
(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2001/0033598 A1 

Clyne 

US 20010033598A1 

(43) Pub. Date: Oct. 25, 2001 

(54) 

(76) 

(21) 

(22) 

(63) 

SEMICONDUCTOR WIREBOND MACHINE 
LEADFRAME THERMAL MAP SYSTEM 

Inventor: Craig T. Clyne, Boise, ID (US) 

Correspondence Address: 
TRASKBRITT, PC 
PO. Box 2550 
Salt Lake City, UT 84110 (US) 

Appl. No.: 09/879,244 

Filed: Jun. 11, 2001 

Related US. Application Data 

Continuation of application No. 09/505,332, ?led on 
Feb. 16, 2000, noW Pat. No. 6,273,605, Which is a 
continuation of application No. 08/943,782, ?led on 
Oct. 3, 1997, noW Pat. No. 6,071,009. 

Publication Classi?cation 

(51) Int. Cl? ........................... .. G01K 1/14; G01K 3/00; 
GOlK 11/32; GOlK 13/00 

(52) US. Cl. ....................... .. 374/137; 374/161; 374/120; 
374/141 

(57) ABSTRACT 

A method and apparatus for measuring the surface tempera 
tures of Wire-bonded semiconductors and the like for pre 
paring thermal maps include a conventional ultrasonic Wire 
bonding machine adapted for mounting a ?uorescence 
decay temperature sensor in the capillary holder. A trigger 
box circuit is provided to trigger a temperature measurement 
based on initiation of an electrical voltage signal from the 
ultrasonic bonding controller. A computer is provided for 
coordinating the stage control and temperature measure 
ments, and for collating and plotting the temperature, time 
and location indications as thermal maps and other dis 
played/printed correlations. 
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SEMICONDUCTOR WIREBOND MACHINE 
LEADFRAME THERMAL MAP SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 09/505,332, ?led Feb. 16, 2000, pending, Which is 
a continuation of application Ser. No. 08/943,782, ?led Oct. 
3, 1997, now US. Pat. No. 6,071,009, issued Jun. 6, 2000 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to testing methods 
and apparatus for semiconductor devices. More particularly, 
the invention pertains to a method and apparatus for mea 
suring localiZed temperatures present on semiconductor 
devices and the like for research and development purposes. 

[0004] 2. State of the Art 

[0005] Modem integrated circuit (IC) devices are com 
monly formed by joining the electrically active bond pads of 
a semiconductor die to the conductive lead ?ngers of a 
leadframe With metal Wires. The Wire bonding process may 
comprise: 

[0006] a. thermocompression bonding, Which uses 
pressure and elevated temperature, typically 300 
400° C. to bond the Wire ends to the bond pads and 
leadframe; 

[0007] b. thermosonic bonding, in Which ultrasonic 
energy is combined With compression at tempera 
tures of about 150° C.; or 

[0008] c. ultrasonic bonding, in Which ultrasonic 
energy is typically applied at ambient temperatures. 
This method is generally limited to some speci?c 
metals such as aluminum or aluminum alloy Wires on 
aluminum or gold pads. 

[0009] As is Well knoWn, the functionality of manufac 
tured electronic devices depends upon successful bonding of 
the Wires to the bond pads of the die and to the lead ?ngers. 

[0010] In each of thermocompression bonding and ther 
mosonic bonding, reliability of the bonding process depends 
upon the temperatures of the elements being joined. 

[0011] It is important for a semiconductor device manu 
facturer to have the capability for evaluating the quality of 
conductor bonds, such as Wirebonds, leadframe to bump 
bonds, etc. Evaluation of the bonding process includes, e.g., 
destructive ball shear tests and Wire bond pull tests as Well 
as contaminant tests such as by spectrographic analysis. 

[0012] In addition, thermal analysis of the die and lead 
frame may be done during the conductor bonding operations 
to yield an indication as to Wire bonding quality. Thus, for 
example, US. Pat. No. 5,500,502 of Horita et al. describes 
a process for bonding a leadframe to a bump using laser 
irradiation. The state of contact betWeen the leadframe and 
the bump is then tested using the intensity of the emitted 
infrared radiation as a measure of the leadframe temperature. 
Knowing the time lapse betWeen the laser radiation and the 
measured temperature, the temperature as a function of time 
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may be calculated, particularly a threshold temperature 
correlated to bond effectiveness and the resulting quality of 
the Wire bond. 

[0013] The Horita et al. method does not address the 
testing of Wirebonds. Furthermore, the method depends 
upon the emission and re?ection of infrared radiation, Which 
varies With the surface characteristics of the material Whose 
temperature is being measured. As is Well knoWn, both 
semiconductor dies and leadframes are made of a variety of 
materials, each of Which may have a differing emission/ 
re?ection temperature function When laser-irradiated. In 
addition, a Wide variety of materials is used for doping 
semiconductor dice and for coating dice. For example, US. 
Pat. No. 5,256,566 of Bailey teaches the coating of dice With 
polysilicon. Thus, the infrared temperature meter must be 
calibrated for each material, making temperature measure 
ments labor intensive. 

[0014] Furthermore, the presence of contaminants on the 
die or leadframe surfaces Will affect the accuracy of the 
Horita et al. method. 

[0015] A method and apparatus for accurately measuring 
the temperature of very small areas of surfaces, independent 
of the surface composition, are desirable for research and 
development purposes in the semiconductor die area. 

SUMMARY OF THE INVENTION 

[0016] The present invention is directed to a method and 
apparatus for accurately measuring the temperature of pre 
cisely de?ned areas of surfaces of materials having a Wide 
variety of compositions, such as a semiconductor die and/or 
leadframe. 

