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Introduction

® First,it is too early to commit to any
particular design

p Many areas need R and D to validate design
options

p Need to study impact of design choices on rest
of detector

p Need to understand long term reliability
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Warm Electronics

® Really just a study of how to get the signals
out of a cryostat with minimum capacitance

® Main issues are

p Need good estimate of detector capacitance

p Methods to bring signals to the top and bottom of
TPC

p Capacitance of commercial cables

p Possible feedthrough designs
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® Analytic model

p 2 parallel wires

D=wire separation

R=wire radius

p Coaxial Cable

R |=outer radius

R>=inner radius

TPC Capacitance

27E
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TPC Capacitance

® For radii much less

Ration of Coaxial to Parallel Capacitance for 5 mm separation

than separation
coaxial capacitance -
formula with Royter
=D is 2 times that |
for 2 parallel wires Yoo s s

Wire Diameter mm
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FEA Model

® Actual case is several parallel wires

® Build a FEA model

p Heat transfer is the same as
electrostatics

p 2D only
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Small circles are 150 ym wires spaced 5 mm
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FEA Results

Wire surrounded by 4 wires is 90% of coaxial
(19.2 pF/meter)

Wire with wires on 3 sides is 87% of coaxial
(18.4 pF/meter)

Actual case has wires at an angle but using nearly
the coaxial value is likely to be a good estimate

Use 20 pF/meter for design

Can easily extend this method to cables

Tuesday, February 23, 2010



Woven Cables

® Spin off of garment industry
® Many different cables in a single harness

® Very flexible in type of wire, spacing, weave
etc.

® (Can have different weave at end for
connectors
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Woven Options

® Can use magnet wire down to 40 gauge (75
pum)

p Copper wire covered with few microns of
insulator

Tuesday, February 23, 2010



——“.:,.._.._., |

Zﬂdz mm 3.3‘3.:..3353.3.3. mmmm :;:

AR LARAA

,€?§§§§§§§33335§§§3§§.

:5?255333353335&33553,

34153353333?135455235,

341333335533333353553,
\\
.413533353 4133455552,

,:
sé?é%??§?%33435433555,
fé?3§3§§333% 35435235,

LARLAR AL
11\

ﬁ%13§§§333434455525€§,

344333333343355353255,

LARLLEL

2«5.3?3.3?3333?333?3:.::.3

LARLAR AL UL LIRS

aé?3§33333§31534555§§J

LURELRLLRLLRLERLLRLLRLL R}

34,3;;;33%43;_35433..:3;

i
R IAR AASARRANNAAS W

3#333533153353333333

M \ AR LR

33335!333333333?333333

: i —r, 1 1L —_ _: —. — by _

gizssszszszzaassiy

AR R R RN RIR MR IR YA Mgt ._.

éigszssz;zsss WY 994 ¥

;p | —po— -— ,— 1) —— —.f‘— - \ av — . o..

P o a...z;_.__

ALl AR IAR DRIV AR AR RRARRARR AL i
314933333433143333;
31;.:3333333;334331{._._,

Al A ARR AR | 1y —. | A y A :.

32..3.3::33!3!3.333‘

1 ARAAR AR EARALRALRALY .:_.‘ iy 1 . f
%zs:assassgsizaz;&r
AL ASRANEANS ; LAVRARA i

3333333533333 |

(1] ]

5:5:.555:35555::2&&
PN LA = ] .. " : nhn z LRI )

3333333:33333;1333?
3;:..;.;...:g.zggzgsss.:

.?szas§z&sais.
UL LTTLRE L U L ....:.:n u..-.. M

Tuesday, February 23, 2010



Tuesday, February 23, 2010



."I’.l',‘ho, .~r ) ‘.I,.,lt:.'. » A
\ e Manr AR .
f. }’l{”-" 2 " - N N\

.’—“” vl,ﬂﬁfa/"w’a/‘/;/lla AN AANT -

A A R RO

. p/lv L 4!3:// N & L AR A
\ ’..O;o4.’404 . " .,‘/» > & oS S AR SA N L%

s A R O T N S

c/d//./v—/ v L2 / L5 ...r AN

, . d /”/ ,o.’l N A% -

.f.'ﬁ .4‘!.-/. I,..

