
!"#"$"%&'()*+,-./%0"%1+2'3.4../%5"%#(*67'88./%&"5"%9(8',:;<./%9"="%>?@7.A(./%B"&"%
C4(*:',./%9"D"%D.88(4)../%#"9"%14':?7E/%9"%F8.*?/%B"%>.,(?/%G"H"%=(,,':-/%H"B"%H4.I(,-/%

>"B"%G(A(4.,-J-/%9"5"%F:?J8.:-/%>"9"%>',JA-/%9">"%5(,.+--/%%
.FK6(4'*(,A.8%B:A4J67<:'?:%L4J+6/%&6.?(%&?'(,?(:%M.EJ4.AJ4</%N%L.+::%$.</%O,'I(4:'A<%JP%

H.8'PJ4,'./%=(4;(8(</%HB%QRNST%
EF,4'?J%1(4*'%U,:VA+A(/%WXRT%&"%F88':%BI("%O,'I(4:'A<%JP%%H7'?.)J/%H7'?.)J/%U8%XTXYN%

?%B4)J,,(%Z.VJ,.8%M.EJ4.AJ4</%QNTT%&"%H.::%BI("%B4)J,,(/%U8%XTRYQ%
-U,?J*/%U,?"%SQR%&J+A7E4'-)(%5J.-/%H7.48AJ,/%>B%T[WTN%



!"#$%&'#%"&()*+,%*+-.&(/+0+.%0%*0+#&(#+$#"1&
>.2J4%(\J4A%.A%B4)J,,(%Z.VJ,.8%M.E"/%O"%H7'?.)J/%OH%=(4;(8(<%.,-%%
:(I(4.8%JA7(4%Z.VJ,.8%M.E:/%O,'I(4:'V(:%.,-%U,-+:A4<%AJ%-(I(8J6%8.4)(%
.4(.%]^_`%*'?4J?7.,,(8%68.A(:%.,-%(*68J<%A7(*%',%:(.8(-%A+E(%:(,:J4:%%
3'A7%J6V?.8%67JAJ?.A7J-(:%PJ4%7')7%:6((-%V*',)a'*.)',)%.668'?.VJ,:%%
',%#')7%F,(4)<%@7<:'?:/%B:A4J,J*</%(A?"%

2'3'&'(4'&5&2"-+%-$)-%%#%.&67(,&8+#&',0#+9/:,)*,&
&&&&&&&G(I(8J6*(,A%:A+-<%AJ%64J-+?(%:*.88%6J4(/%8.4)(%.4(.%>H@:%3'A7%%
%%%%%%%EJ4J:'8'?.A(%)8.::%:+E:A4.A(:%.,-%BMG/%3'A7%7')7%b+.8'A<%'*.)',)/%
%%%%%%%7')7%:6.V.8%4(:J8+VJ,/%8J3%E.?;)4J+,-%.,-%7')7%cGF%]?J*6.VE'8'A<%
%%%%%%%3'A7%7')7%A(*6(4.A+4(%67JAJ?.A7J-(%-(6J:'VJ,:`"%

7+-*%90&
&&&&&O:(%EJ4J:'8'?.A(%*'?4J?.6'88.4<%.44.<%.:%.%:+E:A4.A(%.,-%?J.A%%%
%%%%%3'A7%.,%.AJ*'?%8.<(4%-(6J:'A(-%4(:':VI(%%8.<(4%.,-%:(?J,-.4<%
%%%%%(8(?A4J,%(*'::'I(%AJ%P+,?VJ,.8'd(%A7(%*'?4J?7.,,(8%68.A("%



>'?4Je?.6'88.4<%.44.<:%]U,?J*`%3'A7%ST%f*%J4%RTf*%6J4(:%]^g%E'.:`%*.-(%3'A7%
EJ4J:'8'?.A(%)8.::"%Ma-%A<6'?.88<%XTh[%E+A%?.,%E(%*+?7%8.4)(4"%!6(,%.4(.%4.VJ:%
P4J*%XTi%AJ%^Yi"%C7(:(%.4(%*.-(%3'A7%7J88J3%A+E(:/%,J%(A?7',)%':%,((-(-"%

