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SUMMARY

This report documents the selection of components as part of the efforts
initiated to develop a remote, canister-monitoring system (RCMS) for determining
and monitoring environmental conditions within dry fuel storage canisters
containing aluminum-clad spent nuclear fuel (ASNF) at Idaho National Laboratory
(INL). These efforts are in support of the Department of Energy Office of
Environmental Management (DOE-EM) investigations into the technical issues
associated with extended dry storage (50+ years) of ASNF. The capability to
establish and monitor the performance of ASNF in situ provides the opportunity
to (1) evaluate the appropriate technologies for monitoring, (2) collect canister
environment conditions as soon as possible, (3) verify and validate current
laboratory-based study results and analytic modeling approaches, and (4)
potentially identify additional dry storage options for ASNF at the INL site. The
improved understanding of ASNF behavior gained by performing this work would
also contribute to the safety basis for extended dry storage in current and future
configurations, as well as to provide information for future transportation,
conditioning, and disposal of ASNF. It is important to resolve questions regarding
storage because the ATR is expected to continue producing approximately 100
elements of spent fuel per year for at least another twenty years. The parameters to
be monitored by the RCMS include temperature, relative humidity, hydrogen gas
concentration, and radiation environment (dose). Components are selected based
on the expected environmental conditions within the canister and fuel storage area
and the desired performance of the RCMS. Several of these components have been
purchased and received. Future activities include component testing and
calibration, software development for operation of the integrated sensor module,
and the fabrication of a representative test volume. The results of these tests and
the changes to desired performance characteristics will inform subsequent
activities.
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Selection of Components for the Remote, Canister-
Monitoring System

1. INTRODUCTION

This report documents the selection of components as part of the efforts initiated to develop a remote,
canister-monitoring system (RCMS). The purpose of the RCMS is to determine and monitor the
environmental conditions within dry-fuel storage canisters containing aluminum-clad spent nuclear fuel
(ASNF) at Idaho National Laboratory (INL). These efforts are in support of Department of Energy, Office
of Environmental Management (DOE-EM) investigations into technical issues associated with the extended
dry storage (50+ years) of ASNF. A successful RCMS would improve the current understanding of how
ASNF behaves during extended dry storage and would support a technical basis for the continued storage
of this material. The capability to establish and monitor the performance of ASNF in situ provides the
opportunity to (1) evaluate the appropriate technologies for monitoring, (2) collect canister environment
conditions as soon as possible, (3) verify and validate current laboratory-based study results and analytic
modeling approaches, and (4) potentially identify additional dry storage options for ASNF at the INL site.
This can confirm the presence or absence of hydrogen buildup due to radiolysis, which would affect
eventual sealed canister disposition/disposal. The improved understanding of ASNF behavior gained by
performing this work would also contribute to the safety basis for extended dry storage in current and future
configurations as well as to provide information for the future transportation, conditioning, and disposal of
ASNF. It is important to resolve questions regarding storage because the ATR is expected to continue
producing approximately 100 elements of spent fuel per year for at least another twenty years. The
parameters to be monitored by the RCMS include temperature, relative humidity, hydrogen gas
concentration, and radiation environment (dose). These parameters are important due to historical tests that
indicated extreme high relative humidity, radiation and temperature can lead to significant decomposition
of metallic aluminum. Components are selected based on the expected environmental conditions within the
canister and fuel storage area, and the desired performance of the RCMS.

2. BACKGROUND

2.1 Previous Activities

Efforts from the 1999-2000 timeframe to develop a tool to measure properties of the internal
environment resulted in an instrumentation package that could be installed on the canister lid to transmit
the data by radio frequency (RF) to a data acquisition system. Figure 1 shows the first prototype made in
FY2000. The sensors and electronics were placed in a shielded compartment with a penetration in the
canister lid to allow gas circulation to the sensors and direct radiation monitoring. The prototype was
capable of sensing temperature, relative humidity, hydrogen gas and the radiation field using a miniature
Geiger Muller tube. For compactness, the shielding material was selected as tungsten.



Figure 1: Integrated sensor system prototype fabricated in FY2000.

