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Claim
1. A power meter for measuring the power of an energy source, 

comprising:

a thermal mass adapted to receive energy from the energy,

a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal having a signal that varies in 

proportion to the temperature changes;

a differentiator coupled to the temperature sensor to receive the electrical 

sensor signal and adapted to produce a differentiated signal indicative of the rate of change 

of voltage of the electrical sensor signal;

a peak heating rate holding circuit that receives the differentiated signal 

from the differentiator and stores the highest voltage change rate indicated by the 

differentiated signal; and

a display meter coupled to the peak heating rate holding circuit and adapted 

to translate the highest voltage change rate into a steady state power reading and display 

the steady state power reading to an operator.
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10 A laser power meter, comprising

a thermal mass adapted to receive laser energy,

a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal indicative of the temperature 

changes,

a differentiator coupled to the temperature sensor to receive the electrical 

sensor signal and adapted to produce a differentiated signal indicative of the rate of change 

of voltage of the electrical sensor signal,

a cooling rate holding circuit coupled to receive a cooling portion of the 

differentiated signal indicating a lowering of the temperature of the thermal mass,

a heating rate holding circuit coupled to receive a heating potior·. of the 

differentiated signal indicating a raising of the temperature of the thermal mass,

means for receiving the cooling and heating portions of the differentiated 

signal from the holding circuits and adding the cooling and heating portions, and

a display meter coupled to the receiving means and adapted to translate the 

differentiated signal into a power reading and display the power reading to an operator.
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Description
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Technical Field

The present invention relates to power meters and, more particularly, to 

meters capable of displaying the power emitted by a laser.

• ·

• · · ·

10 Background of the Invention

Laser power meters in the several watt to several hundred watt range 

include two general types: a mechanical probe similar to a meai thermometer provided 

with a heat sink at the tip and an electronic meter having a thermopile detector and 

remote read out unit.

15 The meat thermometer-type meter is "exposed" to the laser beam for a

period of time, typically 20 seconds. The temperature rise is recorded by a mechanical 

needle movement from a bi-metal element in the probe. The temperature rise in the 

exposure period is proportional to input power. Except for the tip-mounted heat sink, 

the meat thermometer-type meter looks exactly like the commonly used meat 

20 thermometer and costs typically about S200.

The thermopile-based instrument records power continuously, with a 

delay time of less than 1 second. This is a large, precise laboratory instrument costing 

typically about S2.000. The thermopile-based instrument is used to tune and optimize 

lasers. It includes a "power head" that is separated from a display console by a cable.

25 Although the meat thermometer-type meter is fairly portable, it is both

inaccurate and slow. The meat thermometer-type meter requires a separate stopwatch 

to measure the exposure period. As the exposure timing is critical for accurate power 

measurement, the meat thermometer-type meter has been found to be deficient. Further, 

the exposure time is relatively long and a long time is required between uses to let the

30 heat sink cool. The required delay between uses is typically a few minutes

The limitation on the thermopile instrument is not in the performance and 

accuracy area. Its limitation is portability. The power head is large as it is designed for 

continuous duty. In many cases, the power head cannot be inserted into an existing 

beam delivery system because of its large size. Further, the separation of the i >wer 

35 head from the display console renders the thermopile instrument somewhat less than 

ideal in terms of ease of use.
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It is the object of this invention to eliminate the prior art limitations with a new 

class of portable power meter, while providing new capabilities.

According to the present invention there is provided a power meter for measuring 

the power of an energy source, comprising:

a thermal mass adapted to receive energy from the energy;

a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal having a signal that varies

in proportion to the temperature changes;

10 a differentiator coupled to the temperature sensor to receive the electrical sensor

signal and adapted to produce a differentiated signal indicative of the rate of change of 

voltage of the electrical sensor signal;• · · ·
• · · ·

·. j
•V

a peak heating rate holding circuit that receives the differentiated signal from the 

differentiator and stores the highest voltage change rate indicated by the differentiated 

15 signal; and

a display meter coupled to the peak heating rate holding circuit and adapted to 

translate the highest voltage change rate into a steady state power reading and display

the steady state power reading to an operator.

