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ABSTRACT 
A power amplifier protection system to sense one or more 
operating conditions of a power amplifier and regulate the 
power of the input signal to the power amplifier as a 
response to one or more of the sensed operating conditions . 
This dynamic protection system may protect a power ampli 
fier from failure by monitoring such operating conditions as 
power output and temperature and reducing the amplitude of 
the input signal if the power amplifier is operating beyond 
specified levels . 

40 Claims , 6 Drawing Sheets 
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METHOD AND APPARATUS FOR Another circumstance which may cause a power amplifier 
PROTECTING RADIO FREQUENCY POWER to fail may occur when the source and / or input voltage to the 

AMPLIFIERS power amplifier changes during operation . That is , a power 
amplifier may be designed to operate within a certain 

5 voltage range ; for instance 2 . 8 to 3 . 4 Volts DC . However , Matter enclosed in heavy brackets [ ] appears in the during operation , the source and / or input voltage to the original patent but forms no part of this reissue specifica power amplifier may increase beyond such range ; for 
tion ; matter printed in italics indicates the additions instance 5 . 0 Volts DC . Such increase in voltage may cause 
made by reissue ; a claim printed with strikethrough the power amplifier to dissipate more power internally , 
indicates that the claim was canceled , disclaimed , or held 10 resulting in more heat being generated and increasing its 
invalid by a prior post - patent action or proceeding . operating temperature . This may result in the power ampli 

fier operating beyond its designed limits and lead to its 
IDENTIFICATION UNDER 37 CFR 1 . 177 ( A ) failure . 

Accordingly , there is a need for a method and / or apparatus 
This Reissue Application is a reissue of application Ser . 15 to protect power amplifiers from failure caused by mis 

No . 09 / 802 , 416 , filed Mar . 8 , 2001 , which issued as U . S . Pat . matched loads and / or large supply voltages . 
No . 6 , 580 , 318 . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIELD 

20 FIG . 1A shows a system - level diagram illustrating a first 
The present invention pertains to power amplifiers and in embodiment of the power amplifier protection system of the 

particular to a method and apparatus to protect power present invention . 
amplifiers from failure caused by operational conditions . FIG . 1B shows a system - level diagram illustrating a 

second embodiment of the power amplifier protection sys 
BACKGROUND OF THE INVENTION 25 tem of the present invention . 

FIG . 1C shows a system - level diagram illustrating a third 
Radio frequency ( RF ) power amplifiers are known in the embodiment of the power amplifier protection system of the 

present invention . art for use in amplifying RF signals for broadcasting pur FIG . 1D shows a system - level diagram illustrating a 
poses , m uding radio and television . These ampiers may 30 fourth embodiment of the power amplifier protection system be employed for broadcasting either analog or digital sig - broadcasting either analog or digital sig - of the present invention . oft 
nals . In some applications , such as mobile communication FIG . 1E shows a system - level diagram illustrating a fifth 
systems , RF power amplifiers are frequently cycled , turned embodiment of the power amplifier protection system of the 
On and Off , during operation . The average power of these er or these present invention . 
amplifiers is defined as the product of the duty cycle and the 35 FIG . 2 shows a flow chart illustrating one method of 
peak power . As the duty cycle of a RF power amplifier practicing the power amplifier protection system of the 
increases , so does its average power . As the average power present invention . 
of an amplifier increases it may be exposed to operating 
conditions which causes or accelerates its failure . DETAILED DESCRIPTION OF THE 

Typically , power amplifiers are designed to operate within 40 INVENTION 
certain current , voltage , temperature , and frequency limits . 
Operating a power amplifier beyond its designed limits Referring to FIG . 1A , a high - level system diagram is 
exposes the amplifier to failure . Thus , power amplifier shown illustrating a first embodiment the power amplifier 
manufacturers typically specify the operating parameters or protection system of the present invention . A power ampli 
conditions for each particular type of power amplifier , 45 fier 102 amplifies a given input signal 104 and provides an 
including power dissipation and operating temperatures . amplified output signal 106 . In one embodiment , the power 
Manufacturers also typically over - design power amplifi - amplifier 102 may be a radio frequency ( RF ) non - linear 