2.2 ldentified Approaches

Three approaches have been identified for investigation in the current efforts. The first approach is to
perform a technology update on the prototype developed in FY2000. This first approach would acquire
point estimate data by measuring the conditions inside the headspace of the canister. This is achieved either
by inserting the integrated sensor into the canister headspace, or by actively pumping a sample of the
headspace gas to the sensor for analysis. The second approach is to develop a wired sensor system that
requires threading of wired sensors into the canister fuel bucket geometry. This second approach would
allow the acquisition of intra-canister, vertical axis, spatial information for the parameters of interest. The
third approach is a passive system that would also acquire intra-canister, vertical axis, spatial information
for the parameters of interest, without the need for a wired system. This would be achieved by inserting
discrete sensors packages that communicate wirelessly with the control unit situated in the shielded
compartment on top of the canister lid. The passive system, if successful, could have benefits in terms of
maintenance and operation within the storage facilities. Figure 2 shows a drawing of the three approaches.
The green box is the electronics in the shielded compartment on top of the canister lid. The blue boxes
indicate where sensors would be placed, and spatial information collected. Additional information on the
identified approaches can be found in (Kitcher 2019). Feasibility studies into all three approaches are being
conducted. The first two approaches are being pursued in collaboration with the University of Idaho [though
an inquiry to the Center for Advanced Energy Studies (CAES)? system] (contract No. 154652). The
selection of components documented here is in support of the first two approaches. The third approach is
being pursued through a subcontract with Westinghouse (contract No. 228461).

8 CAES is a research and education consortium between Boise State University, Idaho National Laboratory, Idaho State
University, University of Idaho, & University of Wyoming.
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Figure 2: Identified design approaches for the RCMS.

2.3 Facility and Canister Descriptions

Brief descriptions of the Irradiated Fuel Storage Facility (IFSF), the Advanced Test Reactor (ATR) fuel
elements (which constitute the majority of ASNF stored in the IFSF), the dry-fuel storage canisters used
for storage of ASNF, and the various buckets used for the transfer and storage of the ASNF within the
canisters can be found in (Kitcher 2019).

2.4 RCMS Package Performance Requirements

The purpose of the RCMS as stated are to (1) evaluate the appropriate technologies for monitoring, (2)
collect canister environment conditions as soon as possible, (3) verify and validate current laboratory-based
study results and analytic modeling approaches, and (4) potentially identify additional dry storage options
for ASNF at the INL site. To this end, the parameters to be monitored by the RCMS include temperature,
relative humidity, hydrogen gas concentration, and radiation (dose). The desired performance of the RCMS
can be found in (Kitcher 2019). Table 1 shows a list of desired performance from the sensors in the RCMS.
In addition to these sensors, additional components needed for the RCMS are a miniature air pump for air
sample collection, a battery to power the RCMS, data transmission capability via Wi-Fi or RF, and a
radiation shield. The battery should be able to power the RCMS for a minimum of 1 year of autonomous
operations, starting with weekly data transfers to establish routine baseline. After the baseline is established,
the sampling rate could potentially be reduced to monthly data transfers. The radiation shield should reduce
the dose rate and total dose to the sensors and electronics to allow operation for a minimum of 1 year
without degradation of performance. The data transmission capability should have a range of 600ft without
line-of-sight. This should allow transmission to an antenna within the fuel storage area. The data can then
be transmitted via a wired connection out of the fuel storage area to the data acquisition/processing system.



This list of desired performance characteristics is by ho means complete and will be updated as additional
desired performance characteristics are identified or design tradeoff encountered.

Table 1: Desired performance of sensors for RCMS.

Parameter Range Accuracy Comments

Dose (mR/hr) 0-2000 + 20 mR/hr  Spatial information desired

Temperature (°C) -25-125  +2°C Spatial information desired

Relative humidity (%) 5-95 +2% Spatial information desired

Pressure (psia) 13-30 + 2 psia

Hydrogen concentration (vol. 04 +0.1% Need to establish the minimum detectable

%)

limit.

3. COMPONENT SELECTION

Additional design principles for the RCMS that have not yet been stated as requirements include low
cost, small size, minimum weight of package and low power consumption, and acceptability for deployment
in the CPP-603 facility. In selecting the necessary components, several candidates were surveyed for both
approaches and different design options were considered. Table 2 shows a comparison of the components
used in the FY2000 prototype and components considered for the new prototype.

Table 2: Comparison of components between the FY2000 prototype and the New prototype.

Component

FY?2000 prototype

New prototype

Hydrogen sensor

Figaro TGS2620
Figaro TGS821

Several off-the-shelf options
(Figaro, H2scan, N5)

Radiation sensor

Gamma Labs G1300

Several off-the-shelf options
(Mirion, Gamma Labs)

Temperature sensor

Digital thermocouple

Several off-the-shelf options
(Hioki LR5011, Comet T3611, N5)

Humidity sensor

FSU-2K unit
(EMD-2000)

Several off-the-shelf options
(Hioki LR5011, Comet T3610, EMD-4000, N5)

Air sample collector

Miniature air pump

Miniature air pump

RF transmitter

RF
(450Mhz, 600ft range)