. /’ , /‘( ./ oa'( . "-'l"/' '-‘(/,/" /"-‘I o.v' N ; 44 l’r’.l ol . - S ,o/
f‘/ 4/,4/ ./Ibvl .//- ﬁ/ .- /)../,/;r,/) AR AAASA NS &N ")
~ ﬁ-’/"{ﬁr/’l{ IJ"'( 1 4/”r 'I".ldll/,/' ,,,Ud/ I.- ~ AL LA N ~
PRTATNRAPRUNY FER RN LR AN aa b a it
ﬂ-’/"r{».”'/r/t 94"'/3 ,/1“”, .,o'.l.lad/,/_.' oS J-w W R LAS VLTRSS
(4//’“//‘/0# y /.M”,J'f Lf///.- \ at./a..l,/:l,/lr,// S 0,/., ; 5 J“”,. NN
,o/’./y .J“l,/.p .//nﬂ./) ,.”Hﬂ./.bv..,.u, (R 4.4.1/.,,-' /.f,./,/wv,.ic ", _,.- ; ) ,.
{/ld’J'/ './4’ .’o/’/ f/# ” & p.ut olvo.,c ,/‘I.( A.a .’lf.l.- N DAL SA NS -
3 75’70#./51?».4..“07”.‘/,"" nu,/:. S USRS LR TR LV B TR LT S
\g Y $ . _ . k - - LN - “»
4 J/ 14/m,4/f.f ’ 5 Ar“ --I /’Al - -I.Ivl,l AN A TS S . "ot 4,
l./,./aﬁl..pf,,/‘)/{ ./hﬂni. ./uu, ..t,..;:, Ak VR T VR VT, e
"'g"’f”.,;,//ﬁ- yﬂ/ﬁ’”;ﬁﬂ’b 0\ a P m././ :-I \ wl 2T N \ “'.1.0 l.d N \ AN . ‘/,r.ll
. ,.J",.Jw .,I/lal, .Ma.ﬂ“,— ,/“ﬂ /.Iw.:_,,cc. Ol TR RR LR RLRE S AN NS
N /}‘, ;;/ /‘f 3 8 S an (M ..../..I(.;.f.tvp;' \
LA AU AN TR SR T R SRR
SR R U I R
SI.P'I,“.I. v 4 ’rf - I* fu)l.*.,_/ .-/I../.f AN T AR AT AN Y
B S A S s S Y Y Vs T VB U B R T B, R T T
’04’,",‘..[""’ -( .., rﬁo,J,OJ, n.’ .I’ ‘ ’lc,’ ../ltl‘ N
/..HP . i.n.ﬁ!fh. | fﬁ. L L L A L A A UL LN
: ,Iwa : A ELLTASATAS AT AT RS &
RRLRAAPRANTRANES SRR S R W DYV W WY PR v
W WML . WY Nt v v e
R R e R A TR B A B
b f(r. f‘.‘,zllb‘{//ff/fl{i U TR L VR PR YRR
AR AN B S SN SRS SN SNE NV SNE NS NG NS N
R PO S T S T T VU T VT VR St R LN AR e Y
,'ﬂ(,lsa./." pf,...l_ar’ o .I.Q..IJ../ - fJ( ENTNENTNEANSTN B NN
PO\ TR Wi A VR Bt S D TR T VRN MR S e Y Wy LV
.t.(,u..l,m..(.ﬂ.l....l J.I. M NN AN \ ..I..'.,.( ENTNENTNE N

A% .\ 0/

N A I e,
- -

AL

N
-

R i U Wi P i S e S O S U S i W W S Vg
_,A/,,r,m..,.,~ s S A S A TAR ST AT SRR AR R T AR T AT A
SN 0 P S S S S S s MR T VR A T s Vs Wy LV

-r.u”w&ﬂt ,.I,,r...(....l. AN AT A A TR SRR S R G AT AN & T E SN
A I NN Wi T SN e S S SR U S N W MgV O Wy
,.?.»./&..r..{l, lfv.v,‘.(.l N .,r_d.,i,._f.._,i,..r,.i./../,... /J/..m/.d
?Mr . rWi T TS T Vs i S SN s S A M W Y
N VAW
2

N i,.,w. N S LR SRS S ./..A..,l.r./. NN

AN NS s U S SN S SR S VA AN
NENYTNEN /fn&l. S LS DL »IJII A A I/..//.(((.I,-I/,J
N 1 RN A SRS N N i SR T S hfz//( p///

AN
Y /dfjf.u/.w?él,‘.l SR IR Tt TR NN LR AL S .