ers to withstand wide power and temperature variations . power amplifier which may be employed in transmitting any 
Designing such rugged power amplifiers tends to make them number of broadcast signals at various transmission frequen 
larger than otherwise necessary , more expensive , and may 50 cies . In another embodiment , the RF power amplifier may be 
degrade their RF performance . Additionally , even ruggedly a linear power amplifier . According to various embodiments , 
designed power amplifiers are susceptible to certain types of the power amplifier may be designed to operate with a 
failures . predetermined load impedance value , to dissipate no more 
One such type of failure may occur when the output of the than a maximum measure of power , and / or to operate below 

power amplifier is mismatched . That is , power amplifiers are 55 a maximum temperature level . 
often designed to operate with a particular impedance or The present invention provides a protection system to 
termination value . For example , the output of a power guard against power amplifier failure due to excessive power 
amplifier may be designed to be coupled to a nominal 50 dissipation and / or operating temperatures . A feedback loop 
Ohm load or termination , such as an antenna with imped - is employed for this purpose , wherein the power of the input 
ance of 50 Ohms . However , in an actual implementation , the 60 signal to the power amplifier , or one stage of the power 
power amplifier may be terminated with a substantially amplifier , is regulated , varied , or reduced to cause the power 
different terminating impedance value . Such mismatched amplifier to operate within specified limits when necessary . 
termination may result in the power amplifier dissipating This failure protection system may be comprised of a 
more power internally than what it was designed to dissi - plurality of components . 
pate . This may result in additional heat being generated 65 One or more sensing means or devices may be employed 
which may cause the power amplifier to operate at tempera - to sense certain operating conditions of a power amplifier . 
tures higher than what it was designed to operate . For instance , the present invention may provide a current 
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sensing means 110 and a voltage sensing means 112 to sense threshold voltage may correspond to the maximum output 
or measure the current and voltage at the output of the power voltage specified for the power amplifier 102 . 
amplifier 102 . The current and voltage sensing means 110 Likewise , the temperature sensing means 114 , which may 
and 112 may be any one of a number of circuits and / or provide a voltage corresponding to the sensed temperature , 
devices conventionally known to those skilled in these arts . 5 is coupled to a first input of a third differential amplifier 126 

In various embodiments , the current sensing means 110 while a third reference voltage source 120 is coupled to a 
may sense the current drawn from the amplifier ' s power second input of the third differential amplifier 126 . The third 
source , the current through a transistor in the power ampli - reference voltage source 120 may provide a threshold volt 
fier , and / or the output current of the power amplifier . age corresponding to a desired operating temperature for the 
According to one embodiment , the current sensing means 10 power amplifier 102 . In one implementation , this threshold 
110 may comprise a resistor of known value such that the voltage may correspond to the maximum operating tempera 
current is proportional to the voltage across the resistor . In ture specified for the power amplifier 102 . 
a second embodiment , a conventional current mirror com - Any of the reference voltage sources 116 , 118 , and 120 
prising two transistors in parallel may be employed . With may be configurable and / or variable . In various implemen 
said current mirror , the collector currents may be propor - 15 tations , one or more of the reference voltage sources 116 , 
tional to the emitter areas . The two transistors may be 118 , and 120 may provide a predetermined threshold voltage 
selected such that one transistor has a small emitter area in level or a dynamically changing voltage level . 
comparison to the second transistor , Thus , the transistor with While the sensed conditions do not exceed their corre 
the smallest emitter area would function as a current sensing sponding reference or threshold voltage levels , the differ 
means without draining any significant power from the 20 ential amplifier does not provide a regulating feedback 
power amplifier 102 . signal to the power amplifier . 

In one embodiment , the current sensing means may According to one embodiment , each differential amplifier 
provide a voltage corresponding to the current sensed . In a 122 , 124 , and 126 may provide a first output voltage level if 
second embodiment , the current sensing means may provide the voltage at its first input terminal is less than the voltage 
a voltage that is linearly proportional to the current sensed . 25 at its second input terminal . Otherwise , each differential 

According to one implementation , the voltage sensing amplifier may provide a second output voltage level if the 
means 112 may comprise a rectifier , or other peak - detection voltage at its first input terminal is greater than or equal to 
device , to provide the peak output voltage . In a second the voltage at its second input terminal . The magnitude of 
implementation , the voltage sensing means 112 may com - the second output voltage level may vary during operation 
prise a circuit or device to measure the average output 30 according to a change in the voltage at the first input 
voltage . terminal of the differential amplifier 122 , 124 , and 126 . 