The invention also provides a laser power meter, comprising:

20 a thermal mass adapted to receive laser energy;

a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal indicative of the temperature 

changes;

a differentiator coupled to fhe temperature sensor to receive the electrical sensor

25 signal and adapted to produce a differentiated signal indicative of the rate of change of

voltage of the electrical sensor signal;

a cooling rate holding circuit coupled to receive a cooling portion of the 

differentiated signal indicating a lowering of the temperature of the thermal mass;

30

O A

a heating rate holding circuit coupled to receive a heating portion of the 

differentiated signal indicating a raising of the temperature of the thermal mass;

means for receiving the cooling and heating portions of the differentiated signal 

from the holding circuits and adding the cooling and heating portions; and

I
" t X r
J - „ ., 960216,p:\opaAgcp,59324-94.045,2



- 2a -

• · · ·
• ·

a display meter coupled to the receiving means and adapted to translate the 

differentiated signal into a power reading and display the power reading to an operator.

The invention also provides a method of measuring the power of an energy 

source, comprising:

5 receiving energy in a thermal mass from the energy source;

sensing temperature changes in the thermal mass;

transmitting an electrical sensor signal indicative of temperature changes in the 

thermal mass;

differentiating the electrical sensor signal to produce a differentiated signal 

10 indicative of the rate of change of the electrical sensor signal;

storing the highest change rate of the electrical sensor signal, as indicated by the 

differentiated signal, in a rate holding circuit;

translating the highest change rate into a power reading; and

displaying the power reading using a display meter.

15 The invention also provides a method of measuring the power of an energy

source, comprising:

receiving energy in a thermal mass from the energy source;

sensing temperature changes in the thermal mass;

transmitting an electrical sensor signal indicative of temperature changes in the 

20 thermal mass;

computing a heating rate of change of temperature in the thermal mass based 

upon the electrical sensor signal as the laser energy is being received by the thermal 

mass;

computing a cooling rate of change of temperature in the thermal mass based 

25 upon the electrical sensor signal when the laser energy is not being received by the 

thermal mass, immediately prior to or after the laser energy is received by the thermal 

mass;

adding the heating and cooling rates of change to produce a power measurement 

indicative of the power of the energy source; and

30 displaying the power measurement.

? · 960219, p:\opciAgcp,59324-94.045,2
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Brief Description of the.Drawings

Figure 1 is a block diagram of a laser power meter according to the present 

invention.

Figure 2 is an elevation side view of a thermal mass and temperature sensor used 

5 in a preferred embodiment of the present invention.

Figure 3 is a detailed circuit diagram of a preferred embodiment of the present 

invention.

Detailed ■Dcscription .of . thg Invention

10 A preferred embodiment of the invention is directed to a pocket size laser power

meter 10 as shown in Figure 1. The power meter includes a thermal mass 12 at which

laser energy is directed from a laser (not shown). The thermal mass is typically

960219, p:\opertgcp,59324-94045,2



aluminum or other metal with a "black" absorbent coating. Coupied to the thermal mass 

12 is a temperature sensor 14 that translates temperature changes in the thermal mass 
into an electrical sensor signal having a voltage that varies linearly in proponion with the 

temperature changes. The temperature sensor transmits the sensor signal to a 

5 differentiator 16 that produces a differentiated signal indicative of the rate of change of 

the voltage of the sensor signal. The differentiator transmits the differentiated signal to 

a display meter 18 that translates the differentiated signal into a power reading and 

displays the power reading to an operator.
Laser energy impinging onto the thermal mass 12 will create a 

10 temperature rise that is detected by the temperature sensor 14. Preferably, the 
temperature sensor is an electronic device mounted within the thermal mass. An 

example of such an electronic device is manufactured and marketed by National 

Semiconductor, Inc. under the name LM35AH. This device has excellent linearity of 

temperature versus voltage, as required.

15 As noted above, the temperature sensor 14 converts the temperature

change into an electrical sensor signal having a varying voltage. After an initial delay 
period, the voltage varies substantially linearly with respect to time and is proportional 
to the power of the laser energy striking the thermal mass 12. The initial delay period is 

caused by the thermal diffusivity of the metal in the thermal mass 12.

