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invention relates to sem conductror d more particularly to a

calibration unit used in conjunction with machine vision image system used
for inspecting for coplanarity of |eads on surface nmount devices. CROSS
REFERENCES U.S. Patent 5,414,458 issued My 9, 1995, entitled

SEM CONDUCTOR DEVI CE LEAD | NSPECTI ON SYSTEM U.S. Patent 5,402,505

i ssued March 28, 1995, entitled SEM CONDUCTOR LEAD | NSPECTI ON SYSTEM
BACKGROUND OF THE | NVENTION I n testing and nounting sem conductor

devices, it IS necessar that the | eads of the device be coprectly
posi tioned and the en%’&%“%qﬁeaﬁgmﬁ &ERR GRIABRHDHON [UNKE ,‘lih/y
particularly true for surface-nount devices. The | eads of the sen1conductor

FIELD OF THE INVENTION
This invention relates to semiconducter devices, and more
particularly to a lead calibration unit used in conjunction with

machine vision image system used for inspecting for coplanarity of

leads on surface mount devices.

CROSS REFERENCES

U.S. Patent 5,414,458 issued May 9, 1995, entitled
SEMICONDUCTOR DEVICE LEAD INSPECTION SYSTEM.

. U.S. Patent 5,402,505 issued March 28, 1995, entitled
SEMICONDUCTOR LEAD INSPECTION SYSTEM.

BACKGROUND OF THE INVENTION

In testing and mounting semiconductor devices, it is
necessary that the leads of the device be correctly positioned and
the ends of the leads lie in a cormon plane. This is particularly
true for surface-mount devices. The leads of the semiconductor
device may be bent side ways, out, in or down moving the end of
the pin from a plane common with the ends of the other pins. In

some instances, one or more pins may have a greater height than the

others.



device may be bent side ways, out, in or down noving the end of the pin
froma plane common with the ends of the other pins. In sonme instances, one
or nore pins may have a greater height than the others. 2 Existing
planarity inspection equi pment requires that a sanple of the device to be

I nspected be obtained for calibrating the inspection system If there is
variation fromone device to any other device, this may affect the

i nspection process. Existing planarity inspection equipnent is either not
cost-effective or perforns the inspecti@ "off-line" as ina quality
control operation. The hardware required for off-line inspection is
expensi ve, howe¥ESting nrigparitypingneshions eguirmenintpauiyes |tbal dyFamakel,

making 100%e (h@SREELEON.S | BF EONRNILEIbESolElihedS £685katibrating the
inspection system..If there is variation from one device to any
other device, this may affect the inspection process. Existing
planarity inspection eqguipment is either not cost-effective or
performs the inspéction “off-line” as in a quality control
operation. The hardware required for off-line inspection is
expensive, however, if the inspectioxi is done manually, lead by

lead, making 100% inspection time consuming as well as cost

prohibitive.

Automatic equipment which can be used for on-line inspection
is actually stand-alone equipment integrated with the other

processing equipment.

In order to inspect for coplanarity of the leads of a surface
mount device using machine vision, the leads must be located, and
the machine vision ixx{age has to be converted to scale units such as
millimeters or mils using a scale factor. The data has to be
converted from multiple two dimension coordinate frames to a three
diﬁensional coordinate frame using a plane for reference. Present
systems using the above method for determining planarity have to be
calibrated prior to each series of devices to be tested, and pixel

jitter or motion, after calibration, is not detected during capture

of the picture and may cause errors.



prohi bitive. Automatic equi pnment which can be used for on-line inspection

I s actually stand-al one equi pnent integrated with the other processing

equi pnent. In order to inspect for coplanarity of the | eads of a surface
nmount devi ce using machi ne vision, the | eads nust be |ocated, and the
machi ne vision imge has to be converted to scale units such as mllineters
or mls using a scale factor. The data has to be converted fromnmnultiple
two di mension coordinate frames to a thrﬁe di mensi onal coordi nate frame
using a plane for reference. Present systens using t he above met hod for

determ ni ng pl apar Ly, haye Al i brated to i es devi ces
to be tested, and p%(/eel %J¥I t"%‘grlgg glr%‘t i on: Th?er call bSé‘%l on"' T n%[‘

det ect ed dmaln@raamunaiofwatahaqal £6 Whe ébmtmaymmuse oF raoﬁuﬁcface mount
device (SMD) to be measured. These units were made to the exact
dimension and lead count of the SMD. These units are expensive to

manufacture and are easily damaged since the lead widths are made

to actual dimension.

SUMMARY OF THE INVENTION

The invention is to a calibration unit for use with a moveable
scale reference for calibration of semiconductor package outlines.
The calibration unit is a monolithic rectangular block which has a
plurality of legs formed on and integral with said rectangular
block, spaced apart on said block, and having spacing independent

of any specific semiconductor device.

The technical advance represented by the invention, as well as
the objects thereof, will become apparent from the following
description of a preferred embodiment of the invention when
considered in conjunction with the accompanying drawings, and the

novel features set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates a folded optical path and the related
components in an inspection system which may be used with a

calibration unit of the present invention;



3 Atype of calibration unit has been used, where the calibration unit was
made to the exact dinension of a surface nount device (SMD) to be neasured.
These units were nade to the exact dinmension and | ead count of the SMD.
These units are expensive to manufacture and are easily danmaged since the

| ead wi dths are made to actual di nension. SUMVARY OF THE | NVENTI ON The
invention is to a calibration unit for use wwth a noveable scale reference
for calibration of sem conductor package gutlines. The caljbration unit is
a nonolithic rectangul ar bl ock which has a plurality of |egs formed on and
integral with said rectangul ar bl ock, spaced apart on said bl ock, and
havi ng spaci ng i ndependent of any specific sem conductor device. The

techni cal . afcaree: raPLeeePAdwDYs el DY &llld BPri@a WRtH; as the objects
thereof, will becone apparent fromthe follow ng description of a preferred
enbodi nent EBAGUREe 3i shows | dnfissenembodiment of a calibration unit of the

present invention;

FIGURES 4a, 4b and 4c are top, side and end views, respectively, of

a calibration unit; '

FIGURE S shows the real-time reference, a mounting plate and a

calibration. unit mounted thereon;

FIGURE 6 shoﬁs the real-time reference and mounting plate as viewed

from the image system;

FIGURE 7 shows the real-time reference, mounting plate and a

calibration unit; .
FIGURE 8 illustrates the constant distance from the calibration

unit and the mowvable reference;

FIGURE 8a is a process flow diagram showing calibration of an ’
inspection system;

FIGURE 8b is a process flow diagram showing the steps in inspecting

a device;

FIGURE 9 illustrates a second embodiment of a calibration unit; and

FIGURES 10a, 10b and 10c are top, side and end views, respectively,

of a calibration unit.

