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Outline

• Detector Description
• Recent Measurement Results 
• Current ISS TEPC plans
• New ISS TEPC Detector Developments
• Exploration Developments 



ISS TEPC Summary

• Right cylinder of A150 plastic – 5 cm x 5 cm
– Gas is pure propane, simulating 2 µm of tissue
– the projected area is 30 cm2 and sensitive volume of the detector is 

103 cm3 for isotropic exposure. 
• Current measurement location is Columbus

– 12 locations surveyed in the past year :Node 2, SM, Columbus, and 
JPM

• Measures lineal energy (y) in the range 0.4 – 1000 keV/µm 
– y spectra recorded 1 per minute and dose rate/dose equivalent rate 

calculated every ~4 seconds
• Data sent to the ground every minute and has an alarm 

threshold of 0.05 mGy/min
• Currently used to officially track Expedition exposures
• This unit operational since 6/2007



ISS TEPC





SM-P338



Node2 CQ



ISS TEPC Long Term Dose Rate



GCR - Trapped





Daily Quality Factor



Columbus Module
• The NASA ISS TEPC has completed 2 measurement 

campaigns in the Columbus Module.

• We moved the detector on March 3, at ~10:43 GMT to the 
Columbus EPM Rack COL1A3.  The measurement period 
ended on 4/14/08.
– We have 42 days of monitoring data available.

• We moved the detector on Aug 21 to the Columbus EPM 
Rack COL1A3.  The measurement period is still ongoing
– 17+ days



TEPC Location in Columbus

TEPC Location: 

EPM Rack



March 18, 2008 - Files 51-100
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Columbus Results
2009

ISS GCR Trapped Total

Dose (µGy) 1836.707 1916.766 3753.474

Dose Equivalent(ICRP-60, µSv) 5214.418 3406.494 8620.911

Particles Count 33798603 30921890 64720493

Time (minutes) 15671 1091 16762

Dose Rate(µGy/day) 157.789 164.667 322.456

Dose Equivalent Rate(ICRP-60, µSv/day) 447.963 292.647 740.61



Columbus Results
March 18 – 24, 2008March 4 – 10, 2008

GCR Trapped Total

Dose (µGy) 922.506 790.482 1712.988

Dose Eq (µSv) 2768.831 1413.807 4182.638

Particles Count 16883289 12613729 29497018

Time (minutes) 8816 626 9442

µGy/day 140.691 120.556 261.248

µSv/day 422.275 215.62 637.894

GCR Trapped Total

Dose (µGy) 872.357 592.419 1464.776

Dose Eq (µSv) 2571.033 1067.608 3638.642

Particles Count 16168033 9620668 25788701

Time (minutes) 8232 502 8734

µGy/day 143.828 97.674 241.502

µSv/day 423.894 176.02 599.913







Orientation Issues

SM-P410- Near DB8

6/10/09 – 0.39 mGy/day

5/25/09 - 0.44 mGy/day



Near Term Plans 

• 9/12: TEPC 1001/1002  will be relocated to 
the SM-SP327 on

• 9/14 : Activation and Checkout (ACO) of 
TEPC S/N 1003.

• 9/18 : TEPC 1003 will be shut off and 
stored in the CHeCS rack. TEPC 
1001/1002 will be reactivated at SM 327.

• 9/28 : TEPC 1001/1002 will be relocated 
from SM panel 327 to ?????. 



Next Generation ISS TEPC
Motivation 

•ISS Tissue Equivalent Proportional Counter
•Current on-orbit unit functioning nominally (since 2007)
•Identical Backup flight unit just launched on STS-128
•Minimize/eliminate gap in TEPC monitoring through delivery of 
replacement hardware

•Current TEPC first flown in 2000, developed in late 1990s.
•Hardware exceeding design life 
•Replacement parts not available 

•Shuttle Retirement /Solar Max/Larger Crew/Long Development Time
•No return mass for repair post Shuttle retirement  

