activities from
conception till delivery to the end users product line. Even within the highest possible
degree of reliability designed into the product it still stays subject to a number of possible
process related reliability hazards.

In order to eliminate these, one must understand the limiting failure modes and
mechanisms and through failure analysis and feedback loops trace them back to process
weaknesses and implement permanent corrective actions. This is achieved through
elaborate wafer and product qualification and monitoring programs. The use of these
programs is described in the general reliability specification.

As a consequence, three different qualification programs have been implemented :
the waferfab qualification, the product qualification and the assembly route qualification.
Each of these qualification programs is specifically focusing on different areas of the
product manufacturing cycle and is specifically aimed at ensuring maximum reliability of
the targeted area.

In the waferfab manufacturing cycle a number of standard processing steps are
performed on wafers in a well-defined sequence to obtain a product. This unique
combination of wafer processing steps executed on a given fabrication line is called a
waffab route. Circuits manufactured in a given waffab route that are also designed using
the same set of design rules are said to belong to the same technology. It is thus of vital
importance to qualify each waffab route as it is the first step of the cycle designed to
ensure the reliability to the end user.

The waferfab route qualification especially focuses on the waferfab processing and is
designed to ensure a constant inherently high reliability level for all wafers processed
according the qualified flow.

As required by this specification the process of the waffab route qualification is
initiated by defining a technology reliability requirement file that lists critical areas, defines
the tests to be performed and the relevant pass and fail criteria for each test. This is done
in close collaboration not only with the development engineers but also with the marketing
department to ensure that the technology not only meets the current customer
requirements but also covers the future needs.
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3. TECHNOLOGY RELIABILITY REQUIREMENT FILE

In this section a summary is presented of all the requirements in order to qualify the
waffab route and the appropriate pass and fail criteria. A detailed description of the test
and the pass/fail criteria are given in specification 1000096 Revision A of June 29" 2006.

Since our policy is to guarantee the reliability of the product as used in the
application and this still involves the use of a package in numerous applications, the
technology requirement file not only covers the waffab route as such but also the possible
interactions between the finished silicon die and the package. These interactions and
interface effects can be qualified by packaging the finished die in the expected most
critical package using a qualified assembly route.

Note: The tests and results below suffice for a TFP (technology full production)
gualification. Some minor technology issues are still pending, resulting in a TEP
qualification at this stage.

4, SUMMARY

This qualification report gives the results of device and product reliability tests
performed in order to validate the 12T100 polyimide technology. This technology is based
on the qualified 12T100 process flow to which a Polyimide layer is added on top of the
passivation. The qualification is set up as a sanity check of the original qualification: For
the CTV (component test vehicle), a selection of components and teststructures was
tested on splits with and without (i.e. the original 12T100 process) and checked for
statistically significant differences. The PTV (product test vehicle) was tested according to
the proper qualification plan. The original qualification data can be found in the “WAFFAB
R1 ROUTE QUALIFICATION REPORT OF I2T, version 1" dated 18/02/1998, and
“WAFFAB R1 ROUTE QUALIFICATION REPORT OF 127100, version 1" dated
14/10/2003.

These results can be summarised as follows :

- Breakdown and time dependent dielectric breakdown :

In lifetime-prediction, there is no significant difference between the Standard and the
Polyimide wafers. Both splits extremely exceed the reliability specifications of less
than 100ppm cumulative failure rate after 25 years of use at maximum operating
voltage (5.5V/13.2V) and at 125°C. There is no significant difference in degradation
between polyimide and non-polyimide material.

- Hot carrier degradation : the specification of 25 years lifetime at 5V is met for the
typical DMOS transistors. Safe operating areas for 10% degradation of any parameters
of NDMOS and PDMOS transistors were determined and compared to the original
I2T00 SOA's. There is no significant difference in degradation between polyimide and
non-polyimide transistors.

- Hot carrier degradation on NMOS: there is no significant difference in degradation
between polyimide and non-polyimide transistors.
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- High temperature Vt stability : both NMOS and PMOS transistors meet the
specifications of a maximum Vt shift of 10 % and of a gate current below 1 nA/um2
after positive and negative voltage stresses. Both N- and P-poly field transistors meet
the specification of a maximum Vt shift of 2V after PBTS and NBTS. There is no
significant difference in degradation between polyimide and non-polyimide material.

- Stability of diodes and resistors : the requirement of a maximum parametric shift of
20% for resistances, and diode leakage < 20nA after a 4 hrs bake at 450C was met.
There is no significant difference in degradation between polyimide and non-polyimide
material.

- High Temperature stress tests : There is no significant difference in degradation
between polyimide and non-polyimide material.

The 12T100 Polyimide qualification report provides test results for the following selected
components :

- FND40B : floating NDMOS with maximum allowed peak drain voltage of 40V

- FNDG60B : floating NDMOS with maximum allowed peak drain voltage of 60V

- PDMOSMYV : PDMOS with maximum allowed peak drain voltage of -40V

- PDMOS: PDMOS with maximum allowed peak drain voltage of -100V

- NDMOSMYV : non-floating NDMOS with maximum allowed peak drain voltage of -40V

- FPD75B : floating PDMOS with maximum allowed peak drain voltage of -75V

- NPN25B2.2 : NPN bipolar transistor.

- IPH1, IPL1, IPM1 : PNP bipolar transistors

- INH1, INH4, INM4: NPN bipolar transistors

This selection includes P- and N-type devices, floating and non-floating, and covers a
range of peak drain voltages.

In this section only the results of the tests are summarized. A detailed description of the
test structures, the test conditions, the measurement set-up and the extrapolation models
and algorithms that were used is given in the following sections of this report. For more
details please refer to the relevant section as indicated in the table of content on page 2.

4.1 High temperature tests

According to the 12T technology reliability requirement file RR13350 and the
polyimide reliability requirement file 1000096, all DMOS transistors meet the specification
for High Temperature Reverse Bias and for High Temperature Gate Stress.

According to the I2T technology reliability requirement file RR13350 and the
polyimide reliability requirement file 2000096, the bipolar transistors meet the specification
for High Temperature Reverse Bias and for High Temperature Current Stress.
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4.2 Hot carrier degradation

Safe operating areas for 10% degradation of any parameters of NDMOS and
PDMOS transistors were determined and there is no significant difference for polyimide
and non-polyimide material.

The parameter shifts on Nmos devices after HC stress were compared on polyimide and
non-polyimide material and no significant differences were seen.

4.3Mechanical integrity

Thermal cycling test was performed on 3 lots of 77 devices SHIA-OBL without
occurrence of failure after 500 cycles.

4.4High Temperature Bake

High temperature bake of 1000 hours at 150°C was performed on 3 lots of 15
devices SHIA-OBL with no occurrence of failures.

4.5High Temperature Life test

Lifetest of 3000 hours at 125°C was performed on 3 lots of 77 devices SHIA-OBL
with no occurrence of failures.

4.6 Corrosion resistance

THB test of 1000 hours (85%/85C) was performed on 3 lots of 77 devices SHIA-OBL
and was finalised without occurrence of failure.

Unbiased HAST test of 240 hours (85%,135C) was performed on 3 lots of 77
devices SHIA-OBL and was finalised without occurrence of failure.

4.7 Electrical immunity

SHIA-OBL meets the CDM and HBM ESD requirements.
SHIA-OBL meets the latch-up requirements.
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5. HIGH TEMPERATURE STRESS TESTS

5.1High temperature Reverse Bias on DMOS transistors

5.1.1 Reliability requirement

According to the 12T technology reliability requirement file RR13350, the high
temperature reverse bias on DMOS transistors has to be performed at 150 °C and at V4 =
Vgsmax + 10 % during 1000 hours. The maximum parametric shifts allowed should not
exceed 10 %. According to the polyimide requirement file RRF1000096, no differences
compared to the reference material (no polyimide) should be observed.

All guaranteed voltage levels are indicated in specification DS13351 “PROCESS &
ELECTRICAL PARAMETERS CMOS 12T100".

5.1.2 Description of the test structures

Transistors used for the stress test are :

FND40B : floating NDMOS with maximum allowed peak drain voltage of 40V, block
FN40W on ITRA-NCA.

FNDG60B : floating NDMOS with maximum allowed peak drain voltage of 60V, block
FN60W on ITRA-NCA

PDMOSMV : PDMOS with maximum allowed peak drain voltage of -40V, block
PD40W on ITRA-NCA

PDMOS: PDMOS with maximum allowed peak drain voltage of -100V, block
PD100WB on ITRA-NCA

NDMOSMYV : non-floating NDMOS with maximum allowed peak drain voltage of 30V,
block ND30W on ITRA-NCA

FPD75B : floating PDMOS with maximum allowed peak drain voltage of -75V, block
FN75W on ITRA-NCA

5.1.3 Measurement information

The high temperature stress test at 150°C is performed on devices packaged into 28
pins sidebrazed packages.
Transistors from the following lots/wafers were packaged :

- lot 606622, wafer 8,9 ; lot 607687, wafer 8,9 and lot 606656, wafer 8,9

- wafer 8 has no polyimide coating, wafer 9 does.

The devices were measured before stress, after 168 and 1000 hours of combined
temperature and voltage stresses.
For each test structure, 12 devices were measured and 9 of them were stressed.
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5.1.4 Results

Tables 5.1 to 5.6 give the different parameters and their corresponding shifts for
each test structure after 1000 hours of stress, for both polyimide and non-polyimide, and
for different orientations (N,E,S,W).

Parameters Table 5.1: Parametric shifts (%) after 1000 hours of stress of Reverse Bias
N E S W

FND40B drt1588 Ref Poly Ref Poly Ref Poly Ref Poly

Vio -0.720 | -0.421 | -0.658 | -0.438 | -0.630 | -0.462 | -0.631 | -0.449
B3in -2.345 | -2.224 | -2.025 | -2.068 | -2.157 | -2.113 | -1.772 | -2.098
Ron (Vgs = 0.5V, Vg = 12V) 1.915 1.878 1.799 1.788 1.803 1.767 1.688 1.719
Subthy, 1.612 | 1.200 | 1.980 | 1.725 | 2.182 | 2581 | 2.621 | 1.654
lasat (Vas = 25V, Vgs = 3.5V) 1.193 | -0.569 | 0.415 | -0.363 | 1.497 | 0.435 | 0.902 | -0.415
lasat (Vs = 25V, Vgs = 5.0V) -0.629 | -0.692 | -0.620 | -0.605 | -0.525 | -0.497 | -0.529 | -0.605
lasat (Vas = 25V, Vgs = 12V) -0.474 | -0.491 | -0.464 | -0.489 | -0.389 | -0.389 | -0.377 | -0.405
lain (Vas = 0.1V, Vg = 12V) -1.991 | -1.961 | -1.774 | -1.820 | -1.843 | -1.876 | -1.668 | -1.798
lgieak (Vg = 40V) 0.196 0.357 | -0.651 | -0.827 | -0.424 | -0.362 | -0.560 | -0.642
Parameters Table 5.2: Parametric shifts (%) after 1000 hours of stress of Reverse Bias

N E S W

FND60B drt1586 Ref Poly Ref Poly Ref Poly Ref Poly

Vio -0.371 | -0.383 1.101 | -0.408 0.723 | -0.408 1.056 | -0.408
B3in -4.443 | -3.106 | -3.921 | -3.883 | -4.045 | -3.329 | -4.075 | -3.968
Ron (Vas = 0.5V, Vg = 12V) 1.931 | 1.764 | 1.941 | 1.892 | 1.859 | 1.813 | 1.816 | 1.910
Subthy;, 1.702 5.740 3.033 8.301 3.695 7.730 3.271 8.640
lasat (Vas = 40V, Vgs = 3.5V) -6.424 | 2.099 | -6.355 | 0.486 | -7.300 | 0.835 | -6.544 | -0.244
lasat (Vas = 40V, Vgs = 5.0V) -2.580 | -0.462 | -2.764 | -0.486 | -2.785 | -0.422 | -2.716 | -0.445
lgsat (Vas = 40V, Vs = 12V) -0.839 | -0.460 | -0.961 | -0.469 | -0.780 | -0.432 | -0.840 | -0.438
lgin (Vas = 0.1V, Vgs = 12V) -1.829 | -1.767 | -1.899 | -1.848 | -1.844 | -1.868 | -1.820 | -1.864
lgieak (Vg = 60V) -0.520 | -0.639 | 0.888 | 0.185 | -0.587 | -0.670 | 0.870 | 0.754

