HlNP16/32C HINP for RIKEN — March 2011

Rebecca Shane

(for Lee Sobotka, Bob Charity, Jon Elson and George Engel)
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Group 1. Chip reference: G.L. Engel et al., NIM A573, 418 (2007)

Charity-Sobotka 2. Implementation documentation: On request



HINP (REV3) Readout and Acquisition
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e Ll Linear Branch
Choice of The XLM
1.CSA: Internal 80 or 400 MeV or external CSA a) COﬂthlS the readout Sequence and
2.TVA range: 500 or 2000 ns . c - ey
3.Disc setting b) Receives three “trains”: Address, Timing, Energy

4.Inspection mode
5.All readout timings
6.Chip is really 32 ch, only popoulated16 of the ch.
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The Signals go from the ASIC
chip to a differential amp and
then to a pipeline ADC.

™ Strobes to pipeline ADC

Differential Signals
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Area and Power Breakdown

tvc
Total 6.7 mA

reset logic
2%

SHAPER
0.22%
TVC
RESET_LOGIC
0.15%
Shaper dominates Discriminator dominates
Lower-gains need larger shaper Total power ~ 30mW/ch ~ 1W/32ch

Higher gains need larger/different CSA design  Air flow or active cooling (in vac) needed.



SI In vacuum
Ele. outside

Initial test system at WU

Small-scale setup at TAMU (~ 400 ch)

dE’s external CSA

Large-scale setup at MSU (1000-2000 ch)
dE’s also run in external CSA mode



AT RIKEN

Secondary beam =» target = LI +HI tracking = SAMURAI =» proton and HI hodoscopes

Breakup

l breakup of loosely bound nuoclei ‘ I

PDCI
XY = (W?) - UV Si planes e
Either
a) SSD-SSD ---SSD --- SSD-SSD proton

b) DSSD ---- SSD ---- DSSD

b) Preferred due to:
1) Delta e- problem & i) p threshold issue

FDC2

ICF
HODO

ArL=2
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OPTION A

The “GLAST” Si
1D from Hamamatsu
384 ch, 228 um pitch (overkill)

OPTION B

TTT from Micron
(available in 2-sided)
128 ch, 758 um pitch

COMMENT from WU:

Prefer option B for the following reasons:

1. Reduces delta e- problem
2. Can get 500 um

(need for p triggering > 150 MeV/A)
3. Perhaps can get with central hole

Table 1

Spectfications of the GLAST-Flight-Model 353D

Items

Specifications (units)

Duter dimensions

Active area

Substrate thickness

Strip pitch

Number of stnps

Width of mplant-stnip

Width of Al readout electrode
Resistance of mplant-strip
Resistance of Al readout
electrode

Full depletion voltage
Resistance of isolation resistor
( vanation within a chip)

Capacitance of coupling
capacator (at 10kHz)
Leakage current

(at .= 150V)

(at V= 200V)
Bad channel rate (average)
Bad channels allowed in a chip

89,500+ 20 = 89.500+ 20

r|_1m3i|

87,552 x 87,552 (pm°)
410410 {pm)

228 (pm) < ——
384 e
56 (pm)

o4 (pm )

= 30 (kL) .~ cm)
<< 50 (L2~ strip)

<120 (V)
50+ 30 (ML)

+ 10 { MC2)
=500 (pF)

= 500 (nA)
=< 600 (A
=02 (%)

=3 (number of strps)

[



Concept Drawing
Diamond mounting

Traces from 2 sides routed to connectors

When do we need 5" ambiguity layer?
What if these were not exactly 90°7?
In any event do not need for 1p knockout.



- RIKEN -S1
) TTT kl\.. ~..-..L'-” o
128 strips -- 758 um pitch -

- 97:3x97.3mm

Vacuum.

” 12 \klllw"_'

S1 Mountine PCH : s owE g g ;

12 \mjlh "y

- Hi-densiy connectors -
CFX11LB-140s8-5V

. 140 connectors each,
pitch 0.5 mm

| j1 R7.0mm .

;1 f:énltr:rj té ﬂaﬁgé ﬂajt (IoijSlDl -:foés)l
Use MB for only 2567
If not, how to “TEE” in other 128 ch

Vacuum interface

- X0Q PIEOQIdYIOIA.

"TEE" Fanout PCB | 411.0.mml.

ow-density connectors (1.2)

MB bex for up to 512 channels .