20 In order to account for the initial delay period, the power meter 10

includes a hold timer 20 coupied to the display meter 18. .After a predetermined delay 

time, the hold timer transmits a hold timing signal to the display meter, "the display 

meter includes a data hold circuit that receives the hold timing signal and in response 

thereto holds the power reading constant. As such, the display meter ignores

25 temperature changes occurring subsequent to its receipt of the hold timing signal. 

Preferably, the display meter is a conventional digital voltmeter, calibrated in power 

units, such as is manufactured and marketed by Modute C under the name BL100101H.
To alert the operator that the measurement period is complete, the power 

meter 10 includes a beeper 22 coupled to the hold timer 20. The hold tirrer transmits 

30 the hold timing signal to the beeper in addition to the display meter. In response to the 

hold timing signal, the beeper emits an audible signal, thereby informing the operator 

that the measurement period is complete and the power meter can be removed from the 

laser being measured.

For a single measurement, the power of the laser energy impinging onto 

35 the thermal mass 12 is proportional to the rate of increase of temperature measured by 

the temperature sensor 14. The rate of increase in temperature is translated by the 

temperature sensor to an electrical signal having a positively varying voltage. The 
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differentiator 16 transmits this differentiated signal to the display meter 18 which 

displays a power reading based on the differentiated signal.

For subsequent measurements, the temperature of the thermal mass 12 

may be elevated, causing a cooling rate in the absence of power. This cooling rate 

5 causes a differentiated signal of opposite polarity, that is, opposite to the differentiated 

signal produced during heating.
It has been established that a true power reading can be determined by 

adding the cooling rate to the heating rate obtained in subsequent measurements. Either 
the cooling rate before the new measurement, or the cooling rate after the new 

10 measurement can be used. The display meter 18 can be calibrated either way.

To allow analysis of both cooling and heating rates, the power meter 10 

preferably includes a heating holding circuit 24 and a cooling holding circuit 26, each of 

which is coupled between the differentiator 16 and the display meter 18. The heating 

holding circuit receives a heating portion of the differentiated signal for the period in 

15 which the thermal mass 12 is being heated. Similarly, the cooling holding circuit 

receives a cooling portion of the differentiated signal for the period in which the thermal 

mass 12 is being cooled. The holding circuits 24, 26 transmit their respective portions 
of the differentiated signal to the display meter 18. The display meter adds the heating 

and cooling portions together, translates the combined differentiated signal into a power 

20 reading, and displays the power reading to the operator.

The power meter 10 enables recycling for new measurements in seconds 

rather than tens of minutes as required by the prior an modified meat thermometer-type 

meters. By measuring instantaneous rate information rather than temperature change 

over a prolonged exposure time as required by the prior art, the power meter 10 does 

25 not allow the thermal mass 12 to get as hot as the thermal mass of the modified meat 

thermometer-type meter. Further, the thermal mass does not have to cool down fully to 

get accurate readings, as the rate of change of heating is not greatly affected by the 

temperature of the thermal mass. As a result, the time needed for cooling is less for the 

present invention than for the prior an. In addition, by measuring the cooling rate 

30 information, the power meter 10 obtains information that is useful in computing lasei 

power, without requiring an operator to wait for the thermal mass to cool before 

obtaining any further useful information, as is required by the prior an modified meat 

thermometer-type meters.
To enable the operator to start a new measurement, the power meter 10 

35 includes a reset button 28 coupled to the differentiator 16, hold rimer 20, and holding 

circuits 24, 26. Upon being actuated by the operator, the reset button transmits a reset 
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signal to the differentiator 16, hold timer 20, and holding circuits 24, 26, which sets 

them to zero and prepares them for a new measurement.

As discussed above, the thermal diffusivity of the metal in the thermal 
mass 12 causes an initial delay period in which the rate of increase of the sensor signal 

5 voltage is non-linear. Shown in Figure 2 is a modified thermal mass 12 designed to 

equalize the effect of metal diffusivity across its surface. The thermal mass includes a 

void or chamber 30 adjacent the temperature sensor 14, which increases the diffusion 
time for laser energy applied in the area immediately adjacent the void.

