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(57) ABSTRACT 
A system for semiconductor Wafer marking is provided. The 
system includes: (a) a ?rst positioning subsystem for posi 
tioning a laser marking ?eld relative to a Wafer, the posi 
tioning along a ?rst direction; (b) an alignment vision 
subsystem; (c) a laser marker including a laser for marking 
a location Within the marking ?eld With a laser marking 
beam; (d) a calibration program for calibrating at least one 
subsystem of the system; and (e) a controller. The marking 
?eld is substantially smaller than the Wafer, and the laser 
marker includes a scan lens for optically maintaining a spot 
formed by the beam on the Wafer Within an acceptable range 
about the location Within the marking ?eld so as to avoid 
undesirable mark variations associated With Wafer sag or 
other variations in depth Within the ?eld. 
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METHOD AND SYSTEM FOR MARKING A 
WORKPIECE SUCH AS A SEMICONDUCTOR 
WAFER AND LASER MARKER FOR USE 

THEREIN 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. provi 
sional application Serial No. 60/381,602, ?led May 17, 
2002. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to laser marking of Work 
pieces, including semiconductor substrates, Wafers, pack 
ages and the like. The invention is particularly adapted for, 
but not limited to, marking machine readable codes on a 
second side of semiconductor Wafers Which have a high 
density circuit patterns on a ?rst side, for instance chip scale 
packages having a high density of interconnects Which could 
be damaged by a marking beam, or Where space for codes 
is limited. 

[0004] 2. Background Art 

[0005] The folloWing representative patent references 
relate to various aspects of laser marking of Wafers and 
electronic assemblies, illumination, and inspection/reading 
marks: US. Pat. Nos. 4,522,656; 4,945,204; 5,329,090; 
6,309,943; 6,262,388; 5,929,997; 5,690,846; 5,894,530; 
5,737,122; and Japanese Patent Abstract 11135390. 

[0006] The folloWing representative references provide 
general information on various laser marking methods and 
system con?gurations and components: “Galvanometric and 
Resonant LoW Inertia Scanners”, Montagu, in Laser Beam 
Scanning, Marcel-Dekker, 1985, pp. 214-216; “Marking 
Applications noW Encompass Many Materials”, Hayes, in 
Laser Focus World, February 1997, pp. 153-160; “Commer 
cial Fiber Lasers Take on Industrial Markets”, Laser Focus 
World, May 1997, pp. 143-150. Patent Publications: WO 
96/16767, WO 98/53949, US. Pat. Nos. 5,965,042; 5,942, 
137; 5,932,119; 5,719,372; 5,635,976; 5,600,478; 5,521, 
628; 5,357,077; 4,985,780; 4,945,204; 4,922,077; 4,758, 
848; 4,734,558; 4,856,053; 4,323,755; 4,220,842; 4,156, 
124. 

[0007] Published Patent Applications WO0154854, pub 
lication date 2 Aug. 2001, entitled “Laser Scanning Method 
and System for Marking Articles such as Printed Circuit 
Boards, Integrated Circuits, and the Like” and WO0161275, 
published on 23 Aug. 2001, entitled “Method and System for 
Automatically Generating Reference Height Data for use in 
a Three-Dimensional Inspection System” are both assigned 
to the assignee of the present invention. Both applications 
are hereby incorporated by reference in their entirety. 

[0008] The WH 4100 Laser Marking System, produced by 
the assignee of the present invention, is a commercially 
available system for Wafer marking Wherein a single mark 
ing ?eld covers all die to be marked. 

[0009] Published US. Patent Application 2003/0024913 
A1 discloses a method and system for high resolution 
marking of articles such as printed circuit boards, integrated 
circuits and the like, including semiconductor packages such 
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as micro-BGAs and CSPs, and similar articles at a marking 
station, for instance in an assembly line for an electronic 
manufacturing process. 

[0010] US. Pat. No. 5,690,846 discloses a Workpiece 
processing system having an X-Y stage Which carries and 
moves thereon an object to be processed to Which the laser 
beam is applied, laser beam is used for trimming, locally 
marking the object to be processed, or for similar purposes. 
The object to be processed has a plurality of rectangular 
planar areas of the same shape as each other in a matrix form 
and adjoining the rectangular planar areas While not over 
lapping the rectangular planer area nor leaving any space 
therebetWeen. 