ST%f*%6J4(%EJ4J:'8'?.A(%*'?4Je?.6'88.4<%
:+E:A4.A("%@J4(%-':AJ4VJ,:%.A%*+8VjE(4%
EJ+,-.4'(:/%JA7(43':(%I(4<%+,'PJ4*"%

RT%f*%6J4(%EJ4J:'8'?.A(%*'?4Je?.6'88.4<%
:+E:A4.A(%3'A7%^Yi%J6(,%.4(.%



D':'E8(%8')7A%A4.,:*'::'J,%PJ4%.%ST%f*%6J4(%
EJ4J:'8'?.A(%*'?4Je?.6'88.4<%BMG%>H@%"%

>'?4Je?.6'88.4<%.44.<:%]U,?J*`%3'A7%ST%f*%J4%RTf*%6J4(:%]^g%E'.:`%*.-(%3'A7%EJ4J:'8'?.A(%%
)8.::"%5(:':VI(%.,-%:(?J,-.4<%(*'::'I(%8.<(4:%.4(%.668'(-%]B4)J,,(%M.E/%B44.-'.,?(`%AJ%.88J3%
A7(:(%AJ%P+,?VJ,%.:%>H@%(8(?A4J,%*+8V68'(4:"%F.?7%:A(6%':%:(6.4.A(8<%(,)',((4(-aJ6V*'d(-"%%

&+4P.?(%67JAJ%PJ4%.%ST%f*%6J4(%EJ4J:'8'?.A(%
*'?4Je?.6'88.4<%BMG%>H@%3'A7%Z'H4%(8(?A4J-(%"%



&',)8(%>H@%A(:A:%',%GH%.*68'j?.VJ,%*J-(%:7J3%'*.)',)%.,-%).',%I(4<%:'*'8.4%AJ%
?J,I(,VJ,.8%>H@:"%&.*68(%'*.)',)%6(4PJ4*.,?(%7.:%'*64JI(-%-4.*.V?.88<%JI(4%
A7(%8.:A%[S%*J,A7:%-+(%AJ%64J?(::%'*64JI(*(,A:"%

YY**/%STf*%6J4(%EJ4J:'8'?.A(%>H@%:+E:A4.A(/%XTh[%Ma-/%^%-()4((%6J4(%E'.:"%[[TTI%>H@"%

T"[%

%[%

[T%

[TT%

[/TTT%

%[T%FY%

[TT%FY%

RTT% XTT% ^TT% [TTT% [STT% [RTT%
L
.'
,%

>H@%#D%]IJ8A:`%

>H@%[RW%

>H@%[RX%

>H@%L.',/%',6+A%ST%6B%(e%



HJ,I(,VJ,.8%>H@:%.4(%7')78<%8';(8<%AJ%E(%67<:'?.88<%-.*.)(-%E<%7')7%IJ8A.)(%%
E4(.;-J3,%(I(,A:"%$(%7.-%.%67J:67J4%:?4((,%P.'8+4(%A7.A%-.*.)(-%.,%BMG%%
P+,?VJ,.8'd(-%EJ4J:'8'?.A(%)8.::%>H@"%U,:6(?VJ,%:7J3(-%,J%*(8V,)%JP%A7(%6J4(:k%

B,%.--'VJ,.8%(8(?A4J-(%8.<(4%3.:%.668'(-%J,%AJ6%JP%A7(%-.*.)(-%P.?(%.,-%A7(,%%
A(:A(-%',%J+4%67J:67J4%-(A(?AJ4%l%,J%:'),%JP%.,<%-.*.)(%',%A7(%'*.)(kkk%%



[Fm[%

[FmS%

[FmY%

[FmR%

[FmW%

[FmX%

[FmN%

[TTT% [WTT% STTT% SWTT% YTTT%

;
")
-&

67(&<+=0"$%&

L.',%PJ4%.%6.'4%JP%STf*%6J4(%YY**%
BMG%>H@n:/%XTh[%Ma-/%^%-()4((%E'.:"%

@+8:(%7(')7A%.*68'A+-(%-':A4'E+VJ,:%PJ4%
.%YY**%BMG%>H@%6.'4/%RTf*%6J4(/%XTo[%
Ma-/%^%-()4((%E'.:"%%

OD%'88+*',.A(-%A(:A%4(:+8A:%:7J3%:'*'8.4%).',:%AJ%?J,I(,VJ,.8%>H@:/%(K6J,(,V.8%
).',%-(6(,-(,?(%PJ4%8J3%.668'(-%IJ8A.)(:/%A7(,%:.A+4.VJ,%(\(?A:%.66(.4%.EJI(%
).',:%JP%[TX"%@+8:(%7(')7A:%.4(%4(.:J,.E8<%,J4*.8%PJ4%XTh[%Ma-%6.'4:"%

0

5 104

1 105

1.5 105

2 105

2.5 105

0 2 106 4 106 6 106 8 106 1 107 1.2 1071.4 107

2000v
2100v
2200v

C
ou

nt
s

Gain

>H@%6.'4%IJ8A.)(%

m%RTTI%.,J-(%E'.:%



U*.)(%JP%[^W,*%OD%8')7A/%:7J3:%AJ6%>H@%7(K%
*J-+8.VJ,%]:7.46`%.,-%P.',A%%>H@%7(K.)J,.8%
*J-+8.VJ,%P4J*%EJpJ*%>H@"%B%P(3%-(P(?A:/%
E+A%)(,(4.88<%I(4<%)JJ-"%F-)(%(\(?A:%.4(%j(8-%
P4',)',)%-+(%AJ%A7(%>H@%:+66J4A%q.,)("%