Several off-the-shelf options
(N5 has Wi-Fi)

Microprocessor

z80

Several off-the-shelf options
(N5 use Arduino platform)

Onboard memory

128K EEPROM

Several off-the-shelf options
(N5 use Arduino platform)




Software N/A Requires code development inhouse

Power source Li-ion batteries Li-ion batteries

In general, several options were identified that meet the required performance characteristics for each
component. Several commercially available integrated sensor units were found featuring integrated
temperature, relative humidity, and hydrogen. These units also had data transmission capability via Wi-Fi
and some limited data storage and processing capabilities. Given that this represents a significant portion
of the design effort, it was decided to proceed with such a unit as the core of the integrated system. Of the
integrated sensor units, the offering from N5 digital multi-gas sensor module was selected as it offers low-
power requirements, hydrogen concentration, temperature, and humidity sensing on a single chip. Figure 3
shows the N5 module. The N5 product sheet and datasheet can be found in Appendix A. Several options
for miniature Geiger counters have been identified. Figure 4 shows several miniature Geiger counters
available from Mirion Technologies. The product sheet can be found in Appendix B. The miniature Geiger
detectors surveyed require high voltage DC power for operation. A suitable DC voltage converter has been
identified as shown in Figure 5. The DC converter product sheet is attached in Appendix C. A suitable
miniature air pump has been identified as shown in Figure 6. The miniature air pump data sheet is attached
in Appendix D.

Figure 3: An image of the N5 digital gas module (Taken from the N5 module product sheet in Appendix A).



Figure 4: A range of Geiger detectors available (Taken from the Mirion product sheet in Appendix B).

Figure 5: An image of the LTC 1871 DC voltage converter (See Appendix C).



Figure 6: A miniature air pump (Taken from the Cole-Palmer Datasheet in Appendix D).

4. CONCLUSIONS AND FUTURE ACTIVITIES

As part of the collaboration with Idaho State University, several of these components have been
purchased and received. Future activities include component testing and calibration, software development
for operation of the N5 integrated digital gas module, and fabrication of a representative test volume. This
list of desired performance characteristics is by no means complete and will be updated as they are
identified, or design tradeoffs are encountered. The results of these tests and changes to desired performance
characteristics will inform subsequent activities.

5. REFERENCES

Kitcher, E. D. 2019. “Status Report for the Development of a Remote, Canister-Monitoring System for
Extended Storage of Aluminum Clad Spent Nuclear Fuel in the Irradiated Fuel Storage Facility”
INL/EXT-19-55950, Idaho National Laboratory.



6. APPENDIX A -N5DGM DATASHEET AND PRODUCT SHEET

Q N5 Sensors, Inc.
EraeT deeroeg b & eafler aoel i

Digital Gas Sensor Module (DGM) version 1.0

The Digital Gas Sensor Module [M5M) is a digital multi-gas sensor medule for
low-power, specific detection of Toxic Gasses and Envirenmental Pollutants.
The gas sensor module wtilizes MN5s patented low-power gas sensor
technology which combines multiple gas sensors with tailored selectivity in
a single chip. The module is an [2C peripheral with castellated mounting
edges for easy system integration. The system provides calibrated, digital
readings of gas concentration with an on-board humadity and temperature
sensor for automatic result compensation.

Applications

10T and Connected Devices, Toxic (3as Detection, Smart Cities, Environmental Maonitoring, Distributed
Sensor Systems, Smart Homes, Appliances

Specifications
Operating Voltage: 18-55W
Commumnication: 12C
Power Consumption [continuous): | 100 mWW
Dimensions: 20 x 25 mm 0.8 ¥ 17]
Mumber of Individual 5ensors: Options for 1, 2, or 4 sensors, plus Humidity & Temperature

Detection Range and Resoluticn 1-1,000 ppm w1 ppm or 500 — 50,000 ppm fw 50 ppm
\faries by sensor and application

Gas Sensors Available: MO, Hydrogen, Chilorine, Alcohal, Aldetyde, (HCN, CO, 502,
HZ5, NH3, 02)

Dimensions

All Dimensicns are i millimeters

For mare information please email at jnfo@nSsensors com
This product is protected by LS. Patent No. 9,476,862 Additional patents may be pending in the U 5. and elsewhere.