[0017] An apparatus and method for producing a com 
puter-generated thermal map of the surface of a semicon 
ductor die and/or attached leadframe, Wafer, or other object 
are described herein. The apparatus may be used to measure, 
compile, collate, plot, and display temperatures of a die and 
its associated leadframe ?ngers for evaluating a manufac 
turing process. The apparatus may be con?gured to back 
calculate measured real-time temperatures to a predeter 
mined initial time for preparing thermal maps, e. g., initial or 
maXimum temperatures as a function of location and time. 

[0018] The apparatus includes (a) a ?ber-optic tempera 
ture sensor mounted on the bondhead of a Wirebonding 
machine, and connected to (b) a thermometer apparatus 
Which calculates a temperature based on the sensor output 
via a (c) signal isolation trigger boX having a circuit Which 
is connected to the ultrasonic generator output of the Wire 
bonding machine, Whereby a temperature measurement is 
initiated, and to (d) a computer having softWare for control 
ling the Wirebonding machine and trigger boX and for 
storing and collating temperature measurements (and other 
measurements) from the thermometer controller and Wire 
bonding machine. 

[0019] The invention may be applied to temperature mea 
surements on a die, Wafer, semiconductor device at any stage 
of construction, or surfaces of other objects of interest. The 
temperature measurements may be “rastered” over the sur 
face by the stage controller, using any desired increment of 
movement, because the temperature sensor tip may have a 
siZe approximating the siZe of the area of Which the tem 
perature is to be measured. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0020] The invention is illustrated in the following ?gures, 
Wherein the elements are not necessarily shoWn to scale. 

[0021] FIG. 1 is a block diagram of a temperature mea 
surement system illustrating the method and apparatus com 
ponents of the invention for compiling a thermal map of a 
semiconductor die and leadframe; 

[0022] FIG. 2 is a partial perspective vieW of a ?ber-optic 
temperature sensor mounted on a Wire bonder head for 
thermal mapping of a die in accordance With the invention; 

[0023] FIG. 3 is a side vieW of an optical sensor mount of 
the invention; and 

[0024] FIG. 4 is a circuit diagram of a signal isolation 
trigger box of a temperature measurement system of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] A method and apparatus are disclosed herein for 
measuring temperatures of semiconductor dies and lead 
frames for producing thermal maps and other representa 
tions of the measured temperatures as a function of either 
location and/or time. 

[0026] With reference to the draWings of FIGS. 1-4, and 
particularly to FIG. 1, a block diagram shoWs the four major 
components of the temperature measuring apparatus 10. 

[0027] AWire-bonding machine 12 such as exists in the art 
is modi?ed as described, infra, for obtaining accurate optical 
temperature signals at or near surface 40 of a semiconductor 
device 20 (see FIG. 2), and relaying the signals via a 
?ber-optic lead or cable 22 to a thermometer controller 14. 
The thermometer controller 14 determines the measured 
temperatures from the signals and transmits the temperature 
data from the thermometer controller 14 to a computer 18 
via a transmission cable 24 such as a standard IEEE488 bus. 
The computer 18 may be any suitable standard personal 
computer (PC) having softWare for storing and manipulating 
data including temperature, time and position measurements 
in digital form, controlling other apparatus, and displaying 
by monitor or printed document the measured readings in a 
meaningful correlation. 

[0028] The invention includes a trigger box 16 Which has 
an electronic trigger circuit connectable to the computer 18 
by, e.g., a PC Game Control Adapter Port 28 located thereon. 
The trigger box 16 provides a signal through computer 18 
and transmission cable 24 by Which the thermometer con 
troller 14 passes a light pulse through the ?ber-optic cable 22 
initiating a temperature measurement. Typically, the Wire 
bonding machine 12 has its oWn softWare programs for 
sequentially positioning the semiconductor device 20 and 
initiating Wirebonding by, e.g., ultrasonic generation. The 
circuit of the trigger box 16 is shoWn connected via trans 
mission cable 26 to the ultrasonic generator signal VOut of 
the Wire bonding system for coordination of the temperature 
measurement activation With position control of the Wireb 
onding machine 12. In the present invention, the ultrasonic 
generation signal otherWise used for Wirebonding is trans 
lated into a temperature measurement signal. The position 
ing and activation of the temperature probe (see FIG. 2) are 
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thus controlled by the softWare programs of the Wirebonding 
machine 12 and/or the computer 18 to provide the desired 
location-time response. 

[0029] The softWare of the computer 18 coordinates the 
timing, recording, and correlation of temperature measure 
ments With position and time. 

[0030] In FIG. 2, an exemplary bondhead 32 of a Wireb 
onding machine 12 is depicted as including a bonding arm 
34 With a terminal capillary holder 36. The capillary holder 
36 includes a channel 38 through Which a Wire-dispensing 
capillary normally passes, dispensing Wire for bonding a 
semiconductor die to a leadframe. As shoWn in the modi? 
cation of FIG. 2, an optic temperature sensor 42 With 
attached ?ber-optic lead 22 is mounted in a sensor mount 44 
of the invention, and the sensor mount is, in turn, placed in 
the channel 38. Thus, the sensor mount 44 replaces the 
capillary in this con?guration. The sensor 42 has a sensor tip 
46, and an opposite, i.e., signal output end 47 of the 
?ber-optic lead 22 conducts pulses of light from the ther 
mometer controller 14 to the sensor tip 46, and conducts the 
resulting ?uorescence in the reverse direction to the ther 
mometer controller for calculation of a temperature. 