>H@%6.'4/%STf*%6J4(:/%^g%E'.:/%XTh[%Ma-/%T"N**%6.'4%).6%3'A7%YTTD%E'.:"%%%

L.',%*.6%].I(4.)(%).',`/%:7J3:%AJ6%>H@%
7(K%*J-+8.VJ,%]:7.46`%.,-%.%P(3%:6JA:%
37(4(%A7(%).',%':%8J3"%



@+8:(%.*68'A+-(%-':A4'E+VJ,:%PJ4%OD%
[^W,*/%.,-%PJ4%E.?;)4J+,-%(I(,A:"%

YTTT%:(?%E.?;)4J+,-/%T"T^RW%(I(,A:%?*eS%:(?e["%%
.A%N%K%[TX%).',/%[TWTI%E'.:%J,%(.?7%>H@"%L(A%%
:.*(%E(7.I'J4%PJ4%.88%JP%A7(%?+44(,A%STf*%>H@:%

0

2 104

4 104

6 104

8 104

1 105

1.2 105

1.4 105

1.6 105

0

10

20

30

40

50

0 5 106 1 107 1.5 107 2 107 2.5 107 3 107

166 UV

166 Bkg
U

V 
C

ou
nt

s

Background C
ounts

Gain

>H@%6.'4/%STf*%6J4(:/%^g%E'.:/%XTh[%Ma-/%T"N**%6.'4%).6%3'A7%YTTD%E'.:"%%%



[T%

0

5

10

15

20

25

200 400 600 800 1000 1200 1400

#31 QE (%)
#375 QE (%)
#613 QE (%)

Q
ua

nt
um

 E
ffi

ci
en

cy
 (%

)

Wavelength (Å)

0

10

20

30

40

50

400 600 800 1000 1200 1400 1600 1800

SEE layer

SEE layer + CsI

Q
ua

nt
um

 E
ffi

ci
en

cy
 (%

)

Wavelength (Å)

cGF%PJ4%E.4(%>H@%3'A7%BMG%:(?J,-.4<%
(*'::'I(%8.<(4/%.,-%3'A7%H:U%-(6J:'A(-%
J,%AJ6%JP%A7':"%

rYNW%s%rX[Y%>H@%6.'4:/%STf*%6J4(:/%^g%E'.:/%%
XTh[%Ma-/%XTi%!B5"%rY[%>H@%6.'4/%RTf*%6J4(:%
^g%E'.:/%XTh[%Ma-/%%^Yi%!B5/%:7J3:%7')7(4%cGF"%

BMG%l%EJ4J:'8'?.A(%>H@%67JAJ,%?J+,V,)%%
b+.,A+*%-(A(?VJ,%(t?'(,?</%,J4*.8%Z'H4%
(8(?A4J-(%?J.V,)%)'I(:%,J4*.8%E.4(%>H@%cF"%

BMG%l%:(?J,-.4<%(*'::'I(%8.<(4%J,%,J4*.8%
>H@%)'I(:%)JJ-%uE.4(_%cGF"%H:U%-(6J:'A(-%
J,%A7':%)'I(:%.%)JJ-%u:A.,-.4-_%H:U%cGF"%



=J4J:'8'?.A(aBMG%>H@%?J.A(-%E<%>=F%3'A7%@e-J6(-%L.ZaB8Z%JP%I.4'J+:%A7'?;,(::(:%
].*J467J+:a6J8<?4<:A.88',(`%.,-%A(:A(-%',%.%67JAJ,%?J+,V,)%'*.)',)%-(A(?AJ4%

U,A()4.A(-%67JAJ,%?J+,V,)%'*.)(%%
+:',)%[^R%,*%OD%:7J3:%+,64J?(::(-%
L.Z%8.<(4%4(:6J,:(%I:%E.4(%>H@"%

! @7JAJ%JP%STf*%6J4(%>H@%3'A7%dJ,(:%
JP%-'\(4(,A%L.Z%A7'?;,(::%.,-%:A4+?A+4(/%
G(6J:'A(-%E<%&DC%.::J?'.A(:%]B"%G.E'4.,`"%



&?4+E%JP%BMG%>H@%6.'4%]STf*%6J4(/%
XTh[%Ma-/%^g%E'.:`%?J*6.4(-%3'A7%
?J,I(,VJ,.8%>H@:"%OD%',6+A"%

10

100

0 0.2 0.4 0.6 0.8 1

613-612 Lifetest
25um Pair 40_1 
25µm pair 40:1
6µm pair 80:1 

R
el

at
iv

e 
G

ai
n

Extracted Charge (C Cm-2)