Shown in Figure 3 is a detailed circuit diagram of a preferred 

10 embodiment of the laser meter 10 including several additional features not shown in 

Figure 1. The circuit shown employs surface-mount integrated circuit (IC) technology. 
Such IC technology allows the power meter to be enclosed in a single case of 

approximate dimensions of 1.2 x 5.5 x 0.46 inches.

The individual circuit elements (amplifiers, transistors, resistors, etc.) 

15 forming each of the blocks shown in Figure 1 are enclosed by dashed lines and are 

labeled according to the reference numbers used in Figure 1. It will be apparent to those 

skilled in the an that the combinations of the particular discrete circuit elements shown 
(i.e. resistors, transistors, etc.) for each of the blocks operate according to the discussion 
above with respect to Figure 1. As such, many of the discrete circuit elements will not 

20 be discussed in detail. It should be understood that the embodiment shown in Figure 3 

is exemplary only and is not intended to limit the invention to the circuit shown therein.

The power meter 10 is powered by a power source 32, wt, :h preferably 

is a nine voir Lithium battery designed to last several years. Coupled to the power 

source 32 is a conventional voltage regulator 34 adapted to provide a five volt signal to 

25 portions of the power meter 10 as shown in Figure 3.

Because the power meter 10 measures instantaneous rate information 

rather than average temperature change over a prolonged exposure period, it is less 

likely for the thermal mass 12 to get as hot as the prior art modified meat thermometer­

type meters. However, the power meter 10 includes a maximum temperature sensing 

30 circuit 36 coupled to the temperature sensor 14 and the beeper 22. If the thermal mass 

12 reaches a predetermined maximum temperature, the maximum temperature sensing 

circuit transmits a wan ing signal to the beeper. In response to the warning signal, the 

beeper emits an audible signal that warns the operator to discontinue use until the 

thermal mass has cooled off.
35 As an additional safeguard, the power meter 10 includes a shutoff timer

38 coupled to the reset button 28. The reset button actuates the shutoff timer by 

connecting it to the positive terminal of the power source 32. .After a predetermined 
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period, such as the 22 seconds of the shutoff timer shown in Figure 3, the shutoff timer 

transmits a shutoff signal to a shutoff switch 40. The shutoff switch connects the power 

source 32 through a resistor to ground and disconnects the power source from the 

voltage regulator 34. As a result, both the nine volt and fix'* volt supplies are 

5 disconnected from the remainder of the power meter. The shutoff timer 38 also 

transmits the shutoff signal to a shutoff beeper driver 42, whic . uses the beeper 22 to 

emit an acoustic signal indicating that the power is going down. When the operator 
actuates the reset button 28 again, it causes the shutoff switch 40 to re-connect the 
power source 32 to the voltage regulator 34, thereby powering the power meter 10.

10 The power meter 10 also includes a decimal point controller 44 coupled
between the holding circuits 24, 26 and the display meter 18. The decimal point 

controller transmits a signal to the display meter, causing the display meter to position a 

decimal point in the power reading in its proper position according to the value of the 

power reading.
15 It should be understood that the power meter 10 is linear in that the

power of the laser energy impinging on the thermal mass 12 is directly proportional to 

the differentiated signal produced by the differentiator 16. Such linearity is assured by 

using the hold timer 20 to proxnde a predetermined delay period before a final power 

reading is computed and displayed. As such, the voltage rate measured should repeat

20 for each application of laser energy to the thermal mass 12.

It should be further understood that while the presently preferred 

embodiment of the invention has been described herein using analog computing 

circuitry, the invention may be practiced using digital computing circuitry, such as in a 

microprocessor-based system.