DESCRIPTION OF A PREFERRED EMBODIMENT
The calibration unit of the invention may be used with the
system illustrated in Figure 1. Figure 1 shows the optical path and

P 5



considered in conjunction wth the acconpanying draw ngs, and the novel
features set forth in the appended clains. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIGURE 1 illustrates a folded optical path and the rel ated
conponents in an inspection systemwhich may be used with a calibration
umit of the present invention; 4 FIGURE 2 is a top view of part of the
optical path; FIGQURE 3 shows a first enbodinent of a calibration unit of
the present invention; FIGJRES 4a, 4b and 4c are top, side and end vi ews,
respectively, of a calibration unit; FIGURE 5 shows the real -tine

ref er ence, canponent s ngfot at eha@ndcanpeakhbr aléan uirispendivr edsydremeona

semiconductor device 11 having a plurality of leads 12 is mounted
on a rotatable platform or base 8 in front of illumination system
13. The illuminated image is viewed by camera 31 along path 14,
through mirror assembly 17, is reflected back along path 15.to
mirror 16 and reflected at a 90 degree angle along path 20 to
mirror/beam splitter 21. The camera views an image of the

semiconductor device 11 and the real time reference 9.

When the image impinges on mirror/beam splitter 21, the image
is reflected via path 24 to reflector 22, and back along path 25,

through mirror/beam splitter 21 along path 28 to lens assembly 30

to camera 31.

The image passes through mirror/beam splitter 21 along path 26
to reflector 23, back along path 27 te mirror/beam splittef 21 and
is reflected along path 29 to lens assembly 30 where it is focused
on camera 31. It should be noted that during the splitting of the
image at mirror/beam splitter 21, the two images may be separated
vertically such that image 32 and image 33 are vertically and

horizontally spaced and horizontally shifted from each other at

camera 31.



FIGURE 6 shows the real-tine reference and nounting plate as viewed from
the image system FIGURE 7 shows the real-tine reference, nounting plate
and a calibration unit; FIGURE 8 illustrates the constant distance fromthe
calibration unit and the novable reference; FIGURE 8a is a process flow
di-agram showi ng calibration of an inspection system FIGURE 8b is a process
fl ow di agram show ng the steps in inspecting a device; FIGURE 9 illustrates
a second enbodi ment of a calibration unitg and FI GURES 10a, 10b and 10c are

top, side and end views, respectively, of a calibration unit. DESCRI PTI ON
OF A PREFERRED EMBODI MENT The calibration unit of the invention may be used

Wi Ej h the systemanbldSiy 3580ede ckhfleE 3 £i10%EENd HkAVSeINRLOBE iGRE Path
an

camera such as the Kodak “MegaPlus* c¢amera having improved
reliability with the shutter removed. There is no need for an
electro-mechanical shutter since the illumination source 13 is
strobed at a rate synchronized to the camera vertical blanking
signal, presenting a continuous image of the device 11 and real-

time reference 9.

Figure 2 is a top view of the optical path represented by
paths 14 and 15, and mirror assembly 17. Device 11 is in front of
illumination source 13. An image of device 11 and the real-time
reference is directed along path 14 to mirror assembly 17. Mirror
asgembly 17 includes two mirrors 18 and 19 positioned at a 90

degree angle with each other.

The image impinges on mirror 19 is reflected to mirror 18, and

in turn is reflected along path 15 to mirror 16. Mirror 16 is

positioned at a 45 degree angle from the horizontal plane, as

illustrated in Figure 1.

Figure 3 shows the calibration unit 11.° Calibration unit 11
is a monolithic metal block with a number ©f legs 12 machined into
the perimeter of the unit. Legs 12 extend outward from the
calibration sides which represent the sides of a semiconductor

device. The sides are generally represented by the area within



5 conponents for the conponent |lead inspection system A

sem conduct or device 11 having a plurality of leads 12 is nounted on a
rotatable platformor base 8 in front of illum nation system 13. The
illumnated inmage is viewed by canera 31 along path 14, through mrror
assenbly 17, is reflected back along path 15 to mrror 16 and refl ected at
a 90 degree angle along path 20 to nirro?/bean1splitter 21. The canera
views an inage of the sem conductor device 11 and the real tine reference
9. When the image inpinges on mrror/beamsplitter 21, the image is

reflected MiReRAlA 24 topﬁg&éeecgbor %et arégogl G Al Egrgkpg%h il

ug
mrror/beamsplitter 21 a pat’h ens HSse t 6 Cang % 31. The
i mage passescmm oviedni omisr r«m/thﬁam:snlm tdferchzl miloerg paw 26ré0 redidopctor 23,
back al ong Qat % to n1rror/beanlsplltter 21 and
{8@imen b, Figure 4b) larger than said second region
(dimension“a~}), said first region representing the outside

dimension of pins {(dimension b , Figure 4b) on a semiconductor

device,

The legs are generally rectangular projections extending
upward from a surface of the monolithic metal block, The
calibration unit 11 resembles the leads and body of an actual
surface mount device when viewed from the side or top using shadow
illumination. When used in conjunction with a movable scale factor
reference or real time referenced device 9 (Figure S5}, the
calibration unit can be used to calibrate a wide range of package
footprints. The scale factor is determined by the movable real
time reference 9, which is always placed a known distance from to
calibration unit 11, or a semiconductor device being measured. A
scale factor correction is calcuiated by software so that the
calibration unit 11 dimension measurements by the camera match the
knOan dimensions of the calibration unit. The scale factor is
determine by dividing the known dimensions of the features on the
real-time reference (in mils) by the dimemsions of the features
measured by the camera (in pixels. When a larger or smaller
package is measured, the movable scale factor reference is moved in

or out so that it is a constant distance K {Figure 8) in front of



Is reflected along path 29 to I ens assenbly 30 where it is focused on
canera 31. It should be noted that during the splitting of the inage at
mrror/beamsplitter 21, the two i mages may be separated vertically such
that inmage 32 and inage 33 are vertically and horizontally spaced and
horizontally shifted fromeach other at carera 31. 6 Canera 31 is, for
exanple, a full frame high resolution type canera such as the Kodak
"MegaPl us" camera having inproved reliabil8ty with the shutter renoved.