N5 Sensors, Inc.

smart sensors for a safer world

N5-1GCI2 Datasheet

VER2_REV03.13.18

Multiple Robust and Reliable Chlorine Sensors in

FEATURES

® 6 individually-addressable chlorine
sensors in one package

B Detection range: 1 — 50 ppm

® 20 pins, ceramic LCC or QFN
package

No cross-sensitivity to humidity or
organic compounds

Resistant to silicones

Surface-mount process compatible

TARGET APPLICATIONS

Hazmat Detection
Monitoring of Industrial cooling

Bottle cleaning facilities
B Agriculture

Waste water treatment

One Single Package

Description

The N5-1G series is a solid-state gas sensor
which combines wide-bandgap
semiconductor with advanced photocatalytic
oxides for reliable, low power sensing of
different gases.

This generation of sensor (N5-1GCI2) is
designed to detect chlorine gas with no known
Cross sensitivity to organic compounds,
silicones, and natural gas. There are 6
individual chlorine sensors in the 20 pin LCC
(8.8 x 8.8 x 2 mm) package. The sensing
element exhibits an increase in resistance in
presence of chlorine gas.

The sensors can be easily integrated into any
new or existing system, for industrial and
consumer applications. The device includes
reference elements which can be used as on-
chip passive elements, for voltage divider or
bridge implementation.

Multiple sensing elements in one package
provides redundancies and system-design
flexibility.

For more information, please contact N5 Sensors Inc.

@ 301-337-8314 |
info@n5sensors.com |

9610 Medical Center Drive, Suite # 200,

Rockville, MD 20850



VER1_REV11.13.17

N5 Sensors, Inc.

smart sensors for a safer world

N5-1GCI2 Datasheet

Sensor Response

Sensor Response when exposed to 5 ppm cl2

144000 6
DC Operating Voltage 33-5V a0 5
Detection Range 1-50 ppm %ﬁzzz :
Response Time ~60's ; . i
Recovery time ~120s EE N — o 8
Power Consumption 10-50 W (UV Off)* e ] 200 400 6500 800 1000 1mn’l
Storage Temperature 0°C to 60°C Time (5)
Operating Humidity 0% to 90% ——fesisance —— Concentration

Physical Drawing Pin Connection Schematic

3 2 1 20 19 " " =
Pin Connection 5— - Ne
1 VLED* (10 mA) NC yee s
L1 ) 2 | VeesV) ,LL 2 |1 bo lm,
4 18 3 NC [ ] - L
s 17 4 Sensor 1 -#— 69 x| NC
E 6 16 5 No Connect 17
c an|
5 7 15 6 Sensor 2 NC ‘#’
. 16
“ 8 14 / NC # P
8 Sensor 3
................. '
] H
! E 9 No Connect NC @l NC
E 9 10 11 12 13 i 10 Passive 1
H ]
i : 11 | vee(5v) -5 &= a8
H i )
! i 12 Passive 2
| ———— '
8.87 mm 14 | Sensor7 9 10 |11 |12 |13
15 No Connect NC Vee NC
16 Sensor 6
S 5 =
Note — Reference purpose, not to scale 17 ensor
18 No Connect
No C t Note — Reference purpose, not to scale
Gas Ingress 19 © Lonnec purp
Circular hole of 1 mm on the top of the chip carrier is 20 LED GND )
the gas ingress point and is shipped with a filter. The LED requireseither Referen ce Des|gn
Contact us for customized filter options for your a constant current Common pin {1 or 13)
application source or a pulse width Pin2and 11
modulated source and a Op-Amp
forward drop of 3.4 V Sensor pin* )
A/D
Converter
R )

Disclaimer - Specifications can change at any time withoutprior notice.

(U

10

External /On-ChipL

Passive



N5 Sensors, |nC. VER1_REV11.13.17

smart sensors for a safer world

Reflow profile for Sn42/Bi57.6/Ag0.4 solder
assembly

185°C (329°F)

138°C (281°F)

130°C (266°F)

Temperature
90°C (194°F)

25'C(IT'F)

Osec SDsec 180sec 210sec 240sec  270sec

Time

11



7. APPENDIX B — MIRION TECHNOLOGIES GEIGER DETECTOR

PRODUCT SHEET

MIRION

TECHMOLOGIES

FEATURES

- Product Rellability

The Mirlon Gelger Mueller
detector has besen carefull
researched and develop

o prowide & rugged, reliable,
lonig-lasting means of monitoring
nuclear radiation kvt Thesse
detectons offer guaranted
advantages, Incuding
manufactuing conststency,
product rellablity and
competithve pricing. Many of aur
detector types are manufactured
and te towithstand rigorous
shiock and vibration per milltany
standarnds.