25 From the foregoing it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of illustration, 

various modifications may be made without deviating from the spirit and scope of the 

invention. Accordingly, the invention is not limited except as by the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS :-

1. A power meter for measuring the power of an energy source, 

comprising:

a thermal mass adapted to receive energy from the energy,
A

a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal having a signal that varies in 

proportion to the temperature changes;

a differentiator coupled to the temperature sensor to receive the electrical 

sensor signal and adapted to produce a differentiated signal indicative of the rate of change 

of voltage of the electrical sensor signal;

a peak heating rate holding circuit that receives the differentiated signal 

from the differentiator and stores the Highest voltage change rate indicated by the 

differentiated signal; and

a display meter coupled to the peak heating rate holding circuit and adapted 

to translate the highest voltage change rate into a steady state power reading and display 

the steady state power reading to an operator.

2. The power meter of claim 1 further including:

a hold timer coupled to the display meter and adapted to transmit a hold 

timing signal to the display meter after a predetermined delay period, and wherein the 

display meter includes means for holding the power reading constant in response to the 

hold timing signal.

3. The power meter of claim 2 further including an audible signal 

generator coupled to the hold timer and adapted to emit an audible signal in response to 

the hold timing signal.

4. The power meter of claim 1 further including a cooling rate holding 

circuit coupled to the differentiator, the cooling rate holding circuit being adapted to 

receive a cooling portion of the differentiated signal indicating a lowering of the

,. ί'// temperature of the thermal mass and the peak heating rate holding circuit is adapted to

Λ ' ■
■ V*:: ·· '
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receive a heating portion of the differentiated signal indicating a raising of the temperature 

of the thermal mass

5. The power meter of claim 4 wherein the display meter includes 

means for receiving the cooling and heating portions of the differentiated signal from the 

holding circuits and means for adding the cooling and heating portions together before 

translating the differentiated signal into a power reading.

6. The power meter of claim 1 further including:

a operator-activated reset switch coupled to the differentiator and adapted 

to transmit a reset signal to the differentiator, thereby preparing the differentiator for a 

new power measurement.

7 The power meter of claim 1 wherein the thermal mass includes a 

void adjacent the temperature sensor which increases thermal diffusion in the thermal 

mass.

8. The power meter of claim 1 further including a shutoff timer 

coupled to the display meter and adapted to reset the display meter after a predetermined 

delay period

9. The power meter of claim 1 further including:

a maximum temperature sensing circuit coupled to the temperature sensor 

and adapted to transmit a warning signal when the temperature sensor detects that the 

temperature of the thermal mass has reached a predetermined maximum temperature; and

an audible signal generator coupled to receive the warning signal from the 

maximum temperature sensing circuit and adapted to emit an audible signal in response 

theieto

10. A laser power meter, comprising:

a thermal mass adapted to receive laser energy;
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a temperature sensor coupled to the thermal mass to translate temperature 

changes in the thermal mass into an electrical sensor signal indicative of the temperature 

changes;

a differentiator coupled to the temperature sensor to receive the electrical 

sensor signal and adapted to produce a differentiated signal indicative of the rate of change 

of voltage of the electrical sensor signal;

a cooling rate holding circuit coupled to receive a cooling portion of the 

differentiated signal indicating a lowering of the temperature of the thermal mass;

a heating rate holding circuit coupled to receive a heating portion of the 

differentiated signal indicating a raising of the temperature of the thermal mass;

means for receiving the cooling and heating portions of the differentiated 

signal from the holding circuits and adding the cooling and heating portions; and

a display meter coupled to the receiving means and adapted to translate the 

differentiated signal into a power reading and display the power reading to an operator.

11. The laser power meter of claim 10 further including:

a hold timer coupled to the display meter and adapted to transmit a hold 

timing signal to the display meter after a predetermined delay period wherein the display 

meter includes means for holding the power reading constant in response to the hold 

timing signal.

12. The laser power meter of claim 11 further including an audible 

signal generator coupled to the hold timer and adapted to emit sound in response to the 

hold timing signal.

13. The laser power meter of claim 10 further including:

a operator-activated reset switch coupled to the differentiator and the 

holding circuits and adapted to transmit a reset signal to the differentiator and holding 

circuits, thereby preparing the differentiator and holding circuits for a new power 

measurement.
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14. The laser power meter of claim 10 wherein the thermal mass 

includes a void adjacent the temperature sensor which increases thermal diffusion in the 

thermal mass.