There is no need for an el ectronmechani cal shutter since the illumnation
source 13 i §eS at rate _synchroni zed to the canera vertjcal bl anking
signal, prese n{}%%g&%g' coTrﬁ%i wuou e%ltneég%cagte ?ﬁ%t°cfe§?5’éecﬂ°’é?1&tft%‘&’tn-e%t Pre

reference %he calibration unit 11 is then applied to the scale factor
determined from the movable reference. This scale factor, when
applied to the calibration unit, gives dimensions which do not
match the actual dimensions of the calibrations unit. This is due
to the difference in magnification between the reference and the
calibration unit since the real-time reference is 50 mils closer to
the camera. It is also due to differences in perspective. The

real-time reference is higher than the calibration unit.

The ratio between the known dimensions of the calibration unit
and the measured dimensions {using the real-time reference scale
factor) is the scale correction factor. Once determined, the scale

correction factor is a constant for all packages which can be used

with the calibration unit.

When viewed from the sides or the top (Figures 4a, 4b and 4c),
the calibration unit presents a silhouette which closely resembles
a surface mount device. From these perspectives, all lead
measurements of importance for quality assurance in surface mount

devices can be measured similarly on the calibration unit 11.

The measurements of importancée are: (1) coplanarity, which is
the difference in height of leads with respect to a plane; {2) bent

lead, the horizontal true position of a lead with respect to a



Figure 2 is a top view of the optical path represented by paths 14 and 15,
and mrror assenbly 17. Device 11 is in front of illum nation source 13. An
i mage of device 11 and the real-tinme reference is directed along path 14 to
mrror assenbly 17. Mrror assenbly 17 includes two mirrors 18 and 19
positioned at a 90 degree angle with each other. The inage inpinges on
mrror 19 is reflected to mrror 18, and in turn is reflected along path 15
to mrror 16. Mrror 16 is positioned at & 45 degree angle fromthe

hori zontal plane, as illustrated in Figure 1. Figure 3 shows the

cali brationeéjer}iet 11, Calibration unit 11 is a nonolithic netal block with a
nunber of Tage 19 fHPhel )i HEas 1N Per Rorizontat sRcingi9f leads 14) ext end
outward fremaddresenl hoipfd Yk Siddas a‘ﬂ@b&hcﬁépf;éé@%te iRy 1 ds«‘ﬁ Ofedde
sem conductor device. The sides are generally represent ed by The “area
Wit hin differences in lengths of leads: and (6) cross-package distance,

the lead tip to lead tip distance.

The size of a calibration unit is determined as follows.
References to dimensions a, b, ¢, d, e and f are those dimensions
as shown in Figures 4a and 4b. Dimension *a” must be small enough
to fit within the dimensions of mounting plate 8, Figure 6.
Dimension *“a* should be approximately S0 mils smaller than
dimension *b“. Dimension *b” must be matched to the lead tip-to-tip
distance of packages used with the calibration unit. Each
calibration unit may be used with a set of packages having lead
tip-to-tip distances which differ by up to 100 mils. Dimension “b”
should be in the middle of this range.

Dimension *c“ should match the actual package dimension from

lead tip to top surface of the package within a tolerance of +/-
20%.

Dimension “d* (the spacing of the leads} should allow a

minimum of 7 leads to be machined into each side of the calibration

unit.



7 dinension "a", Figure 4b. The monolithic block has first and second
regions on the sides of the block, said first region (dinension b, Figure
4b) larger than said second region (dinension"a"), said first region
representing the outside dinension of pins (dinension b , Figure 4b) on a
sem conductor device. The |legs are generally rectangul ar projections

extending upward from a surface of the nonolithic mnmetal block. The
calibration unit 11 resenbles the | eads ggd body of an actual surface nount
devi ce when viewed fromthe side or top using shadow illum nation. Wen

used in conj U“ﬁiz&e%@i%_t-heﬁ ('JT%&Z‘Q{; éﬁgg]ls:asﬁ%ﬁi%rmrgg efenee. o, real tinme

0 ensure
referenced device 9 I gure ['On unrt “can be useﬁ ?o

cal i br at e daxabileityarng® oftaparknigecof ofieprisats deat s .SCabinehaLd®r ~éS

determ ned_by_the novable real tinme reference 9, which is always placed a
known di Sts&ﬁ%édfl?eoﬁppsoxxmately 1/3 of dimension *d*.

Dimension “f* (distance from last lead on the side to the edge

of the calibration unit) should be approximately the same as

dimension *4~.

The calibration unit should have a minimum of 7 lead features
on each side. This allows 4 lead featues to be visible in each
portion of the split image descired with reference to Figure 2.
The horizontal spacing between the lead featues is use to calibrate
the horizontal dimension of the camera. The vertical height
difference bewtween the lead features is used to calibrate the
vertical dimension of the camera. The number of lead features on

the calibration unit 4s not related to the number of leads on an

actual device.

