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ABSTRACT 

Stress sensitivity of a 16-bit D/A converter in a molded 

plastic DIP has been studied. Device performance was shown 

to change as a function of package stress. The effects of die 

position in the package and the presence or absence of die 

coat on package stress and device performance were determined. 

Finite element methods were employed for system analysis. 

Device stress sensitivity was attributed to diffused bit 

transistors and the mechanism assigned to nonuniformity of 

stress on the device bit transitors. Die coat (silicone gel) 

was shown to reduce normal and shear stresses and have little 

or no effect on X-axial stresses. Lowering the die in the 

package was shown to increase the X-axial stress uniformity 

from the die center to edge for die-coated parts and alter the 

value of shear stresses near the die edge for parts without 

die coat. 
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INTRODUCTION AND OBJECT OF STUDY 

Plastic molded dual in-line packages (DIPs) [See Fig. 1] 

are commonly utilized in the electronics component industry 

for packaging devices with less than 60 pins and it is the 

preferred method of packaging when cost is of primary concern. 

The cost savings occur due to the low cost of packaging 

materials and the overall automation of the assembly process 

including die attach, wire bond, and mold processes. 

The package consists of molding compound, leadframe, die 

attach, die, die coat, interconnect wire, and lead coating 

materials. The molding compound is a composite material, 

typically consisting of a silica-filled Novolac epoxy. The 

leadframe is either Kovar or a copper alloy metal and its flag 

is usually spot-plated silver. The die attach material is 

silver-filled epoxy or polyimide. The die is typically 

silicon. The die coat is usually an RTV silicone material. 

The interconnects are 25-30 /zm diameter gold wire and the 

leadframe leads are either solder coated or plated after the 

molding process. 

The die is usually downset, that is the leadframe flag 

is lowered to allow for easier automatic wire bonding and also 

to lessen bonding distance which reduces wire sweep during 

mold compound injection. Downset is defined as the distance 
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between the leadframe surface and the flag surface. Often, 

manufacturers apply the silicone die coat to provide alpha 

radiation protection to avoid soft errors in data processing. 

16 PIN PLASTIC DIP 

WIRE INTERCONNECT 

DIE CDAT 

DIE ATTACH 

MOLD CDMPDUND 

DIE 

LEADFRAME 

FLAG 

Fig. 1 An illustration and cross-section of a 16-Pin DIP 
plastic molded device showing package materials and 
construction. 
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Unfortunately, one of the inherent problems associated 

with plastics packaging is mechanically induced stress on the 

encapsulated device caused by differing thermal expansion 

coefficients between the device and the package materials. 

In the post-mold epoxy cure cycle of the assembly process, 

when temperatures are lowered from ~175°C to ambient, package 

materials shrink by differing amounts, package distortion 

occurs, and the device is strained. The amount of strain 

imparted to the device is a function of both the materials' 

properties and the assembly processes. It is common for a 

stress-sensitive device to exhibit poor electrical performance 

after plastic assembly. 

Stress-induced shifts of electrical parameters can be 

identified by comparing electrical test data before and after 

mechanically or chemically removing molding compound from the 

package. Figure 2 as an example, shows an improvement in 

differential linearity error performance for a stress-

sensitive digital-to-analog (D/A) converter after sawing 

molding material from the bottom and top of the package with 

a low speed diamond saw. 

The purpose of this investigation was to determine the 

effects of downset with regard to stress with and without die 

coat on a device in a plastic DIP. This investigation was 

also performed with a view toward the determination of causes 
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of linearity errors in bipolar D/A converters. 

CHANGE IN DL WITH STRESS RELIEF 
600 LEGEND 

BJT 2 500 

400 

300 

100 

0 

-100 

-200 
C B A 

BDTTOM T0P * BDTTOt1 
JNJTJAL 

REMOVED REMOVED 

Fig. 2 Illustration showing an improvement in DL error with 
removal of molding material from the top and bottom 
of a device. 
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The device selected was a monolithic 16-bit digital-to-

analog (D/A) converter which had been shown to perform well 

in a side-brazed ceramic DIP but exhibited shifts in 

differential linearity (DL) through plastic assembly. 