•Need to Support ISS operations to 2020



New TEPC Schedule
• Fall:  TEPC Engineering Unit ready
• Oct – Jan 2009:  TEPC box-level testing (functional, 

environmental, radiation measurements)
• Jan 28, 2010:  Critical Design Review (CDR)
• Feb – Sept 2010:  Qualification phase
• July – Feb 2011:  Acceptance phase
• Mar 31, 2011:  H/W Delivery (IV-TEPC)



Spherical TEPC
Geometry

Development of spherical 
TEPC detectors to replace 
cylindrical detectors currently 
onboard ISS

Different voltages on 
each layers of the 
detector

Hollow sphere
made from 
A-150 tissue 
equivalent 
conductive 
plastic

Inside 
chamber is 
filled with 
very low-
pressure 
propane 
gas 
(40 – 70 
torr)

Mold set used to make 
plastic sphere rings



Thin walled vacuum chamber - 0.020 inches 
(0.5 mm) 



Specific Requirements

Description Requirement
• Lineal Energy Range 0.2 to 1,000 keV/um
• Lineal Energy Resolution 0.2-20 keV/um :    0.1keV/um (8 bit)

14-1,000 keV/um:    2 keV/um (9 bit)
• Resolution Overlap 14-20 keV/um, match +/- 10%

2 Detectors: 
Two different diameter detectors have been designed: a 
1.27 cm internal diameter detector with 3 mm wall thickness
3.81 cm internal diameter detector with a 5 mm wall thickness. 



Prototype 
Electronic Circuit 

Boards

First board layout, connects 
the feed-throughs with the 
electronics

Second board layout, 
contains most of the 
preamplifier

Third board layout, 
contains the high-voltage 
divider and the first 
preamplifier stage







Prototype Detector 
Test Data

* Preliminary radiation characterization was performed at the NASA Space 
Radiation Lab in Fall 2008.  Next test trip is scheduled for April 9-10, 2009.

* Event size distributions for iron ion irradiation as a function of detector 
orientation and ion energy.



NASA TEPC Detector (Exploded View)

Outer Shell Assembly

Inner Shell

Spider Assembly

Anode Wire, Anode 
Spring, and Set Screw

Detector Sphere

Circuit Boards

Indium Ring

Sealing Cap

Connectors

Copper Tube

Detector Base

EMI Shield Gasket

Isolator Ring

These 2 parts are 
different between IV- and EV-
Detectors.  

Each Detector (IV- and EV-) 
has two sphere configurations 
(large & small)



TEPC System Description
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TEPC System
Description

FPGA

Sensor
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Control

1553
Interface

PowerPC/
Processor

Ethernet
Interface

DDR
Controller
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Interface
Control

Display
Control
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Visual
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1553
Transceiver

1553
Transformer

Ethernet
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Detectors Analog Interface Digital Interface External
Interface

Temp
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Temp
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*CSP – Charge Sensitive
Preamplifier

Flash

System Power SupplyHV Power
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Texas 
Instruments 
ADS7229 

Detectors Designed by Texas A&M



Complete Instrument 



Power/1553 Data
(UOP connector)

Ethernet RJ-45 
(SSC and GSE) 

Power On/Off

Detector #1 mount

IV-TEPC Packaging Update
9-2-09

Detector #2 mount

30 cm x 14 cm x 14 cm



IV-TEPC Packaging Update
9-2-09

A

B

C

D D

E E

Processor/1553 board
Pulser board
System Power board
High-Voltage Power board (qty=2)
Analog board (qty=2)

A  = 
B  =
C = 
D = 
E = 



Exploration Activities

LVI Systems – T Conroy – Low 
mass microdosimeterT. Borak, L. Braby, T. Straume  

- EVA  Dosimeter



Summary 
• Dose & Dose Eq Range 

– 0.20-0.55 mGy day-1

– 0.51-1.15 mSv day-1

• Q factor range 
– 2.07 – 2.71 , Average = 2.4 

• GCR/Trapped ratio
– 60% Dose Eq is GCR 

• ISS TEPC operating well
– Backup will be immediately available assuming 

successful activation and checkout



Summary 

• Next generation TEPC project progressing 
well
– Testing upcoming at NSRL and HIMAC

• NASA continuing to support 
microdosimeter projects to find solution for 
Exploration missions 
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