The shifts for Betalin and Subth come from lot 607687, 1 device for polyimide and 1
device for non-polyimide. The other devices shift much less (<2%). As all orientations in
these devices have shifted the same amount, it is believed to be a degradation due to
handling of the package.
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Parameters Table 5.3: Parametric shifts (%) after 1000 hours of stress of Reverse Bias
N S E W

PDMOSMV drt1584 Ref Poly Ref Poly Ref Poly Ref Poly

Vi -0.256 | -0.286 | -0.303 | -0.335 | -0.273 | -0.323 | -0.278 | -0.300
B3in -1.258 | -1.422 | -1.666 | -1.518 | -1.762 | -1.795 | -1.656 | -1.894
Ron (Vgs = -0.5V, Vg =-12V) | -0.384 | -0.323 | -0.303 | -0.532 | 0.283 | 0.294 | 0.378 | 0.634
lasat (Vas = -5V, Vgs = -12V) -0.567 | -0.747 | -0.575 | -0.705 | -0.742 | -0.934 | -0.789 | -1.070
lgin (Vs = 0.1V, Vg =-12V) | -0.936 | -1.201 | -0.869 | -1.050 | -1.137 | -1.382 | -1.232 | -1.458
lgieak (Vg=-45V) -1.203 | -0.902 | -1.619 | -1.418 | -0.415 | -0.336 | -0.225 | -0.336

For the Idsat measured for Vgs = -2.5V and Vds = -25V, also the non-stressed devices
are shifting with —13%. It is basicly a bad chosen Vgs value, especially since the Vt of this
device is around —-2.55V. However these conditions were taken as they were initally
chosen for the 12T100 qualification, but are not included in this table.

Parameters Table 5.4: Parametric shifts (%) after 1000 hours of stress of Reverse Bias
N E

PDMOS drt1584 Reference Polyimide Reference Polyimide
Vio -1.833 -0.563 -0.969 -0.570

B3in -4.184 -1.760 -3.563 -2.556

Ron (Vs = -0.5V, Ve = -12V) 0.965 1.092 1.533 1.687

lasat (Vas = -25V, Vgs = -2.5V) -0.863 -0.759 -1.532 -1.401

lgsat (Vas = -5V, Vgs = -12V) 0.710 0.615 -1.049 -1.246

lain (Vas = 0.1V, Vg = -12V) -0.694 0.538 -1.319 -1.568
lgteak (Vg=-90V) 0.201 0.262 -0.574 -0.421

The east-orientation on all stressed devices from one lot (607687) show >1uA leakage
current after 1000 hrs (not after 168 hrs). Current goes from drain to source (frame with
separate bulk). It seems a parasitic field mos is turned on fast (from a few V on).
Inspecting the layout shows that, for this orientation, drain metal 1 comes very close to the
source, making a parasitic path possible. After a bake of 12 hrs @ 200C, the leakage has
disappeared, indicating the path might be caused by some kind of mobile ions (negative,
high activation energy ?). The parameter shifts then line up with the others. These devices
were not taken into account into the table. In the design rule manuals there are guidelines
(not rules) for metal routing, preventing the routing seen on this particular device, so in
reality the problem should be prevented.
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Parameters Table 5.5: Parametric shifts (%) after 1000 hours of stress of Reverse Bias
N E S W

NDMOSMV drt1586 Ref Poly Ref Poly Ref Poly Ref Poly

Vio -8.544 | -5.764 | -8.470 | -5.691 | -8.578 | -5.731 | -8.573 | -5.769
B3in -3.869 | -3.149 | -4.874 | -4.511 | -4.837 | -3.782 | -4.965 | -4.434
Ron (Vgs = 0.5V, Vg = 12V) 7.081 6.820 6.479 6.965 5.558 3.949 7.616 7.209
Subthy;, 2.239 2412 2.628 2.976 2.533 2.455 2.373 2.430
lasat (Vs = 10V, Vgs = 9V) -4.636 | -4.425 | -4.615 | -4.612 | -3.813 | -2.941 | -5.457 | -5.169
lasat (Vas = 20V, Vgs = 9V) -1.002 | -0.989 | -1.097 | -1.095 | -1.051 | -0.904 | -1.117 | -1.026
lain (Vas = 0.1V, Vg = 12V) -6.514 | -6.316 | -5.977 | -6.318 | -5.199 | -3.758 | -6.915 | -6.488
lgieak (Vg = 30V) 0.231 0.255 0.205 | -0.273 | -0.560 | -0.665 | -0.731 | -0.458

All large shifts seen here come from one particular lot (607687). There is one device with
polyimide that shifts Vt from 1.05V to 0.99V, and there is 1 device from the non-polyimide
shifting from 1.05V to 0.94V. Also the reference device (not stressed) from this lot is
shifting from 1.05V to 0.78V. During the remeasurements the values were very stable,
except for the reference device which shifted even more.

This device is non-floating. Bulk as well as substrate were connected to different pins in
the package. During handling (or measurement), large currents can flow through the
silicon between these two pins, possibly affecting the device behaviour. However, all shifts
after stress stay below 10%. As the reference device is shifting the most, the component
is considered safe for HTRB.

Parameters Table 5.6: Parametric shifts (%) after 1000 hours of stress of Reverse Bias
N E S W

FPD75B drt1584 Ref Poly Ref Poly Ref Poly Ref Poly

Vio -0.341 | 4.925 | -0.341 | 4963 | -0.331 | 5.036 | -0.350 | 4.969
B3in -0.810 | -2.795 | -0.756 | -2.595 | -1.629 | -3.638 | -1.914 | -3.622
Ron (Vgs = -0.5V, Vg4 =-12V) -0.483 | 2573 | -0.533 2.579 0.863 3.343 1.104 3.425
lasat (Vas = -45V, Vgs=-2.5V) | 0.993 | -7.406 | 1.046 | -7.365 | -0.298 | -8.142 | -0.572 | -8.053
lasat (Vas = -5V, Vgs = -12V) 1.061 | 0.740 | 1.005 | 0.766 | 0.390 | 0.438 | -0.374 | -0.623
lgin (Vas = -0.1V, Vg = -12V) 0.825 0.447 0.647 0.488 -0.572 | -0.835 | -0.779 | -1.034
lgieak (Vg=-75V) -0.407 | -0.583 | -0.429 | -0.471 | 0.544 | 0.484 | 1.182 | 1.158
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The larger shifts for the polyimide material comes from one device only (the rest is
completely in line with the non-polyimide shifts). As all orientations in this device have
shifted the same amount, it is believed to be a degradation due to handling of the
package.
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5.1.5 Conclusion

According to the 12T technology reliability requirement file RR13350, and the
Reliablity Requirement File (RRF) for polyimide qualification (1000096), all DMOS
transistors meet the specification for High Temperature Reverse Bias.
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5.2High temperature Gate Stress on DMOS transistors

5.2.1 Reliability requirement

According to the 12T technology reliability requirement file RR13350, the high
temperature gate stress on DMOS transistors has to be performed at 150 °C and at V4 =
Vgmax + 10 % during 1000 hours. The maximum allowed parametric shifts should not
exceed 10 %. According to the polyimide requirement file RRF1000096, no differences
compared to the reference material (no polyimide) should be observed.

All guaranteed voltage levels are indicated in specification DS13351 “PROCESS &
ELECTRICAL PARAMETERS CMOS 12T100".

5.2.2 Description of the test structures

Transistors used for the stress test are :

FND40B : floating NDMOS with maximum allowed peak drain voltage of 40V, block
FN40W on ITRA-NCA.

FNDG60B : floating NDMOS with maximum allowed peak drain voltage of 60V, block
FN60W on ITRA-NCA

PDMOSMV : PDMOS with maximum allowed peak drain voltage of -40V, block
PD40W on ITRA-NCA

PDMOS: PDMOS with maximum allowed peak drain voltage of -100V, block
PD100WB on ITRA-NCA

NDMOSMYV : non-floating NDMOS with maximum allowed peak drain voltage of 30V,
block ND30W on ITRA-NCA

FPD75B : floating PDMOS with maximum allowed peak drain voltage of -75V, block
FN75W on ITRA-NCA

5.2.3 Measurement information

The high temperature stress test at 150°C is performed on devices packaged into 28
pins sidebrazed packages.
Transistors from the following lots/wafers were packaged :

- lot 606622, wafer 8,9 ; lot 607687, wafer 8,9 and lot 606656, wafer 8,9

- wafer 8 has no polyimide coating, wafer 9 does.

The devices were measured before stress, after 168 and 1000 hours of combined
temperature and voltage stresses.
For each test structure, 12 devices were measured and 9 of them were stressed.
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5.2.4 Results

Tables 5.7 to 5.12 give the different parameters and their corresponding shifts for
each test structure after 1000 hours of stress. Stress levels are indicated in each table.

Parameters Table 5.7: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N E S W
FND40B drt1589 Ref Poly Ref Poly Ref Poly Ref Poly
Vio 0.448 0.440 0.406 0.459 0.395 0.412 0.455 0.372
B3in -1.843 | -1.983 | -2.165 | -1.776 | -2.032 | -1.758 | -1.923 | -1.857
Ron (Vgs = 0.5V, Vg = 12V) 1.424 1.397 1.439 1.445 1.361 1.366 1.313 1.278
Subthy, 2.644 3.044 2.378 4.063 4.488 2.507 2.625 2.127
lasat (Vas = 25V, Vgs = 3.5V) -3.315 | -3.240 | -2.680 | -2.891 | -3.004 | -3.312 | -2.666 | -2.570
lgsat (Vs = 25V, Vg = 5.0V) -1.403 | -1.342 | -1.400 | -1.411 | -1.327 | -1.398 | -1.290 | -1.210
lasat (Vas = 25V, Vgs = 12V) -0.634 | -0.626 | -0.606 | -0.568 | -0.524 | -0.534 | -0.548 | -0.500
lain (Vas = 0.1V, Vg = 12V) -1.500 | -1.502 | -1.518 | -1.476 | -1.466 | -1.408 | -1.401 | -1.311
lgieak (Vg = 40V) -0.429 | 0.524 | -1.046 | -0.744 | -0.454 | -0.394 | -0.408 | -0.572
Parameters Table 5.8: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N E S W
FND60B drt1587 Ref Poly Ref Poly Ref Poly Ref Poly
Vio 0.500 | 0.407 | 0.851 | 0.350 | 0.808 | 0.380 | 0.896 | 0.394
B3in -2.489 | -2.067 | -3.513 | -1.916 | -2.760 | -1.919 | -3.025 | -2.163
Ron (Vas = 0.5V, Vg = 12V) 1.740 | 1526 | 1.904 | 1594 | 1.662 | 1599 | 1.774 | 1.531
Subthy;, 6.227 3.137 3.003 | -2.697 3.768 2.087 3.573 2.598
lasat (Vas = 40V, Vgs = 3.5V) -4.628 | -3.003 | -4.764 | -2.322 | -5.273 | -2.924 | -5.212 | -2.440
lasat (Vas = 40V, Vgs = 5.0V) -2.162 | -1.273 | -2.334 | -1.118 | -2.195 | -1.261 | -2.604 | -1.115
lgsat (Vas = 40V, Vs = 12V) -0.849 | -0.581 | -0.953 | -0.603 | -0.776 | -0.874 | -1.004 | -0.561
lgin (Vas = 0.1V, Vg = 12V) -1.702 | -1.593 | -1.838 | -1.617 | -1.736 | -1.603 | -1.756 | -1.583
lgleak (Vg = 60V) -0.615 | -0.788 | 0.282 | 0.151 | -0.631 | -0.617 | 0.826 | 0.759
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Parameters Table 5.9: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N S E W
PDMOSMV drt1585 Ref Poly Ref Poly Ref Poly Ref Poly
Vio 0.935 1.039 1.159 1.217 0.917 1.036 1.139 1.219
B3in -3.945 | -4.195 | -3.817 | -4.072 | -4.164 | -4.166 | -4.562 | -4.477
Ron (Vgs = -0.5V, Vg4 =-12V) 7.921 8.165 8.232 8.795 8.016 8.444 8.133 8.658
lasat (Vas = -5V, Vgs = -12V) -1.341 | -1.545 | -1.312 | -1.406 | -1.693 | -1.734 | -1.672 | -1.751
lain (Vas = -0.1V, Ve = -12V) | -1.479 | -1.652 | -1.447 | -1.491 | -1.898 | -1.869 | -1.820 | -1.925
lgieak (Vg=-45V) -1.281 | -1.174 | -1.756 | -1.855 | -0.601 | -1.272 | -0.669 | -0.472

For the Idsat measured for Vgs = -2.5V and Vds = -25V, also the non-stressed devices
are shifting with —13%. It is basicly a bad chosen Vgs value, especially since the Vt of this
device is around —-2.55V. However these conditions were taken as they were initally
chosen for the 12T100 qualification, but are not included in this table.