Further, this device had bit transitors located near the chip 

edge as well as bit structures being located nearer the chip 

center. A relative placement of bit transitors on the device 

active surface is shown in Fig. 3 

DIE  B IT  TRANSISTDR LDCATIDNS 

• 
1 

u  u 

•
 

•
 

•
 • 

/\ • 

• •• • • • 

•
 

•
 

•
 

V  2 X  3 

Fig. 3 Illustration showing relative locations of the 
diffused bit transistors on the die surface. 
Literature suggests that these structures are stress 
sensitive. Transitors for Bits 1-3 are denoted. 
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D/A converters are composed of switched resistance 

networks which change digital input signals to proportional 

analog signals. The accuracy with which this takes place can 

be measured by DL testing. The active device components 

(structures) in this conversion circuit are transistors, 

switches, and resistors. One set of these components usually 

comprises one bit. An incoming digital signal determines what 

bits are switched on and what bits are switched off. The 

combined on/off state of bits results in the production of a 

voltage or current signal. Each on/off combination produces 

a unique analog signal. 

Each analog voltage or current is therefore represented 

by a unique binary code. The code is typically a fractional 

code in which Bit 1 has a weight of 1/2 of the full scale 

output, Bit 2 has a weight of 1/4 of the full scale output, 

Bit 3 has a weight of 1/8 of the full scale output and the 

largest bit, Bit n, has a weight of 2~n of the full scale 

output. The nth bit having the smallest value, determines the 

resolution of the D/A converter. Its value is 1 LSB (Least 

Significant Bit). Further, the maximum number of unique 

outputs would be 2n. A 16-bit D/A converter with full scale 

output of 10 volts would have a Bit 1 with an output of 5 

volts and a Bit 16 with an output of 10 * 2"16 volts or 153 

IuV. The maximum number of unique voltages would be 65,536. 
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In order to test the accuracy (linearity) of the device, 

the difference between a single bit output and the combination 

of outputs of all lower weighted bits is determined and 

compared to the bit with the least weight (1 LSB) . If the 

difference is less than 1 LSB a negative differential error 

exists. If the difference is larger than 1 LSB, a positive 

differential error exists. 

Finite element models are used in the VLSI industry as 

a tool for thermal and mechanical evaluations of plastic 

packages. A system is modeled as a large number of small 

elements connected by nodes. Elements are assigned material 

properties, boundary conditions are defined and mechanical 

and/or thermal loads are applied. Equilibrium mechanical 

equations are solved and stresses estimated at each node. 

Objectives 

The objectives of this investigation were to determine 

the effects of downset on a 16-bit D/A converter performance 

and characterize the mechanical chip strain in this system. 
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LITERATURE SURVEY 

Stress effects of plastic molding material on 

encapsulated devices have been studied previously. Inayoshi1 

et al. showed that encapsulation stress could cause 

passivation defects. They related passivation defect density 

to molding compound thermal expansion coefficients, and 

determined that shear stress is at a maximum at the edge of 

the chip. 

Isagawa2 et al. showed that thermal shock can induce chip 

aluminum metallization deformation in plastic parts and, 

further, found the amount of deformation was dependent on the 

package molding compound, the chip size, and die coat 

material. 

Komatsu3 et al. measured the effect of silicon crystal 

orientation on package stress and on the output of a 9-bit D/A 

converter using a diffused resistor network. It was 

determined that the optimum crystal axis for silicon stress 

insensitivity was on the surface of a (100) or (811) crystal 

face. 

Usell and Smiley4 determined models for quantifying 

mechanical strains in plastic packaging and used 

piezoresistive silicon strain gages to quantify stress effects 

as a function of temperature and moisture exposure. The 
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parameters affecting package stress were coefficients of 

thermal expansion and moduli of elasticity. A first-order 

calculation of the chip strain induced in a plastic DIP below 

the post-mold cure temperature, as determined by Usell and 

Smiley, is given below It is useful for comparing molding 

compounds, but more exact solutions involve the use of finite 

element analysis. 

where: 

-T (ap(T) - ac) 
ec = dT 

J Tm Ec*Ac 
1 + 

Ap*Ep(T) 

ec = strain in the chip, 

T = Temperature, 

asp = molding compound thermal expansion coefficient, 

ac = chip thermal expansion coefficient, 

Ec = chip modulus of elasticity, 

Ac = effective chip cross-sectional area and 

Ep = molding compound modulus of elasticity. 