Tuesday, February 23, 2010



._

\ ..f/r A Wi\




Possible Cable

® 200 ym magnet wire
® Spacing of 4 mm
® Coaxial value is 24 pF/meter

® With loose weave, guess 33 pF/meter (~50%
increase)

p Cable has no grounds - not needed for low freq.

® Need to test cable for C, purity etc.
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TPC Parameters

® |50 micron wire

® 5 mm spacing for planes and wire spacing
® 45 degree U andV planes

® Jwo 7 meter frames in vertical direction
® Four |0 meter frames along beam

® Four rows of double TPC’s across cryostat
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TPC Routing

® Route wires that

end at the edge to
the top or bottom

(H. Jostlein

VaVaN
474 Yd

S

’

suggestion)
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Little Affect on Pattern
Recognition

® Vertical wires are independent on the two sides
® Get precise timing from vertical wires

®¢ Common point on one side does not give
common point on the other

p 2 hits at same time are not a problem

® Need more than 2 hits at same time and position

p Still likely to be OK
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Bottom signals

® ~965 signals/meter for double TPC plane

® Atlas feedthrough has 1940 signals +
grounds (3880 total | think)

® Need a feedthrough every 2 meters (4 if no
ground) 20 or |0 feed throughs per row

® 3 meters of cable to preamp should be
good enough
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Top Feedthrough

® Could be used in combination with bottom
feedthrough or all signals could be on top

® (as at top so little pressure

p Don’t need Atlas feedthrough

p Use feedthrough similar to DO fiber tracker
- Simple polyimide cable feedthrough

- 9 kelvin to room temp in ~40 cm
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Top Feedthrough

® |f cables only from top TPC (of 2), then 3
meters of cable are probably OK (100 pF)

® |f both TPCs go through the top, then
bottom TPC has additional 7 meters of

cable (additional 233 pF)
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Noise

® 45 deg wires are |0 meter -> C=200 pF
® |0 total meters of cable -> C=333pF

o NOise (PaUI RUbinOV) G, 1256+26C—

o S/N: 11000/1510= 7.2 or 22000/15[0=14.4

p Low signal is a problem

- Concern is margin for less than perfect detector
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Summary

® Feed throughs at top and bottom of
cryostat could give good signal/noise

® Atlas feed throughs are nearly good enough
for bottom

® Feed throughs only at the top are
problematic with low signal amplitude

p Concern is reduced margin for impurities
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Cold Electronics

Discuss a few system issues

p reliability

p amplifiers only

p everything through multiplexor is cold

p Discuss continuous read out only

= Much easier if only accelerator based physics
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Analog Multiplexing

® Choose ICARRUS design for ADC
p 10 bit
p 2.5 MHz (400 ns)
® Likely to need 50 to 100 ns settling time
p Rules out large analog multiplexing
p Multiplex by a factor of 4 or so

p Big reduction in cables but need control cables etc
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Digital Multiplexing

® SVX 2 requires |5 cables for 8 bit data
® |0 bit so need |7+2 grounds=19

® Need ~20:| just to stay even on cable plant
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Data [ransmission

® DO uses both edges of clock for readout

® 53 MB/sec
® 26 MHz on cable
® 3M pleated foil cable ~ 25 meters

® Difficult to get working without errors
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Digital Multiplexing

® Very difficult to get a factor of 2
® Might get 80 MB/s (32 to | MUX)

® Could go to serial but requires code for
clock recovery (8B 10B)

p May not save much cable
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Zero Suppression

® /ero suppression can be useful but requires
channel ID which increases cable plant by several
bits

® Also only useful if it increases the data rate
beyond the cable capacity.

p But need to read all channels for calibration, testing
etc.

- not impossible: divide readout into smaller units

- One needs a complete design
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Cables and Pickup

® Above analysis is for single ended drive

® CDF found that could not read out and
take data with out differential drive

p nearly doubles cable count

® Very important not to have output to input
feedback

p TPC is a great antenna!

Tuesday, February 23, 2010



Reliability

® DO has had a lot of power wire bond failures

® Double wire bond some power pads (no
failures)

® Add second power bus with a diode

p DO has done this with over voltage diodes!

® Might consider separating preamp from digital
processors and doubling digital section

p both chips on same cable with enable line
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Summary

® Optimizing a cold digital design is complex

® Need to asses reliability, cable plant size, affect of
failures on the physics performance etc.

® Cold design potentially is the cheapest solution with
the lowest noise

p History of silicon detectors is that they have a high failure
rate (10-20% after a few years)

p Chips designed for HEP often have errors that show up later
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