Parameters Table 5.10: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N E

PDMOS drt1585 Reference Polyimide Reference Polyimide
Vio 1.563 1.748 1.595 1.743

B3in -2.858 -2.917 -3.410 -3.596

Ron (Vs = -0.5V, Ve = -12V) 2.362 2.299 2.477 2.716

lasat (Vas = -25V, Vgs = -2.5V) -3.484 -3.565 -3.941 -4.179

lasat (Vs = -5V, Vgs = -12V) -1.466 -1.414 -1.500 -1.681

lain (Vas = 0.1V, Vg = -12V) -1.637 -1.638 -1.751 -1.952
lgleak (V4=-90V) 0.199 0.399 -0.358 -0.433

Parameters Table 5.11: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N E S W

NDMOSMV drt1587 Ref Poly Ref Poly Ref Poly Ref Poly

Vio 37.068 | -0.354 | 36.237 | -0.355 | 37.297 | -0.374 | 36.864 | -0.314
B3in -27.046 -1.543 -27.457 -1.850 -27.291 -1.732 -27.563 -1.817
Ron (Vs = 0.5V, Vg = 12V) 6.407 | 1.193 | 6.666 | 1.371 | 6.738 | 1.248 | 6.558 | 1.289
Subthy;, 41.802 | 1.277 | 42.018 | 1.230 | 42.665 | 1.222 | 42.039 | 1.303
lasat (Vas = 10V, Vgs = 9V) -8.328 | -0.765 | -9.545 | -0.963 | -9.353 | -0.864 | -8.971 | -0.895
lgsat (Vs = 20V, Vs = V) -11.682 -0.742 -11.914 | -0.954 -12.268 -0.851 -11.852 -0.884
lain (Vas = 0.1V, Vg = 12V) -5.992 | -1.175 | -6.148 | -1.341 | -6.196 | -1.311 | -5.974 | -1.358
lgieak (Vg = 30V) -0.451 | 0.209 | -0.338 | 0.124 | -0.950 | -0.495 | -0.510 | -0.350
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The large shifts for the reference (non-polyimide) material are due to two devices only
from lot 607687. All other devices are perfectly in line with the polyimide material. As all
orientations in these devices have shifted the same amount, it is believed to be a

degradation due to handling of the package. Also the non-stressed device of the same lot
shows similar degradation.

Parameters Table 5.12: Parametric shifts (%) after 1000 hours of stress of Gate Stress
N E S W
FPD75B drt1585 Ref Poly Ref Poly Ref Poly Ref Poly
Vio 1.607 1.810 1.623 1.782 1.670 1.821 1.643 1.852
B3in -2.271 | -2.428 | -2.204 | -2.285 | -2.836 | -3.217 | -3.086 | -3.012

Ron (Vgs = -0.5V, Vgs = -12V) 1.867 2.010 1.700 1.800 2.347 2.656 2.564 2.505
lgsat (Vas = -45V, Vg = -2.5V) -3.200 | -3.179 | -3.294 | -3.278 | -3.806 | -3.896 | -3.586 | -3.772

lgsat (Vs = -5V, Vg = -12V) -0.887 | -1.027 | -0.718 | -0.778 | -1.257 | -1.482 | -1.448 | -1.383
lgin (Vs = -0.1V, Vgs=-12V) | -1.065 | -1.317 | -0.903 | -1.031 | -1.529 | -1.756 | -1.684 | -1.682
lgieak (Vg=-75V) -0.395 | -0.724 | -0.406 | -0.470 | 0.439 | -1.015 | 1.122 | 1.144

5.2.5 Conclusion

According to the I2T technology reliability requirement file RR13350, and the
Reliablity Requirement File (RRF) for polyimide qualification (1000096), all DMOS
transistors meet the specification for High Temperature Gate Stress.
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5.3High temperature Reverse Bias on bipolar transistors

5.3.1 Reliability requirement

According to the 12T technology reliability requirement file RR13350, the high
temperature reverse bias on bipolar transistors has to be performed at 150 °C and at Vpe
= 0V and V¢ = BV¢es during 1000 hours. The maximum allowed parametric shifts should
not exceed 10 %. According to the polyimide requirement file RRF1000096, no
differences compared to the reference material (no polyimide) should be observed.

5.3.2 Description of the test structures

Transistor used for the stress test are
- IPHL,IPL1,IPM1 : pnp bipolars from block DC_PNP on ITRA-NCA.
- INH1, INM4, INL4 : npn bipolars from block DC_NPN1 on ITRA-NCA
- NPN25 from from block DC_NPNZ2 on ITRA-NCA.

5.3.3 Measurement information

The high temperature stress test is performed on devices packaged into 28 pins
sidebrazed packages.

- Transistors from the following lots/wafers were packaged :

- lot 606622, wafer 8,9 ; lot 607687, wafer 8,9 and lot 606656, wafer 8,9

- wafer 8 has no polyimide coating, wafer 9 does.
The devices were measured before stress, after 168 and 1000 hours of temperature and
voltage stresses.
12 devices were measured and 9 of them were stressed. The test was performed at
150°C.

5.3.4 Results

Tables 5.13-5.16 give the different parameters and their shifts after 1000 hours, for
the NPN transistors only.
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Table 5.13: Parametric shifts (%)
after 1000 hours of Reverse Bias
stress (Vce=25V)

NPN25B drt 1580 Reference Polyimide
R (I = 100nA) -0.551 -1.085
B (I =1m) -0.544 -0.981
[3max -0.579 -1.046
It -4.524 -4.421
le (Vbe = 0.4V) 2.459 2.538
lee (Vpe = 0.4V) 0.734 0.672
le (Vbe = 0.5V) -1.123 -1.541
lce (Vpe = 0.5V) -0.611 -0.689
le (Vbe = 0.6V) -0.459 -0.540
lce (Vpe = 0.6V) -0.605 -0.621
B (Vpe = 0.6V) 1.479 -1.797
Ibe (Vpe = 0.7V) -0.509 -0.588
lee (Vpe = 0.7V) -0.691 -0.799
B (Vpe = 0.7V) 1.292 1.145
le (Ve = 1V) -0.220 -0.215
lee (Vbe=1V) -0.200 -0.218
Reol (Ic = 250nA) 0.612 0.654
Ve (Ic= 1mA) -0.347 -0.404
Vyener (Ic = 1MA) -11.941 9.675

The measurement of the Zener voltage is not very stable and shows a spread of about
1V. The observed shifts are due to this instability. The averaged Vzener does not shift
between t0, 168hrs and 1000 hrs of stress, for reference nor polyimide material.
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Parameters Table 5.14: Parametric shifts (%) after
1000 hours of Reverse Bias stress
(Vce=60V)

INH1 drt1582 Reference Polyimide
3 (Ic = 100nA) 1.301 1.243

B (Ic = 1mA) 1.369 1.579
Bmax 1.386 1.509
Ik -1.857 -1.376
Ibe (Vbe = 0.4V) 3.137 3.244
lce (Ve =0.4V) 3.131 2.573
Ibe (Vbe = 0.5V) -0.684 -0.909
lce (Ve =0.5V) 2.525 -0.732
Ibe (Vbe = 0.6V) -0.425 -0.580
Ice (Vbe=0.6V) -0.607 -0.765
B (Ve = 0.6V) 5.226 1.405
Ibe (Vbe = 0.7V) -0.550 -0.661
lce (Ve = 0.7V) -0.756 -0.925
B (Vpe = 0.7V) 1.351 1.465
Ibe (Vbe = 1V) -0.154 -0.173
lce (Ve = 1V) -0.185 -0.234
Reol (Ic= 250mA) 1.253 1.054
Ve (Ic= 1mA) -0.415 -0.414
Vzener (Ic = 1mA) 0.091 0.086

Parameters

Table 5.15: Parametric shifts (%)
after 1000 hours of Reverse Bias
stress (Vce=60V)

INH4 drt1582 Reference Polyimide
3 (I. = 100nA) 0.966 0.929
B (lc =1mA) 0.760 0.929
13 max 0.748 -1.253
It -1.382 2.113
lpe (Ve = 0.4V) 2.608 -3.517
lee (Ve = 0.4V) -1.358 -1.197
le (Ve = 0.5V) -0.573 -0.494
lee (Ve = 0.5V) -0.600 -0.611
le (Ve = 0.6V) -0.458 -0.471
lee (Ve = 0.6V) -0.615 -0.630
3 (Vpe=0.6V) 0.961 0.886
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e (Vpe = 0.7V) -0.496 -0.494
lee (Vbe = 0.7V) -0.706 -0.711
3 (Vpe=0.7V) 0.754 0.766
lbe (Ve = 1V) -0.200 -0.187
lee (Vbe = 1V) -0.174 -0.199
Reol (Ic = 250mmA) 0.697 0.776
Ve (Ic = 1nA) -0.370 -0.369
Viener (Ic = 1MA) 0.086 0.116
Parameters Table 5.16: Parametric shifts (%)
after 1000 hours of Reverse Bias
stress (Vce=25V)
INM4 drt1582 Reference Polyimide
3 (I. = 100nA) 0.738 0.699
B (lc =1mA) 1.115 0.717
B max 1.059 0.763
It -2.150 -2.182
lpe (Ve = 0.4V) 3.923 3.672
lee (Vbe = 0.4V) -1.280 -1.331
Ihe (Vpe = 0.5V) -0.533 -0.475
lee (Vbe = 0.5V) -0.529 -0.560
le (Ve = 0.6V) -0.412 -0.427
lee (Vbe = 0.6V) -0.541 -0.570
3 (Vpe=0.6V) 1.093 0.680
le (Ve = 0.7V) -0.447 -0.458
lee (Vbe=0.7V) -0.618 -0.649
B (Vpe= 0.7V) 1.070 0.652
le (Ve = 1V) -0.781 -0.729
lee (Vbe = 1V) -0.524 -0.494
Reo (Ic = 250mA) 2.623 3.209
Ve (Ic= 1mA) -0.369 -0.308
Vyener (Ic= 1MmA) 0.115 0.051
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5.3.5 Remark on the PNP bipolars IPHL1, IPM1, IPL1

The PNP bipolars were stressed for 168 hrs only (drt 1590) due to time constraints. After
the stress, many of the parameters (especially the Beta’s at low Ice, and Ikf) shifted more
than 10%. There seems to be no difference in behaviour for the polyimide and non-
polyimide material. After inspection, the following conclusions were reached:

- Parameters like Beta, Vearly and Ikf have always been quite unstable in
measurements (see R1 qualification report 12T). The spreads at t=0 already exceed
10% for several parameters.