Schroen5 et al. and Spencer6 et al. employed diffused 

resistor networks on silicon chips with test metal to evaluate 

stress effects and corrosion resistance of molding compounds, 

using temperature cycling and pressure cooker tests. Epoxy 
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die-attach material voiding was mentioned as a cause of 

failure in temperature cycling tests. It was shown that lower 

encapsulant cure temperatures resulted in lower stress effects 

on the device but also resulted in poorer package moisture 

resistance. Further, fused silica as an encapsulant filler 

was shown to be superior to crystalline fillers with regard 

to stress effects. 

Schlesier7 et al. investigated the effect of stress on 

diffused resistors in linear bipolar chips using finite 

element modeling. They observed that stress effects were not 

strongly 

dependent on die attach polymers or leadframe materials. 

Also, the observed stress effects were reduced with a thick 

layer of die coat. The largest stress components were 

calculated to be compressive and parallel to the die edges. 

Edwards8 et al. discussed the use of diffused resistors 

on a silicon substrate for a strain gage as a method for the 

evaluation of molding compounds and other package materials. 

Mahmoud9 studied stress effects on n-p-n transistor 

parameters. Mechanical stresses in the order of 108 dyn/cm2 

were applied at emitter junctions using a probe with a 10"2 cm 

radius and determined that common emitter current gains, 13, 

decreased exponentially with increasing force. 

• 10 Groothuis et al. compared stress contours of a O^m 
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leadframe downset to one of 380/xm using finite element methods 

for a large chip 18 pin DIP. The model used was based a 

cross-section along the middle of the device in the short 

package dimension. For the 380/zm model, stress gradients at 

the chip edge were lower, but stress gradients between the 

flag and the lead finger were higher. 

Shoraka11 et al. investigated die coat materials and 

thicknesses using piezostress measurements and finite element 

methods. Silicone gel was determined to provide the largest 

shear in-plane stress relief for the die active surface. The 

stress reduction was attributed to a decoupling of the die 

surface from the mold compound. 

Investigations found in literature focused primarily on 

relatively large die and stress magnitudes which fracture or 

deform active surface materials. Our research is concerned 

with die size and stress components of about an order of 

magnitude less and with parametric electrical shifts in device 

performance. 
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EXPERIMENTAL PROCEDURE 

In order to study the effects of downset and die coat on 

plastic package device stress, the following experimental plan 

was followed. Devices were first assembled with varying 

downsets with and without die coat. These devices were 

electrically tested to determine electrical parametric shifts 

through assembly. Stress sensitivity was then verified using 

external three-point loading of devices under electrical test. 

Next, 2D finite element models were developed for each group 

by device cross-section and thermal analysis of package 

materials. Stress information derived from models with regard 

to die active surface elements was then compared to device 

performance. 

Materials 

Stress-sensitive D/A device wafers with identical wafer 

lot numbers were assembled in 16-pin DIP plastic packages in 

thirteen groups. Groups (1-12) had leadframe downsets of 0, 

125, 250, 375, 500 and 625 (xm, with and without die coat. In 

addition, a control group was assembled in 16-pin ceramic 

side-brazed DIP packages. Each of the thirteen groups 

consisted of 49 devices. 
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Electrical Tests 

Electrical tests were performed on the above devices 

prior to assembly in wafer form using an ESI laser probe 

station and after assembly using an LTX electrical test system 

while maintaining die identity. Correlation between test 

systems was determined using correlation devices. Unit bit 

shifts in DL were determined. 

External Package Stress 

Investigation of the external package stress sensitivity 

of the devices involved three-point loading of units at 1, 2, 

5, and 10 (±10%) lbs of force, using a Chatillon 

Tensile/Compression Tester, Model UTSE, fixtured to allow 

simultaneous electrical testing. It should be noted that 10 

lbs of force on the package was about 10% of the load required 

for die fracture. Device shifts in DL were determined as a 

function of mechanical loading. The devices were three-

point loaded in both positive and negative directions as shown 

in Fig. 4. Loading was used to increase stresses on the 

active chip surface. 