The present invention may further provide a temperature In one embodiment , the first , second , and third differential 
sensing means 114 to sense or measure the operating tem - amplifiers 122 , 124 , and 126 may provide a fixed first output 
perature of the power amplifier 102 . The internal tempera voltage level , zero volts for example , if the voltages corre 
ture and / or external temperature of the power amplifier 102 35 sponding to the sensed current 110 , voltage 112 , and tem 
may be sensed , measured , and / or quantified by the tempera perature 114 are less than the corresponding voltage at the 
ture sensing means 114 . The temperature sensing means 114 first , second , and third reference voltage sources 116 , 118 , 
may be any one of a number of conventional temperature and 120 . Otherwise , if one or more of the voltages corre 
sensing or measuring circuits or devices . According to one sponding to the sensed current 110 , voltage 112 , and / or 
embodiment , the temperature sensing means 114 may com - 40 temperature 114 is greater than or equal to the corresponding 
prise one or more transistors configured to sense a voltage reference voltages at the first , second , and third reference 

ure which is proportional to absolute temperature . voltage sources 116 , 118 , and 120 , then the corresponding 
The voltages , currents , and temperatures sensed , mea - differential amplifier may provide a positive , or negative , 

sured , or quantified , may then be utilized to determine if the voltage output . 
power amplifier is operating beyond acceptable , desired , or 45 In one embodiment , the output terminals of the differen 
specified limits or levels . If any one of the operating tial amplifiers 122 , 124 , and 126 are coupled to a maximum 
conditions is beyond the desired operating level or threshold follower means 128 . The maximum follower means 128 
value , then a feedback system may regulate , dynamically or may be any one of a number of conventionally known 
otherwise , the power of the input signal to the power circuits or devices which is capable of selecting , from 
amplifier 50 among a plurality of inputs , a single input with the greatest 

The current sensing means 110 , which provides a voltage absolute voltage value , and providing said greatest voltage 
corresponding to the current sensed , is coupled to a first value at an output terminal of the maximum follower means 
input terminal of a first differential amplifier 122 while a first 1 28 . According to one embodiment , the maximum follower 
reference voltage source 116 is coupled to a second input means 128 may comprise three emitter followers whose 
terminal of the first differential amplifier 122 . The first 55 emitters are coupled together . 
reference voltage source 116 may provide a threshold volt - The output of the maximum follower means 128 may be 
age corresponding to a desired current through the power coupled to a loop amplifier means 130 . The loop amplifier 
amplifier 102 . In one implementation , this threshold voltage means 130 may be any one of a number of conventionally 
may correspond to the maximum output current specified for known voltage amplifiers . 
the power amplifier 102 . 60 According to one implementation , the loop amplifier 

Similarly , the voltage sensing means 112 is coupled to a means 130 may , in turn , be coupled to a variable gain 
first input terminal of a second differential amplifier 124 amplifier ( VGA ) 132 so as to vary the power of a signal 
while a second reference voltage source 118 is coupled to a passing to and / or through the VGA 132 . The VGA 132 may 
second input terminal of the second differential amplifier receive an input signal 104 and provide the signal , or a 
124 . The second reference voltage source 118 may provide 65 modified version of the signal , as its output . The VGA 132 
a threshold voltage corresponding to a desired output volt - may be any one of a number of conventionally known 
age for the power amplifier 102 . In one implementation , this variable gain amplifiers capable of varying the power of a 
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signal passing through the VGA 132 . In one implementation , The power control means 138 may be accomplished using 
the VGA 132 may vary the signal power by reducing the any one of the sensing means employed by the power 
amplitude of the signal . In a second embodiment , the VGA amplifier . According to one configuration , this may be 
132 may vary the signal power by offsetting its DC voltage . accomplished by coupling the current sensing means 110 to 
In a third embodiment , the VGA 132 may vary both the 5 a first input terminal of a differential amplifier 122 and 
signal amplitude and DC voltage offset to reduce the input coupling a reference voltage source 138 to a second input 
signal power . terminal of the differential amplifier 122 . The reference 