[0031] The optic sensor 42 has a sensing tip 46 Which may 
comprise a phosphorescent material Which, folloWing acti 
vation by a pulse of light radiation, emits ?uorescent light at 
a decaying rate dependent upon temperature. For some 
applications, the phosphor may be applied as a coating to the 
measured surface, and the emitted light signal detected 
remotely, i.e., Without contact of the sensor With the surface. 
Temperature measurement sensors and thermometer con 
trollers using the above-described principles are commer 
cially available from Luxtron Corporation, Santa Clara, 
Calif., for example, as embodied in a Luxtron Model 790 
FluoropticTM Thermometer. A suitable available diameter of 
a sensor tip 46 is approximately 25 microns. Thus, tempera 
tures of small areas on a semiconductor die, lead ?nger, etc. 
(as small as about 25 microns) may be accurately deter 
mined in about 500 milliseconds using such a sensor tip 46. 

[0032] As shoWn in FIG. 2, the temperatures of the active 
surface 40 of a semiconductor device 20 may be rapidly 
determined at each of an array of closely spaced measure 
ment locations 48. These locations 48 may be on the 
semiconductor device surface 40, leadframe surface, or 
other surface. The apparatus may be used for measuring 
temperatures of both inner leads and outer leads of a 
semiconductor device. As is knoWn in the art, the stage or 
platform, not shoWn, upon Which device 20 is mounted, may 
be moved, i.e., “rastered” along small directional increments 
in both an X-axis 52 and a Y-axis 54, controlled by a stage 
or platform movement program Within the Wirebond 
machine 12 or in computer 18. In addition, the stage or the 
bonding arm 34 may be moved in a vertical Z-axis 55 to 
control the proximity of the sensor tip 46 to the surface 40 
being measured. Temperature measurements may be 
obtained in rapid succession at the desired locations and 
times, enabling creation of thermal maps indicating surface 
temperatures as a function of location and/or time. If 
desired, the temperatures prior to the ?rst measurement, e. g., 
a maximum initial temperature, may be estimated by rear 
Ward extrapolation of a subsequently-measured time-tem 
perature curve. 

[0033] Referring to draWing FIG. 3, shoWn is a sensor 
mount 44 of the invention, placed in a channel 38 of a 



US 2001/0033598 A1 

capillary holder 36, the latter shown With an annular cross 
section. The sensor mount 44 comprises a series of tubing 
members 56, 58, 60, 62 and 64 Which are concentrically, 
coaxially ?tted together to form a rigid mount through Which 
a ?ber-optic lead or cable 22 passes. The mount 44 is shoWn 
as including an outer housing 56 into Which an upper 
housing 58 and a loWer housing 60 are ?tted. The loWer 
housing 60 is shoWn With a bend 50 having an angle 66 of 
about 15 degrees to about 60 degrees (15° to 60°). Thus, the 
outer housing 56 Will be at an angle 66 With respect to the 
axis 68 of the sensor 42. An upper cable support 62 is ?tted 
into the upper end of the upper housing 58, and a loWer 
sensor support 64 is ?tted into the loWer end of the loWer 
housing 60 before it is bent. The ?ber-optic cable or lead 22 
?ts Within the sensor mount 44. The sensor 42 may be 
press-?tted or cemented in the loWer sensor support 64 to 
prevent any movement therein. It is important that the sensor 
42 is uniformly positioned in the capillary holder 36 for 
uniformly precise contact With, or distance from, the surface 
40 Whose temperature is to be measured. Thus, the distance 
72 betWeen the center of the bonding arm 34 and the sensor 
tip 46 is maintained at a constant value. 

[0034] An exemplary sensor mount 44 may be formed 
using the folloWing elements for an optical sensor of 
approximately 0.026 inch diameter: 

[0035] An Outer Housing 56: approximately 1.50 
inches long stainless steel tubing, having an outside 
diameter equal to approximately 0.109 inch, an 
inside diameter equal to approximately 0.085 inch. 

[0036] An Upper Housing 58: approximately 1.80 
inches long stainless steel tubing, having an outside 
diameter equal to approximately 0.083 inch and an 
inside diameter equal to approximately 0.063 inch. 

[0037] A Lower Housing 60: approximately 0.80 
inch long stainless steel tubing, having an outside 
diameter equal to approximately 0.083 inch and an 
inside diameter equal to approximately 0.063 inch. 

[0038] An Upper Cable Support 62: approximately 
0.25 inch long stainless steel tubing, having an 
outside diameter equal to approximately 0.065 inch 
reduced to 0.061 inch and an inside diameter equal 
to approximately 0.047 inch. 

[0039] A LoWer Sensor Support 64: approximately 
0.65 inch long stainless steel tubing, having an 
outside diameter equal to approximately 0.063 inch 
and an inside diameter of approximately 0.023 inch 
drilled out to a 0.026 inch diameter. 

[0040] The sensor 42 With ?ber-optic cable 22 is strung 
through the upper cable support 62, upper housing 58, outer 
housing 56, loWer housing 60, and loWer sensor support 64. 
The sensor 42 is ?xed Within the loWer sensor support 64 so 
that the arm-to-sensor tip distance 72 conforms to that 
programmed into the Wirebonder softWare. Auseful distance 
72 for a particular Wirebond machine may be 0.36 inch. 

[0041] FolloWing assembly of the loWer sensor support 64 
Within the loWer housing 60, both are bent at a bend radius 
of, e.g., 0.25 inch. The upper housing 58 and loWer housing 
60 (containing a part of the loWer sensor support 64 and the 
?ber-optic cable 22) are partially inserted and ?tted Within 
the outer housing 56. The upper cable support 62 is ?xed in 
the upper housing 58. 
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[0042] The completed sensor mount 44 is inserted in the 
capillary channel 38 or into another channel, not shoWn, in 
an extrinsic or intrinsic part of the “bonding” arm 34, 
maintaining the desired arm-to-sensor tip distance 72. The 
sensor mount 44 may be permanently bonded to a capillary 
holder 36 Which is removable from the bonding arm 34. 
Sensors 42 of other siZes or types are easily interchanged. 
For example, speci?c sensors are available for contact and 
non-contact applications. 