The bending axis of each device was along the package 

center and perpendicular to the long package dimension. The 

stresses on a die were estimated by calculating maximum fiber 
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stress for a centrally loaded elastic beam. All stresses were 

reported as resolved shear stresses, one-half the maximum 

tension stress. Approximate maximum bending stresses 

developed in the packages are reported in Table I. 

Fig. 4 

3-POINT LOADING 

POSITIVE NEGATIVE 

Illustration of two different types of three-point 
loading, A) Positive and B) Negative, used in 
external stress tests. 
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Table I. Maximum Resolved Shear Stresses 

LOAD ON 

(LBS) 

DEVICE 

(N) 

MAXIMUM RESOLVED SHEAR STRESS 

(W MN/m2) 

± 1 4.46 0.82 

± 2 8.93 1. 64 

± 5 22.32 4. 10 

o
 

H
 

+1 

44.64 8.19 

'•nax = 3WL/4bt2 

where: W = LOAD 

L = LENGTH OF SPECIMEN = 20.3 X 10"3 m 

b = WIDTH OF SPECIMEN = 6.4 X 10"3 m 

t = THICKNESS OF SPECIMEN = 3.6 X 10"3 m 

Finite Element Models 

The model outline was determined by cross-sectioning 5 

units from each group after electrical and external tests were 

complete. The materials properties used in the models are 

shown in Table II. The coefficients of thermal expansion for 
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molding compound, leadframe material, die material and die 

attach material were determined from 35 - 175 °C using a Perkin 

Elmer model TMS-2 thermal analysis system. All other 

materials properties used were taken from product data sheets 

or estimated. 

Table II. Materials Properties of Packaging 

MATERIAL 

YOUNG'S 
MODULUS 

E (E9 N/m2) 

THERMAL 
EXPANSION 
a (E-6/°C) 

POISSON1S 
RATIO 

CU LEADFRAME 121.00 16.10 .33 

MOLD COMPOUND 14.20 45.00 .12 

DIE (SILICON) 106.90 2.70 .30 

SILVER POLYIMIDE .39 71.80 .30 

SILICONE GEL COAT .00069* 250.00* .3 5* 

*ESTIMATED 

The analysis of package stresses was accomplished using 

CASA/GIFTS, Inc. software. A typical 2D model used in this 

investigation is shown in Fig. 5. The model is one half of 

a cross-section of the long package dimension. A fine mesh 

grid was used in the areas of interest and a coarse mesh grid 

was used elsewhere in the model. 
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FINITE ELEMENT MODEL 
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Illustration of one of the finite element models 
used in the stress analysis of the plastic DIP 
package. Note the two mesh or grid patterns. 

The active surface of the die was divided into 19 

elements from which stress information for the analysis was 

obtained. The stress components used were X-axial (Sll), Y-

axial or normal stress (822) and shear stress (Tl2). These 

two dimensional stresses are illustrated in Fig. 6. 
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X-AXIAL STRESS CSlD Y-AXIAL STRESS CS22) SHEAR STRESS <Tl 2) 

NEGATIVE 
<COMPRESSIVD 

Fig. 6 

POSITIVE 
<TENSILE> 

NEGATIVE 
<COMPRESSIVE) 

POSITIVE 
<TENSILE> 

POSITIVE NEGA H VE 

Illustration of stress components used in the stress 
analyses of the plastic DIP packages with various 
downsets. 

Stress information was compared to device performance 

(DLE Shifts) by evaluating stress information in a similar 

manner as devices are electrically tested. Stress shifts for 

the three components of stress with regard to Bits 1-3 were 
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determined by a comparison with weighted average stresses as 

derived from a binary factional calculation for their less 

significant bits. The formula for the weighted average stress 

is given by: 

n 
2 2"' X,. 

i=1 

X = 
n 
2 2 1 

i=1 

where X is the stress component (Sll, S22, or T12). 

For example, the X-axial stress shift for Bit 2 for the 

OjLim downset group with die coat was calculated as follows: 

1) Determine Bit 2 stress from element stress (Sll for Bit 

2 = 13.87 MN/m2). 