- The unstressed devices are also shifting, about the same amount as the stressed
devices (regardless of reverse bias or current stress).

- The measurement itself seems to partly degrade the devices (seen after multiple
consecutive measurements).

- In the layout of frame DC_PNP on ITRA, it was noticed that the substrate contact
(bondpad 16) connects directly to the substrate by a p+ region, but not by metal
routing to the substrate straps surrounding each bipolar (although these straps are
connected together by metal). It is known that the PNP bipolars turn on the
parasitic bipolar to the substrate when in saturation. So during measuring, stressing
or handling, current can flow through the silicon to the substrate contact,
establishing a voltage drop, and hence a local substrate biasing. This can either
degrade or just distort the measurements (especially the sensitive ones at low
currents).

In order to extract some useful data from the test, the shifts were compared to the
unstressed devices instead of to the t0-data. The following procedure was followed:

- The average A of the 6 unstressed devices were calculated for each measured
parameter, for t=0 as well as t=168hrs.

- For each stressed device (both HTGS and HTRB), the relative (%) difference to A
was calculated for each parameter, for t=0 as well as t=168hrs.

- For each parameter, the average and standard deviation of all the stressed devices
was calculated. Now we have for each parameter an estimate of the effect of the
stress after 168 hrs (for tO this should be 0), and the spread of the measurement.
Figure 5.1 shows the results for t=0 and t=168hrs.
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Figure 5.1: For each measured parameter: the average of the differences of each device to the average of the
unstressed devices, for t=0 as well as t=168hrs.

It can be seen that there is no significant difference between t=0 and t=168hrs. The
largest deviations from the unstressed device is seen for the Beta and Ikf
measurements. However, the spread on the individual measurements is very large for
both times, so statistically can be brought back to 0 (as should be for the t=0 data). From
this figure we can conclude that the stressing (HTRB and HTCS) do not contribute to any
parameter shift: the measurement (or handling) and the large spread caused by the bad
substrate contacting, are the origins of the, at first sight, bad results of this test.

5.3.6 Conclusion

According to the 12T technology reliability requirement file RR13350, and the
Reliablity Requirement File (RRF) for polyimide qualification (1000096), the NPN bipolar
transistors meet the specification for High Temperature Reverse Bias. The PNP bipolar
transistors do not show significant shifts after 168 hrs of HTRB.
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5.4High Temperature Current Stress on bipolar transistors

5.4.1 Reliability requirement

According to the 12T technology reliability requirement file RR13350, the high
temperature current stress on bipolar transistors has to be performed at 150 °C and at Ve
= 0.7 V, Vee £ BV¢eo and I < Iy during 1000 hours. The maximum allowed parametric
shifts should not exceed 10 %. According to the polyimide requirement file RRF1000096,
no differences compared to the reference material (no polyimide) should be observed.

5.4.2 Description of the test structures

Transistor used for the stress test are
IPH1,IPL1,IPM1 : pnp bipolars from block DC_PNP on ITRA-NCA.
INH1, INM4, INL4 : npn bipolars from block DC_NPN1 on ITRA-NCA
NPN25 from from block DC_NPN2 on ITRA-NCA.

5.4.3 Measurement information

The high temperature stress test is performed on devices packaged into 28 pins
sidebrazed packages.

- Transistors from the following lots/wafers were packaged

- lot 606622, wafer 8,9 ; lot 607687, wafer 8,9 and lot 606656, wafer 8,9

- wafer 8 has no polyimide coating, wafer 9 does.

The devices were measured before stress, after 168 and 1000 hours of temperature
and voltage stresses.
12 devices were measured and 9 of them were stressed. The test was performed at
150°C.

5.4.4 Results

For the NPN (PNP) bipolars, the collector was biased at Vce=5.5V (-5.5V) with a
resistance of 100W in order to protect to power supply. The base was biased with a
resistance of 100kW. The base bias and resulting base current during stress are shown
below in table 5.17.

Tables 5.18-5.21 give the different parameters and their corresponding shifts after 1000
hours of stress.
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Table 5.17: bias conditions for HTCS
NPN25 1.213 5.13
INH1 1.362 6.62
INH4 2.182 14.82
INM4 2.182 18.42

IPL1 -1.953 -12.53
IPM1 -2.230 -15.30
IPH1 -2.567 -18.67
Parameters Table 5.18: Parametric shifts (%)
after 1000 hours of Current stress
NPN25B drt1581 Reference Polyimide
3 (I, = 100nA) -5.356 -6.125
B (lc = 1mA) -0.798 1.127
Bmax -1.266 -1.834
s -4.053 -4.253
Ibe (Vpe = 0.4V) 2.898 3.950
lee (Vpe = 0.4V) 1.123 1.602
le (Ve = 0.5V) -1.941 -1.577
lee (Vpe = 0.5V) -0.626 -0.945
loe (Ve = 0.6V) -0.774 -0.885
lee (Vpe = 0.6V) -0.604 -0.920
B (Vpe = 0.6V) -7.106 -8.737
le (Vbe = 0.7V) -0.612 -0.791
lee (Vpe = 0.7V) -0.699 -1.047
B (Vpe=0.7V) -1.208 -1.650
Ibe (Vbe = 1V) -0.256 -0.292
lee (Vpe = 1V) -0.149 -0.229
Reol (I = 250nA) 1.301 1.456
Ve (Ic= 1MA) -0.347 -0.461
Vyener (I = 1MA) -6.661 -7.226
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Parameters Table 5.19: Parametric shifts (%)
after 1000 hours of Current stress

INH1 drt1583 Reference Polyimide
3 (I, = 100nA) -3.330 -4.444
B (I =1mA) 0.724 -0.591
Bmax 0.803 -1.156
s -1.740 1.700
loe (Ve = 0.4V) 7.548 -2.783
lee (Vpe = 0.4V) 5.016 5.699
lbe (Vpe = 0.5V) -1.009 -1.549
lee (Vpe = 0.5V) -0.604 -0.751
Ibe (Vpe = 0.6V) -0.643 -0.858
lee (Vpe = 0.6V) -0.605 -0.798
B (Ve = 0.6V) -3.497 -4.757
le (Vbe = 0.7V) -0.590 -0.731
lce (Vpe=0.7V) -0.723 -0.909
B (Vpe=0.7V) -1.075 -1.523
lbe (Ve = 1V) -0.166 -0.154
lee (Vpe = 1V) -0.117 -0.145
Reol (Ic = 250nA) 0.880 0.970
Ve (Ic= 1MA) -0.354 -0.355
Vaener (Ic = 1mA) -0.360 -0.560

Parameters Table 5.20: Parametric shifts (%)
after 1000 hours of Current stress
INH4 drt1583 Reference Polyimide
3 (I. = 100nA) -1.341 -2.118
R (Ic = 1mA) 0.613 -0.800
Bmax 0.558 -0.836
It -1.362 -0.858
lpe (Ve = 0.4V) -3.200 -4.558
lee (Vbe = 0.4V) -1.274 -1.228
Ihe (Vpe = 0.5V) -0.615 -0.879
lee (Vbe = 0.5V) -0.575 -0.623
Ihe (Vpe = 0.6V) -0.499 -0.602
lee (Vbe = 0.6V) -0.590 -0.642
B (Vpe = 0.6V) -0.854 -1.562
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lbe (Ve = 0.7V) -0.500 -0.549
lee (Vbe = 0.7V) -0.676 -0.732
R (Vpe=0.7V) 0.402 -0.831
lbe (Voe = 1V) -0.212 -0.207
lee (Vbe = 1V) -0.183 -0.174
Reol (I = 250MmA) 0.894 0.800
Vie (Ic = 1mA) -0.368 -0.369
Vsener (Ic = 1mA) 0.108 -0.224

Parameters Table 5.21: Parametric shifts (%)
after 1000 hours of Current stress

INM4 drt1583 Reference Polyimide
3 (I = 100nA) 0.755 -0.999
B (I, = 1mA) 0.929 0.369
B max 0.948 -0.742
lis -1.299 -1.490
le (Ve = 0.4V) -4.425 -3.445
lee (Vbe = 0.4V) -0.847 -1.172
le (Ve = 0.5V) -0.641 -0.633
lce (Vbe = 0.5V) -0.519 -0.563
le (Ve = 0.6V) -0.402 -0.497
lce (Vbe = 0.6V) -0.520 -0.569
B (Vpe = 0.6V) 0.760 -1.005
lpe (Ve = 0.7V) -0.421 -0.499
lee (Vbe = 0.7V) -0.593 -0.652
B (Vpe = 0.7V) 0.782 -0.422
lbe (Ve = 1V) -0.364 -0.333
lee (Vbe = 1V) -0.277 -0.261
Reol (Ic = 250nA) 1.753 1.217
Ve (Ic = 1nA) -0.369 -0.368
Viener (Ic = 1MA) 0.145 -0.295

Same remarks as in 5.3.5. The HTCS test ID was drt 1591.
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5.4.6 Conclusion

According to the 12T technology reliability requirement file RR13350 , and the
Reliablity Requirement File (RRF) for polyimide qualification (1000096), the NPN bipolar
transistors meet the specification for High Temperature Current Stress. The PNP bipolar
transistors do not show significant shifts after 168 hrs of HTCS.
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6. HOT CARRIER TESTS

6.1 Introduction

Device degradation due to hot carrier injection in the gate oxide of short channel
devices is one of the major limitations in device scaling and is considered a major
reliability hazard in submicron devices. Since all hot carrier effects are driven by the
channel electric field some of the parameters influenced by the electric field may be used
to predict the lifetime of the device under consideration. It is well established that for
NMOS devices, the substrate current lgy, strongly depends on the maximum channel
electric field that exists at the drain of the channel and a number of models exist to predict
the device lifetime using lsyp.

The most common form of device degradation due to hot carriers is related to the change
in transconductance gn, threshold voltage shift DV; or drain current as a result of the hot
carrier injection in the gate oxide. When these shifts cause parameters to drift outside the
windows used in the design of the circuit, a circuit failure might result.

It is therefore of vital importance that these shifts can be controlled well within the
parametric window used by the designers in the circuit simulation and this over the entire
expected lifetime of the circuit.

6.2Hot carrier on NMOS transistors

6.2.1 Reliability requirement

According to the 12T Reliability Requirement file RR13350, the lifetime for 10% gn
degradation or 100 mV Vg, degradation has to exceed 25 years at V4 =5 V and Vy @
Isubmax for the typical NMOS devices with nominal length. The polyimide wafers should not
be significantly different from the non-polyimide wafers according to the polyimide RRF
1000096.

6.2.2 Description of the test structures

The hot carrier measurements were done on NMOS transistors of test structure
NMOS_CSL on ITRA, packaged into 28 pins sidebrazed packages. Transistors with gate
lengths 0.7, 1.0, 10.0 and 20.0 pm were stressed.

6.2.3 Measurement information and results

The measurements were done on the QualiTau machine on NMOS devices of
wafers 8 (polyimide) and wafers 9 (reference: non-polyimide) of lots 606622, 607687 and
606656. Test number: drt1576 and drt1577
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The devices were stressed at three different V4 stress voltages : 6.2, 6.6 and 7.0 V.

The corresponding Vg stress voltages are chosen at maximum substrate current (2.37,
2.47 and 2.61 V respectively).

