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IInnttrroodduuccttiioonn  
The preceding chapter of this syllabus details a series of steps that are necessary to establish a 

good quality Panasonic TLD process.   

 

Larger Panasonic TLD processing laboratories typically have multiple TLD readers, often of 

different models.  Even when all readers in a laboratory are of the same model, it is common that 

there will be variations in individual reader performance. Therefore, it is important to determine 

that the various TLD readers in an individual laboratory can be used interchangeably and can be 

relied upon to produce statistically similar results when the same TLD is processed in different 

readers.  This determination is referred to as “Reader Matching” 

 

The objective of reader matching is to adjust each TLD reader in the laboratory so that 

(theoretically) a TLD will experience the same pattern of heating whenever the TLD is read.  

Recalling that the dose to the individual is calculated based on the area under the “DOSE” 

portion of the glow curve, the following graph illustrates the relationship between the timing 

settings, the heat profile measured in the convergence cone and the resulting glow curve.  
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(Source: Dicey, Bruce B., Trouble-shooting the First Panasonic UD-7900 Automatic TLD Reader, Proceedings of 

18
th

 Annual Panasonic International Dosimetry Symposium, 1999.) 

 

There are several methods to verify that readers are matched: 

• Characterize and adjust reader heating to within manufacturer’s specifications by 
measuring thermal noise and short term fade. 

• Adjust reader heating using the MicroDesigns Thermal Curve Adapter 

• Evaluate reader performance using a digital oscilloscope to quantify Low Glow counts, 

Lamp Voltage timing, and Gate information. 

 

Additional specialized measurements may also be made to evaluate reader matching through use 

of instruments such as the MicroDesigns LMP-7900 Lamp Bias Controller (currently in 

advanced prototype testing stage)   

 

All of these approaches have a common goal of quantifying the amount of heat that is delivered 

to the TLD by the heat lamp. The relationship between the lamp flashes, heating, and the 

associated timing parameters is illustrated in the following diagram: 
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Matching of readers can be a complex task, particularly when the laboratory has more than one 

reader type.  For example, the Panasonic UD-710 and the UD-706 / 716 have significantly 

different heating protocols – the UD-710 is typically operated at a much higher voltage than is 

the UD-706 / 716.  The higher voltage of the UD-710 provided much “stronger” heating of the 

TLD, resulting in shorter read times but greater stress on the dosimeter.  The UD-706 / 716 TLD 

reader uses a lower voltage, with “softer” heating of the TLD and less stress on the dosimeter but 

longer read times.  Due to design differences in the power supplies, the UD-710 and UD-706/716 

readers can NOT be operated at the same voltage – making reader matching much more difficult.  

The UD-7900 TLD reader has an advanced power supply and is designed to be operated over a 

wide voltage range.  Theoretically it should be easier to match a UD-7900 reader to other model 

readers than it is to match the UD-710 to the UD-706 / 716 readers. 

 

 

 

In order to address the issue of stress on dosimeters from the strong heating conditions of the 

UD-710, the Matushita Industrial Equipment Company of America (MIECO-A) developed a 

device that modifies the heating conditions of the UD-710, making possible operation at lower 

voltages more closely approximating the operating conditions of the UD-706 / 716 readers.  This 

device, the “Soft Cycle Box” was installed at a number of TLD laboratories.  The “Soft Cycle 

Box” was discontinued after the UD-7900 TLD reader was introduced and is no longer supported 

by Panasonic. 

 

Following are brief discussions of three major techniques for reader matching. 

 

Characterize Thermal Noise and Short-Term Fade 

¶¶  TThhee  mmaannuuffaaccttuurreerr  hhaass  ddeessccrriibbeedd  aa  pprroocceedduurree  ffoorr  iinniittiiaall  cchhaarraacctteerriizzaattiioonn  ooff  rreeaaddeerr  hheeaattiinngg..    

This procedure depends only on the availability of heating adjustment dosimeters containing 
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the phosphors Li2B4O7 and CaSO4 and a stabilized power supply  

¶¶  Reader heating characteristics are documented by measuring two characteristics: Thermal 

Noise and Short-Term Fade 

¶¶  Thermal Noise is defined as the incandescent light emission in the DOSE area of a TLD 

reading.  TLDs used to measure thermal noise must have a very low dose history and are 

never irradiated after the Panasonic manufacturing process is complete. 