The lead features should have a minumum of 25 mils width to
provide durability. The relationship between the lead width on the
calibration unit and lead width on actual devices in not important.
The length of the lead features satisfy the requirement imposed by

dimenstion "a* and “b*. Lead length = (b-a}/2.



calibration unit 11, or a sem conductor device being neasured. A scale
factor correction is calculated by software so that the calibration unit 11
di mensi on neasurenents by the canera match the known di mensi ons of the
calibration unit. The scale factor is determ ne by dividing the known
dirmensions of the features on the real-tine reference (in mls) by the

di nensi ons of the features neasured by the canera (in pixels. Wen a

| arger or snaller package is neasured, thq novable scale factor reference
is nmoved in or out so that it is a constant distance K (Figure 8) in front
of 8 the package. The uncorrected scale factor correction determ ned by
the cal i brati o¥séngtorel cabilidaeomppliteto tanltibease aleeif@ctadr dileteatenit ned from

t he novabl e, ref erence.. This_scale factor, when ljed to the calibration
unit, givegé%ﬁﬁTéﬁsq%ﬁﬁébﬁﬁﬁ Cﬁn(ﬁéiﬁognstance, the fo nging constraints.are

placed on the calbiration unit. The “b” dimension must be within
+/- 50 mils of the lead tip-to-tip.distance'of the actual device to
be inspected. The “c* dimension must be within +/- 20% of the
actual height of the device to be inspected. These constraints
allows the majority of QFP packages to be calibrated using a set of
six calibrations units designed for the following six package
families: 32x32 mm QFP packages, 28x28 mm QFP packages. 16x20 mm
QFP packages. 14x14 mm thin QFP packages. 10x10 mm thin QFP
 packages, NS 7X7 mm thin QFP packages. Tﬁe tip-to-tip distances of
the devices within each.family of packages typically varies by 40

mils which is within the +/- 50 mils constraint.

The key te the calibration process is the movable real-time
reference shown in Figure 8 below. This reference is always placed
S0 mils closer to the camera than the leads of the device being
inspected. Moving the real-time reference to reflect changes in
the package dimensions compensates for the change in magnification

due to the device being closer or farther away form the camera.

Calibration unit 11 is inexpensive to manufacture and the
number of lead features are kept to a minimum. The lead features
are wider than leads on an actual QFP surface mount device. As long

as the distance between lthe leads and the height of the leads is

1
-~



mat ch the actual dinmensions of the calibrations unit. This is due to the
di-fference in magnification between the reference and the calibration unit
since the real-tinme reference is 50 mls closer to the canera. It is also
due to differences in perspective. The real-tinme reference is higher than
the calibration unit. The ratio between the known di nensi ons of the
calibration unit and the neasured dinensions (using the real-tinme reference
scale factor) is the scale correction factor. Once determ ned, the scale
correction factor i a constant for all pdckages which can be used with the

caIibratioQ unit, Wien viewed fromthe, sides or the tq@ﬁgFggures 4a 4b and
4c), the cAPPYR af? of® URFTUFAFEs8At -4 BittoriE2bfi CALBELTR F8% ol es a
surface nouBtofEMisted. From these perspectives, all |ead neasurenents
of inportance for quality assurance in surface nount devices can be
nmeasured simlarly on the calibration unit 11. The neasurenents of

e ool i Fipd dn CORLBREI T LYo B ER 4 L1 CstheLoRSEd NG NaPT | 0ads
width of 1230 mils was used in calibration. Using the visions
system of Figure 1, the camera calibration scale factors were
adjusted as illustrated in Figure 8a to achieve lead true position
measurements with an accuracy of 0.25 mil on the calibration unit.
Packages ranging from 1205 mils to 1256 mils were then measured
using the scale factor correction calculated from the calibration
unit. The scale factor reference 9 was moved in by 12.5 mils for
the 1205 mil package and out by 13 mils for the 1256 mil package.

The lead accuracy of the true position measurements for all leads

on all packages was 0.25 mil or better.

Figure 5 shows a mounting plate 8, calibration unit 11, and a
real time reference plate 9 with apertures 9a. In determining the
planarity of leads 12 on each of the four sides of device 11, plate
8 has to be rotated to present each of the leads on the four sides
of device 11. Plate 8 is rotatable and each of the four sides 8a,

8b, 8c and 8d are rotated toward the camera image path to place one

of the device 11 sides toward the camera.



| ead, the horizontal true position of a lead with respect to a 9
reference datum (3) lead pitch, horizontal spacing of |eads; (4)
stand-off, height of |ead abqve the package body; (5) tweeze, differences
in lengths of |eads; and (6) cross-package distance, the lead tip to | ead
tip distance. The size of a calibration unit is determ ned as follows.

Ref erences to dinensions a, b, ¢, d, e and f are those di nensions as shown
in Figures 4a and 4b. Dinension "a" nust ;e small enough to fit within the
di mensi ons of nmounting plate 8, Figure 6. D nmension "a" should be
approximately 50 mls snaller than dinmension "b". D nension "b" nust be
mat ched to the Fi&aaet i§- tblusitpatist bire emointingk 23ete uSedingi tiealthine

EZLLQB?S i ﬁgsif%gé. ce 3 0R0ER A BRAL LR, "I 8RS RS WolllraRE" )
any slight variation caused by thermal expansion or movement of the
optical components, the distance from the top of plate 8 to the
bottom of the real time reference, distance A, is measured by the
camera for each of the fouf sides of mounting plate 8. Each of the
distances A,, A;, A, and A, is stored during a test to calibrate the
image system using the real time referemce 9. The Distance A is
measure for each of the four sides of plate 8, and the image system

~ is calibrated to define the relationship between pixels and mils.
The dimensions, C and E, of apertures 9a in real-time reference 9
are known, therefore, the number of pixels for the apertures can be
related to linear measurement in mils. The top edge of the plate
8 is determined by the black-to-white transitions from the body of
the plate to the space above the plate. The apertures 9a are alsc
located and measured by white-to-black transitions from the

aperture to the aperture frame.

Figure 7 shows mounting plate 8 with a calibration unit 11
mounted thereon. The distance B from the top of the lead 12 to
the bottom of the real-time reference is measured. Then the
distance of the top of a lead 12 from the top of plate 8 can be
calculated since the measurements D,,= A, - B, ,where n is a number
from 1 to 4,

represents the side of the semiconductor device for

which the lead heights are being measures. A,, as mentioned above,



tip-to-tip distances which differ by up to 100 mls. D nension "b" should
be in the mddle of this range. D nension "c" should match the actual
package dinmension fromlead tip to top surface of the package within a

tol erance of +/- 20% . Dinmension "d" (the spacing of the |eads) should
atlow a mnimumof 7 | eads to be machined into each side of the calibration

unit. 10 Dinension "e" (lead wdth) is a mninumof 25 mls to ensure
durability and stability of the | ead deaiyres. D nensi on "e" shoul d be
approxi mately 1/3 of dinension "d". Dinension "f" (distance fromlast |ead

O LhG 51ty Lk £ i NS PHAES ol oy TS SRRL QLR 1 ¥

asur
the same as <
once during the inspection operation for a series of devices,

Figure 8 shows the horizontal distance between the real time
reference 9 and the calibration unit 11. The distance K between
the real time reference 9 and the edge of a lead 12 on the

calibration unit 12 remains constant at all times.

