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POSTER SUMMARY

The X-ray Calibration Laboratory (XCL) of the Center for Devices and Radiological Health 
(CDRH) provides calibration services for the Food and Drug Administration (FDA). The 
instruments calibrated are used by FDA and contract state inspectors to verify compliance 
with federal x-ray performance standards and for national surveys of x-ray trends (Table 1). 
In order to provide traceability of measurements, the CDRH XCL is accredited by the 
National Voluntary Laboratory Accreditation Program (NVLAP) for reference, diagnostic, 
and x-ray survey instrument calibrations (Table 2). In addition to these accredited services, 
the CDRH XCL also calibrates non-invasive kVp meters in single- and three-phase x-ray 
beams, and thermoluminescent dosimeter (TLD) chips used to measure CT beam profiles 
(Table 3). The poster illustrates these services (Figures 2,3,4,7,8,9,10) and shows the 
traceability links back to the National Standards (Table 4, Figures 1,5,6). •

(i) Food and Drag Administration, Center for Devices and Radiological Health, 5600 Fishers Lane, Rockville, Maryland 20857.
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Figure 1 - Traceability o f Accredited Services



Figure 2 - Setup for routine compliance testing of diagnostic x-ray systems. The compliance test 
stand ensures a consistent geometry for measurements. FDA compliance measurements 
must be made with instruments calibrated at the CDRH X-ray Calibration Laboratory 
using existing accredited procedures.
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Figure 3 - Pre-irradiation testing of diagnostic level x-ray meters. This test is used to evaluate the instrument’s electronics prior 
to calibration in an x-ray field. The test is particularly important because it demonstrates the instrument’s response 
linearity as a function of rate (the probes, on the other hand, are type-tested for ion recombination characteristics).



Figure 4 -A  high-purity germanium detector is positioned for spectral verification of kilovoltage in one of the x-ray calibration rooms. 
Corrections are made for detector efficiency and k-escape in the Ge crystal. Usable count rates are achieved by pinhole 
collimation of the beams.



Figure 5 - Spectra of the reference x-ray beams are being accumulated for analysis. A high purity germanium spectrometer is used
for this purpose. The spectrometer is also used for calibration of the kilovoltage applied to the x-ray tube. The spectrometer 
is calibrated using gamma rays of known energies, and verified by the fluorescent x-rays from the target material.
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Figure 6 - Diagnostic probes are being mounted on an automatic positioning system for calibration. This system alternately positions 
the reference instrument and test instrument to the same spot in the reference field. As the field from the constant-potential 
unit is very stable, two probes are typically calibrated for each measurement of the reference field.



Figure 7 - The x-ray calibration console for NVLAP-accredited calibrations. The generator
controls are on the left side; readouts of the diagnostic instruments can be seen on the 
TV monitors; readouts of environmental monitors are on the near right; interlock 
indicators are on the far right. Ion chambers are usually calibrated for five beam 
qualities at a nominal 20 mR/s (0.18 mGy/s).
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Figure 8 - Survey meters are calibrated to low intensity fields at a nominal distance o f 7.6 m from 
the x-ray source. The outputs of reference ion chambers at 1 and 7.6 meters are 
compared at high exposure rates. When the rate is lowered to protection levels, the 
chamber at 1 m is used to determine the reference field at 7.6 m. This provides a 
strong reference signal for rates as low as 0.5 mR/hr (4.4 fiGy/hr).
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Figure 9 - Single phase setup for non-invasive kVp meter calibrations. Calibrations are performed at a nominal 60 cm SDD and
2.7 mm AL-equivalent filtration. The reference voltage divider banks can be seen on the left side. Traceability is achieved 
through NBS-measured divider ratios, and endpoints of measured spectra.
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Figure 10- Thermoluminescent dosimeters being loaded into a phantom insert for analyzing beam profiles in Computed Tomography. 
A CDRH "head" phantom is shown on the left. The TLD lab utilizes a Harshaw Atlas reader (shown on the right).



Table 1 - FDA’s X-ray Measurement Requirements for Which Instrument Traceability is Provided 
by the CDRH X-ray Calibration Laboratory

Testing for compliance with mandatory performance standards (21 CFR 1020)

(1) television receivers
(2) cold cathode discharge tubes
(3) diagnostic x-ray systems

- radiography
- fluoroscopy
- computed tomography

(4) cabinet x-ray systems

Nationwide Evaluation of X-ray Trends Program (NEXT)

Table 2 - CDRH’s NVLAP-Accredited Services

(1) Calibrations of instruments for diagnostic levels

•beam codes: M20, M30, M50, M100, L80, L100
• exposure rate: 2 to 100 mR/s (18 to 880 yxGy/s)
• uncertainty in reference field: ±3%

(2) Calibrations of survey meters

• beam code: H50
• exposure rate: 0.5 mR/hr to 14 R/hr

(4.4 /xGy/hr to 123 mGy/hr)
• uncertainty in reference field: ±5%

(3) Calibrations of reference-quality instruments

• same parameters as for diagnostic levels
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Table 3 - Non-Accredited Services

(1) Calibrations of non-invasive kvp meters

• single-phase generator: 50 to 150 kVp
• 3-phase, 12-pulse gen.: 50 to 150 kVp

(2) TLD irradiations in x-ray reference fields

Table 4 - Traceability Mechanisms

Traceability of accredited services

(1) primary calibration of reference instruments
(2) accreditation criteria
(3) MQA proficiency testing

Traceability of kVp meter calibrations

(1) comparison to calibrated, invasive voltage divider
(2) monitoring of divider accuracy by spectrometric 

verification of cutoff energy

Traceability of TLD irradiations

TLD’s irradiated in same reference fields as accredited 
services with various types of backscatter conditions or 
"free-in-air," depending on application
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