According to one embodiment , the output of the VGA 132 voltage source 138 may be configurable and / or variable so 
may be coupled to the input terminal of the power amplifier that it may be preset and / or dynamically adjusted . While the 
102 to provide an input signal to the power amplifier 102 . In 10 voltage level the first input terminal is less than the voltage 
this manner , the sensing means 110 , 112 , and 114 , differen - level at the second input terminal , the differential amplifier 
tial amplifier means 122 , 124 , and 126 , maximum follower 122 may provide a first voltage level at its output terminal . 
means 128 , loop amplifier 130 , and VGA 132 provide Otherwise , if the voltage level at the first input terminal is 
feedback compensation to the power amplifier 102 . Such greater than or equal to the voltage level at the second input 
feedback loop may function to vary the power and / or 15 terminal , then the differential amplifier 122 may provide a 
amplitude of the input signal to the power amplifier 102 so second voltage level at its output terminal . In one imple 
that it operates within specified power dissipation and / or mentation , the first voltage level may be zero volts while the 
temperature levels . second voltage level may be the same voltage level as is 

FIG . 1B shows a second embodiment of the present present at the first input terminal of the differential amplifier 
invention illustrating how the present invention may be 20 122 . 
practiced in a multi - stage power amplifier . In this configu The output terminal of the differential amplifier 122 may 
ration , a first stage amplifier 134 has its output coupled to the be coupled to the VGA 132 , either directly or indirectly , for 
input of a variable gain amplifier ( VGA ) 132 which , in turn , instance via a maximum follower means 128 and loop 
has its output coupled to the input of a second stage amplifier amplifier means 140 , to the VGA 132 to vary the power of 
102 . The current sensing means 110 and voltage sensing 25 the signal . In one embodiment , the signal power may be 
means 112 , coupled to the second stage amplifier 102 , and varied by changing the amplitude of the signal so that the 
a temperature sensing means 114 provide feedback to the power amplifier operates within certain power dissipation 
VGA 132 . By said feedback , the amplitude or DC offset and / or temperature levels . 
level of the signal passing through the VGA 132 may be The present invention is also not limited to the placement 
varied so that the power amplifier operates 102 within 30 of the VGA 132 between certain stages of a power amplifier . 
specified power dissipation and / or temperature levels . In various embodiments of the present invention which 

The feedback circuit , including differential amplifiers utilize a VGA , the VGA may be placed anywhere along the 
222 , 224 , and 126 , reference voltage sources 116 , 118 , and signal path either before , after , or between one or more 
120 , maximum follower 228 , and loop amplifier 130 , oper - power amplifier stages . 
ate as described with reference to FIG . 1A . 35 In other embodiments , the present invention may be 

While the embodiment shown in FIG . 1B shows a VGA practiced without employing a VGA along the feedback 
132 between two stages of an amplifier , the present inven - path . As shown in FIG . 1D , the protection system may 
tion is not limited by the number of stages of an amplifier nor operate directly on a power amplifier stage 160 to vary the 
by the placement of the VGA 132 within said amplifier . gain of the amplifier stage 160 and affect the power of the 

For instance , FIG . 1C illustrates another embodiment of 40 signal passing through the amplifier stage 160 . In one 
the present invention where an amplifier with at least embodiment , the feedback signal to the power amplifier 
three - stages is employed . The output terminal of a first stage stage 160 , may operate to offset the signal ' s DC bias point 
amplifier 134 may be coupled to the input terminal of a VGA at that stage . According to a second embodiment , the power 
132 . The output terminal of the VGA 132 may be coupled to amplifier stage 160 may incorporate the functions of a 
the input terminal of a second stage amplifier 136 . The 45 variable gain amplifier . Note that the power amplifier stage 
output terminal of the second stage amplifier 136 may be 160 may be any stage along the power amplifier . 
coupled to the input terminal of a third stage amplifier 102 . Although a few embodiments of the power amplifier 
This invention may be practiced with a power amplifier protection system of the present invention have been illus 
comprising a plurality of stages , even in excess of the trated , this system may be implemented in numerous other 
number of stages illustrated . 50 forms without deviating from the invention . For instance , as 