Since the QualiTau is currently down and the data can not be accessed, the final shifts for
both splits were compared each to the unstressed reference device. Table 6.1 shows the
relative shifts for the most degrading parameter for each length, for each stress condition
and for both splits. As can be seen, the polyimide material shifts are lower in almost every
case. There is no significant difference.

When the individual shifts for each measured parameter separately is considered (table
6.2), the same conclusion is reached. In almost every case the polyimide shifts slightly
less. Exceptions are the gate current for the longest transistors, for lot 607687. However,
here the reference devices show a very small initial value (+-1E-12A). The leakage
currents of the stressed devices do not at any moment exceed the values measured on
the other devices.

Pl N40/0.70 N40/1.00 N40/10.0 N40/20.0
condl 9.2 7.5 3.6 7.4
cond2 11.8 8.5 6.8 8.6
cond3 13.2 9.6 1.7 1.9
nonPlI

condl 10.7 12.8 4.3 4.9
cond2 19.0 16.2 6.4 5.9
cond3 15.4 10.6 5.1 6.5

Table 6.1: Comparison of relative shifts for the most degrading parameters for each transistor and each split
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cond 1 cond 2 cond 3

N40/0.70 VTO -0.3 -0.8 0.5
BETA -0.4 -0.9 -0.2

VG@ID250n -1.7 -1.5 0.2

LOG(IG)@33V 2.7 0.4 -2.2

SUBTH 0.6 1.1 0.5

Idsat3.3/3.3 -0.1 -0.7 -1.1

Idsat3.3/1.0 -4.8 -10.3 0.8

Idsat3.3/2.0 -0.5 -1.0 -1.1

Idsat.1/3.3 -1.4 0.2 -2.2

N40/1.00 VTO0 -0.5 -0.9 -0.1
BETA -1.2 -3.2 -1.5

VG@ID250n -2.5 -1.7 -1.2

LOG(IG)@33V 6.5 2.4 -1.6

SUBTH 0.2 -0.3 -0.1

Idsat3.3/3.3 -0.4 -0.9 -1.0

Idsat3.3/1.0 -10.0 -9.6 -1.8

Idsat3.3/2.0 -1.8 -2.6 -1.2

Idsat.1/3.3 0.0 0.2 -0.9

N40/10.0 VTO0 -0.3 -0.1 -0.5
BETA -3.3 -1.1 -3.2

VG@ID250n -0.4 -0.2 -1.0

LOG(IG)@33V 0.5 0.4 -4.8

SUBTH -0.3 0.5 0.0

Idsat3.3/3.3 -2.6 -1.9 -3.4

Idsat3.3/1.0 -2.3 -2.0 -3.4

Idsat3.3/2.0 -25 -2.0 -3.3

Idsat.1/3.3 -2.8 -1.6 -3.0

N40/20.0 VTO0 0.0 -0.3 -0.6
BETA -1.3 -2.0 -2.5

VG@ID250n -0.4 -0.4 -0.7

LOG(IG)@33V 4.8 5.7 -0.2

SUBTH 0.6 0.3 0.4

Idsat3.3/3.3 -2.6 2.4 -4.1

Idsat3.3/1.0 -3.1 -3.1 -5.0

Idsat3.3/2.0 2.7 -2.3 -4.1

Idsat.1/3.3 -2.6 -2.3 -3.9

Table 6.2: Difference in relative shifts for each parameter: Pl — nonPI. Positive values (green) indicate the Polyimide

6.2.4 Conclusion

shifts more.

There is no significant difference in parameter shift for polyimide — and non-polyimide
nmos transistors after Hot Carrier stress.
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6.3 Hot Carrier Tests on DMOS

6.3.1 Introduction

Device degradation due to hot carrier injection in the gate or field oxide of DMOS
devices is considered as a major reliability hazard in high voltage devices. Since all hot
carrier effects are driven by the channel electric field some of the parameters influenced
by the electric field may be used to predict the lifetime of the device under consideration.

The most common form of device degradation due to hot carriers is related to the change
in transconductance gn, threshold voltage shift DV; or drain current as a result of the hot
carrier injection. When these shifts cause parameters to drift outside the windows used in
the design of the circuit, a circuit failure might result.

It is therefore of vital importance that these shifts can be controlled well within the
parametric window used by the designers in the circuit simulation and this over the entire
expected lifetime of the circuit.

6.3.2 Reliability requirement

According to the 12T Reliability Requirement file RR13350, the lifetime for 100mV V;
shift and 10% degradation of any other parameter of a DMOS has to be determined.
Based on the results, a Safe Operating Area (SOA) is defined. According to the Reliablity
Requirement File (RRF) for polyimide qualification (1000096), the SOA should not show
significant differences between Polyimide and original splits.

DC hot carrier analyses are done in order to assess the degradation of device
parameters for the FPD75B, PDMOSMV, NDMOSMV, FNDMOSHV, FND40B,
FND40MOD4 in 12T100 technology (ITRA/fab2). These Experiments are done in order to
study the effect of an extra polyimide layer on the hot carrier degradation. With this
intention, two different splits have been stressed. One split is taken as a reference and the
other split is processed with an extra polyimide layer.

The Full Report reference is 06-154. An extra device (FND40MOD4, from 127100
Powerkit) has also been analysed but is not part of this qualification.

6.3.3 Conclusion

An analysis has been done for each device and shows that the extra polyimide
layer has no impact on the hot carrier degradation :

TEP - 12T100 Polyimide - Page 30/59 - AMIS confidential

The information contained herein is the exclusive property of AMIS and shall not be distributed, reproduced or disclosed in whole or in part
without prior written permission of AMIS.





4 ™
AMI SEMICONDUCTOR s

FPD75B: Based on the data analysis, a lifetime of 25 years is guaranteed when :

Drt1560 -142V<VGS <0V and -355<VDS<0V
or -2V <VGS <0V and -38.7 <VDS < -35.5V
or -1V <VGS < 0V and -52.8<VDS <-38.7V
or -0.5V <VGS <0V and -75<VDS <-52.8V

PDMOSMV: Based on the data analysis, a lifetime of 25 years is guaranteed when :

Drt1559 -13.2V<VGS <0V and -24.3<VDS<0QV
or -1.25V<VGS <0V and -40<VDS <-24.3V

NDMOSMV: Based on the data analysis, a lifetime of 25 years is guaranteed when :
Drt1561 0V <VGS <12V and 0V <VDS<12V

ENDMOSHYV: Based on the data analysis, a lifetime of 25 years is guaranteed when :

Drt1562 OV<VGS <142V and 0<VDS<30V
or 0V <VGS <5V and 30<VDS <95V

END40B: Based on the data analysis, a lifetime of 25 years is guaranteed when :

Drt1563 OV<VGS<14.2v and 0<VDS<5V
or OV<VGS<10V and 5<VDS<?233V
or 0V<VGS<3V and 23.3<VDS<34.1V
or 0V<VGS<2Vv and 34.1 <VDS <40V
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7. HIGH TEMPERATURE VT STABILITY

From the early days of IC manufacturing mobile ion contamination has been one of
the biggest problems. The drift of mobile ions to the oxide interface of both active and field
devices under influence of temperature and electric field causes serious V; shift and
increased leakage and therefore rapidly leads to circuit degradation. Although with the
current status of today's waferfab manufacturing practices the mobile ion contamination
has been greatly reduced and almost eliminated, it still can not be totally excluded. In
addition to these mobile ions, generation of oxide charge and interface states can also
cause V; shifts.

7.1 Active transistors

7.1.1 Reliability requirement

According to the I2T technology reliability requirement file RR13350, the maximum
allowed V; shift after stress at 150 °C at + 6 V for 72 hours and - 6 V for 72 hours is 10 %
for active NMOS and PMOS devices. According to the Reliability Requirement File (RRF)
for polyimide qualification (1000096), the behaviour should not show significant
differences between Polyimide and original splits.

|, for active devices should not exceed 1 nA/um®.

7.1.2 Description of the tests structures

The transistors used for the stress test are :

Active NMOS transistors on ITRA of structure NMOS_CSL ; W=40 um, L = 0.70, 1.0, 10
and 20 pum.

Active PMOS transistors on ITRA (TEG)

There is no diode protection on the gate.

7.1.3 Measurement information

The HTVt test has been done on 18 Nmos devices .Used mask ITRA ; lot : 606622, wafers
08 & 09 ; lot 606656, wafers 08 & 09 and lot 607687, wafers 08 & 09. Wafers 08 got the
polyimide coat, wafers 09 did not.
The HTVt test has been done on 18 Pmos devices: on ITRA ; lot : 606622, wafers 05 & 06 ;
lot 606656, wafers 05 & 12 and lot 607687, wafers 05 & 06. Wafer 06 & 12 got the
polyimide coat, wafers 05 did not.
The devices were measured before stress, after a stress of +6.0 V during 72 hours and
after an additional stress of — 6.0 Volt during 72 hours. The stresstemperature is 150 ° C
Testreference : DRT1578 (NMOS )
Testreference : DRT1579 (PMOS and field)
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7.1.4 Results and discussion
The V1 shift for the active NMOS devices is measured in the linear region. The maximum
threshold voltage shifts for active NMOS transistors after a stress of + 6.0 V are shown in

the following table 7-1.

W =40 pym L=0.7 pm L=1.0 pm L=10 pm L=20 pm
4.11 mV 7.00 mV 5.22 mV 5.97 mV
Wfrnr 08 (PI)
0.57 % 0.94 % 0.70 % 0.81 %
- 6.56 mV 8.65 mV 5.63 mV 6.62 mV
Wfrnr 09 (noPl)
-0.92 % 1.15% 0.75 % 0.90 %

Table 7-1 : Vt shifts of NMOS after positive bias.

The Vt shift for the active NMOS devices is measured in the linear region. The maximum
threshold voltage shifts for active NMOS transistors after a stress of — 6.0 V are shown in

table 7-2.

W =40 pm L=0.7 um L=1.0 pm L=10 pm L=20 pm
-6.11 mVv 2.80 mV 4.56 mV 5.82 mVv

Wfrnr 08 (PI)
-0.86 % 0.38 % 0.61 % 0.79 %
6.00 mV 2.64 mV 5.46 mV 5.57 mV

Wfrnr 09 (noPl)

0.86 % 0.36 % 0.72% 0.74 %

Table 7-2 : Vt shifts of NMOS after negative bias.

The Vt shift for the active PMOS devices is measured in the linear region. The maximum
threshold voltage shifts for active PMOS transistors after a stress of + 6.0 V are shown in

table 7-3.

W=1pm L=0.7 um L=25 pm
4.60 mV 2.90 mV

Wrirnr 06&12 (PI)
-043% -0.25%
3.20 mVv 3.70 mV

Wfrnr 05 (noPl)
-0.30 % 0.32 %

Table 7-3 : Vt shifts of PMOS after positive bias.
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The Vt shift for the active PMOS devices is measured in the linear region. The maximum
threshold voltage shifts for active PMOS transistors after a stress of - 6.0 V are shown in

table 7-4.
W=1pm L=0.7 um L=25 pm
-16.7 mVv -19.7 mVv
Wrirnr 06&12 (PI)
1.56 % 1.74 %
-18.6 mV -15.5mV
Wfrnr 05 (noPl)
1.72% 1.28 %

Table 7-4 : Vt shifts of PMOS after negative bias.

7.1.5 Conclusion

The active transistors meet the requirements of a maximum Vt shift of 10% after
stressing. There is no significant difference between polyimide and non-polyimide
material.

The gate leakage is lower than 1nA/um2.

7.2 Field transistors

7.2.1 Description of the tests structures

The transistors used for the stress test are :

Fieldtransistors of structure TEG9 (TILE9AB): Poly on N-tub in two different layouts (stripe
and comb).

There is no diode protection on the gate.