¶¶  Dosimeter Fade is defined as the release of low energy thermoluminescent dosimeter traps 

due to “room” temperature annealing.  That portion of the TL response which will decay 

rapidly.  

¶¶  Short-Term Fade is defined as the TLD signal decrease in the time interval between the 

fastest time a processor can read 5 TLDs after irradiation and the response after 

approximately one day (24 hours) has elapsed 

¶¶  Long-Term Fade is defined as the TLD signal decrease with time over the longest period the 

processor will allow between irradiation and reading.  A time interval of 3 to 5 weeks is 

specified to insure consistent results without interfering with operational requirements. 

¶¶  Measuring and setting of heating parameters is an interative process – often requiring several 

sets of measurements and exercise of professional judgement to achieve the optimum 

combination of heating characteristics.  In recognition of this, the manufacturer has 

established two sets of tolerance limits for acceptable heating conditions, as shown on the 

following table. 

  

Characteristic Should Be Must Be 

Thermal Noise for Li2B4O7  ≤ 3.0  mR*  ֒5.0 mR* 

Thermal Noise for CaSO4  ֒1.0 mR*  ֒5.0 mR* 

Short-Term Fade Ratio for Li2B4O7   ֒1.05 (±5%)  ֒1.10 (±10%) 

Short-Term Fade Ratio for CaSO4  ֒1.05 (±5%)  ֒1.10 (±10%) 

Long-Term Fade Ratio for Li2B4O7  ֒0.90 (±10%) 

Long-Term Fade Ratio for CaSO4 ≤ 0.95 (±5%) 
Ref: Panasonic Userôs Manual for UD-706/UD-716, 1993, page 5.17, §5.2  

¶¶  HHeeaattiinngg  cchhaarraacctteerriissttiiccss  sshhoouulldd  bbee  ddeetteerrmmiinneedd  ffoorr  eeaacchh  pprroodduuccttiioonn  lloott  ooff  ddoossiimmeetteerrss  iinn  tthhee  

iinnvveennttoorryy  ttoo  ccoonnffiirrmm  tthhaatt  ddoossiimmeetteerrss  ooff  tthhee  ssaammee  ttyyppee  bbuutt  vvaarryyiinngg  pprroodduuccttiioonn  lloottss  aarree  

iinntteerrcchhaannggeeaabbllee..  

¶¶  PPrreeppaarraattiioonn::  

¶¶  SSeett  aassiiddee  110000  ddoossiimmeetteerrss  tthhaatt  hhaavvee  nneevveerr  bbeeeenn  iirrrraaddiiaatteedd  ffoorr  uussee  aass  hheeaattiinngg  aaddjjuussttmmeenntt  

ddoossiimmeetteerrss..      

¶¶  DDoo  NNOOTT  iirrrraaddiiaattee  tthheessee  ddoossiimmeetteerrss  ffoorr  EECCFFss..  

¶¶  DDeessiiggnnaattee  7755  ddoossiimmeetteerrss  ttoo  mmeeaassuurree  sshhoorrtt  tteerrmm  ffaaddiinngg..    TThheessee  ddoossiimmeetteerrss  wwiillll  bbee  

iirrrraaddiiaatteedd  aass  ppaarrtt  ooff  tthhee  hheeaattiinngg  aaddjjuussttmmeenntt  pprroocceessss..  

¶¶  DDeessiiggnnaattee  2255  ddoossiimmeetteerrss  ttoo  mmeeaassuurree  tthheerrmmaall  nnooiissee..    TThheessee  ddoossiimmeetteerrss  wwiillll  nneevveerr  bbee  

iirrrraaddiiaatteedd..  

¶¶  EEnnssuurree  tthhaatt  ddoossiimmeetteerrss  ddeessiiggnnaatteedd  aass  hheeaattiinngg  aaddjjuussttmmeenntt  ddoossiimmeetteerrss  aarree  pphhyyssiiccaallllyy  

sseeggrreeggaatteedd  ffrroomm  ffiieelldd  aanndd  EECCFF  rreeffeerreennccee  ddoossiimmeetteerrss..  

¶¶  UUssiinngg  tthhee  rreeaaddeerr  ccoonnttrrooll  ssooffttwwaarree  ppaacckkaaggee,,  oobbttaaiinn  aa  PPaarraammeetteerr  DDuummpp  ffoorr  tthhee  rreeaaddeerr  
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bbeeiinngg  tteesstteedd..  