[0011] US. Pat. No. 5,329,090 describes a system for laser 
based Wafer marking. The system includes optics for beam 
expansion optics and a ?at-?eld focusing lens de?ning an 
optical beam path for radiation from a laser source to a focus 
point at surface of silicon Wafer positioned in a Writing 
position on Work table. Rotating galvanometer mirrors are 
used to move the beam, and connected to a controller 
through a communication channel. The galvanometer is 
regarded as conventional and Well knoWn to those skilled in 
the Wafer marking art. The ?at-?eld lens has a focal length 
of 100 mm and brings beam to a focus on the surface of 
Wafer irrespective of de?ections introduced by mirrors. 

[0012] Certain types of semiconductor Wafers are being 
produced With an increasing number of die and ?ner feature 
dimensions, While decreasing thickness of Wafers or similar 
Workpieces have increasing depth variations due to sag and 
Warpage. There is a need for a Wafer marking system Which 
can mark such Workpieces While avoiding degradation in 
mark quality, and/or position errors Which result in marking 
outside of designated regions. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide an 
improved method and system for marking a Workpiece such 
as a semiconductor Wafer and laser marker for use therein. 

[0014] In carrying out the above object and other objects 
of the present invention, a system for semiconductor Wafer 
marking is provided. The system comprises: (a) a ?rst 
positioning subsystem for positioning a laser marking ?eld 
relative to a Wafer, the positioning being along a ?rst 
direction; (b) an alignment vision subsystem; (c) a laser 
marker including a laser for marking a location Within the 
marking ?eld With a laser marking beam; (d) a calibration 
program for calibrating at least one subsystem of the system; 
and (e) a controller. The marking ?eld is substantially 
smaller than the Wafer. The laser marker includes means 
including a scan lens for optically maintaining a spot formed 
by the beam on the Wafer Within an acceptable range about 
the location Within the marking ?eld so as to avoid unde 
sirable mark variations associated With Wafer sag or other 
variations in depth Within the ?eld. 

[0015] Spot placement accuracy may be Within about one 
spot diameter over the marking ?eld. 

[0016] The scan lens may be a three element lens. 

[0017] The alignment vision subsystem may also include 
a substantially telecentric imaging lens. 
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[0018] The laser marker may include a movable optical 
element for focusing the laser marking beam onto the Wafer 
using computer control. 

[0019] The laser marker may include a computer-con 
trolled beam expander for adjusting the spot siZe. 

[0020] The spot siZe at a focus position of the marking 
beam may be in the range of about 25-40 microns and the 
marking ?eld siZe may be in a range of about 75-100 mm. 

[0021] The system may further include a second position 
ing subsystem for automatically positioning the Wafer rela 
tive to the laser marker along a direction substantially 
perpendicular to a plane of the Wafer. 

[0022] The second positioning subsystem may include 
means for supporting Wafers having predetermined siZes and 
for providing at least tWo degrees of freedom for relative 
positioning of the Wafers. 

[0023] The calibration program may include a three-di 
mensional calibration algorithm for calibrating the marker at 
a plurality of three-dimensional locations. 

[0024] The ?rst positioning subsystem may include an 
X-Y stage and the calibration program may include means 
for calibrating the alignment vision system, the X-Y stage, 
and the laser marker. 

[0025] The system may further include a vision inspection 
subsystem including a camera for inspecting the marks. 

[0026] The inspection subsystem may include an inspec 
tion positioning subsystem for positioning the Wafer relative 
to the camera. The inspection positioning subsystem may be 
separate from the ?rst positioning subsystem. 

[0027] The system may further include a ?rst imaging 
subsystem for imaging a ?rst side of the Wafer, and a second 
imaging subsystem for imaging a second side of the Wafer. 
The imaging subsystems may be used to superimpose an 
image of a mark on the second side of the Wafer With an 
image of a corresponding portion of the ?rst side. 

[0028] The system may further include a calibration target 
and an algorithm for substantially matching ?rst and second 
target images obtained With ?rst and second imaging sub 
systems so that the superimposed target images correspond. 

[0029] The laser may be a frequency double Vanadate 
laser having a green output Wavelength and a pulse Width 
less than about 50 ns. 