2l Mirion GM detectors comphy
with our stringent qualtty
assurance pollcles, conslstent
with 150 2001,

OUR WARRANTY

= Mirlon warrants that Its Gelger
Mueller detectors will be ree
from defects In matsrials and
workmarship for & perkod of one
(1 year fram the date of Initial
shipment.

wwwLmirlon.com

Geiger Mueller

Detectors

DESCRIPTION

Guarameed Analysls

As anend user of Gelger Mueller
detectors for over S0 years, we have
successfully bridged the gap between
technical concepton, detectar design and
fleld application to achleve the quallty
performanace you demand.

caonslder the Source

Maore than sk decades of nuclear
Instrumentation design enables us to
Incorporate quality and rellablity Into

an outstarding line of Gelger Musller
detectors, Including 2000 Serles pancake
detectors, We affer extensive experiancs
&= both & manufacturer and end ussr

of all types of radiation detectons, Ower
the years, our detectors have met and
exceaded customer nesds In laboratory,

millitary and harsh Industial emdranments.

o Gelger Mueller detectons are the
abndous chaloe for the disceming user.
These detsctors are bullt to exhibit
superlon performance, reflaity and
lang-term stablity. Our sxtensive product
e provddes dirsct jor near equivalants)
Tor Industry-standard detectors, Inciuding
all verslons of pancake detectors and
fisker probes

12

Manufacturing Excellence

Mirlon's manufacturing operaton has
refined the development and production
of GM detectors, We ullize state-of-
the-art Instrumentation and the nest
equipment to montter and control all
manuiactuing processes, O palnstaking
attentien to every detall ensures
contamination-fres assembd les. We use
only the highest quality materials to
fabricate critical detector components.
Qur adherance to stringent design
paramsters and quality assurance
ensures periormance that mests or
eresds exacting commencial and milltary
standards.

Miron's growing detector dhdslon can
offer substantia volume cost reductiens
Tor large orders.



Geiger Mueller Detectors

Test Circuits
Use HV+, R; and R1 from the chart.

R1 Hys

s = Sty typically = 1 pF.
G = High willge blscking cagacion

Figura 1 - Anada Dutput
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— o &+ Hgh voltage
& tAV=
T .
M1 Ly il L]
10 kgt
:rnlrr & Dround

Temprriee:  + 13°C {T7F)
Counting mee: 100 c.ad

Figura 2 - Cathoda Citput

Plateau Calculations

Flat=au slope forthis data sheet Is calculated using the

formula below, and given In units of percemt change per

00 volts.

E 2 s S

&'}

v Ve
APPLIED VOLTAGE

N2 100
X XN0=% 1000 walts
TENERE Ve P

Alpha Particle Detection

The table below shows the Inttlal energy requlred

to penetrate a given mica window thickness. This
assumes a negligible alr gap betwesn the source
and the window. Mote the range of alpha particles of
warous energles In alr at atmospherk pressure.

Wica Window o Energy w Range in A
110 mgfem® 19 Hn; ¥ mm
20 mgiem2 LB M 15 mm
10 ngien? 16 My B nn
41 nglen? 4.5 Ma¥ Hnn
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Beta Particle Detection

The chart below shows the effects of mlca window
thickness (mgfcm2) on beta particle absorption
percentage.
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Dead Time Correction

GM detectors using comentional counting circultry all
exhib it counting losses due to the Dead Time factor.
These factors cited Inthe Mirlon detector data tables
amre based on the recommended operating voltages
and test circults. The chart below enables the user to
estimate the counting losses due to the Dead Time
factorat high count rates.
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Geiger Mueller Detectors

PERFORMAMCE DATA
Pancake Detectors — For o, f v Applications
Charactaristics & Datactor Typa— TRV ET T2000800° TH06 500 T2005500* T2007 S00°
Application =By By o By =By =BT
Samstriy™" @ CScpm at 1 mRth 3500 =00 =00 3500 /00
Window Erea Densty fugiom?) 16-20 18-20 0-22 0-22 0-232
Window Efactive Dlameter jmm, In) 445 175 445,175 44L 175 44517C 445 17C
Recommanded Cperating Vokage a00 e} =00 Enn Enn
Plateau Length Volks min AGOLI000 4E0.500 250.3200 450500 450.500
Flateau Slopa 100 W e ) 1 n L] L] L]
Dwad Tim jus ma| 50 ] 1] 50 En
Backeground [cim) ™" Shickdng 2" P+ 12" & 30 ma 20 ma 0 ma 0 ma. 20 .
Tast Qrcuk Agura 1 Figue 1 Figura 1 Rguai Figura1
Resistor, Ra (MO LE | a3 a3 a3 a3
Rersistor, B [MEY 10 10 10 10 10
Operating Tamp [T} 20 to+5E -1 +EE -2 +EE 20 40+EE 20 40+EE
Cathode Weder sl CriFa CrFa Crfa CyFa Crfa
Windoaw Recass jmm, In ) 16, 0062 15, 0E2 15, 0082 15, 00E2 15, D2
Pancake Detectors: Mica End Window — Fora, B,y Applications
—n Charecher istics & Diata ctur Typa —+ THIT
Ty Application wf,r
- Senstivty™™ @C5 cpm &t 1mRgh oo
—ouwwem | Wincow Araa Dansty mgien?) 16-20
umn Windew Eactva Dianater (mm, ) 198,078
bl Recommended Operating Voltege S0
Platgau Langth Yohts min. 450550
Platoau Slops (#6400 W mec | g
- T20077500* Diead Tima [ max) 00
(LTS -I Beckground g/ml™™ Shiekling 27 Po+ 18" Al 30 mex
— Tast Clrcukt Figura 1
o \‘1 Resistar, Ba M0y a3
g_/', Rusistor, KMy 10
£ Oparating Temp T Al 42475
-] Cethods Matarial [
Carthoda Wall 12,0050
‘Windaw Racess jnm, nj 16,0062