2) Calculate the weighted average Sll stress for less 

significant bits( -14.54MN/m2) . 

1/2(BIT 3 Sll) + 1/4(BIT 4 Sll) + 1/8(BIT 5 Sll) + ... 
S11 = 

1/2 + 1/4 + 1/8 + ... 

3) Calculate the difference between 1 and 2 (13.87 - (-

14.54) = 28.41 MN/m2) 
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RESULTS 

Cross-section Results 

Cross-sections of processed parts showed downsets as 

given in Table III and illustrated in Fig. 7. These results 

show a change in the amount of downset through the assembly 

process. Note that the leadframe flags of Groups 1 and 2 were 

elevated and those of Groups 11 and 12 were lowered by 

significant amounts. 

Table III. Downset Measurements 

BEFORE MOLDING W/0 DIE COAT W/ DIE COAT 

GROUP# DOWNSET (/im) GROUP# DOWNSET (/im) GROUP# DOWNSET (Aim) 

1 & 2 0 + 20 1 -177 + 15 2 -182 + 17 

3 & 4 125 + 20 3 26 + 39 4 27 + 34 

5 & 6 250 + 20 5 166 + 57 6 114 + 53 

7 & 8 375 + 20 7 406 + 16 8 316 + 80 

9 & 10 500 + 20 9 514 + 56 10 527 + 35 

11 & 12 625 + 20 11 726 + 35 12 734 + 35 



Fig. 7 
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DOwNSET GROUPS w/0 DIE COAT 

0 UM 375 UM 

125 UM 500 UM 

250 UM 625 UM 

Cross-section Illustrations. The downset of the six 
groups without die coat included in the experiment 
are shown. Drawings are 8 times actual. Center 
line denotes center of molding material. 
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Electrical Test Investigation 

The differential linearity shift distributions for the 

first three bits through packaging are shown in Fig. 8 and 9 

for groups without die coat and groups with die coat, 

respectively. Shift distributions are plotted similar to box 

and whiskers plots to show 0, 25, 50, 75 and 100 percentile 

locations in the distribution. It is shown that shift 

distributions are larger for plastic encapsulated parts than 

for the control which was assembled in a side-brazed package. 

The effect of downset without die coat is shown to push 

the Bit 1 distribution negative from 0 - 125 /im (starting 

downsets) and have no significant effect thereafter. A 

statistical analysis of variance shows the means of 0 /im, 125 

/xm and 250 - 625 /xm groups to be different at the 0.05 

significance level. Note that this negative shift on Bit 1 

occurs as the die is moved through the package center. The 

effect of downset with die coat on Bit 1 shift is negligible. 

A close examination of Bit 2 & 3 shift distribution 

movement with downset for die-coated parts shows a decrease 

in DL from 0 through 625 fim downset groups. A plot of Bit 2 

& 3 median shifts as a function of average downset (Fig. 10) 

shows linear relationships with correlation coefficients of 

0.931 and 0.979, respectively. 
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Groups without die coat also showed a linear correlation 

between DL shift and downset for Bit 2. A correlation 

coefficient of 0.962 was obtained. Bit 3 in non-die-coated 

groups; however, showed no significant change as a function 

of downset. 

The effect of die coat on shifts of Bits 1, 2 and 3 

through packaging is shown in Fig. 11 where shift 

distributions of non-die-coated groups and die-coated groups 

are compared. It is shown that die coat has a significant 

effect on Bit 1 shift, altering the direction of the DL error 

for Bit 1. Further, it can be seen that die coat shift 

distributions are smaller than their non-die-coated 

counterparts. 
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External Package Stress 

The effect of positive external loading on packages was 

to produce a positive shift in DL error and the effect of 

negative loading on packages was to produce a negative shift 

in DL error (Fig. 12) . Bits 1-3 were affected by external 

package stress with Bit 1 being most sensitive. Packages with 

die coat were more sensitive to positive stress than non-die-

coated units. Negative stress produced no significant 

difference between coated and non-coated die with regard to 

DL error shifts. 

The effect of three-point loading on non-die-coated units 

with regard to downset is shown in Fig. 13. Larger downsets 

were more sensitive to positive loading and less sensitive to 

negative loading. Groups with smaller downsets were more 

sensitive to negative loading and less sensitive to positive 

loading. 