[0043] While sensors 42 having tips 46 having a diameter 
of approximately 25 microns are available, sensors of any 
other suitable siZes and types may be used, generally requir 
ing a modi?cation in the tubing siZes used to form the sensor 
mount 44. 

[0044] Materials other than stainless steel may be used, 
and, of course, members of other dimensions may be used, 
depending upon the dimensions of the ?ber-optic sensor 42 
and capillary channel 38. 

[0045] Referring to draWing FIG. 4, shoWn is a trigger 
box circuit 70 by Which a signal for initiating a temperature 
measurement is generated and transmitted to the thermom 
eter controller 14. 

[0046] The trigger box circuit 70 includes a primary 
circuit 74 activated by the voltage VOut 76 across the 
Wirebonder ultrasonic generator 78. The primary circuit 74 
includes a voltage source 80 Which applies a constant 
voltage 82 across a series-connected recti?er diode 84 and 
an NPN bipolar transistor 86. The positive output terminal 
88 of the Wirebonder ultrasonic generator 78 is connected to 
the base 92 of the NPN bipolar transistor 86, and the 
negative output terminal 90 is connected to the collector 94 
of the transistor 86. Thus, a voltage signal 76 from the 
ultrasonic generator 78 results in a signi?cant current gain or 
ampli?cation. 
[0047] The primary circuit 74 includes resistors 96 and 98 
to control the circuit current. 

[0048] A secondary circuit 100 includes a transistor 102 
comprising a bilateral trigger diode having a grounded 
collector 101. The transistor 102 is triggered by current ?oW 
through the recti?er diode 84 to provide a voltage signal to 
the computer 18, and thence to the thermometer controller 
14. The secondary circuit 100 is preferably connected to a 
computer 18 by a PC Game Control Adapter Port 104, 
controlled by an IBM standard PC Game Port Card and 
providing a ground lead 106, a constant voltage lead 108 
having a series resistor 112, and a trigger lead 110. The 
transistor 102 and recti?er diode 84 together comprise a 
trigger 77. 

[0049] In one example of a trigger box circuit 70 of the 
invention, the folloWing speci?cations may be used: 

[0050] transistor 86: N2221 

[0051] transistor 102: 4N2G 

[0052] recti?er diode 84: any suitable type 

[0053] resistor 96: 200 ohms 

[0054] resistor 98: 2000 ohms 

[0055] resistor 112: 5100 ohms 

[0056] voltage source 80: +6.0 volts 

[0057] constant voltage lead 108: +5.0 volts 
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[0058] When making temperature measurements Without 
bonding Wires, the ultrasonic generator is disconnected from 
its ultrasonic generator controller 78, and the voltage output 
76 is used only to trigger the pulse of light in the thermom 
eter controller 14 for temperature measurement. 

[0059] As described herein, the temperature measuring/ 
plotting apparatus may be used to plot temperatures on 
thermal maps of various con?gurations, as determined by 
the programs in the computer 18, Wirebond machine 12 
and/or thermometer controller 14. Thus, temperatures may 
be presented as time functions or location functions, or both, 
on a “map” or other numerical or graphical display format. 
For eXample, a series of thermal maps, each representing a 
different time interval from a given event, may be prepared 
to depict isothermal lines on the measured surface. Such Will 
be useful in research and development studies related to 
semiconductor device manufacturing. 

[0060] Use of a temperature measuring apparatus Whose 
accuracy is not dependent upon surface characteristics is of 
great advantage, eliminating the repeated calibrations oth 
erWise required. 

[0061] Exemplary signal transmission cables and connec 
tions are indicated as connecting the major elements of the 
invention. HoWever, other signal transmission apparatus 
may be used, including Wireless infrared transmission, for 
eXample. 
[0062] While the present method and apparatus have been 
described With respect to the modi?cation of a conventional 
Wire bonding apparatus, any suitable apparatus may be used 
Which can provide the necessary parameters for the opera 
tion and control of the temperature measurement method 
and apparatus. 

[0063] It may be evident to persons skilled in the art that 
various changes and modi?cations may be made in the 
temperature measuring method and apparatus of the inven 
tion as disclosed herein Without departing from the spirit and 
scope of the invention as de?ned in the folloWing claims. 

What is claimed is: 
1. A thermal mapping apparatus for measuring tempera 

tures on at least a portion of a surface of an object for 
forming correlations of measured temperatures With loca 
tions on said surface of said object at a time of the mea 
surement of said temperatures, said thermal mapping appa 
ratus comprising: 

a Wire bonding machine having a bonding arm and an 
ultrasonic bonding generator controller; 

a sensor probe mount attached to said bonding arm of said 
Wire bonding machine; 

a decay temperature sensor probe having a conductor 
having a sensing tip located on one end thereof and 
having an opposite signal output end, said decay tem 
perature probe mounted in said sensor probe mount 
attached to said bonding arm of said Wire bonding 
machine; 

pulse generating apparatus connected to said opposite 
signal output end of said decay temperature sensor 
probe to generate a pulse through said conductor to 
material at said sensing tip and receiving from said 
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opposite signal output end a signal representative of a 
temperature at said sensing tip; 

an electronic trigger circuit connected to said Wire bond 
ing machine for initiating the generation of said pulse, 
said electronic trigger circuit initiating a signal for a 
temperature measurement upon receiving a voltage 
signal comprising an output signal of said ultrasonic 
bonding generator controller of said Wire bonding 
machine; 

thermometer apparatus for calculating a temperature indi 
cation from said signal representative of a temperature 
at said sensing tip; 

stage apparatus attached to a portion of said Wire bond 
machine for mounting said object thereon; 

control apparatus for manipulating a position of said stage 
apparatus relative to the sensing tip; and computing 
apparatus having softWare for receiving said tempera 
ture indication, and correlating and storing said tem 
perature indication in machine-readable form as a func 
tion of one of time and location on at least a portion of 
said surface of said object. 