7.2.2 Measurement information

The HTVt test has been done on 18 Pmos and field devices. Used mask ITRA ; lot :
606622, wafers 05 & 06 ; lot 606656, wafers 05 & 12 and lot 607687, wafers 05 & 06.
Wafer 06 & 12 got the polyimide coat, wafers 05 did not.
The devices were measured before stress, after a stress of +6.0 V during 72 hours and
after an additional stress of — 6.0 Volt during 72 hours. The stresstemperature is 150 ° C
Testreference : DRT1579 (PMOS and field)
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7.2.3 Results and discussion

The measurement was done by putting different voltages on the gate (Vg). For
each value of Vg, the corresponding | drain and Igate were measured. The values
for Vg are 0 Volt up to 12 Volt ( Npoly devices).

7.2.3.1 Data after initial measurements

Table 7-5 is giving an overview of initial Id and Ig for wafers 06 & 12 (PI).

Vg | drain for | gate for Vg | drain for | gate for
(Volt) | Npoly field1 Npoly field1 (Volt) Npoly field2 Npoly field2
0 Below 10'*1® Below 1070 0 Below 101068 Below 1071057
1 Below 10 Below 1077 1 Below 10 Below 107"
2 Below 10°% Below 107%™ 2 Below 105 Below 10°07
3 Below 10 Below 10™%%° 3 Below 10" Below 1077
4 Below 10°%° Below 107%%° 4 Below 105 Below 10708
5 Below 10°*% Below 107%% 5 Below 10°** Below 10***°
6 Below 107 Below 1077 6 Below 10 Below 107
7 Below 10°*% Below 107%%* 7 Below 10°% Below 107
8 Below 10°* Below 1077 8 Below 107638 Below 10719
9 Below 10 Below 107%¢® 9 Below 10613 Below 10°1%7
10 Below 10°% Below 107%% 10 Below 10> Below 107%%
11 Below 10" Below 107" 11 Below 10°% Below 107"
12 Below 10°*7 Below 107%™ 12 N/A N/A

Table 7-5: Initial valuesfor Id and Ig (wfrnrs 06& 12(P1)).
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Table 7-6 is giving an overview of initial Id and Ig for wafers 05 (noPl).
Vg | drain for | gate for Vg | drain for | gate for
(Volt) | Npoly field1 Npoly field1 (Volt ) Npoly field2 Npoly field2
0 Below 10 Below 107 0 Below 10°*** | Below 107%%’
1 Below 10°% Below 107%™ 1 Below 10°%° Below 10707
2 Below 10°*% Below 107'%% 2 Below 10 Below 10"
3 Below 10%* Below 107%% 3 Below 10°*° Below 107%%
4 Below 10°% Below 107%% 4 Below 10°*%° Below 107%%
5 Below 10°*% Below 107%% 5 Below 10°*** Below 107%%
6 Below 107 Below 107%% 6 Below 10°%* Below 10*%*
7 Below 10°*% Below 107%% 7 Below 10°*" Below 107"
8 Below 10°*° Below 107 8 Below 10°% Below 107%%
9 Below 10 Below 10%73 9 Below 10612 Below 107108
10 Below 10°>% Below 107%™ 10 Below 10°5% Below 10707°
11 Below 10" Below 107%% 11 Below 10°>% Below 107%%
12 Below 10" Below 107%"° 12 N/A N/A
Table 7-6 : Initial valuesfor Id and 1g (wfrnrs 05(noPl)).
7.2.3.2 Results after positive bias

Table 7-7 is giving an overview of Id and Ig after a positive bias of 6.0 Volt for

wafers 06 & 12 (PI).

Vg | drain for | gate for Vg | drain for | gate for
(Volt) Npoly field1 Npoly field1 (Volt) Npoly field2 Npoly field2
0 Below 1071%%° Below 1079 0 Below 10978 Below 107%%°
1 Below 10°%° Below 1070%° 1 Below 10752 Below 10060
2 Below 10°% Below 107%™ 2 Below 10 Below 107%%
3 Below 10™% Below 107%% 3 Below 10" Below 107%"
4 Below 10°*% Below 107%% 4 Below 10°*** Below 107%%
5 Below 10 Below 107 5 Below 10> Below 10™%%
6 Below 10"“° Below 1071%%* 6 Below 1082 Below 10719
7 Below 102 Below 107%%° 7 Below 10-°%° Below 1071%
8 Below 10°*° Below 1079 8 Below 10°%° Below 10792
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9 Below 10 Below 107077 9 Below 1001 Below 1007
10 Below 10°>% Below 107%™ 10 Below 10°5%° Below 107075
11 Below 10°%° Below 10%7° 11 Below 1058 Below 10°%77
12 Below 10" Below 10™°* 12 N/A N/A

Table 7-8 is giving an overview of Id and Ig after a positive bias of 6.0 Volt for

Table 7-7 : 1d and Ig for different values of Vg after a positive bias (wfrnrs 06& 12(P1)).

wafers 05 (noPl).

Vg I drain for | gate for Vg | drain for | gate for
(Volt) | Npoly field1 Npoly field1 (Volt) Npoly field2 Npoly field2
0 Below 10™%% Below 107%% 0 Below 10™%% Below 107%%
1 Below 10°2° Below 1071071 1 Below 10 Below 1071063
2 Below 10°% Below 107%% 2 Below 10 Below 107%™
3 Below 107%% Below 107%% 3 Below 106 Below 107108
4 Below 10°% Below 107%% 4 Below 10°%° Below 107%%
5 Below 107 Below 107" 5 Below 10 Below 1077
6 Below 10"* Below 1070 6 Below 10%*° Below 107%¢*
7 Below 10°%5° Below 107109 7 Below 1077 Below 107085
8 Below 10°*° Below 1077 8 Below 10°% Below 10™°"
9 Below 10-6.00 Below 10-10.69 9 Below 10-6.12 Below 10-10.81
10 Below 10°% Below 107 10 Below 10> Below 107
11 Below 10" Below 107%% 11 Below 10°% Below 107
12 Below 102 Below 10°%% 12 N/A N/A
Table 7-8: 1d and Ig for different values of Vg after a positive bias (wfrnrs 05(noPl)).
7.2.3.3 Results after negative bias

Table 7-9 is giving an overview of Id and Ig after a negative bias of 6.0 Volt for

wafers 06 & 12 (PI).

Vg | drain for | gate for Vg | drain for | gate for
(Vol) | Npoly field1 Npoly field1 (Volt) |  Npoly field2 Npoly field2
0 Below 107108 Below 1070 0 Below 10108 Below 107107
1 Below 10°°% Below 107%" 1 Below 10°*** Below 107
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2 Below 10°% Below 107%% 2 Below 105 Below 10°°72
3 Below 10-10-90 Below 10-10.85 3 Below 10-9.16 Below 10-10.83
4 Below 10-9.29 Below 10-11.00 4 Below 10-9.54 Below 10-11.03
5 Below 10°*% Below 107%% 5 Below 105 Below 1071
6 Below 1074 Below 107%%° 6 Below 1083 Below 10711%
7 Below 10°*% Below 107'%% 7 Below 10°% Below 10*%
8 Below 10°%*° Below 107%% 8 Below 10°83¢ Below 107108
9 Below 10°% Below 10™%%* 9 Below 10°** Below 10™%%*
10 Below 10°% Below 107%% 10 Below 10°5%° Below 10707
11 Below 10°%° Below 1077 11 Below 10 Below 1077
12 Below 10" Below 107%% 12 N/A N/A

Table 7-10 is giving an overview of Id and Ig after a negative bias of 6.0 Volt for

Table7-9: 1d and Ig for different values of Vg after a negative bias (wfrnrs 06& 12(Pl)).

wafers 05 (noPl).

Vg | drain for | gate for Vg | drain for | gate for
(Volt) Npoly field1 Npoly field1 (Volt) Npoly field2 Npoly field2
0 Below 10! Below 1071962 0 Below 10™%7 Below 101%¢*
1 Below 10°%° Below 10™%77 1 Below 105 Below 1007
2 Below 107°%° Below 107%# 2 Below 107°°° Below 10797
3 Below 10199 Below 107%#2 3 Below 107°*° Below 107%%
4 Below 1072 Below 101973 4 Below 10°°* Below 1071%%
5 Below 107°%° Below 107992 5 Below 107°°° Below 107'%#
6 Below 10" Below 10719 6 Below 1082 Below 10719
7 Below 10°%° Below 10™%7 7 Below 1007 Below 10"+
8 Below 10°*® Below 10710 8 Below 103 Below 10+
9 Below 10 Below 107082 9 Below 10°%*? Below 107106
10 Below 10°% Below 10797 10 Below 10°>%° Below 107%™
11 Below 10°7° Below 107%™ 11 Below 10588 Below 10°%77
12 Below 10" Below 107 12 N/A N/A

Table 7-10 : Id and Ig for different values of Vg after a negative bias (wfrnrs 05(noPl)).
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Leakage currents of field transistors are remaining very stable after HTVt tests.

It has to be noted that the main contribution in the leakage is coming from the cables and
from the measurement system. The intrinsic leakage of the device is in fact well below
10"%A.

Figure 7-1 shows the Vt's, extracted from a simple linear fit, for field transistors 1 and 2,
polyimide and non-polyimide, after pbts and nbts. Clearly no difference is seen between
the two splits.

Field trans 1 Vt shift Field trans 2 Vt shift
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Figure 7-1: Relative Vt shifts for the field transistors
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8. BREAKDOWN AND TIME DEPENDENT DIELECTRIC BREAKDOWN OF GATE OXIDES
(TDDB)

8.1 Type of test

Oxide reliability test on:
- P1-Pwell capacitors.
- P1-Nwell capacitors.
- PO-P1 capacitors.
- PO-Nwell capacitors.

8.2 Reliability specifications

According to the 12T reliability requirement file RR13350, the maximum number of
cumulative TDDB failures after 25 years of use at maximum operating voltage (5.5V for
pl-gate oxide, 13.2V for pO-gate oxide) and T = 125°C, should not exceed 100ppm.
According to the Reliablity Requirement File (RRF) for polyimide qualification (1000096),
the lifetimes should not show significant differences between Polyimide and original splits.

8.3test structures
The test structures used for TDDB measurements are on the CTV ITRA-NCA:

- P1-gateox-Nwell capacitor on sim TO7E1BB (area = 50um / 600um) HiBp=1
LoBp=2

- P1-gateox-Pwell capacitor on sim TO7E2CC (area = 50um / 600um) HiBp=1
LoBp=2

- PO-gateox-Nwell capacitor on sim TIESBB (area = 50um / 600um) HiBp=20

LoBp=19

- PO-oxide-P1 capacitor on slm TIE6BB (area = 50um / 600um) HiBp=1

LoBp=2

8.4 Lot/wafers
a) Std. passivation: 606622 # 5 and 9 // 606656 #5 and 9 // 607687 #5 and 9

b) Std. passivation + Polyimide layer. 606622 # 6 and 17 // 606656 #12 and 17 //
607687 #6 and 17
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8.5Measurement information
Test reference: drt1554

Maximum test duration: 3600 seconds
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Number of capacitors per wafer: 75-P1/Nwell & 75-P1/Pwell & 75-PO/Nwell
Screen voltage:
Screen duration: 0.5 seconds
Stress temperature: 125°C
Compliance current: 20mA
Stress voltages:

- P1-gate-Nwell => 21.5/21.0/20.5/20.0V
- P1-gate-Pwell => -22.0/-21.5/-21.0/-20.5V
- PO-gate-Nwell => 43.5/43.0/42.5/42.0V

5V

8.6 Report / conclusion

The report reference is 06-128
Summarised:

P1/Nwell & P1/Pwell capacitors:

In lifetime-prediction, there is no significant difference between the Standard and the
Polyimide wafers.

Both splits extremely exceed the reliability specifications of less than 100ppm cumulative
failure rate after 25 years of use at maximum operating voltage (5.5V) and at 125°C.