The system operates as follows. The real-time reference is
positioned so that it is 50 mils closer to the camera than the
leads on the calibration unit when it is loaded on to plate 8
(during this first step, plate is emptu}. The image system scans
the real-time reference 9 (figure 5) and locates the features %a
(figure 5). The features are located by searching for white to
black transistions-in the image. Once these features are located,
the spacing etween the features is used to calculated the
conversion scaling from camera dimensions (pixels) to object (real
world) dimensions (mils or inches). This is possible becﬁsue the
actual dimensions of the real-time reference have been previously
measured by a manual inspection system which has been certified as
a.ccti_rate. The actual dimensions of the reference are stored in a
file which can be read by the system. The bottom edge of the real
time reference is then located at several éositions across- the

entire field of view. A straight line approximation to these

points is calculated by using least-mean-squares linear regression.



di nrension "d". The calibration unit should have a mninmumof 7 |ead
f.eatures on each side. This allows 4 |ead featues to be visible in each
portion of the split inmage descired with reference to Figure 2. The

hori zontal spacing between the | ead featues is use to calibrate the

hori zontal di nension of the canera. The vertical height difference

bewt ween the | ead features is used to calibrate the vertical dinension of
t he canera. The number of |ead features on the calibration unit is not
related to the nunber of |eads on an actisal device. The |ead features

shoul'd hayg,a Qi&‘ig‘d@ gin 227y | e Vit Qe{s e ARV LIE I @Dhdd dufind Mhe
rel ati onship between the Tead w dth on e calrbration unit and | ead width
on act ual ndegheest idachOleadiporhantop Bligel @hghle plateh® Leatkdseatdras satisfy
t he requirement_inposed by dinenstion "a" and "b", Lead Iength :.éb-a)/2.
several positions across the entire field of view. A straight line
approximation to these points is caclulated by using least-mean-
squares linear regression. This is repeated on each side of plate
8 giving a total of 4 lines. The distance and angle between the
bottom edge of the real time reference and each top edge of plate

8 is calculated and stored.

Next, the calibration unit is loaded on plate 8 and the lead
feature positions are measured. The top of the leads are measured
with respect to each other. Plate 8 is rotated so that the lead
features can be located on each side of the calibration unit.
Using the distance feorm the real-time reference to plate 8 (a,, A,
Ay and A}, the distance from the lead tips to plate is calculated.
After this calculateion, the position of all the lead tips in a
three-dimensional coordinate system is known with plate 8 forming
the x-y plane of the coordinate system. The distance between the
lead features in the horizontal and vertical directions is
converted from camera units {(pixels} to mils using the scaling
factor calculated from the real time reference. These measured
distances are compared with the actual distances between the lead
features on the calibration unit. This information is used to
calculated a ratic etween the actual distances and the measured

distances. This ratic is used as a correction to the camera



Using one calibration unit to calibrate devices of different sizes is
possible. In this instance, the followi ng constraints are placed on the
cal biration unit. The "b" dimension nust be within +/- 50 mls of the |ead
tip-to-tip distance of the actual device to be inspected. The "c"

di nension nust be within +/- 20% of the actual height ot the device to be

I nspected. These constraints allows the majority of QFP packages to be
calibrated using a set of six calibrations units designed for the foll ow ng
si x package fam lies: 32x32 mm QFP packabes, 28x28 mm QFP packages, 14x20
mm QFP packages. 14x14 mm {hin QFP packages. 10x nm t hi P _packages, NS
T LGRS BLRBLAD mrhe AT, | P BeLYER GBS ERTer it PRRAEEE R ¢ hi
each fam liaal HREMBOESLIDFRELRH WiV Al §Sed¥o4CatBuiS i Goriscitobhts the +/ -
50 mls constraint. The key to the calibration process is the novable

real -ti me whef enghecoipdatiei 8. FiTher calceitden Fhi the acosrede®n $oakbRys

Placed 50 Jhe$aCl239ind ©ahl® (128" § '31e" o 888s Obnd NCalfN4R188 N0

process.

After calibration, a semiconductor device (not illustrated) is
mounted on plate 8 and the image system scans for leads, and
locates them with respect to the real time reference. The system
locates the edge of each lead by finding points of transition from
white to black, where black is the lead image. All leads are
located. By knowing the relationship between pixels and mils, the
exact location of each lead, for each of the four sides of the_

semiconductor device, is determined.

The distance from the lead tip to the real-time reference is
measured for all leads on all four sides of the semiconductor
device. Using the distance from the real-time refere?ce to plate
8 (A, A,, A, and A,), the distance from the lead tips to plate 8 is
calculated. After this calculation, the position of all the lead
tips in a three-dimensional coordinate system is known with plate

8 forming the x-y plane of the coordinate system.

In testing semiconductors in an automated system. each device

has the same orientation when it is placed on plate 8. Therefore,



I nspected. Myving the real -titme ref-erence to reflect changes in the package
di-mensi ons conpensates for the change in magnification due to the device
bei ng closer or farther away formthe canera. Calibration unit 11 is
I nexpensive to manufacture and the nunber of |ead features are kept to a
mnimum The |ead features are wi der than l.eads on an actual QFP surface
nmount device. As long as the distance between 1the | eads and the hei ght of
the leads is 12 known to an accuracy of, 0.1 mls,, accurate calibration
can be acconplished. As an exanple, a calibration unit with a total length
and width of 1230 mls was used in calibration. Using the visions system of
Figure 1, wize dareris catiderdtfmaneschldeviae! any bhacle ofideepitapdr iy ifbkust r at ed
in Figure a§na t?. aghi eve | ead jrue position . .

y lead can be related to the exact side of the device

corresponding to its placement on plate 8.