2. The apparatus of claim 1, Wherein said sensor probe 
mount comprises a plurality of concentric tubular members 
connected together for passage of said conductor there 
through and attachment of said decay temperature sensor at 
one end thereof. 

3. The apparatus of claim 1, Wherein said computing 
apparatus comprises software for correlating said tempera 
ture indication With one of time and location on said surface 
of said object as a thermal map. 

4. The apparatus of claim 1, Wherein said sensor probe 
mount is mountable in a channel of capillary holder. 

5. The apparatus of claim 1, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said bonding arm of said Wire bonding machine. 

6. An apparatus for the thermal mapping of temperatures 
on at least a portion of a surface of an object and for forming 
correlations of measured temperatures With locations on said 
surface, said apparatus comprising: 

a Wire bonding machine including an arm and an ultra 
sonic bonding generator controller; 

a sensor probe mount attached to said arm of said Wire 

bonding machine; 

a decay temperature sensor probe having a conductor 
having an end having a sensing tip thereon and an 
opposite signal output end, said decay temperature 
sensor probe mounted in said sensor probe mount 
attached to said arm of said Wire bonding machine; 

pulse generating apparatus connected to said opposite 
signal output end of said conductor for generating a 
pulse of light through said conductor to material at said 
sensing tip and receiving from said opposite signal 
output end a signal representative of a temperature at 
said sensing tip; 

an electronic trigger circuit connected to said Wire bond 
ing machine for initiating the generation of said pulse 
of light, said electronic trigger circuit initiating a signal 
for a temperature measurement upon receiving a volt 
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age signal comprising an output signal of said ultra 
sonic bonding generator controller of said Wire bonding 
machine; 

thermometer apparatus for calculating a temperature indi 
cation from said signal representative of a temperature 
at said sensing tip; 

apparatus for mounting said object thereon; 

control apparatus for manipulating a position of said 
apparatus for mounting relative to the sensing tip 
mounted on said arm of said Wire bonding machine; 
and 

computing apparatus having softWare for receiving said 
temperature indication, and correlating and storing said 
temperature indication as a function of time and loca 
tion on at least a portion of said surface of said object. 

7. The apparatus of claim 6, Wherein said sensor probe 
mount comprises a plurality of concentric tubular members 
connected together for passage of said conductor there 
through and attachment of said decay temperature sensor 
probe mount at one end thereof. 

8. The apparatus of claim 6, Wherein said computing 
apparatus includes softWare for correlating said temperature 
indication With time and location on said surface of said 
object as a thermal map. 

9. The apparatus of claim 6, Wherein said sensor probe 
mount is mountable in a channel of a capillary holder. 

10. The apparatus of claim 6, Wherein said sensor probe 
mount is mounted in a capillary holder removable from said 
arm of said Wire bonding machine. 

11. An apparatus for thermal mapping of temperatures on 
at least a portion of a surface of an object and forming 
correlations of measured temperatures With locations on at 
least a portion of said surface, said apparatus comprising: 

a Wire bonding machine including an arm and an ultra 
sonic bonding generator controller; 

a sensor probe mount attached to said arm of said Wire 

bonding machine; 

a ?uorescence decay temperature sensor probe having a 
conductor having a sensing tip on one end thereof and 
having an opposite signal output end, said ?uorescence 
decay temperature sensor probe mountable in said 
sensor probe mount attached to said arm of said Wire 
bonding machine; 

pulse generating apparatus connected to said opposite 
signal output end for generating a pulse through said 
conductor to phosphorescent material at said sensing 
tip and receiving from said opposite signal output end 
of said conductor a decaying phosphorescent signal 
representative of a temperature at said sensing tip; 

an electronic trigger circuit connected to said Wire bond 
ing machine for initiating the generation of said pulse, 
said electronic trigger circuit initiating a signal for a 
temperature measurement upon receiving a voltage 
signal comprising an output signal of said ultrasonic 
bonding generator controller of said Wire bonding 
machine; 

thermometer apparatus for calculating a temperature indi 
cation from said decaying phosphorescent signal; 
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a stage apparatus for mounting said object thereon; con 
trol apparatus for manipulating a position of said stage 
apparatus relative to the sensing tip; and 

computing apparatus having softWare for receiving said 
temperature indication, and correlating and storing said 
temperature indication as a function of time and loca 
tion on at least a portion of said surface of said object. 

12. The apparatus of claim 11, Wherein said object 
includes one of a semiconductor die, leadframe, substrate, 
and other electronic device. 

13. The apparatus of claim 11, Wherein said sensor probe 
mount attached to said arm of said Wire bonding machine 
comprises a plurality of connected concentric tubular mem 
bers for passage of said conductor therethrough and attach 
ment of said sensor probe mount at one end thereof. 

14. The apparatus of claim 11, Wherein said computing 
apparatus comprises softWare for correlating said tempera 
ture indication With time and location on said surface as a 
thermal map. 

15. The apparatus of claim 11, Wherein said sensor probe 
mount is mountable in a channel of a capillary holder. 

16. The apparatus of claim 11, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said arm of said Wire bonding machine. 