1550 mm




Test rigS at WU and TAMU witn existing PCB mounting

We have started to test with the 2D TTT (300 um)

AREA =973 x97.3 mm

#strips  =>»128 x 128 =» 256 per Si, 512 per pair

Pitch => 756 um

Sitype = available in both n and p (intrinsic). We have one of each

Thickness =» available in both 300 and 500 um, we have 300 um.

pf =>» 300 um: 0.35 pf/mm? = 26 pf/st; 500 um: 0.21 pf/mm? = 15.4 pf/st
SI-TTT (WU) St in chamber (TAMU) External view (WU)




Results with TTT at WU

=>»Energy resolution (80 MeV range) = FWHM,_ (624 keV) ~ 45 keV; FWHM_ ~ 50 keV
=>» Threshold, (80 MeV range) =»Front ~324 +- 33 [keV] ; back ~ 304 +- 63 [keV]

These thresholds are a factor of 2-3 better than we could do with the 1.5 mm HiRA Si

207Bj (B~ & 624 keV conversion e))  Mixed Alpha source

Doublet of doublets = 233U: 4.783 (13%) 4.824 (84%) +
244Cm; 5.764 (23%) 5.805 (77%)

(. 7 1 300 ;
@ £200} 4.8 5.8 MeV-
g 10 3 - g
o ; | 8
© 1 © 100} |

1 L 1 L 1 0 il i i el L
0 0.2// 04 0.6\ 0.8 1 2 4 6 8
E [MeV] E [MeV]

3 pt fit
Conversion e ensures ~ correctness of zero
On back: we see cross-talk on back at “E < 0”

Threshold & 624 keV e line
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All new ACQ and control software
For

VME=USB
(VME controller from Wiener/Jtek)

e
5, DA -
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The 3 Tc-Tcl pages for Chip
set-up and control.
Full documentation is now available.



1. Extended-range version of HINP (upgrade REV-1V)
a) Fix logical error and make time output independent of temp.
b) Extended range option with Knee — see below
c) Move ADC onto CB. (This reduces readout time and eliminates need for VME QDC.)

2. Integrate ASIC with vary large dynamic range EXTERNAL CSA. We would
then instrument with TWO ASIC channels on single CSA output.

Electron Collection - Primary Lobe vs Energy Primary Lobe vs Energy
e+
\k —temp =0

1 | m——lemp = 27

evsEnergy -W=10,L=10
evsEnergy -W=11,1=10
evsEnergy -W=12,L =10

Primary Lobe (V)
-

Primary Lobe(V)

evsEnergy -W=13,L =10
- temp = 54
evsEnergy -W=14,L =10

evsEnergy -W=15,L=10

)
25

100 200 300 400 500 60D 700 100 200 200 400 500 600 700

Energy(MeV) Energy (MeV)

Can SELECT an extended range option with “knee”. P ROBLEMS:

The placement of the knee & the slope are fixed 1.e- non-Ii_near above kr!e_e _
by the design (cannot change.) 2.there will be a T sensitivity above the knee




LOGIC for each MB. (Two MB per XLM-XXV)  System at TAMU ready to test drive
NIM VME

VME crate
CERN extension?

Analog pulse tra

Wiring diagram

Gate and Delay
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=» Misc units of value €
1.BNC PB-5 computer controlled pulser
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3.Mesetec MHV-4 bias supply
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WU Progress and plan

Chip purchase and initial evaluation

1. Purchased remaining 288 chips
Testing completed ~ 80 % tested perfect = will get 225 chips > 3500 ch (many for NSCL and ORNL)

N

Conversion to VME-USB

1. NEW ASIC Control and ACQ software, all tested and working well.
2. Full documentation available .

TAMU system generation

All components delivered — ready for beam testing.

WU-SIUE work
Finish simulations of extended-range chip and begin layout
The latter will take six months!

WU-RIKEN work

Figure out how to incorporate RIKEN very -large range CSA
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Reaction Simulations : RIKEN/TAMU
What is channel requirement? Is 750 um pitch OK?
When is 5t plane required?
Chamber design : RIKEN/TAMU =» Must have similar hardware at RIKEN,TAMU,WU

TTT Si PCB :WU+MICRON (MICRON but 2 sided, i.e. twice signal for same Eloss) (- In

progress
GLAST SiPCB : RIKEN (high quality Si, but only one sided) =» Need spice model for Si
Bonding - TAMU  a) ENAL Lenny Spiegel ( ) or b) NSCL John Yurkon
Design I, I’, Il and I1l development : RIKEN
Two interesting ideas were presented.
a) A VERY large dynamic range external discrete CSA =» VLDR-CSA. RIKEN
b) A compressional internal CSA. WU+SIUE
If both worked, could choose which is better for a given experiment
Design of extended-range HINP with following options: SIUE € In progress
a) Two-gain (50/175 and 150/400MeV: LINEAR/knee)
b) Independent selection of above for Even/Odd channels

With all of these features, one generates options similar to 11 and 111 but without the need of a VLDR-CSA.