Mica End Window: [ N

ML Varskan
HH W Window T
2.8-24 ngfon?
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Geiger Mueller Detectors

Gamma Sensitive Miniature Detectors — Fory Applcations Gamma Sensitive Miniature Detectors:

Charadwristics & Diabector Typa —+ T2420 T2GE5001 T2420*
Applcation T T —_—
Sansiiity™" FC5 cpm at 1mbyh 42 m e 1
Recomnanded Operating YWolege =111} 4e0 foetet T e s mar v, st
ader Bn d ety frie ncde Tging med
Flatoau Length Volz min 450550 420520
L
Platoan Slops (100 ¥ ma 35 an amcme | s
Diciac! Tirus s ma) n ED l
Badground [ =" Shisldng 2 Po+ 127 & & m. 25 me, ) i \
TastQrcuk Fiqura 2 Fiqura 2 T2E50041
Rasktor Ra jMCY 47 47 o LS
Raskioy, Rl (ML N HA L
{psrating Tamp ['0) Lito+H 2040460 e L O
Cathod o Metenal Crfa CrFa
Cathoda Wal 0400 mgher® 280 ngien? = tnr;rmlmm!l:m
ORDERING INFORMATION
Pancake Detectors End Window Detectors Miniature Detectors
PartMumbser Moles Part Hum bsar Nortses PartMumbser Muotas
TA0ENT - T2 - T24m -
T2000yE00 - T2RM MiHery ¥orsion, Mica Thdmess O3025534 EnergyCompensaied T2420,
T2OOV00GW | T2000/500 with Greund Wira 2834 ngicm? For AWEI00
00213 Enargy Compensebad THIH, 7085355 Enargy Compsrsatod T2420,
T2006500 = for RESHD Fer NASRAMS
TROOGC00-HC | T200E/S00 witthow: Anoda Support Collar UNIEEA | Enargy Compensated TZIZIN, 7086575 Enenqy Compansriod T420,
TROOSSO0EW | TEOOR/S00 with Ground Wire for A2 Fo Saewie P
THOECO0GW-HE | T2006 S005W without Anocs Suppart Callar 93CLHA E.m Com Imln-ﬂl'lﬂﬂ, CANEE197 RN Fnrr;!:mw T2420
T200EE00L T2006/E00 with Greund Lug =
TIR1ME T2121 with 00125 Matzl DANBE19PYEL | EnsrgyCompsrsated T2420
TIOOEEN0LNE | T2006/S00L without Ancde Support Coller Wirdow In Fabew Housing
TE00E200 = D01 | EnergyCompensated T2420
TR0 500 — For addonal Infamation: s midon.com In Eray Housdrg
E4A048 T20M 500 with Ground Wirawth SakarLug TEE |-
wiibin
= SRR Cd
£ A RO TS
Pl EE=e
£207 Mifon Techredoghes (Canbsima), Inc. AllAgE rssrvad.
Capyright €207 MINon Technelsglas, I of 1ks afilstas. Al Aghs rasavad. Miden, ths Minon
and other ireds namasof Midon products listad harsin ara ragistorad redemarks or
trademidrks of Mirken Technologkss, Inc. or HsaMiaks In the United Stabés and othar countres.
Third party rademarks mamloned ars tha property of thelr respective owners.
WINPT T cinucom
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8. APPENDIX C—-LTC DC CONVERTER DATASHEET

”E } Q LTC18/1

TECHNOLOGY

FEATURES

® High Efficiency (Mo Sense Resistor Required)

Wide Input Voltage Range: 2.5V to 36V

Current Mode Control Provides Excellent
Transient Response

High Maximum Duty Cycle (92% Typ)