17. A method for thermal mapping of at least a portion of 
a surface of an object comprising: 

providing a Wire bonding machine including an arm and 
an ultrasonic bonding generator controller; 

providing a sensor probe mount on said arm of said Wire 
bonding machine; 

providing a temperature sensor probe having a conductor 
having a sensing tip on one end thereof and a signal 
output end on another end thereof attached to said arm 
of said Wire bonding machine; 

initiating generation of a pulse using an electronic trigger 
circuit connected to said arm of said Wire bonding 
machine, said electronic trigger circuit for a tempera 
ture measurement upon receiving a voltage signal com 
prising an output signal of an ultrasonic bonding gen 
erator controller of said Wire bonding machine; 

generating a pulse through said conductor to material at 
said sensing tip via means connected to said signal 
output end; 

receiving from said signal output end a signal represen 
tative of a temperature at said sensing tip in a compu 
tational apparatus having softWare; and 

calculating a temperature indication from said signal. 
18. The method of claim 17, further including: 

correlating and storing said temperature indication as a 
function of time and location on at least a portion of 
said surface of said object. 

19. The method of claim 18, further including: 

mounting said object on a support apparatus; and 

manipulating a position of said support apparatus relative 
to the sensing tip using a control apparatus. 

20. The method of claim 17, Wherein said object includes 
one of a semiconductor Wafer, semiconductor die, lead 
frame, substrate, and other electronic device. 
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21. The method of claim 17, wherein said sensor probe 
mount comprises a plurality of connected members for 
passage of said conductor therethrough and attachment of 
said sensor probe mount at one end thereof. 

22. The method of claim 18, Wherein said correlating said 
temperature indication With time and location on said sur 
face includes correlating said temperature indication as a 
thermal map of said at least a portion of said surface of said 
object. 

23. The method of claim 17, further including mounting 
said sensor probe mount in a channel of a capillary holder on 
said arm of said Wire bonding machine. 

24. The method of claim 17, further including perma 
nently mounting said sensor probe mount in a capillary 
holder removable from said arm. 

25. A method for thermal mapping of at least a portion of 
the surface of an object comprising: 

providing a Wire bonding apparatus including an arm and 
an ultrasonic bonding generator controller; 

providing a sensor probe mount on a portion of said arm 
of said Wire bonding apparatus; 

providing a temperature sensor probe having conductor 
having a sensing tip end and a signal output end; 

mounting said probe in said sensor probe mount on said 
portion of said arm of said Wire bonding apparatus; 

initiating the generation of a pulse using an electronic 
trigger circuit connected to said Wire bonding appara 
tus, said electronic trigger circuit initiating a signal for 
a temperature measurement upon receiving a voltage 
signal comprising an output signal of said ultrasonic 
bonding generator controller of said Wire bonding 
apparatus; 

generating a pulse through said conductor to material at 
said sensing tip end via apparatus connected to said 
signal output end; 

receiving from said signal output end a signal represen 
tative of a temperature at said sensing tip in computa 
tional apparatus having softWare; 

calculating a temperature indication from said signal; and 

correlating and storing said temperature indication as a 
function of time and location on said surface of said 
object. 

26. The method of claim 25, further including: 

mounting said object on a support apparatus, said support 
apparatus part of said Wire bonding apparatus; and 

manipulating the position of said support apparatus rela 
tive to the sensing tip using a control apparatus. 

27. The method of claim 25, Wherein said object includes 
one of a semiconductor Wafer, semiconductor die, lead 
frame, substrate, and other electronic device. 

28. The method of claim 25, Wherein said sensor probe 
mount comprises at least tWo concentric connected tubular 
members for passage of said conductor therethrough and 
attachment of said sensor probe mount at one end thereof. 

29. The method of claim 25, Wherein said step of corre 
lating said temperature indication With time and location on 
said surface of said object as a thermal map uses said 
computational apparatus. 
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30. The method of claim 25, Wherein said sensor probe 
mount is mountable in a channel of a capillary holder. 

31. The method of claim 25, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said Wire bonding apparatus. 

32. A method for measuring temperatures on at least a 
portion of a surface of an object comprising: 

providing a Wire bonding machine including an arm, a 
mounting apparatus, and an ultrasonic bonding genera 
tor controller; 

mounting a sensor probe mount on said arm of said Wire 
bonding machine; 

providing a miniature ?uorescence temperature sensor 
probe having a conductor having a sensing tip end and 
an opposite signal output end, said miniature ?uores 
cence temperature sensor probe mounted in said sensor 
probe mount on said arm of said Wire bonding machine; 

providing an apparatus connected to said opposite signal 
output end; 

initiating a signal using an electronic trigger circuit con 
nected to the Wire bonding machine for a temperature 
measurement upon receiving a voltage signal compris 
ing an output signal of said ultrasonic bonding genera 
tor controller of said Wire bonding machine; 

generating a light pulse through said conductor to phos 
phorescent material at said sensing tip end; 

receiving from said opposite signal output end a decaying 
phosphorescent signal representative of a temperature 
at said sensing tip end; 

initiating the generation of said light pulse using the 
electronic trigger circuit connected to said Wire bond 
ing machine; 

calculating a temperature indication from said decaying 
phosphorescent signal; 

mounting said object on said mounting apparatus of said 
Wire bonding machine; 

manipulating a position of said mounting apparatus rela 
tive to the sensing tip end; 

computing and correlating and storing said temperature 
indication as a function of time and location on said 
surface of said object using a computational apparatus. 

33. The method claim 32, Wherein said object includes 
one of a semiconductor Wafer, semiconductor die, lead 
frame, substrate, and other electronic device. 