The effect of three-point loading on die-coated units 

with regard to downset is shown in Fig. 14. Negative loading 

shows no significant difference with regard to DL errors; 

however, positive loading shows that larger downsets are more 

sensitive than smaller downsets. 
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Fig. 12 Sensitivity of Bits 1 and 2 to three-point loading 
for groups with and without die coat. Average DL 
error shifts are plotted against loads. Note that 
groups with die coat are more sensitive to positive 
loading. 
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. 13 The effects of three-point loading on DL shifts for 
the 0 fJL m and 625 /iiti groups without die coat. 
Average DL shifts are plotted against loads. Note 
that the 625 /zm group is more sensitive to positive 
loading and the 0 /xm group is more sensitive to 
negative loading. 
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Fig. 14 The effects of three-point loading on DL shifts for 
the O /urn and 625 /xm groups with die coat. Average 
DL shifts are plotted against loads. Note that the 
625 Jim group is more sensitive to positive loading. 
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Finite Element Analysis 

Groups with die coat: 

Finite element analysis of models with die coat showed 

relatively large variations in X-axial stress (Sll) from the 

die center to edge. The die active surface element stresses 

consisting of X-axial, normal and shear stresses are shown in 

Fig. 15 for the model derived from the O/xm downset group. The 

die was divided into nineteen elements from center to die edge 

but only eighteen for Sll and T12 are plotted because of 

nonlinear behavior at the die corner. Normal stresses became 

nonlinear at element number 16 because of the silicone gel 

coating on the die surface. Diffused transistors for Bits 

2 and 3 are located in element numbers 14 and 10, 

respectively. Bit 1 consists of two transistors located in 

element numbers 12 and 17. A comparison of Sll, S22 and T12 

stresses with different downsets showed that only X-axial 

stresses changed as die were lowered in the package. 

A plot of Sll stresses for all downsets with die coat is 

shown in Fig. 16. Note that X-axial element stresses became 

more uniform with increasing downset. 

Shifts in X-axial stress for Bits 1-3 from the weighted 

average stress of lesser significant bits as a function of 

dcwnset is shown in Fig. 17. Bits 2 and 3 show decreases in 
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this differential Sll stress as devices are lowered in the 

package. 

A good correlation was observed when actual DL shifts 

were plotted as a function of Sll shifts for die-coated parts. 

The median DL shifts measured for Bits 1-3 for all downsets 

was plotted as a function of Sll shifts from average X-axial 

stress (Fig. 18) . The data was fitted to an exponential 

equation for a 0.95 correlation value and a linear equation 

for 0.93 correlation value. 

Groups without die coat: 

Models produced without the die coat gel material showed 

increased normal compressive stresses on the die surface as 

compared to die-coated models. The die surface element 

stresses are illustrated from die center to die edge in Fig. 

19 for X-axial, normal and shear stresses. Note that stresses 

are plotted only for the first eighteen elements because of 

nonlinear behavior at the chip edge. As the device is lowered 

in the package the only stress which changes is the shear. 

Shear stresses from the die center to the edge for all 

downsets for non-die-coated parts are shown in Fig. 20. 

The shifts in shear stress for Bits 1-3 from the weighted 

average stress are shown in Fig. 21. Shear differential 

stress values are shown to move in a positive direction for 
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all three bits as devices are lowered in the package. 

Only Bits 2 and 1 showed changes in DL shift through 

packaging. A linear relationship (R=.97) was observed for Bit 

2 from a plot of actual DL shift as a function of model shear 

shifts from the weighted average shear stresses (Fig. 22) . 