£2% RUM Pin Threshold with 100mV Hysteresis
+1% Internal Voltage Reference

Micropower Shutdown: lg = 10pA

Programmahble Operating Frequency

(50kHz to 1MHz) wath One External Resistor
Synchronizable to an External Clock Up to 1.3 = fggp
U=zer-Controlled Pulse Skip or Burst Mode® Operation
Internal 5.2V Low Dropout Voltage Regulator
Output Owvervoltage Protection

Capable of Operating with a Sensze Resistor for
High Output Voltage Applications

m Small 10-Lead MS0P Package

APPLICATIONS

m Telecom Power Supplies
® Poriable Electronic Equipment

Wide Input Range., No Reppngg™

Current Mode Boost,

Flyback and SEPIC Controller
DeSCRIPTION

The LTC®™ 871 is awide input range, current mode, boost,
fiyback or SEPIC controller that drives an N-channel power
MOSFET and requires very few external components. In-
tended for low to medium powerapplications, iteliminates
the nead for a current sensa resistor by utilizing the power
MOSFET's on-resistance, thereby maximizing efficiency.

The IC's operating frequency can be set with an extemnal
resistor over a S0kHz to 1MHz range, and can be syn-
chronized to an external clock using the MODESYNC
pin. Burst Mode operation at light loads, a low minimum
operating supply voltage of 2.5V and a low shutdown
quiescentcurrent of 10pA make the LTC1871 ideally suited
for battery-operated systems.

For applications requiring constant frequency opera-
tion, Burst Mode operation can be defeated using the
MODESYNC pin. Higher output voltage boost, SEPIC
and flyback applications are possible with the [TC1871
by connecting the SENSE pin to a resistor in the source
of the power MOSFET

The LTC1871 is available in the 10-lead MS0OF package.

LF LT LT, LW 2nd Barsd Wiode arz nepisiered irndemarnks of Linsr Tachnology Corpersdion.
RO Py b brademark of Linear Technology Corporation. Al ofher frademarnks ae

prupery of thekr respechve wmer.

1 Efficizney of Figure 1

TYPICAL APPLICATION _
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Figure 1. High Efficiency 3.3V Input, 5V Owiput Boosi Converier (Bootstrapped)
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LIC18/1

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
{Kote 1)
Win VoRagE e, — 03V 0 36Y PR
INTV; Voltage.... .. D3Vt 7V N 55w
INTV g Output Current... . G0mA e g2 M
GATE Voltage ... —[l 3.'|'I 'tl:." 'I"II|HT'|'|:|: +0.3V HED#E g a6 GNO
Iy, FB 'u'elteges. . 03V to 2.7V e
RUN, MODESYN C "-fehages e 0.3V O TV PO —
FREQ Voltage ... . . —0.3V to 1.5V
SENSE Pin Vo hage .. =03V to 36V
Operating Temperature Henge I:I-.Iete E}

ITCAET1E... .—40r°C to 85°C

LTC1E71L... 4070 10 125°C

LTC1871H... cevemssenseens =307 to 150°C
Junction Tempereture I:Nete E:I

LICH1BTIE/LTC1&TAL... . 125°C

ITCAB71H .. 150G
Storage Tempereture Ftenge ... —65°C to 150°C
Lead Temperature (Soldering, 1D eee:l IR, 1 | o
ORDER INFORMATION
LEAD FREE FIHISH TAPE AND REEL PAAT MARKING PACKAGE DESCRIPTION TEMPERATURE RAKEE
LTGAB71 EMS#PBF LTCA8T1EMS# TRPEF LT5X 10-Laad Plastic MSOP —4PC o B5°C
LTC1871 IMSHPEF LTCAET1 IMSSTRPEF LTBFC: 10-Laad Plastic MSOP 4P o 125°C
LTC18r HMS#FBF LTCA&T1HMSFTRPEF LTCXS 10-Laad Plastic MSOP 4G o 150°C
LEAD BASED FINIZH TAPE AND REEL PAAT MARKING PACKAGE DESCRIPTION TEMPERATURE RAKEE
LTG1871 EMES LTCAET1EMS#TR LT5X 10-Laad Plastic MSOP —4PC o B5°C
LTC1871 5 LTCAET1 IMSHTR LTBFC: 10-Laad Plastic MSOP 4P o 125°C
LTCI871HNS [TCAE71HNISFTR [TCAS 10-Laad Plastic MSOP —APC to 150°C

Consuli LTC Merkating for paris specified with wider aperating tfemperabure ranges.