With a VLDR-CSA + Comp amp and HINP-1V (with features a, b, and c) One has the menu:

a) Run with internal CSA’s with knees
b) Run with external splitter =» 2 HINP channels/strip (eg. Even ch=>» high gain, odd ch =» low gain.)
C) Run with option Il (external VLDR CSA+ splitter) =» 2 HINP channels (shaper+disc)/strip

d) Run with option 111 (external VLDR CSA+compression) =» 1 HINP (shaper+disc)/strip
Creation of TAMU system and duplicate at WU € In progress




Concept Drawing C - "5 (77
- RIKEN--S1 with-internal conversion
' (for testing and using with Cable.)

" TTT detector - one/two sided

- 128 strips/stde - 758 um pitch

BT D o OF T2 wsmgan o o e
Ur.aXY/5 mm intemnal conversion FCB

128 strips "X"

§.
=
2.
E.
=i
¥
&
[

b -_Ih-.i-:n SIY CONOECIONS  tapohing 68 pin HID contiectors
EX1HLE-140s-5% - M PSOE0saT]-BRI-BA -
141} connectors each

187.0 mm.
Si center to flange flat (0f ISO cross)




MICREON SEMICONDUCTOR

1-3 Royal Buildings
Marlborough Road
NCING

Telephone

UK

14" June 2010

Cyclotron Institute
Texas ARM University
3366 TAMU

College Station

TX 77843-3366

United States of America

QUOTATION NO: 6421
VAT No: GB 376 8710-14

For the attention of Dr Livius Trache (979 845 1411 ext 237)
Email: I-trache@tamu.edu
Subject: RIKEM Experiment

Detector: DSSD TTT2 — 300 Type 2M

Project: SAMURAIL

Harsh Radiation Environment 105 p/cm2/sec
300MeV/ Nuclear/ Heavy Lons 370 MeV/ Nuclear
Element range: Oxygen to Tin

Requirement: Detection of Ions and Protons

Detector Options
1) TTT2-300 Type 2M N — Type Silicon (standard) (used on MUST 2/ PAX)
2) TTT2-300 Type 2M P-Type Silicon (New) (P Type siliconis considered to be more
radiation resistant for protons, no information on Ions — used at GSI)
3) TTT4-300 Strip pitch same but interstrip oxide reduced to 30 micron and detector
design for thinner window

Package Custom Design

Design will be supplied by Dr. Susanne Walsh (design@micronsemiconductor. co.uk). Concept

drawing B (interface to be finalised by Washington University who will be developing the
interface electronics),
v :
TTTDSSD 128 strips per side 758 micron pitch.
Package 180mm x 200mm
Connector: Hi-density FX11 LB — 140s-SV
(140 channels/ pitch 0.5 mm)

Detector

Design TTT2 (DS) — 300 Type 2M (N-Type)

DSSD Double Sided Silicon Detector

See Catalogue page 60 / 61 forpictures and details

DC detector: Structure., Ionimplanted multiguard with Field Plate

T P L T i I A A T o  F 5 T i [ S I A M St B

MICRON quote for our Concept design B

Standard detector N Type Silicon

Active area: 97.30 mm x 97.30mm

Window: Jpe 2M < 1 micron

No. of strips: 256 (128 per side)

Strip pitch: 758 micron

Strip width: 702 micron

Strip length: 96968 micron

Thickness: 300 micron

Full Depletion (FD) 40V typ, 70 V max

Operating voltage FD to FD + 30V

Total Current (FD + 30V) (20C) 2uA typical 4uA max
Interstrip resistance (ghmic) 100K min, 10M typical
Minimum Acceptance level: All channels operational
Quality Standard: 2 channels per side permitting with excess currents to the mean value across
the detector

Financial

Development of Detector Board for Custom TTT2 detectors to sketch Concept B from
Texas A&M

Design/ CAD/ Physicist Interface/ Engineering to produce 6 working defect free boards for
assembly of N Jpe and P Type detectors

Interface to 2 x FX11 LB — 140 — SV on each PCB

Quantity &

$12,000

Nete: Detectors cannot be totally checked prior to assembly. Additional assemblies will be
needed to deliver a detector to specification.

Supply DSSD Detector with N — Type Silicon

TTT2-300 onCustom PCB using N Type Silicon $11,000

Supply DSSD Detector with P — Type Silicon

TTT2-300 on Custom PCB using P Type Silicon $12,000 "
Total Proposal $35,000

Prices: US Dollars, FOB College Station, Texas. Part payment requested for NRE completion
and detectors as delivered.

Delivery: 4 — 5 months subject to Design approvals received from Texas A & M
e