¶¶  SSeett  IInnii ttiiaall   HHeeaattiinngg  CCoonnddii ttiioonnss  

¶¶  SSeett  tthhee  iinniittiiaall  hheeaattiinngg  ccoonnddiittiioonnss  ((llaammpp  ppootteennttiiaall  aanndd  ttiimmiinngg  ppaarraammeetteerrss))  ttoo  tthhee  vvaalluueess  

tthhaatt  wweerree  aapppprroopprriiaattee  wwhheenn  tthhee  rreeaaddeerr  wwaass  llaasstt  uusseedd..    TThhee  ffoolllloowwiinngg  ttaabbllee  sshhoowwss  

ttyyppiiccaall  iinniittiiaall  llaammpp  ppootteennttiiaall  aanndd  ttiimmiinngg  ppaarraammeetteerr  vvaalluueess  ffoorr  tthhee  PPaannaassoonniicc  UUDD--771166  

aanndd  UUDD--77990000  sseerriieess  TTLLDD  rreeaaddeerrss..    TThhee  ffoolllloowwiinngg  iilllluussttrraatteess  tthhee  rreellaattiioonnsshhiipp  ooff  tthheessee  

ppaarraammeetteerrss  ttoo  llaammpp  ffllaasshheess  aanndd  tthhee  mmaaiinn  ccoommppoonneennttss  ooff  tthhee  rreessuullttiinngg  ssiiggnnaall..  IIff  tthheessee  

vvaalluueess  aarree  uunnkknnoowwnn,,  oorr  iiff  tthheeyy  sseeeemm  ttoo  bbee  iinnaapppprroopprriiaattee,,  tthheenn  sseett  tthhee  iinniittiiaall  hheeaattiinngg  

ccoonnddiittiioonnss  ttoo  tthhee  ddeeffaauulltt  vvaalluueess  ggiivveenn  iinn  tthhee  ffoolllloowwiinngg  ttaabbllee  bbeeffoorree  bbeeggiinnnniinngg  tthhee  

pprroocceedduurree..  
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Default Reader Heating Evaluation Parameters 

 
UD-710 

UD-706 / 

716 
UD-7900* 

Typical Lamp Potential (volts) 12.25 4.0 4.61 

PHOSPHOR NAME PARAMETER 
TYPICAL VALUE (ms) 

UD-710 UD-716 UD-7900 

CaSO4 

T1 P-01 65 400 475 

T2 P-02 500 600 600 

T3 P-03 50 100 150 

Li2B4O7 

T1’ P-46 65 400 500 

T2’ P-47 500 600 600 

T3’ P-48 50 100 25 
*When configured to emulate a Panasonic UD-716 TLD reader. Settings needed to emulate another model 

reader such as a Panasonic UD-710  must be determined experimentally. 

 

  

¶¶  WWeeaakk  hheeaattiinngg  ccoonnddiittiioonnss  wwiillll  ccaauussee  tthhee  ggllooww  ccuurrvvee  ttoo  bbee  sshhiifftteedd  ttoo  tthhee  rriigghhtt..    SSttrroonngg  

hheeaattiinngg  ccoonnddiittiioonnss  wwiillll  ccaauussee  tthhee  ggllooww  ccuurrvvee  ttoo  bbee  sshhiifftteedd  ttoo  tthhee  lleefftt..    IIff  bbootthh  LLii22BB44OO77  aanndd  

CCaaSSOO44  aarree  hheeaattiinngg  ttoooo  wweeaakkllyy  oorr  ttoooo  ssttrroonnggllyy,,  iinnccrreeaassee  oorr  ddeeccrreeaassee  tthhee  llaammpp  ppootteennttiiaall,,  

rreessppeeccttiivveellyy..    NNeevveerr  eexxcceeeedd  1144..0000  vvoollttss..  

¶¶  RReeaaddeerr  PPaarraammeetteerrss  IInnfflluueenncciinngg  HHeeaattiinngg  

¶¶  TThhee  vvaalluueess  ooff  TT11''  aanndd  TT11  pprriimmaarriillyy  ccoonnttrrooll  ffaaddiinngg  ooff  LLii22BB44OO77  aanndd  CCaaSSOO44  ,,  rreessppeeccttiivveellyy..      

¶¶  IIff  oonnee  pphhoosspphhoorr  sshhoowwss  eexxcceessssiivvee  sshhoorrtt--tteerrmm  ffaaddiinngg,,  tthheenn  iinnccrreeaassee  tthhee  aapppprroopprriiaattee  ttiimmiinngg  

ppaarraammeetteerr..      