The present invention is not limited by the number of shown in FIG . 1E , the loop compensation amplifier may be 
sensing means and may be practiced with one or more built into the differential amplifiers 152 , 154 , and 156 
sensing means . According to one embodiment , shown in thereby removing the need for a separate loop compensation 
FIG . 1C , two sensing means , a voltage sensing means 112 amplifier after the maximum follower means 158 . 
and a current sensing means 110 , may be employed . In 55 In various embodiments , the power amplifier protection 
various other embodiments , the invention may include a system of the present invention may be a separate device or 
voltage sensing means , a current sensing means , and / or a module or be incorporated within a power amplifier device . 
temperature sensing means or any combination of the three . FIG . 2 illustrates one method of practicing the power 
Other sensing means , such as a flux sensing means , may also amplifier protection system of the present invention . 
be employed to gather the desired operating conditions of a 60 According to this embodiment , the desired operating con 
power amplifier . In one embodiment , the output power of the ditions are sensed or measured . For instance , the power 
power amplifier is sensed by a forward directional coupler . amplifier ' s output voltage 202 , current passing through the 
In the case where a single sensing means is employed , the amplifier 204 , and / or operating temperature 206 values may 
maximum follower means 140 may be removed from the be obtained . One or more of these values may be compared 
feedback circuit . 65 to some reference operating values to determine if the power 

Additionally , the present invention may provide a power amplifier is operating outside the desired limits 208 . If it is 
control means 138 as part of the failure protection system . not , then the failure protection system repeats this process . 
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If any one of the operating conditions is outside the desired 11 . The method of claim 8 comprising a first amplifier and 
limits , then the power of the input signal to the power a second amplifier within the at least two amplifiers , the first 
amplifier is modified or varied to bring the power amplifier and second amplifiers coupled in series . 
within the desired operating limits 210 . In one embodiment , 12 . The method of claim 11 wherein the second amplifier 
varying or regulating the power of the input signal may 5 is coupled to receive the input signal . 
comprise reducing the amplitude of the input signal . . . 13 . The method of claim 8 wherein the step of sensing two The power amplifier protection system described herein or more operating conditions of the power amplifier is may be completely or partially practiced in various forms performed on at least one sensing operation on an output including , but not limited to , integrated circuit devices , signal of the power amplifier . programmable devices , machine - readable media , and / or a 10 14 . The method of claim 8 wherein the step of sensing two software program . 
While the invention has been described and illustrated in or more operating conditions of the power amplifier is 

detail , it is to be clearly understood that this is intended by performed on at least one sensing operation on an internal 
way of illustration and example only and is not to be taken signal of the power amplifier . 
by way of limitation , the spirit and scope of this invention 15 15 . The method of claim 8 wherein the power amplifier 
being limited only by the terms of the following claims . operates with a predetermined load impedance value . 

16 . The method of claim 8 further comprising a step of 
What is claimed is : feeding back a plurality of values from the two or more 
1 . A method for protecting a power amplifier comprising : sensed operating conditions , the plurality of fed back values 
sensing two or more operating conditions of [ a ] the power 20 being transmitted on at least two partially distinct feedback 

amplifier selected from the group consisting of tem - loop paths . 
perature , current and output voltage ; 17 . The method of claim 16 wherein the feedback loop is 

comparing the sensed temperature , current , and output coupled between an output of the power amplifier and an 
voltage operating conditions to specified operating lim - initial stage of the power amplifier . 
its for [ the ] a respective operating conditions ; and 25 18 . The method of claim 16 wherein the feedback loop is 

reducing [ the ] a power of an input signal to the power coupled between an output of the power amplifier and an 
amplifier if one or more of the operating conditions is intermediate stage of the power amplifier . 
beyond specified operating limits for the power ampli - 19 . The method of claim 16 wherein current is sensed 
fier . using a sensor selected from a group consisting of sense 2 . The method of claim 1 wherein the current is the 30 resistor , current mirror , an integrated current sensor and a amplifier current . 

3 . The method of claim 1 wherein the current is the voltage sensor that provides a voltage based on a sensed 
current . current through a transistor in the amplifier . 