[0030] Further in carrying out the above object and other 
objects of the present invention, a method is provided for 
marking a semiconductor Wafer, Whereby a marking ?eld is 
substantially smaller than the Wafer. The method includes 
positioning a laser marking ?eld relative to the Wafer along 
a ?rst direction. The method further includes optically 
maintaining spot placement accuracy Within the marking 
?eld so as to avoid undesirable mark variation associated 
With Wafer sag or other variations in depth Within the ?eld, 
and marking the Wafer. 

[0031] The step of maintaining may be based on a prede 
termined relationship betWeen spot placement accuracy at a 
marker ?eld location and Wafer placement along the aXis, 
and the step of positioning the Wafer location relative to the 
marking ?eld may be based on the relationship, Whereby the 
spot placement accuracy is improved. 
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[0032] The step of maintaining may include the step of 
selecting a portion of the marking ?eld, and the step of 
positioning the Wafer relative to the marking ?eld may 
position the Wafer location to be marked Within the selected 
portion of the marking ?eld Whereby the spot placement 
accuracy is improved. 

[0033] The selected portion of the marking ?eld may have 
a preferred aXis With reduced telecentricity error. 

[0034] The selected portion of the marking ?eld may be a 
rectangular ?eld aligned With the preferred ads. 

[0035] The selected portion of the marking ?eld may be a 
substantial part of a quadrant With a reduced thermal drift 
characteristic. 

[0036] The method may further include automatically 
positioning a marking beam relative to the Wafer along an 
aXis substantially perpendicular to a plane of the Wafer so 
that the marking beam is incident at the marking location on 
the Wafer. The Wafer may thus be marked at the location 
notWithstanding variations in depth of the Wafer relative to 
a focus position of the marking beam. 

[0037] The step of positioning may be repeated for a 
plurality of positions. 

[0038] The positioning may include relatively positioning 
the Wafer and focus position of the marking beam. 

[0039] At least one of the steps of relatively positioning 
along the ?rst direction and along the aXis may be based on 
a predetermined estimate of Wafer sag. 

[0040] At least one of the steps of relatively positioning 
along the direction and along the aXis may be based on a 
measurement of a Wafer location With a depth sensor. 

[0041] At least one of the steps of relatively positioning 
along the direction and along the aXis may be based on a 
plane ?t to the Wafer. 

[0042] The Wafer may be translated along the ads. 

[0043] Positioning may be carried out using a movable 
lens element. 

[0044] The steps of relatively positioning in the ?rst 
direction and along the ads may be carried out concurrently. 

[0045] The method may include calibrating a system for 
carrying out the method. 

[0046] Aportion of the Wafer Within the marking ?eld may 
also be Within the marking ?eld at the plurality of positions. 

[0047] Still further in carrying out the above object and 
other objects of the present invention, a laser marker for 
marking Workpieces is provided. The marker includes a 
substantially telecentric scan lens for correcting spot place 
ment to Within about one spot diameter over a marking ?eld 
substantially smaller than the Workpiece so as to avoid 
undesirable mark variations associated With Workpiece sag 
or other variations in depth. 

[0048] The telecentricity error may be further reduced 
using pupil correction. 

[0049] The telecentricity error may be further reduced 
using additional scan lens elements. 



US 2004/0144760 A1 

[0050] The scan lens may be a color corrected telecentric 
scan lens. 

[0051] The marking ?eld may be a selected sub-?eld 
selected to further improve beam-positioning accuracy. 

[0052] The selected sub?eld may be a rectangular ?eld 
aligned With the preferred axis. 

[0053] Characteristics of marks may be determined by 
detecting radiation collected through the scan lens. 

[0054] At least one of the alignment vision system and the 
laser marker may include a focus or height sensor. 

[0055] An undesirable mark variation may include mark 
position, mark line Width, and mark contrast variation With 
depth. 
[0056] The scan lens may be a telecentric lens. 