Failure rate [ Lot 606622 | Lot606656& 607687 | Lot 606622 | Lot 606656 & 607687
(%) P1-Nwell Pl1-Nwell Pl1-Pwell Pl1-Pwell
5.5V, 398K, 10000nm® | 5.5V, 398K, 10000mm? | -5.5V, 398K, 10000mm* | -5.5V, 398K, 10000mm?
No-Polyimide 0.01 1.00e+10 3.44e+9 2.67e+10 6.55e+08
Polyimide 0.01 6.26e+9 6.77e+9 1.02e+10 1.20e+09
No-Polyimide 0.1 1.79e+10 6.98e+9 5.13e+10 1.31e+09
Poly imide 0.1 1.16e+10 1.33e+10 2.02e+10 2.34e+09
No-Polyimide 50 9.11e+11 5.19e+10 3.27e+11 9.46e+9
Poly imide 50 6.79e+10 9.02e+10 1.39e+11 1.57e+10
PO/P1 capacitor:
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There is no difference between the 2 splits, putting the extra polyimide layer does not
influence the breakdown behaviour of the PO/P1 capacitors.

PO/Nwell capacitor:

Both experiments CVS (constant voltage) and CFS (constant field) prove that there is no
difference between the Standard and the Polyimide wafers.

Both splits extremely exceed the reliability specifications of less than 100ppm cumulative
failure rate after 25 years of use at maximum operating voltage (13.2V) and at 125°C.

Failure rate [ Lot 606622 | Lot606656 & 607687
CVS (%) PO-Nwell PO-Nwell
13.2V, 398K, 10000mm” | 13.2V, 398K, 10000mm’
No-Polyimide 0.01 1.74e+26 6.44e+19
Polyimide 0.01 1.56e+24 1.32e+26
No-Polyimide 0.1 6.55e+26 3.18e+20
Poly imide 0.1 8.10e+24 4.97e+26
No-Polyimide 50 2.85e+28 2.97e+22
Poly imide 50 8.76e+26 2.16e+28
Failure rate [ No-Polyimide Polyimide [ Polyimide & No-Polyimide
(%) CFS PO-Nwell PO-Nwell P O-Nwel/l/|l
13.2, 398K, 10000nm’ | 13.2V, 398K, 10000mm’ | 13.2V, 398K, 10000mm”
0.01 2.26e+27 5.88e+29 6.92e+28
0.1 7.39e+27 1.99e+30 2.09e+29
50 2.12e+29 6.61e+31 4.90e+30
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9. ELECTROMIGRATION

9.1 Type of test
Electromigration test on metal2 tracks (topmetal according to RRF 1000096).

9.2 Reliability specification

According to the 12T reliability requirement file RR13350, the maximum number of
cumulative failures after 25 years of use at reference conditions, should not exceed 100
ppm. The failure criterion is DR/R = 30% for all structures. According to the Reliablity
Requirement File (RRF) for polyimide qualification (1000096), the lifetimes should not
show significant differences between Polyimide and original splits.

Reference conditions :

Structure  Ref. Current density Ref. Temp. (°C)

Metal2 2.00 mA/nm? 90

9.3 Test structures

The test structures used for electromigration measurements are structures of
M2meander_flat and M2meander_topo from TEG 4 name TO7E4BB on ITRA. A
description of the test structures and the block is given in the table below.

Structure information :

Block Structure Dimensions W x d X | (in nm?)
TO7E4BB TEG 4 1.0 x 0.8 x 1200
9.4Lot / wafers

606622#05

606656#05 No polyimide coat

607687#05

606622#06

606656#12 With polyimide coat
607687#06
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9.5Measurement information

Test reference: drt 1592

Number of metal2 tracks per test : 16

Furnace temperature : 210°C

All samples are packaged in 28 pins side brazed package
Activation energy : 0.7eV

Current factor : 2

Lotnr St Temperature Current
Structure fess Current | Max. temp; of acceleration As | acceleration
Wirnr (mA) structure (°C) M A
606622#05
606656#05 30 240.49 704 225
607687#05
Metal2 606622406
606656#12 30 241.42 724 225
607687#06
9.6 Results

9.6.1 Initial measurements

For each split and structure, the melting current is measured. Results are given in the
table below.

Structure Wafer Melting Current (mA)

Metal 2 607687#06 103.7

The extrapolation to reference conditions is done according to JEDEC standard JESD37.
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9.6.2 Electromigration results

Nr of Nrof |Testduration| MTF |Experimental Life(t)irgtlec;or 90°(|: ?nd
Structure Wafer DUT’s failures (hours) (hours) s (hours) ;‘ailu(r)ecsug/g;rsl\)/e
606622#05
606656#05 15 15 450 79.92 0.7374 93.2
Votal 2 607687#05
# 21 606622106
606656#12 15 15 450 69.82 0.6106 134.5
607687#06

9.6.3 Conclusion

The reliability requirement of less than 100 ppm failure rate after 25 years at reference
current density and 90°C is easily met for metal2 tracks on both splits. Results couldn’t
be compared with earlier obtained results on 12T100 improved process because they
were performed on TEG-structure TO7E4BB which was never used in the past.
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RESISTOR STABILITY, DIODE LEAKAGE, AND BARRIER INTEGRITY

10.1 Type of test

Measurement of resistor values, diode leakage, and contact chain resistance before and
after a 4 hrs bake at 450 C (according to RRF 1000096). This test is required for non-plug
technologies, or if the parametric distributions are significantly different with and without
polyimide.

10.2 Reliability specification

According to the polyimide reliability requirement file RRF1000096, the maximum number
of failures should not exceed 1%. The failure criterion is DR/R = 20% for all resistors. The
results should not show significant differences between Polyimide and original splits.

10.3 Test structures

The test structures used are all resistors, diodes and contact chains in the scribelanes of
ITRA (and APSF). In fact, several TEG's were measured on e-test. Due to the fact that
destructive measurements are done on some diodes, only half the wafer was mapped
(spread over the wafer; 57 sites each test). After the bake, the complementary positions
were measured.

10.4 Measurements and results

For each of the structures, the results were averaged out over the measured sites and 3
lots®. For both polyimide and non-polyimide, the relative shift (% compared to the average
before the bake) after bake was calculated with its error.
Figure 10.1 shows the results for the shifts, together with their error bars (1 sigma).
As can be seen, most parameters have not shifted significantly (‘O’ lies within error bars).
Even if the error bars are not taken into account, the polyimide often shifts less than the
standard material. Some more observations are:

- The N+ large periphery diode leakage increases slightly for both splits. However, the

resulting leakage is, area taken into account, never more than 100 pA.
- Nwell and Ntub resistances go down slightly but remain in spec.

! In some cases, bad probings near the flat were not taken into account.
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- Nplug resistor has very large error bars: the measured resistances are very variable
across the wafer. This resistor is not a modelled component in 12T100, and its large
spread is known.

- The HIPO resistor matching value has large error bars: the reference value is 0
however. The absolute values stay within spec. This parameter is not required in
the RRF for polyimide qualification.

- The polyzap is not part of this qualification, but the parameters are put on the graph.
Not only is their spread large, but many shift completely out of spec after the bake.
It is not unexpected, since for example, metal 3 — processing (lower thermal budget
than the bake) already renders the polyzap useless. Separate qual required.

- The two via chains are not required structures according to the RRF. Their
resistance values shift up 200-300 % after the bake, both for polyimide and non-
polyimide. It is believed that the thermal budget of the bake (higher than the
backend budget) lets the titanium react with trace Si in Al, forming a highly resistive
film, increasing the resistance. Experiments with thick bondpads sputtered at 450C
also increased the via resistances similarly to what is seen here.

- The polydiode leak and breakdown showed several out-of-spec values: either no
shift was seen, or a very large one, if not broken. After inspection these outliers
came from one wafer (polyimide). At e-test this wafer was badly probed, and
remeasured after. It is believed that the first faulty probing destroyed or degraded
some of the diodes (‘breakdown’ values of 10-20 V while the diode breaks around
6V). The experiment is redone on APSF-wafers (12T30) to confirm.

Shift after bake 450C 4hrs

30
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Figure 10.2: Relative shifts after 4 hrs bake at 450C for the relevant parameters, both for polyimide and
non-polyimide material.
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10.5 Measurements and results on APSF: polydiode

Although APSF is an 12T30 product, the polydiode should be identical to 12T100. Due to a
possible probing issue on ITRA, the barrier integrity test described above is repeated on
the scribelane test structures (including polydiode; 21 measured sites each test) on APSF.

Figure 10.2 shows the relative shifts (% compared to the average before the bake) after
bake for both polyimide and non-polyimide wafers.

APSF: Shift after bake 450C 4hrs
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Figure 10.3: Relative shifts after 4 hrs bake at 450C for the relevant parameters, both for
polyimide and non-polyimide material. CTV is APSF (12T30 technology).

As can be seen on the figure, there is no difference between polyimide and non-polyimide.
All shifts remain below 20% (except again the via chains, see comments in 10.4) and

diode leakage stays in spec. The polydiode does not show any anomalies, indicating that
the corrupt polydiodes of ITRA were due to a probing issue.

10.6 Conclusion

After the barrier integrity test, all resistors stay within 20% shift, no diodes have become
defective, and contact resistance chains remain intact. There is no difference between
polyimide and non-polyimide wafers.

TEP — 127100 Polyimide - Page 48/59 - AMIS confidential

The information contained herein is the exclusive property of AMIS and shall not be distributed, reproduced or disclosed in whole or in part
without prior written permission of AMIS.





4 ™
AMI SEMICONDUCTOR s

11. MECHANICAL INTEGRITY

11.1 Introduction

When an object formed by a number of materials with different thermal expansion
coefficients is subjected to thermal cycling, great forces are exercised between these
materials. Ultimately a material failure can result.

During a normal IC lifetime the product is exposed not only to environmental
temperature changes but also, because of its operation, extra heat is generated.

In modern plastic packaged IC’s which consist of a number of materials with different
thermal expansion coefficients the stresses resulting from the thermal mismatch can
cause a number of catastrophic failures not only due to bond breaking but also due to
parametric shifts.

11.2 Reliability requirement

As defined by the reliability requirement file RR13350 and the polyimide RRF
1000096, the thermal cycling test has to be performed on 3 lots of 77 devices (no split lot)
with no failure allowed after 1000 cycles between -65 °C and +150°C. All devices are
subjected to a moisture preconditioning before the thermal cycling test.

11.3 Measurement information

Mechanical integrity test was performed on SHIA_OBL packaged in 100 pins LQFP
— green molding (Amkor Anam, Korea). Lots 549572, 549599 and 550630 were used
for the test.
The following test flow was applied on all devices :
- production final tests at hot and room temperatures
- functional tests at hot and room temperatures with full datalogging on number
- SAM inspection
- moisture preconditioning : 192 hours at 30°C and 60% Relative Humidity followed by
3 solder simulations at 240°C
- functional tests at room temperature with full datalogging on number
- SAM inspection
- 500 thermal cycles —65/+150°C
- functional tests at hot temperature with full datalogging on number
- functional tests at room temperature with full datalogging on number.
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11.4 Results and discussion
Test results are summarised in table 11.1.

TEST SAMPLE FAILURES FAILURES
SIZE OBSERVED ALLOWED
Functional Test
3x77 0 0
@ +25°C
Functional Test
3x77 0 0
@ +125°C
Preconditioning :
- Moisture soak
192 Hrs @ 30°C/60%RH
. 3x77
- Convection Reflow
Soldering
3x @ 240°C
Temperature Cyclin
P y ¢ 3x77
500x -65/150°C
Functional Test
3x77 0 0
@ +25°C
Functional Test
3x77 0 0
@ +125°C

Table 11.1 : Thermal cycling results

11.5 Conclusion

Thermal cycling test was performed on 3 lots of 77 devices SHIA-OBL without
occurrence of failure after 500 cycles.
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12. HIGH TEMPERATURE STORAGE BAKE

12.1 Reliability requirement

According to the qualification plan QP_SHIA-OBL, the high temperature bake test
has to be performed on 3 lots of 15 devices with no failure allowed after 1000 hours under
150°C without bias.