4 . A method for protecting a power amplifier comprising : 20 . The method of claim 16 further comprising a step of 
sensing temperature , current and output voltage of the 35 amplifying the plurality of fed back values using a plurality 
power amplifier ; of amplifiers . 

comparing the sensed temperature , current , and output output 21 . The method of claim 20 wherein an amplification 
voltage operating conditions to specified operating lim across the plurality of amplifiers varies based on a signal 
its for [ the ] respective operating conditions ; and magnitude of at least a first fed back value within the 

reducing [ the ] a power of an input signal to the power 40 plurality of fed back values . 
amplifier if one or more of the operating conditions is 22 . The method of claim 8 wherein the sensed temperature 
beyond specified operating limits for the power ampli - is detected internally within the power amplifier . 
fier . 23 . The method of claim 8 wherein at least one sensed 

5 . The method of claim 4 wherein the current is the operating condition is amplified and fed back to a first 
amplifier current . 45 amplifier within the at least two amplifiers . 

6 . The method of claim 4 wherein the current is the 24 . The method of claim 8 wherein the at least two 
current through a transistor in the amplifier . amplifiers comprise a multi - stage power amplifier . 

7 . A power amplifier protection system comprising : 25 . The method of claim 24 wherein the two or more 
a first sub - system to sense temperature , current , and sensed operating conditions are fed back within the multi 

output voltage operating conditions of a power ampli - 50 stage power amplifier , the two or more sensed operating 
fier ; and conditions result in an adjustment to a gain value of a gain 

a second sub - system to regulate [ the ] a power of an input stage within the multi - stage power amplifier . 
signal to the power amplifier in response to the sensed 26 . The method of claim 25 wherein the gain stage is an 
temperature , current , and output voltage operating con - internal amplifier within the multi - stage power amplifier . 
ditions exceeding specified operating limits , respec - 55 27 . The method of claim 25 wherein the gain stage is a 
tively , and first amplifier within the multi - stage power amplifier . 

a third sub - system to compare the sensed temperature , 28 . The power amplifier protection system of claim 7 
current , and output voltage operating conditions of the wherein the first sub - system , the second sub - system and the 
power amplifier to specified operating limits , respec - third sub - system are integrated within a multi - stage power 
tively . 60 amplifier 

8 . The method of claim 1 wherein the power amplifier 29 . The power amplifier protection system of claim 28 
comprises at least two amplifiers . comprising a first amplifier within the multi - stage power 

9 . The method of claim 8 comprising a first amplifier amplifier , the first amplifier configured to receive the input 
within the at least two amplifiers , the first amplifier config - signal of the power amplifier . 
ured to receive the input signal of the power amplifier . 65 30 . The power amplifier protection system of claim 29 

10 . The method of claim 9 wherein the first amplifier is a wherein the first amplifier is a variable gain amplifier 
variable gain amplifier coupled to receive the input signal . coupled to receive the input signal . 
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31 . The power amplifier protection system of claim 28 37 . The power amplifier protection system of claim 35 
comprising a first amplifier and a second amplifier within wherein the feedback loop is coupled between an output of 
the multi - stage power amplifier , the first and second ampli the multi - stage power amplifier and an intermediate stage of 
fiers coupled in series . the multi - stage power amplifier . 

32 . The power amplifier protection system of claim 31 5 38 . The power amplifier protection system of claim 28 
wherein current is sensed using a sensor selected from a wherein the second amplifier is coupled to receive the input group consisting of sense resistor , current mirror , an inte signal . grated current sensor and a voltage sensor that provides a 

33 . The power amplifier protection system of claim 28 voltage based on a sensed current . 
wherein the current is sensed on an internal signal of the 39 . The power amplifier protection system of claim 28 
power amplifier . further comprising a plurality of amplifiers within a feed 

34 . The power amplifier protection system of claim 28 back loop coupled between an output of the multi - stage 
wherein the multi - stage power amplifier operates with a power amplifier and an initial stage of the multi - stage power 
predetermined load impedance value . amplifier , the feedback loop controlling at least one gain 

35 . The power amplifier protection system of claim 28 , value associated with the multi - stage power amplifier . 
further wherein the second and third sub - systems are inte 40 . The power amplifier protection system of claim 28 
grated within a feedback loop controlling a gain of at least further comprising a plurality of amplifiers within a feed 
one amplifier within the multi - stage power amplifier . back loop coupled between an output of the multi - stage 

36 . The power amplifier protection system of claim 35 power amplifier and an intermediary stage of the multi - stage 
wherein the feedback loop is coupled between an output of 20 P power amplifier , the feedback loop controlling at least one 
the multi - stage power amplifier and an initial stage of the gain value associated with the multi - stage power amplifier . 
multi - stage power amplifier . * * * * * 