&?4+EE',)%3'A7%OD%.v(4%YWTgH%E.;(%%

10-10

10-9

10-8

10-7

10-6

10-5

0.0001

0 5 10 15 20 25 30 35 40

613-612 Bakeout record
N2
H2
Water
CO2
Ethyl
Methyl
2-propanol
Turbo

Pr
es

su
re

 (
To

rr
)

Time (hours)

YWTgH%E.;(J+A%3'A7%5LB%*J,'AJ4',)%%

5LB%*J,'AJ4',)%JP%>H@%6.'4%]STf*%
6J4(/%XTh[%Ma-/%^g%E'.:`%YWTgH%E.;(J+A"%



BMG%EJ4J:'8'?.A(%>H@%6.'4/%STf*%6J4(/%
XTh[%Ma-/%^g%E'.:/%T"N**a[TTTI%>H@%
).6"%&',)8(%(I(,A%6+8:(:%.4(%w[,:%3'-(/%
8'*'A(-%E<%:?J6(%E.,-3'-A7%][L#d`"%%

&?4+E%JP%:',)8(%BMG%>H@%]STf*%6J4(/%
XTh[%Ma-/%^g%E'.:`%.v(4%[WT%gH%E.;(J+A"%

B)(',)%A(:A%.v(4%[WTgH%E.;(%% '-+.%&(>=,%&3/"9%&

#')7%A4'))(4%A74(:7J8-%
T"T[%

T"[%

[%

[T%

[TT%

[TTT%

[TTTT%

T% STT% RTT% XTT% ^TT% [TTT% [STT% [RTT% [XTT%

HJ
44
(?
A(
-%
@7

JA
J?
+4
4(
,A
%],

B
`%

>H@%#D%]IJ8A:`%

cFKA%x%T"TT%Ha?*S%
cFKA%x%T"YS%Ha?*S%
cFKA%x%["YT%Ha?*S%
cFKA%x%["NS%Ha?*S%
cFKA%x%S"[[%Ha?*S%
cFKA%x%S"WR%Ha?*S%
cFKA%x%S"NY%Ha?*S%
cFKA%x%Y"[[%Ha?*S%



B%:*.88%,+*E(4%JP%ST?*%>H@%:+E:A4.A(:%]STf*%6J4(`%7.I(%E((,%P+,?VJ,.8'd(-%E<%BMG%.A%
BZM%.,-%(8(?A4J-(-%.A%OH=e&&M"%!,(%7.:%E((,%A(:A(-%',%.%-(A(?AJ4%:6(?'j?.88<%E+'8A%AJ%
.88J3%:',)8(%>H@:/%J4%6.'4:/%AJ%E(%(I.8+.A(-"%

ST?*%(8(?A4J-(-%BMG%STf*%6J4(%>H@%',%-(A(?AJ4%
.::(*E8<%3'A7%.%?4J::%-(8.<%8',(%'*.)',)%4(.-J+A%% ST?*%>H@%:7J3',)%A7(%*+8VjE(4%:A.?;',)%

.44.,)(*(,A/%RTf*%6J4(/%^g%E'.:"%



B,%','V.8%A(:A%3'A7%J,(%ST?*/%STf*%6J4(/%XTh[%Ma-%BMGe>H@%:7J3:%.%,J4*.8%>H@%).',%
?+4I("C7(%?4J::%-(8.<%8',(%-(A(?AJ4%.??(6A:%S%>H@:%.,-%:6.?(4:"%UA%3'88%.88J3%ySTTf*%
:6.V.8%4(:J8+VJ,%PJ4%>H@%6.'4:/%.,-%6(4*'A%P+88%(I.8+.VJ,%JP%ST?*%>H@:"%%

1

101

102

103

600 700 800 900 1000 1100 1200

Signal I (nA)

Sig
na

l I 
(n

A)
MCP V

ST?*%>H@%:A4'6%?+44(,A%.,-%4(:':A.,?(% ST?*%>H@%J+A6+A%:'),.8%I":"%D%PJ4%OD%',6+A%

0

1 102

2 102

3 102

4 102

5 102

6 102

7 102

8 102

0

0.5

1

1.5

2

2.5

3

3.5

0 200 400 600 800 1000 1200

Strip I (µA)

Resistance (M!)

St
rip

 I 
(µ

A)

Resistance (MΩ)
MCP V



Brazed Body Assembly 
 The alumina/Kovar piece parts are brazed to form the 
hermetic package  

Anode 
Alumina substrate with vias for signal/HV pins. 
48 signal strips inside, complete GND plane 
outside.  Signal & HV pins brazed in. 

Brazed Body Internal Parts Assembly 
Into the body, we stack up getters and X-grid  
spacers and MCPs.  X-grids register on HV pins, 
hold down MCPs, and distribute HV (via   
metallization contacts). 
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