[0057] The above object and other objects, features, and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the invention When taken in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] FIG. 1A illustrates a vieW of the ?rst side of 
semiconductor Wafer having articles, and a ?eld of vieW 
covering several articles; laser marking of each article is to 
occur in a corresponding ?eld on the backside of the Wafer; 

[0059] FIG. 1B shoWs an article of FIG. 1A in an 
expanded vieW; 
[0060] FIG. 1C is a broken aWay expanded vieW of four 
articles Within the ?eld shoWn in FIG. 1A; 

[0061] FIG. 1D illustrates exemplary tWo examples of 
circuitry Which may be present on various articles, for 
instance a ball grid array and circuit trace patterns; 

[0062] FIGS. 2A-2B shoWs several components of a 
marking system of the present invention With FIG. 2A 
shoWing the Workpiece and exemplary optical and mechani 
cal components, and FIG. 2B depicting a system controller; 

[0063] FIG. 2C illustrates, by Way of example (not to 
scale), ray diagrams associated With non-telecentric align 
ment and marking systems, particularly as applied to back 
side Wafer marking based on topside features; 

[0064] FIGS. 3A-3C are a number of vieWs Wherein FIG. 
3A shoWs a vieW of the second (bottom) side of the Wafer 
With a marking ?eld, corresponding to the ?eld of vieW of 
FIG. 1A, containing the articles of FIG. 1C; FIG. 3B is an 
illustration, in a broken aWay vieW, of marks formed Within 
a designated region on the second side; and FIG. 3C shoWs 
an expanded vieW of a marked article; 

[0065] FIG. 4 shoWs an example of a galvanometer beam 
positioning system, Which may be used in an embodiment of 
the invention for backside marking; 

[0066] FIG. 5A is a schematic diagram shoWing certain 
subsystems of a laser marking system for semiconductor 
Wafers for use in a production system; 

[0067] FIG. 5B is a schematic illustrating exemplary time 
ef?cient sequencing of operations for a Wafer marking 
process; 
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[0068] FIGS. 6A-6B shoW tWo alternative beam position 
ers, Which may be used alone or in combination for laser 
marking; 

[0069] FIGS. 7A-7D illustrates top, end, side, and per 
spective vieWs, respectively, of a Workpiece positioning 
mechanism for use in an embodiment of the present inven 

tion; 

[0070] FIGS. 8A-8D are top, end, side, and perspective 
vieWs, respectively, shoWing the use of tWo positioners of 
FIG. 7 for supporting and positioning a rectangular Work 
piece (up to and including 2 degrees of freedom); 

[0071] FIGS. 9A-9C are top, side, and perspective vieWs, 
respectively, shoWing the use of three positioners for sup 
porting and positioning a round Workpiece, for instance a 
300 mm Wafer (up to and including 3 degrees of freedom); 

[0072] FIG. 10A is a schematic representation of an 
exemplary laser and optical system for general Wafer mark 
ing (e.g., topside marker shoWn); 

[0073] FIG. 10B illustrates schematically degradation in 
mark quality (eg; due to cracking) With increasing laser 
penetration depth When compared to a mark produced using 
a method and system of the present invention; 

[0074] FIGS. 11A-11D relate to tWo and three-dimen 
sional calibration of the Workpiece processing system of 
FIGS. 2A and 2B With various calibration targets; 

[0075] FIGS. 11E-11J further illustrate various calibration 
target con?gurations for calibrating various subsystems 
Within a laser marking system; 

[0076] FIGS. 12A-12C illustrate several features that may 
be located Within a ?eld of vieW on a ?rst side of a Wafer, 
the feature locations being used to determine a position of a 
marking beam on the opposite side, for example; 

[0077] FIG. 12D illustrates coordinate systems and exem 
plary circuit features used for relating coordinates of a Wafer 
to be marked With a stored representation of the Wafer; 

[0078] FIGS. 13A-13C illustrate the design of a telecentric 
lens for use in a precision Wafer marking system With a 
deviation less than about 1 spot diameter over (1) an 80 mm 
Wide ?eld, and (2) a depth range corresponding to nominal 
Wafer sag and Warpage speci?cations; 

[0079] FIG. 14 illustrates schematically features of a laser 
mark on a semiconductor Wafer; 

[0080] FIG. 15 schematically illustrates a Wafer position 
ing system Wherein the Wafer is initially loaded in a hori 
Zontal position, and moved to a vertical position for align 
ment, marking, and inspection operations; 

[0081] FIG. 16 shoWs a Wafer holder capable of support 
ing Wafers in horiZontal, vertical, and upside doWn con?gu 
rations; and 

[0082] FIGS. 17A-17C shoW a calibration target and rep 
resentative superimposed image obtained With separate 
imaging systems so as to alloW for mark inspection and 
position veri?cation. 


