The key to the calibration process is the movable real-time
reference shown in Figure 8. This reference is always 50 mils
closgr than the leads of the device being inspected. Moving the
real-time reference t§ reflect changes in the package dimensions
compensates for the change in magnification due to the device being
closer or farther away from the camera. Figure 8a shows the steps
used in the calibration process. Figure 8b shows the process steps
used in Inspecting using the calibration data. The outputs of the
calibration process are the X_ correction , Y _correction and the
Tilt, where: X_ correction compensates the horizontal camera
calibration for differences in magnification and perspective
between the real-time reference and the lead features on the
calibration unit; Y_correction compensates the vertical camera
calibration for differences in magnification and perspective
between the real-time reference and the lead features on the
calibration unit; and Tilt compensates for the tilt of the camera
with respect to the calibration unit. This compensation must be

calculated for each side of the calibration unit.

Referring to Figure 8a, the calibration steps are as follows:

8a. Read actual dimension of calibration unit from a file;



measurenents with an accuracy of 0.25 m| on the calibration unit. Packages
ranging from 1205 mls to 1256 mls were then neasured using the scale
factor correction calculated fromthe calibration unit. The scale factor
reference 9 was noved in by 12.5 mls for the 1205 m | package and out by
13 mls for the 1256 m | package. The |ead accuracy of the true position
nmeasurenents for all |eads on all packages was 0.25 m| or better. Figure 5
shows a nounting plate 8, calibration unit, 11, and a real tine reference
plate 9 with apertures 9a. In determning the planarity of |eads 12 on each
"of the four sides of device 11, plate 8 has to be rotated to present each
of the | edds oReaheackpal @imgiosfs @€vierd -time Pleflegelcd £rpot &itlebl e and each

of the fo si ges. 8a,. .8b. 8c 8d are r tat ovvard t he canera i nage
path to pllgalce g?laédo ltiﬁ’éaﬁie% 33 s R (’jﬁﬁr’% *§é canera.

8d. Move real-time reference S0 mils in fromt of calibration unit

lead features;

8e. Measure horizontal dimensions of real-time references in
pixels;

8f. Measure vertical dimensions of real-time references in pixels:;
8g. Compute real-time reference horizontal scale factor:

gh. Compute real-time réference vertical scale factor;

8i. Measure horizontal distance between lead features on cal unit;
8j. Convert lead pitch to mils using real-time reference scaling;
8k. Calculate horizontal calibration correction using the actual
lead pitch of the'calibration unit;

81. Measure the vertical distance between lead features {(delta_y)
on the calibration unit;

Bm  Convert the delt_y to mils using real-time reference scaling;
8n. Calculate the vertical calibration correction using the actual
lead height of the calibration unit;

8o. Calibrate the camera tilt with respect to the calibration
unit; and

8p. Store calibration results in a file.

Once the unit has been calibrated, then inspection of devices

is as follows:

BA. Read calibration dQata from a file;



13 Figure 6 illustrates the nounting plate 8 and real -tine reference as
viewed fromthe canera. In order to conpensate for any slight variation
caused by thernmal expansion or novenent of the optical conponents, the

di stance fromthe top of plate 8 to the bottomof the real tinme reference,
distance A, is neasured by the canera for.each of the four sides of
nmounting plate 8. Each of the distances Alerr], Alerr], Alerr] and Alerr]
is stored during a test to calibrate the_imge systemusing the real tine
reference 9. The Distance A is neasure f&P each of the four sides of pl ate

8, and the_ i mge ;ysten1is.callbrated to define the rel ationship between
pi xel s and®i | BeaSiartyphedicenrionscofnretl -tape Frfiergres UR™ A $d8:-ti ne

reference g ar gekQOMN ot NELEL P rdimeﬁbf‘nn@UHPE‘{ea‘i‘iﬁBLé( ehtefdlcet ?Sﬁﬂ%&t ures

can be related to linear neasurenent 1n mls. The top edge o e plate 8
i s det erni Hedibglshe bl ack-to-white transitions fromthe body of the plate
to the space above the plate. The apertures 9a are also | ocated and
measured by white-to-black transitions fromthe

80. Measure vertical dimensions or real-time reference features in
pixels;

8E. Compute real-time reference horizontal scale factor;

8F. Compute real-time reference vertical scale factor:

8G. Compute f:orrected horizontal camera calibration for device

under test;

8H. Compute corrected vertical camera calibration for device under
test;

8I. Measure vertical and horizontal position of leads on device;
8J. Convert measurements to mils using corrected camera
calibration, {(Lead _pitch_mills) = (Lead_pitch pixels) x (x_scale};
8K. Set Delta _y_mils = (Delta _y pixels) x {y_scale); and

8L. Cor;ect lead height differences for camera tilt.

Figure 9 illustrates a second embodiment of a calibration
unit. Calibration unit 20 is a single block 21 of material with
simulated leads 22 spaced around the edge of block 21. Leads 22
have spacing and height that correspond to that of typical
semiconductor devices, and are utilized with the vision system to
calibrate a lead measurement system, and by scaling may be scaled

to any particular device. Unit 21 has a recessed portion 23 so



aperture to the aperture frame. Figure 7 shows nounting plate 8 with a
catibration unit 11 nounted thereon. The distance B fromthe top of the
lead 12 to the. bottomof the real-time reference i s neasured. Then t he
di stance of the top of a lead 12 fromthe top of plate 8 can be cal cul ated
since the nmeasurenents Derr],= Alerr] - Blerr] ,where nis a nunber from1l
to 4, represents the side of the sem conductor device for which the | ead
hei ghts are being neasures. Alerr], as ne?bioned above, 14 is nmeasured
for each side of plate 8, and only needs 10 be nmeasured once during the

i nspection operation for a series of devices. Figure 8 shows the horizontal
di stance bétfiEethe Rdgeeak eivmdrafwaeachod B be LAlbRIALLAL URi L, 11. The
di st ance Kal&%é(‘fe&vti@g rFeaI time reference 9 and the edge of a l'ead 12 on

t he - Figures 10a, 10b and 10c show the top, and sides of

calibration unit 20.