For more information on lead free part marking, go bo: fritpo'fwww inearcom/leadires
For more information on tzpe and resl specifications, go to: hitp: e lineac comAapeandreslf

i

17

LT IER



9. APPENDIX D - COLE-PALMER AIR PUMP DATASHEET

Browse >100,000 products
at ColeParmer.com Vacuum Pumps

Compact vacuum Pumps
Complete your OEM application

A-B. Miniature OEM Vacuum/Pressure Pumps

These pumps will achieva a vacuum leval of 5.9 Hg or pressura up to
6.8 psi. Usa for lab applications where only a small amount of pressurs or
vacuum is neaded—idaal for low-prassure aeration.

C. Micro-Boxer Diaphragm Pumps

This latest advanca in technology machas a praviously unexplored size-to-
parformanca ratio. The miniatura pump comes with a conrelass OC motor
for exira long life. Diaphragm and valves are made of silicons.

D. Single-Head Miniature Diaphragm Pumps

Thessa brushless DC motor driven pumps ars designed to handle air and
gases. Tha compact dasign utilizes tachnologies that allow it to oparate
hardar, hotter, guister and longer than other existing pump designs. Thay
offer multiple componant configurations, allowing them to ba used for
aither vacuum or prassure operation.

E. Cole-Parmer® Air Cadet® Diaphragm Pumps

Vacuum/prassure pumps have excellent vacuum/prassure capabilities
with continueous operation up to 20" Hg or 18 psi. Long-life convolutad
diaphragm minimizas stress and heat build-up. The head is made of non-
contaminating plastics, Noryl® body, nitrile diaphragm, and PTFE valvas.

F. Oil-Free Rotary Vane Pumps

These pumps reguire little maintanance and reduca risk of contamination.
Ideal for use in low-prassure or high-capacity applications. Pumps includa
vacuum gauge, filker, carrying handle, and a2 6-f (1.8-m) cord {115 VAC
models hawve a US standard plug).

G. Oiled Rotary Vane Pump

Cantrifugal force holds wowvan linen vanes against finsly polished cast-iron body intenior for
a vacuum-tight saal—tha self-adjusting vanes automatically compensate for wear. Pumps
includa separate vacuum and pressura gaugas, vacuum and prassure regulators, oil trap,
air filter, carrying handle, and a &-ft (1.8-m), three-wire cord (115 VAC models have a thrae-
prong plug and a two-prong adapter with ground wire).

H. Variable-Speed Pumps

Enable easy vacuum system integration. Ultimate pressure down to 2.0 Torr (20.85" of Hg).
Standard duty (78600-71) and chemical duty (79800-72) varsions, analog or PWM control.

Fresa

sdwnd peyeaugm-o / Kig

‘& Vacuum/pressura

[ o {0 A o 113F Soldar 3-mm berh | 045 [ 1% x "Ww"x V:" [ GH-TOS00-07 |
D4 1) 5"“‘”"| BIRA | pmasg | 190 | Bbs |E"““‘”I amban] o 'IC | T8 [T x 1% %" | CHT06000H |

E. Pressure pamps

[CoEn — H o 113F Solder (03 [ T x| TR0 |
0[] | SERA) | Epgpen | 190 | ehs |55‘£["'3| }’"mm| W o (T | G |

€. Micre-boxer dizph

T IITF Soidar e A T
0.05{1.4) |142f3£4]?j|| 21 056 |[-;ﬂm45°q 1z,nu:|| e |ssr£w| i O — o AU {-@%—'—
0. Single-head min:
Q6(15) [ 12(@e8) | i .psut L RS A TE00Z
OO5(15) | 12(048) | 0060 | # o 456 ) . VAL | O | oy sovw . oee | CHTOGODZD
0625 | 16(i064) | 20738 | Gw7eg | 20000 | Pgml | — | %"Bab TvemE | 0% | 2 2N reran
00025 | 1864 | 200138 RS CH_To00.24
E. Cole-Parmar Air Cadat jprossurn diaphragm pamgs
18(128) | 41m05F . [ TiEWMC [ 13 | 7% xi x5%" | CAO7SI08s |

067 Sausra) | 15003 | B30 | 4000 | Pighsl |7“3[‘tj WWTR e | 4 | Tafacw | GHOTSI.05 |
F. Dil-frea rotary wane pumps

iTH 50 cont. | 40 o 4007 115 WAC, BIVED Hz 11%6 xS’ﬁ

EITTREE] k] lg ilr | 4 1o 38°C) | 10,000 | plug |?mw| il 220 VAL, SIVED Hz
E. Diled rotary wane pumps

A0 HIT [ A CICTT 48 (4N N O ames | A0 e A0000C | [ =r————— Taicwr chnenu.T 29 T IPunmncc na |
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