34. The method of claim 32, Wherein said sensor probe 
mount comprises a plurality of concentric connected tubular 
members for passage of said conductor therethrough and 
attachment of said sensor probe mount at one end thereof. 

35. The method of claim 32, Wherein said computational 
apparatus includes softWare for correlating said temperature 
indication With location on said surface as a thermal map. 

36. The method of claim 32, Wherein said computational 
apparatus includes softWare for correlating said temperature 
indication With time and location on said surface as a 
thermal map. 

37. The method of claim 36, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said arm of said Wire bonding machine. 
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38. An apparatus for measuring temperatures on a semi 
conductor die having an active surface having at least one 
bond pad thereon having one end of a Wire bonded thereto 
in a Wire bonding operation and forming correlations of 
measured temperatures With locations on said active surface 
of said semiconductor die at a time of the measurement of 
said temperatures subsequent to bonding of an end of a Wire 
to said at least one bond pad on said active surface of said 
semiconductor die, said apparatus comprising: 

a Wire bonding machine having a bonding arm and an 
ultrasonic bonding generator controller; 

a sensor probe mount attached to said bonding arm of said 
Wire bonding machine; 

a decay temperature sensor probe having a ?ber optic 
conductor With a sensing tip and an opposite signal 
output end, said decay temperature sensor probe 
mountable in said sensor probe mount attached to said 
bonding arm of said Wire bonding machine; 

light pulse generating apparatus connected to said oppo 
site signal output end for generating a pulse of light 
through said ?ber optic conductor to material at said 
sensing tip and receiving from said opposite signal 
output end a decaying signal representative of a tem 
perature at said sensing tip; 

a signal isolation trigger circuit connected to said Wire 
bonding machine for initiating the generation of said 
light pulse, said signal isolation trigger circuit initiating 
a signal for a temperature measurement upon receiving 
an electrical voltage signal comprising an output signal 
of said ultrasonic bonding generator controller of said 
Wire bonding machine; 

calculating apparatus for calculating a temperature indi 
cation from said decaying signal; 

stage apparatus for mounting said semiconductor die 
thereon attached to a portion of said Wire bonding 
machine; 

control apparatus for manipulating a position of said stage 
apparatus relative to the sensing tip; and 

computing apparatus having softWare for receiving said 
temperature indication, and correlating and storing said 
temperature indication in machine-readable form as a 
function of one of time and location on said active 
surface of said semiconductor die subsequent to the 
bonding of one end of a Wire to said at least one bond 
pad on the active surface of said semiconductor die. 

39. The apparatus of claim 38, Wherein said semiconduc 
tor die includes one of a semiconductor die in Wafer form, 
a semiconductor die having at least one bond pad connected 
to a portion of a leadframe and other semiconductor die 
electronic devices. 

40. The apparatus of claim 38, Wherein said sensor probe 
mount comprises a plurality of concentric tubular members 
overlappingly ?tted together for passage of said ?ber-optic 
conductor therethrough and attachment of said decay tem 
perature sensor probe at one end thereof. 

41. The apparatus of claim 38, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said bonding arm of said Wire bonding machine. 
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42. An temperature measuring apparatus comprising: 

a Wire bonding machine having an arm and an ultrasonic 
bonding generator controller; 

a sensor probe mount attached to said arm of said Wire 

bonding machine; 
a decay temperature sensor probe having a ?ber optic 

conductor With a sensing tip and an opposite signal 
output end, said decay temperature sensor probe 
mounted in said sensor probe mount attached to said 
arm of said Wire bonding machine; 

light pulse generating apparatus connected to said oppo 
site signal output end for generating a pulse of light 
through said ?ber optic conductor to material at said 
sensing tip and receiving from said opposite signal 
output end a decaying signal representative of a tem 
perature at said sensing tip; 

a signal isolation trigger circuit connected to said Wire 
bonding machine for initiating the generation of said 
light pulse, said signal isolation trigger circuit initiating 
a signal for a temperature measurement upon receiving 
an electrical voltage signal comprising an output signal 
of said ultrasonic bonding generator controller of said 
Wire bonding machine; 

calculating apparatus for calculating a temperature indi 
cation from said decaying signal; 

apparatus for mounting said semiconductor die thereon 
located on a portion of said Wire bonding machine; 

control apparatus for manipulating a position of said 
apparatus for mounting relative to the sensing tip 
mounted on said arm of said Wire bonding machine; 
and 

computing apparatus having softWare for receiving said 
temperature indication, and correlating and storing said 
temperature indication in machine-readable form as a 
function of one of time and location on at least a portion 
of a surface of a semiconductor die. 

43. The apparatus of claim 42, Wherein said semiconduc 
tor die includes one of a semiconductor die in Wafer form, 
a semiconductor die connected to a lead frame and other 
semiconductor die type electronic devices. 

44. The apparatus of claim 42, Wherein said sensor probe 
mount is permanently mounted in a capillary holder remov 
able from said arm of said Wire bonding machine. 