Bit 1 actual D1 shift versus the shift in shear is shown in 

Fig. 23. As shear decreased DL was shifted in a negative 

direction. 
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Finite element calculated stress values for elements 
along the active surface of the device for O/xm 
downset with die coat. Elements are numbered from 
the die center to the edge. Note that X-axial 
stress (Sll) is the dominant stress component. 
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Fig. 16 Finite element calculated X-axial stress values for 
all downset groups with die coat showing less stress 
variation as the device is lowered in the package. 
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DL SHIFTS VS S11 SHIFTS 
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18 Median DL shifts plotted as a function of finite 
element generated X-axial stress shifts for Bits 1-
3 for all downsets for die-coated devices. Bit 
performance is shown to shift with nonuniformity of 
X-axial stress. 
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Fig. 19 Finite element calculated stress values for elements 
along the active surface of the device for Ojum 
downset without die coat. Elements are numbered 
from the die center to the edge. Note that all 
stress components vary from center to edge. 
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Fig. 20 Finite element calculated shear stress values for 
all downset groups without die coat showing less 
shear stress variation as the device is lowered in 
the package. 
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T12 STRESS SHIFT WITH DOWNSET 
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Differences between transistor bit shear stresses 
for Bits 1-3 for units without die coat and a 
calculated weighted average are plotted as a 
function of downset. All three bit shear stresses 
shift in the positive direction as downset is 
increased. 
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Fig. 22 Median DL shifts plotted as a function of finite 
element generated shear stress shifts for Bit 2 for 
die-coated devices. Bit performance is shown to 
improve with shift from negative to positive shear. 
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Fig. 23 Median DL shifts plotted as a function of finite 
element generated shear stress shifts for Bit 1 for 
die-coated devices. Bit performance is shown to be 
very sensitive to shear stress differentials above -
2.5 MN/m2. 
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DISCUSSION 

The change in the amount of downset through assembly is 

thought to result from the molding compound injection into the 

molds. The injection port is in the lower half of the mold. 

Thus, the injected epoxy could exert an upward force on 

leadframe flags without downset and a downward force on 

leadframe flags with significant downset. 

The observation that packaging error shifts of Bit 1, 

whose circuits and components were closest to the chip edge, 

were most pronounced follows the work of Schlesier7 et al. who 

concluded that the largest stress effects were encountered at 

the die edge in a molded package. 

The effect of die coat on Bit 1 distribution shifts was 

dramatic, especially considering a typical starting downset 

of 375 /nm where shift distribution medians differed by more 

than 500 /xV. The ability of silicone gel die coat to change 

the direction of DL error shifts for Bit 1 is attributed to 

its ability to relieve shear and normal compressive stresses 

by decoupling the mold compound from the die surface. The 

decoupling mechanism is consistent with Shoraka11,et al. 

The effect of downset on Bit 1 shift distributions 

was also significant for units without die coat and with their 

package center passing through the die. As the die/leadframe 
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interface approached the package center, the shift in DL error 

was negative - shear components of stress were reduced. 

Knowing that X-axial stress shifts are positive and produce 

a positive shift in DL as evidenced by units with die coat and 

knowing that negative shear shifts from the weighted average 

produce a positive shift in DL, then it is logical to assume 

that negative shifts from weighted average normal compressive 

stresses produce a negative DL shift in bit performance. 

It is also reasonable that bit transistors are most 

sensitive to variability of shear stress along the die surface 

and least sensitive to X-axial stress differences. This is 

supported by the magnitude of shift in stress from the 

weighted average. For Bit 1 without die coat, the shift from 

the weighted average Sll was 21 MN/m2, the average deviation 

from the weighted average of S22 was -9MN/m2 and the maximum 

difference between the weighted average and Bit 1 shear is -

4 MN/m2. 

The use of die coat is seen as a positive step in 

improving the performance of a device of this nature because 

of its ability to reduce normal and shear stresses and thus, 

two of the stress components of concern in packaging. 

The stress sensitivity of this device is attributed to 

diffused transitors because of the good correlation between 

finite element data and actual device performance. However, 
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work still needs to be done with regard to finite element 

model verification by experimental design. 
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CONCLUSIONS 

1. Die coat acted as a stress reliever for active surface 

device structures by relieving shear and Y-axial stress 

components. However, improved performance of the device 

may not be realized because of X-axial stresses which 

affect device performance. 

2. Downset for chip coated devices with this package 

configuration improved device performance by decreasing 

X-axial stress variability from the chip center to its 

edge. Downset for devices without die coat decreased 

shear stresses on structures near the chip edge. 

3. Device stress sensitivity was attributed to diffused bit 

transistors and the mechanism assigned to nonuniformity 

of stress on the device bit transitors. 
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