12.2 Measurement information

High temperature bake test was performed on SHIA_ OBL packaged in 100 pins

LQFP — green molding (Amkor Anam, Korea). Lots: 549572, 549599 and 550630.
The following test flow was applied on all devices :

- production final tests at hot and room temperatures

- 500 hours bake under 150°C without bias

- functional tests at hot and room temperature with full datalogging on number

- additional 500 hours bake under 150°C without bias

- functional tests at hot and room temperature with full datalogging on number.

12.3 Results and discussion
High temperature bake results are summarised in table 12.1.

SAMPLE FAILURES FAILURES
TEST SIZE OBSERVED ALLOWED
Functional Test
3x15 0 0
@ +25°C
Functional Test
3x15 0 0

@ +125°C

High Temperature

Storage 3x15
1000 Hrs @150°C
Functional Test

3x15 0 0
@ +25°C
Functional Test
3x15 0 0
@ +125°C

Table 12.1 : High temperature bake results

12.4 Conclusion

After High Temperature Storage, all components have remained functional and
within specification at room and hot temperatures.
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13. HIGH TEMPERATURE LIFETEST

13.1 Introduction

Since most IC’s are used in combination with others in a system which is normally
guaranteed to operate for a specified period of time it is important to characterise the
lifetime of each individual component and the number of failures that can be expected as
a result of different failure mechanisms that can occur.

This assessment is normally done by temperature acceleration of the failure
mechanisms under operating conditions as closely as possible to the normal electrical
operating conditions of the circuit. This way, in a very short period, the lifetime of the
circuit can be simulated and the number of failures over the lifetime can be monitored.
Since one is mostly interested in the expected lifetime and not so much in the wear out,
the lifetest normally is not continued till all material fails but only for a given period
sufficiently long to simulate this expected lifetime.

13.2 Reliability requirement

As defined by the reliability requirement file RR13350 and the polyimide RRF
1000096, the lifetest has to be performed on 3 lots of 77 devices with no failure allowed
after 1000 hours under 125°C and dynamic bias stressing.

13.3 Measurement information

Lifetest was performed on SHIA_OBL packaged in 100 pins LQFP — green
molding (Amkor Anam, Korea). Lots 549572, 549599 and 550630 were used for the
test.

The following test flow was applied on all devices :
- production final tests at hot and cold temperatures
- functional tests at hot, room and cold temperatures with full datalogging on number
- 500 hours lifetest under 125°C and dynamic bias stressing
- functional tests at hot, room and cold temperatures with full datalogging on number
- 500 additional hours of lifetest under 125°C and dynamic bias stressing
- functional tests at hot, room and cold temperatures with full datalogging on number.

13.4 Results and discussion
Results of the lifetest after 1000 hours and 1000 hours are summarised in table 13.2.
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TEST SAMPLE FAILURES FAILURES
SIZE OBSERVED ALLOWED
Functional Test
@ -40°C 3x77 0 0
Functional Test
@ +25°C 3x77 0 0
Functional Test
@ +125°C 3x77 0 0
Preconditioning :
Moisture soak
192 Hrs @30°C/60%RH 3x77
Convection Reflow Soldering
3x @ 240°C
Functional Test
@ +25°C 3x77 0 0
HTOL
1000 Hrs @ Ta=125°C ? sxrt
Functional Test
@ +25°C 3x77 0 0
HTOL
2000 Hrs @ Ta=125°C * sxrt
Functional Test
@ -40°C 3X77 0 0
Functional Test
@ +25°C 3X77 0 0
Functional Test
@ +125°C 3x77 0 0

Table 13.2 : Lifetest results

13.5 Conclusion

After High Temperature Operating Lifetest, all components have remained
functional and within specification at room, hot and cold temperatures.

2 Junction temperature Tj ~ 155 °C
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CORROSION RESISTANCE TESTS

14.1 Introduction

With the switch from hermetic packaging to plastic packaging corrosion became a
dominant IC failure mechanism. It was soon realised that ions leaching in from the
package were greatly responsible for the corrosion and that the corrosion was strongly
voltage dependent. Similar to life testing the HAST or THB test was developed as a simple
acceleration technique based on temperature and humidity acceleration to evaluate the
corrosion induced failures over a circuit lifetime. With the evolution in modern plastics and
the improvements in the passivation techniques corrosion resistance has improved orders
of magnitudes.

With the advent of surface mount techniques and the application of IR solder it was
found that cracks could be induced in the package and new ways for moisture to enter the
package could be created. Classical corrosion resistance testing has therefore been
expanded to also include IR solder and thermal cycling to simulate worst case conditions.

14.2 THB test

14.2.1 Reliability specifications

As defined by the reliability requirement file RR13350 and the polyimide RRF
1000096, the THB (temperature humidity bias) test has to be performed on 3 lots of 77
devices with no failure allowed after 1000 hours under 85°C, 85% Relative Humidity and
static bias.

All devices are subjected to a moisture preconditioning before the THB test.

14.2.2 Measurement information

THB test was performed on SHIA_ OBL packaged in 100 pins LQFP — green
molding (Amkor Anam, Korea). Lots 549572, 549599 and 550630 were used for the
test.

The following test flow was applied on all devices :
- production final tests at hot and room temperatures
- functional tests at hot and room temperatures with full datalogging on number
- SAM inspection
- moisture preconditioning : 192 hours at 30°C and 60% Relative Humidity followed by
3 solder simulations at 240°C
- THB test : 1000 hours under 85°C, 85% Relative Humidity and static bias
- functional tests at hot and room temperatures with full datalogging on number.
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14.2.3 Results and discussion

78

Table 14.1 summarises the test flow and the electrical measurement

FAILURES
SAMPLE FAILURES
TEST SIZE OBSSRVE ALLOWED
Functional Test
@ +25°C 3xX77 0 0
Functional Test
@ +125°C 3x77 0 0
Preconditioning :
- Moisture soak
192 Hrs @ 30°C/60%RH 3x77
- Convection Reflow Soldering
3x @ 240°C
THB
1000Hrs @ 85°C/85%RH 3x1i
Functional Test
@ +25°C 3xX77 0 0
Functional Test
@ +125°C 3x77 0 0

14.2.4 Conclusion

After Temperature Humidity Bias, all components have

within specification at room temperature.

14.3

14.3.1 Reliability specifications

Unbiased HAST test

Table 14.1 : THB results

remained functional and

According to the Quality Plan QP_SHIA-OBL, the UHAST test has to be performed
on 3 lots of 77 devices with no failure allowed after 336 hours under 130°C, 85% relative

humidity without bias.

All devices are subjected to a moisture preconditioning before the autoclave test.

14.3.2 Measurement information

UHAST test was performed on SHIA OBL packaged in 100 pins LQFP — green
molding (Amkor Anam, Korea). Lots 549572, 549599 and 550630 were used for the

test.

The following test flow was applied on all devices :
- functional tests at room temperature with full datalogging on number
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- moisture preconditioning : 192 hours at 30°C and 60% Relative Humidity followed by

3 solder simulati

ons at 240°C

- UHAST test : 240 hours under 130°C, 85% Relative Humidity without bias

- functional tests at room temperature with full datalogging on number.

14.3.3 Results and

discussion

Table 14.2 summarises the test flow and the electrical measurement results

FAILURES
SAMPLE FAILURES
TEST SIZE OBSSRVE ALLOWED
Functional Test
@ +25°C 3x77 0 0
Preconditioning :
- Moisture soak
192 Hrs @ 30°C/60%RH 3x77
- Convection Reflow Soldering
3x @ 240°C
UHST
240 Hrs @ 130°C/85%RH 3x1i
Functional Test 3
@ +25°C 3x77-1 0 0

14.3.4 Conclusion

Table 14.2 : UHAST results

After unbiased HAST, all components have remained functional and within
specification at room temperature.

¥ One device censored due to broken lead during lead cleaning and straightening after UHST (mechanical scrap).
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15. ELECTRICAL IMMUNITY

15.1 ESD

15.1.1 Reliability requirement

As defined by the reliability requirement file, the ESD test has to be performed on 3
devices with no failure allowed after CDM 500V and HBM 2000V.

15.1.2 Measurement information
ESD tests were performed on SHIA_OBL packaged in 100 pins LQFP — green
molding (Amkor Anam, Korea). Lot 549599 was used for the test.
HBM test was performed according to MIL-STD-883 method 3015.7.
CDM test was performed according to EOS/ESD-S5.1-1999 — socketed mode.
3 pulses of both positive and negative polarity were applied for both models.

15.1.3 Results

ESD tests performed on Keytek RCDM3 and Zapmaster MK.2 SE in AMIS Belgium.
The results reported are based on functional test data after ESD.

1) CDM:
- test details :
Test according to ESD STM5.3.1-1999 ; 3 pulses +/ -.
- testresults :
CDM +/-500V : 0 failures / 3 devices

2) HBM:
- test details :
Test according to MIL883 method 3015.7 ; 3 pulses + / -.
- testresults : O failures / 3 devices

+/-0.5 kV on KL
+/-1.0 kV on HLSXSOURCE, HLSxGATE, HLSxDRAIN pins ; x =1...8
+/-1.5 kV on all other pins

15.1.4 Conclusion

The product requirement for CDM (500V) and HBM (0.5 kV on pin KL and 1.0 kV on
all other pins) is met.
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Latch-up

4 ™
AMI SEMICONDUCTOR s

15.2.1 Reliability requirement

and 100mA.

15.2.2 Measurement information

Latch-up test was performed on SHIA_OBL packaged in 100 pins LQFP — green

In line with the AEC-Q100 specification, the test is performed on 4 samples at 125°C

molding (Amkor Anam, Korea). Lot 549599 was used for the test.

The latch-up test is performed according to JEDEC standard EIA/JJESD78 Class Il Level

A.
Test conditions are summarised in table 15.1.
LV Supplies MV1Supplies
Supply bus information
Supply bus names LV_Supply MSSNS/CBACK-
CSSNS/CSDRV UP/CCOMP-IN
Unom 1.66V 3.3V
Utest 255V 5V
Iddtest Regulated Regulated by
by external external Nmos
Nmos
Supply over-voltage test
lcomp 135 mA | 135 mA
I/O over-current test
Ucomp (low -1V ;+255V
voltage pins)
Ucomp (MV1 pins) 25V ;+75V
Ucomp (MV2 pins) 25V ;+7.5V
Ucomp (MV3_pins) -5V ;+15V
Supply bus information
Supply bus names VIN PREOC/PRESNS
/PREDRV
Unom 25V 10V
Utest 27V 15 V
Iddtest 70 mA Regulated by
external Nmos
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Supply over-voltage test
lcomp | 170 mA | 110 mA
I/O over-current test
Ucomp (HV pins) | -13 V ; + 40V

Table 15.1 : Latch-up test conditions

failure criteria : Idd > Iddtest + 5 mA.

15.2.3 Results

»  1/0O overcurrent test : 0 failures / 6 devices
No latch-up occurs when pulsing each pin up to +100 mA and down to —100 mA (or

pulse voltage compliance).*

» Supply overvoltage test : 0 failures / 6 devices
No latch-up occurs when pulsing the LV supplies up to 5 V or current compliance,

while keeping HV supplies at 27 V.
No latch-up occurs when pulsing the HV supplies up to 40 V or current compliance,

while keeping LV supplies at 5 V.

15.2.4 Conclusion
The product requirement for latch-up of 100 mA is met.

* The charge pump pins are not stressed due to the fact that the system goes in oscillation during the test.
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