15. The laser power meter of claim 10 further including a shutoff timer 

coupled to the display meter and adapted to reset the display meter after a predetermined 

delay period.

16. The laser power meter of claim 10 further including:

a maximum temperature sensing circuit coupled to the temperature sensor 

and adapted to transmit a warning signal when the temperature sensor detects that the 

temperature of the thermal mass has reached a predetermined maximum temperature; and

an audible signal generator coupled to receive the warning signal from the 

maximum temperature sensing circuit and adapted to emit an audible signal in response 

thereto.

17. A method of measuring the power of an energy source, comprising: 

receiving energy in a thermal mass from the energy source;

sensing temperature changes in the thermal mass;

transmitting an electrical sensor signal indicative of temperature changes in 

the thermal mass;

differentiating the electrical sensor signal to produce a differentiated signal 

indicative of the rate of change of the electrical sensor signal;

storing the highest change rate of the electrical sensor signal, as indicated 

by the differentiated signal, in a rate holding circuit;

translating the highest change rate into a power reading; and

displaying the power reading using a display meter.

18. The method of claim 17 further including:

transmitting a hold timing signal to the display meter after a predetermined 

. delay period; and

holding the power reading constant in response to the hold timing signal.
i

i



19. The method of claim 18 further including,

emitting an audible signal in response to the hold timing signal.

20. The method of claim 17 further including.

separating the differentiated signal into a cooling portion indicating a 

lowering of the temperature of the thermal mass and a heating portion indicating a raising 

of the temperature of the thermal mass.

21. The method of claim 20 further including:

adding the cooling and heating portions together before translating the 

differentiated signal into a power reading.

22. The method of claim 17 further including:

resetting the display meter after a predetermined delay period.

23. The method of claim 17 further including:

detecting that the temperature of the thermal mass has reached a 

predetermined maximum temperature; and

emitting an audible signal in response to detecting the maximum 

temperature.

24. A method of measuring the power of an energy source, comprising: 

receiving energy in a thermal mass from the energy source; 

sensing temperature changes in the thermal mass;

transmitting an electrical sensor signal indicative of temperature changes in 

the thermal mass;

computing a heating rate of change of temperature in the thermal mass 

based upon the electrical sensor signal as the l+sep-energy is being received by the thermal

mass;

computing a cooling rate of change of temperature in the thermal mass

based upon the electrical sensor signal when the fase? energy is not being received by the 
Z. i
ft» /
s/
λ '
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thermal mass, immediately prior to or after the laser· energy is received by the thermal 

mass,

adding the heating and cooling rates of change to produce a power measurement 

indicative of the power of the energy source; and

5 displaying the power measurement.

25. A laser power meter substantially as hereinbefore described with reference 

to the drawings.

10 26. A method of measuring the power of a laser substantially as hereinbefore

described with reference to the drawings.

Dated this 15th day of February, 1996

15

SYNRAD, INC.

By its Patent Attorneys

Davies Collison Cave

• · · ·• ·• «
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Abstract of the Disclosure

A pocket size laser power meter adapted to measure the power of laser 

energy emitted by a laser. The power meter includes a thermal mass adapted to receive 

the laser energy. A temperature sensor coupled to the thermal mass translates 
temperature changes in the thermal mass into an electrical sensor signal having a variable 

voltage. A differentiator coupled to the temperature sensor receives the electrical sensor 

. signal and produces a differentiated signal indicative of the rate of change of voltage of····
**’ . the electrical sensor signal. A cooling rate holding circuit coupled to the differentiator. · ·

.7 receives a cooling portion of the differentiated signal indicating a lowering of the
I · ·

temperature of the thermal mass. A heating rate holding circuit coupled to the 

differentiator receives a heating portion of the differentiated signal indicating a raising of
* the temperature of the thermal mass. A display meter coupled to the holding circuits

adds the cooling and heating portions of the differentiated signal together, translates the 

... differentiated signal into a power reading, and displays the power reading to a operator.
• · · «

• « · ·• · ♦
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Fig. 3B
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Fig. 3D