calibration unit 12 remains constant at all tinmes. The system operates as
follows. The real-tine reference is positioned so that it is 50 mls closer
to the camera than the |l eads on the calibration unit when it is | oaded on
to plate 8 (during this first step, plate is enptu). The inmage system scans
the real-tinme reference 9 (figure 5) and locates the features 9a (figure
5). The features are |ocated by searching for white to black transistions
in the imge. Once these features are |ocated, the spacing etween the
features is used to calcul ated the conver2di on scaling fromcanera

di nensi ons | X Isg to object (real world) dinmensions (mls or inches).
This is po bt e the actual dinensions of the real-tine reference
have been previously nmeasured by a nanual inspection system which has been
certified as accurate. The actual dinensions of the reference are stored in
a file whikh cancakibrajiothynihdoryeie witl vembyeabdm saide péfexihace dak time

reference [s ithepn.located at several sitions.across the .entire field of
view A Stra glglf' rPicﬁfte SSPpr oK Bl (?ﬁggﬁg? ﬁ'é’ggmes' Borprieing:
a monolithic rectangular block; and
a plurality of legs formed on and integal with said *
rectangular block, the legs spaced apart on said block having

arbitrary spacing independent of a specific semiconductor device.

2. The calibration unit according to claim 1, wherein said legs
are oversized when compared with actual leads on a semiconductor

device to add strengh and to prevent bending of said legs.

3. The calibration unit according to claim 1, wherein said legs
are rectangular projections extending upward from a surface of said

monolithic rectangular block.

4. The calibration unit according to claim 1, wherein said
monolithic block has first and second regions on the sides of the
block, said first region larger than said second region, said first

region representing the outside dimension of pins on a

semiconductor device.
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points is cal cul ated by using | east-nean-squares |inear regression. 15
This straight line will be the reference point for neasuring the height of
each |l ead. The top edge of the plate 8 is nmeasured at several positions
across the entire field of view A straight |ine approximtion to these
points is caclul ated by using | east-nean- squares |linear regression. This

I s repeated on each side of plate 8 giving a total of 4 lines. The distance
and angl e between the bottom edge of the real tinme reference and each top
edge of plate 8 is cal culated and stored. Zbet the calibration unit is

| oaded on Iat d.the, | ead,featur re r gtop of
the | eads %Eﬁsfﬁ *aFt9P P&%be%ctcc’fg '2%1 ?%ﬁ“% Va%e % ?gldr -(SFL{% fed so
that the Ie,aglax{deailwaea Gas mcveedt edownacankfatceeodf shhé eahobitdticon unit.

rectangular block.

6. The calibration unit according to claim S, wherein said
outward extending portions extend from surface edges of said

calibration unit.

7. A calibration unit for use with a moveable scale reference for
calibration of semiconductor package qutlines. comprising:

a monolithic rectangular block; and

a plurality of legs formed -on and integal with said
rectangular block, spaced apart on a surfacg of said block having

spacing independent from the spacing of a semiconductor device.

8. The calibration unit according to claim 7, wherein said legs
are oversized when compared with actual leads on a semiconductor

device to add strengh and to prevent bending of said legs.

9. The calibration unit according to claim 7, wherein said legs
are rectangular projections extending upward from a surface of said

monolithic rectangular block.

o«
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Usi ng the di stanée formthe real-time reference to plate 8 (Alerr], Alerr],

Alerr] and Alerr] e d| stance fromthe lead tips to plate |s cal cul at ed.
After this calcul cFflon of all the |'éad ti 1

t hr ee- di nensi onal emis known with.plate Tmsm&grm BEBN
pl ane of the coord he di stance between thejl ead RERIAGEDS i n
the horizontal and vertlcal directions is converted from Camera unrts

(pixels) to mls using the scaling fact@3 cal culated fromthe real tine
reference. These neasured di stances are conpared with the actual distances
between the | ead features on the calibration unit. This information is used
to cal cul fed Ther sraldbunniam whd saaceafied stancadsimnd. t WSS [Faid

di stances J‘gﬁ rgﬂj& lf%euﬁez%ta?n s%?;oﬁgciégﬁ%n&%& Qgecgirgﬂers of tped scaling

(pi xel to" scar. éi gh erence between the
block, said first region larger than said second region, said first

region representing the outside dimension of pins on a

semiconductor device.

11. The calibration unit according to claim 7, wherein said
outward extending portions extend from surface edges of said

calibration unit.

12. The calibration unit according to claim 11, wherein said

outward extending portions extend from surface edges of said

calibration unit.
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| eads on the calibration unit is used to calculate a correction to the
angle of plate 8. The calculation of the correction to the canera scaling
and plate 8 angle concludes the calibaration process. After calibration, a
sem conductor device (not illustrated) is mounted on plate 8 and the i.nage
system scans for |eads, and |locates themw th respect to the real tine
reference. The system | ocates the edge of each | ead by finding points of
transition fromwhite to black, where blagk is the |ead imge. Al'l | eads

are | ocated. By knowspgitORDUECTOR PPSICH bLEAncexrpBrErsoMuNI?| s, the exact
| ocati on of each |lead, for each of the four sides of the sem conductor

devi ce, isaﬁggdybqiapgn?%Pfgﬁ#nggce fromthe lead tip to the real-tine

reference I's nmeasure . ads on all four sides of the sem conductor
devi ce. Using the diis¢ daventfivanid o aeslibrasianefviendd)t fophaeevi®h( Alerr],
Alerr], Alerr] and Alerr]), the distance fromthe,lead tips to.plate 8 is
cal cul at ed? ﬂ%’i’%&%%i%"“& | CBFeRSISS, ‘?P}g°”po‘é"‘}1t"?°6ﬁtb?n Pt f%é‘cf’gg'gcmr

package outlines, the calibration unit (11) is a monolithic
rectangular block which has a plurality of legs (12) formed on and
integal with said rectangular block and having spacing independent

from the leads on a semiconductor device.