¶¶  TThheessee  ppaarraammeetteerrss  sshhoouulldd  nnoott  bbee  iinnccrreeaasseedd  aabboovvee  8800  mmss..      

¶¶  IIff  iitt  aappppeeaarrss  nneecceessssaarryy  ttoo  ddoo  ssoo,,  tthheenn  eeiitthheerr  tthhee  llaammpp  iiss  ddeeffeeccttiivvee  oorr  tthheerree  iiss  aa  mmaajjoorr  hheeaatt  

ssiinnkk  iinn  tthhee  hheeaattiinngg  aasssseemmbbllyy  ooff  tthhee  TTLLDD  rreeaaddeerr..  

¶¶  TThhee  vvaalluueess  ooff  TT33''  aanndd  TT33  pprriimmaarriillyy  ccoonnttrrooll  tthhee  tthheerrmmaall  nnooiissee  ooff  LLii22BB44OO77  aanndd  CCaaSSOO44  ,,  

rreessppeeccttiivveellyy..      

¶¶  IIff  oonnee  pphhoosspphhoorr  sshhoowwss  eexxcceessssiivvee  tthheerrmmaall  nnooiissee,,  tthheenn  ddeeccrreeaassee  tthhee  aapppprroopprriiaattee  ttiimmiinngg  

ppaarraammeetteerr..      

¶¶  IItt  sshhoouulldd  nnoott  bbee  nneecceessssaarryy  ttoo  rreedduuccee  tthheessee  ppaarraammeetteerrss  bbeellooww  aabboouutt  2200  mmss..      

¶ However, values less than 20 ms can be used if necessary. 

¶¶  AA  ddeettaaiilleedd  ddeessccrriippttiioonn  ooff  tthhee  pprroocceessss  ffoorr  eevvaalluuaattiinngg  TThheerrmmaall  NNooiissee  aanndd  SShhoorrtt  TTeerrmm  FFaaddee  mmaayy  

Lamp Flashes (typical UD-7900m) 

Parameter T0 T1 T2 T3 T4 T5 T6 T7 T8  

Time (ms) 1 475 600 100 570 300 50 300 3000  

           

           

Integrator          

  PRE DOSE POST  
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bbee  ffoouunndd  iinn  CChhaapptteerr  44  ooff  tthhee  SSyyllllaabbuuss    
 

Matching Readers with a Thermal Curve Adapter 

11The MicroDesigns Thermal Curve 

Adapter is an accessory fixture that allows 

direct measurement of the badge heating 

cycle in a Panasonic TLD reader. 

When used with a MICRODESIGNS 

GCI/1, GCI/2, GCI/3 glow-curve interface 

or a Panasonic UD-791A, the digitized 

thermal curve generated by the TCA/1 

may be observed on a host computer's 

graphics display, analyzed, and stored for 

later reference. Third-party software 

vendors support the TCA/1, managing 

thermal curve calibration data as part of a complete personnel dose data management package. 

 

The TCA/1 Thermal Curve Adapter contains a heating lamp mounting fixture, a TLD element 

card with an embedded thermocouple, a precision temperature-tofrequency converter, and an 

integral microprocessor controlling a four-line LCD character display. A photomultiplier tube 

plug, lamp power extension cable, and external wall-mounted power supply are provided with 

the TCA/1. 

 

The TCA/1 connects between the TLD reader and the glow-curve interface and substitutes its 

thermal curve signal for the digital photon glow-curve signal from the reader. To make a thermal 

curve measurement, the reader's heating lamp and convergence cone assembly is first removed 

from the reader and installed in the TCA/1; the supplied photomultiplier tube plug is installed in 

its place in the reader. Next, the TCA/1's lamp power extension cable is connected between the 

reader and the TCA/1. A glow-curve data cable is connected between the reader and the TCA/1 

and another between the TCA/1 and the glow-curve interface. After modifying several 

parameters in the reader, the reader is started and thermal curve acquisition begins. 

 

When the captured data is read out of the glow-curve interface, thermal curve data is collected in 

place of photon curve data while "tick" marks (if captured) are captured normally. The glow-

curve interface cannot distinguish between incoming temperature data and normal glow-curve 

data. Of course, the host computer must properly interpret the data as a thermal curve. 