45. An temperature measuring apparatus comprising: 

a Wire bonding machine having an arm and an ultrasonic 
bonding generator controller; 

a sensor probe mount attached to said arm of said Wire 

bonding machine; 

a ?uorescence decay temperature sensor probe having a 
?ber optic conductor With a sensing tip and an opposite 
signal output end, said ?uorescence decay temperature 
sensor probe mountable in said sensor probe mount 
attached to said arm of said Wire bonding machine; 

light pulse generating apparatus connected to said oppo 
site signal output end for generating a pulse of light 
through said ?ber optic conductor to phosphorescent 
material at said sensing tip and receiving from said 
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opposite signal output end a decaying phosphorescent 
signal representative of a temperature at said sensing 
tip; 

a signal isolation trigger circuit connected to said Wire 
bonding machine for initiating the generation of said 
light pulse, said signal isolation trigger circuit initiating 
a signal for a temperature measurement upon receiving 
an electrical voltage signal comprising an output signal 
of said ultrasonic bonding generator controller of said 
Wire bonding machine; 

calculating apparatus for calculating a temperature indi 
cation from said decaying phosphorescent signal; 

a stage for mounting said object thereon on a portion of 
said Wire bonding machine; 

control apparatus for manipulating a position of said stage 
relative to the sensing tip; and 

computing apparatus having softWare for receiving said 
temperature indication, and correlating and storing said 
temperature indication in machine-readable form as a 
function of one of time and location on at least a portion 
of a surface of an object. 

46. The apparatus of claim 45, Wherein said sensor probe 
mount attached to said arm of said Wire bonding machine 
comprises a plurality of concentric tubular members over 
lappingly ?tted together for passage of said ?ber-optic 
conductor therethrough and attachment of said ?uorescence 
decay temperature sensor probe at one end thereof. 

47. The apparatus of claim 45, Wherein said computing 
apparatus comprises softWare for correlating said tempera 
ture indication With one of time and location on said surface 
as a thermal map. 

48. A temperature measuring method comprising: 

providing a Wire bonding machine having an arm and an 
ultrasonic bonding generator controller; 

providing a sensor probe mount on said arm of said Wire 
bonding machine; 

providing a decay temperature sensor probe having a ?ber 
optic conductor With a sensing tip and a signal output 
end attached to said arm of said Wire bonding machine; 

initiating generation of a light pulse using a signal isola 
tion trigger circuit connected to said arm of said Wire 
bonding machine, said signal isolation trigger circuit 
for a temperature measurement upon receiving an elec 
trical voltage signal comprising an output signal of an 
ultrasonic bonding generator controller of said Wire 
bonding machine; 

generating a pulse of light through said ?ber optic con 
ductor to material at said sensing tip via means con 
nected to said signal output end; 

receiving from said signal output end a signal represen 
tative of a temperature at said sensing tip in machine 
readable form in a computational apparatus having 
softWare; and 

calculating a temperature indication from said electrical 
voltage signal. 

49. The method of claim 48, further including: 

mounting apparatus for supporting an object on said 
mounting apparatus; and 
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manipulating a position of said support apparatus relative 
to the sensing tip using a control apparatus. 

50. The method of claim 48, Wherein said sensor probe 
mount comprises a plurality of tubular members ?tted 
together for passage of said ?ber-optic conductor there 
through and attachment of said decay temperature sensor 
probe at one end thereof. 

51. The method of claim 48, further including: 

correlating said temperature indication With one of time 
and location on a surface as a thermal map of an object. 

52. A temperature measuring method for at least a portion 
of a surface of an object comprising: 

providing a Wire bonding apparatus having an arm and an 
ultrasonic bonding generator controller; 

providing a sensor probe mount attached to a portion of 
said arm of said Wire bonding apparatus; 

providing a decay temperature sensor probe having a ?ber 
optic conductor With a sensing tip and a signal output 
end; 

mounting said decay temperature sensor probe in said 
sensor probe mount attached to said portion of said arm 
of said Wire bonding apparatus; 

initiating generation of a light pulse using a signal isola 
tion trigger circuit connected to said Wire bonding 
apparatus, said signal isolation trigger circuit initiating 
a signal for a temperature measurement upon receiving 
an electrical voltage signal comprising an output signal 
of said ultrasonic bonding generator controller of said 
Wire bonding apparatus; 

generating a pulse of light through said ?ber optic con 
ductor to material at said sensing tip via apparatus 
connected to said signal output end; 

receiving from said signal output end a signal represen 
tative of a temperature at said sensing tip in machine 
readable form in a computational apparatus having 
softWare; 

calculating a temperature indication from said signal; and 

correlating and storing said temperature indication as a 
function of one of time and location on at least a portion 
of said surface of said object. 

53. A temperature measuring method for at least a portion 
of a surface of an object comprising: 

providing a Wire bonding machine having an arm, a 
mounting apparatus, and an ultrasonic bonding genera 
tor controller; 

mounting a sensor probe mount to said arm of said Wire 
bonding machine; 

providing a miniature ?uorescence decay temperature 
sensor probe having a ?ber optic conductor With a 
sensing tip and an opposite signal output end, said 
miniature ?uorescence decay temperature sensor probe 
mounted in said sensor probe mount of said arm of said 
Wire bonding machine; 

providing an apparatus connected to said opposite signal 
output end; 

initiating a signal using a signal isolation trigger circuit 
connected to the Wire bonding machine for a tempera 
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ture measurement upon receiving an electrical voltage 
signal comprising an output signal of said ultrasonic 
bonding generator controller of said Wire bonding 
machine; 

generating a pulse of light through said ?ber optic con 
ductor to phosphorescent material at said sensing tip; 

receiving from said opposite signal output end a decaying 
phosphorescent signal representative of a temperature 
at said sensing tip; 

initiating the generation of said light pulse using the 
signal isolation trigger circuit connected to said Wire 
bonding machine; 
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calculating a temperature indication from said decaying 
phosphorescent signal; 

mounting said object on said mounting apparatus of said 
Wire bonding machine; 

manipulating a position of said mounting apparatus rela 
tive to the sensing tip; 

computing and correlating and storing said temperature 
indication in machine-readable form as a function of 
one of time and location on at least a portion of said 
surface of said object using a computational apparatus. 

* * * * * 