Figure 1 & 2



tips in a three-di mensional coordinate systemis known with plate 8 form ng
the x-y plane of the coordinate system In testing sem conductors in an

aut omat ed system each device has the sane orientation when it is placed on
plate 8. Therefore, 17 when data is reviewed for each device, any |ack
of coplanarity for any |lead can be related to the exact side of the device
corresponding to its placenent on plate 8. The key to the calibration
process is the novable real-tine refergmece shown. in Figure 8. This
reference is always 50 mils closer than the | eads of the device being

i nspected. Moving the real-tine reference to reflect changes in the package
di mensi ons conpensates for the change in magnification due to the device
being closer or farther away fromthe canera. Figure 8a shows the steps
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used in the calibration process. Figure 8b shows the process steps used in
I nspecting using the calibration data. The outputs of the calibration
process are the X correction , Y correction and the Tilt, where: X_
correction conpensates the horizontal canera calibration for differences
in magnification and perspective between the real-tinme reference and the

| ead features on the calibration unit; Y correction conpensates the
vertical canmera calibration for differences, in magnification and
perspective between the real-tine refere and the | ead features on the
calibration unit; and Tilt conpensates for the tilt of the canera with
respect to the calibration unit. This conpensation nust be cal culated for
each side of the calibration unit. Referring to Figure 8a, the calibration
steps are as follows: 8a. Read actual dinension of calibration unit froma
file;

FIGURE 3



8b. Read actual dinensions of real-tinme reference fromfile; 8c. Load
catibration unit on inspection plate; 8d. Mwve real-tine reference 50 mls
in front of calibration unit |ead features; 8e. Measure horizontal

di mensions of real-tine references in pixels; 8f. Measure vertica

di rensions of real-tine references in pixels; 8g. Conpute real-tine
reference horizontal scale factor; 8h. Conpute real-tine reference vertical
scale factor; 8i. Measure horizontal distance between | ead features on cal
unit; 8j. convert lead pitch to mils usiny%eal-tinme reference scaling; 8k
Cal cul ate horizontal calibration correction using the actual |ead pitch of
the calibration unit; 81. Measure the vertical distance between | ead
features (delta_y) on the calibration unit; 8m Convert the delt_ y to mls
using real-time reference scaling; 8n. Calculate the vertical calibration
correction using the actual )
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| ead height of the calibration unit; 8o. Calibrate the canmera tilt with
respect to the calibration unit; and 8p. Store calibration results in a
file. Once’the unit has been calibrated; then inspection of devices is as
follows: BA. Read calibration data froma file; 19 8B. Read actua

dt mensions of real-time reference froma file; 8C. Measure horizontal

di nensions of real-tinme reference features in pixels; 8D. Measure verti cal

di rensions or real-tine reference featua§§ i'n pixels; 8E. Conpute real-tine
reference horizontal scale factor; _
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8F. Conpute real-tinme reference vertical scale factor: 8G Conpute
cofrected horizontal canera calibration for device under test; 8H Conpute
corrected vertical camera calibration for device under test; 81. Measure
vertical and horizontal position of |eads on device; 8J. Convert
neasurenents to mls using corrected canera calibration, (Lead_pitch_mlls)

(Lead _pitch_pixels) x (x_scale); 8K  Set Delta _y_nlls = (Delta
_y_plxels) X (yscale); and 8L. Correct |ead height differences for canmera
tilt. Figure 9 illustrates a second embogisgent of a calibration unit.
Calibration unit, 20 is. a single block 21 of material with sinulated | eads
22 spaced around the edge of bl'ock 21. Leads 22 have spaci ng and hei ght
that correspond.to that of typical sem conductor gevices, and are utilized
with the vision systemto calibrate a | ead neasurpnent system and by
scaling may be scaled to any parti cul af\g 'qak\thL,Z& has a recessed
portion 23 so

FIGURE 5

12

FIGURE 8



20 that the edges 24 extend outward from block 21 as woul d | eads on an
Fi gures 10a, 10b and 10c show the top, and sides of
21 WHAT | S CLAI MED: 1.

actual devi ce.
calibration unit 20.

A calibration unit for
“with a noveabl e scale reference for calibration of sem conductor package

outlines, conprising: a nonolithic rectangular block; and a plurality
.legs formed on and integal with said rectangular block, the |egs
spaced apart on said bl ock having 69
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arbitrary spaci ng i ndependent of a specific sem conductor device. 2. The
calibration unit according to claim1, wherein said |egs are oversized when
conpared with actual | eads on a sem conductor device to add strengh and to
prevent bending of said | egs. 3. The calibration unit according to claim
1,-wherein said |l egs are rectangul ar projections extending upward from a
surface of said nonolithic rectangul ar bl ock. 4. The calibration unit
according to claim1, wherein said nonolithic block has first and second
regi ons on the sides of the bl ock, said f¥Pst region |larger than said
second region, said first region representing the outside di nension of pins

on a sem conduct or devi ce. 22 5. The calibration unit according to
claim1l1, wherein said |egs
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extend upward and outward froma surface of said nonolithic rectangul ar
block. 6. The calibration unit according to claim5, wherein said outward’
ext endi ng portions extend from surface edges of said calibration unit. 7.
A calibration unit for use with a noveable scale reference for calibration
of sem conductor package outlines, conprising: a nonolithic rectangul ar

bl ock; and a plurality of 1legs formed on and integal wth said
rectangul ar bl ock, spaced apart on a surface of said bl ock having spacing
i ndependent from the spacing of a sem coggyctor device. 8. The calibration
unit according to claim?7, wherein said | egs are oversized when conpared
with actual | eads on a sem conductor device to add strengh and to prevent
bendi ng of said |legs. 9. The calibration unit according to claim?7,
wherein said | egs are rectangul ar projections extending upward from a
surface of said nonolithic rectangul ar bl ock.

FIGURE 9



23 10. The calibration unit according to claim7, wherein said nonolithic
bl ock has first and second regions on the sides of the block, said first

region larger than said second region, said first region representing the
ouf si de di nension of pins on a sem conductor device. 11. The calibration

unit "according to claim?7, wherein said outward extendi ng portions extend
fromsurface edges of said calibration unit.
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10. The calibration unit according to claim 7, wherein said

monolithic block has first and second regions on the sides of the
block, said first region larger than said second region, said first
region representing the outside dimension of pins on a

semiconductor device.

11. The calibration unit accoxrding to claim 7, wherein saigd

outward extending portions extend from surface edges of said

calibration unit.
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