 

                                                 
1
 Description of Thermal Curve Adapter from MicroDesigns , Inc. TCA/1 Thermal Curve Adapter User’s Manual, 

February, 1993 (Reprinted by permission) 
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Besides providing thermal curve capture with an external glow-curve interface, the TCA/1's 

internal microprocessor also captures and displays the baseline temperature and up to three peak 

temperatures, making it usable for standalone thermal analysis. 

 

The TCA was originally designed for use with Panasonic model UD-806, 710, and 716 TLD 

readers. In the case of laboratories with a Panasonic UD-7900 TLD reader desiring to use the 

TCA to evaluate reader heating, special modifications to the TCA must be made by the 

manufacturer.  Once these have been completed, MicroDesigns has developed a protocol for use 

of the TCA in this specialized application.   The TCA does capture UD-7900 thermal curves, but 

the current UD-7900 reader control software does not properly implement all of the UD-710A 

timing parameters in cases where the user wishes to compare a UD-7900 to a UD-710.  Reader 

control software modifications for the UD-7900 are currently planned.  

 

Matching Readers with a Digital Oscilloscope 
 

¶ A third technique for matching TLD readers is to first set the Li2B4O7 glow curve PRE / 

DOSE ratio to between 2 and 7%, depending on the results of thermal noise and short term 

fade determinations (conducted as described above).   

¶ Once this is completed, a digital oscilloscope is used to measure low glow counts, lamp 

voltage timing, and gate information. 

¶ The output connections for these three signals are readily available in the Panasonic UD-

710 and UD-716 TLD readers. Gate information is not available with the UD-7900 reader 

because it is calculated by the reader’s computer.  This can be calculated manually with 

the lamp flashes are captured with a digital oscilloscope. 

¶ The recommended setting for the digital oscilloscope is a rise time for CaSO4 of 128 ms and 

a rise time for Li2B4O7 of 148 ms.  (Rise time is defined as the time from the beginning of 

integration of the dose curve to its peak height). 

¶ Exact settings are a matter of professional judgement. 

¶ A good goal is to set the heating to fully integrate the DOSE portion of the glow curve 

and to have a CaSO4 POST / DOSE ratio of 20% or less. 

¶ This method for evaluating reader heating and matching reduces the systematic factors that 

can alter the final results.  In addition, it provides a rapid method for quantifying the heating 

conditions of multiple readers, including differing models.   

¶ Detailed procedures for this method of reader matching are currently being developed by Mr. 

R. Cadogan at Argonne National Laboratory in Illinois. 
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Summary 

¶¶  TThhiiss  cchhaapptteerr  hhaass  oouuttlliinneedd  sseevveerraall  mmeetthhooddss  ffoorr  eevvaalluuaattiinngg  rreeaaddeerr  hheeaattiinngg  aanndd  ffoorr  mmaattcchhiinngg  

ddiiffffeerreenntt  mmooddeellss  ooff  PPaannaassoonniicc  TTLLDD  rreeaaddeerrss..  

¶¶  TThhee  ffoolllloowwiinngg  ttwwoo  ppiiccttuurreess  ggrraapphhiiccaallllyy  iilllluussttrraattee  tthhee  ccrriittiiccaall  ccoorrrreellaattiioonnss  bbeettwweeeenn  vvoollttaaggee,,  

ttiimmiinngg,,  aanndd  tthhee  rreessuullttiinngg  ggllooww  ccuurrvveess..  

¶¶  EEssttaabblliisshhiinngg  ooff  ccoonnssiisstteenntt  rreeaaddeerr  ttiimmiinngg  aanndd  hheeaattiinngg  iiss  ccrriittiiccaall  ffoorr  ggoooodd  qquuaalliittyy  ddoossiimmeettrryy  

ooppeerraattiioonnss  bbeeccaauussee  iitt  iiss  tthhee  DDOOSSEE  ppoorrttiioonn  ooff  tthhee  ggllooww  ccuurrvvee  tthhaatt  iiss  uusseedd  ttoo  ccaallccuullaattee  

ddoossiimmeetteerr  rreessppoonnssee  aanndd  tthheenn  iiss  uusseedd  bbyy  tthhee  ddoossee  aallggoorriitthhmm  ttoo  eessttiimmaattee  tthhee  rraaddiiaattiioonn  ddoossee  

eeqquuiivvaalleenntt  aann  iinnddiivviidduuaall  wweeaarriinngg  tthhaatt  ddoossiimmeetteerr  lliikkeellyy  rreecceeiivveedd..  
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