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DUMAND II Astrophysical Neutrino Telescope
Active volume dimensions: 200 m high, 100m diameter

1994: complete

9 Strings

of 24 PMTs §
each: Active
216 total Volume

sonar module
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Digitizer Specifications

Resolution

1 ns least count

Number of Channels

27 & Timé -0RDEAED

Readout

Continuous, Deadtime-less

Peak Input Rate

500 MHz Instantaneous

sustained Input Rate

50 MHz (readout limited)

On-Chip Buffering

50 Hits (2 edge times/hit)

Package 415 Pin PGA (0.050" pitch)
Power Requirements +3.3V, 160 mA
-2.0V, 7.5A
Inputs Differential ECL
Qutputs 40 Bit TTL word
Clock 0-500MHz, diff ECL
Base Array Vitesse VGFX200K, GaAs

200K raw gates, DCFL logic




The Multichannel Digitizer Chip

73 74 75 76 77 umv time . channel change time
L e number bit inns
2 0 74
1 0 75
DIGITIZER 1 1 76
edge detectors
priority encoder * 2 1 76
queueing 3 0 716
3 1 77




DIGITIZER ASIC BLOCK DIAGRAM
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OUTPUT BUFFERING

DECODER
v
1 WORD .
NS 1:2 D”EMUX
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ASIC TECHNOLOGIES

(as of 1990)
technology DELAYS (ps) Max recom. complexity | estimated
Gate Flip-Flop | clk speed (gates) speed
1. ECL{1.5) 200ps 400ps 1.2 GHz 30K 660 MHz
2. ECL (0.8u) 100ps 200ps 2 GHz 80K 1.3 GHz
3. GaAs (SCFL) 100ps 200ps 2 GHz BK-10K 1.3 GHz
4. GaAs (DCFL) 175ps 500ps 1 GHz 200K 6850 MHz
5. CMOS (0.8 ) | 500ps 1ns? 200MHz? >100K 260 MHz
6. Bi-CMOS ? (too new)
Technology notes:
1. Silicon Emitter-Coupled Logic. Oid technology, power-hungry. Proven.
2. Gallium Arsenide Source-Coupled FET Logic. Relatively new; somewhat lower
power than ECL. Electrically quite similar to ECL.
3. Fastest production ASIC technology.
4. Gallium Arsenide Direct-Coupled FET Logic. Substantially lower power than
ECL, but not as fast.
5. Silicon Complimentary Metal-Oxide Semiconductor. Old technology, but specs
given are for state-of-the-art .8 micron feature size. Still not quite fast enough for
us.
Speed

Estimated operating speed for our application, caculated as:

1 Leare =typical gate delay

+iy +IH)

F_.. tsy = FF set-up time

L5t tprop = FF CK—>Q

gate

This assumes that a maximum of 3 levels of combinatorial logic are required between
flip-flops. The 1.5 derating factor is for IC manufacturing process variations, operating
temparature variations, etc.




Vitesse VSCGPRE graphical preplacement tool
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DUMAND TDC Pin Description  22NOV92-GSV
Data [nputs Hot Rod Interface (All TTL) P(JLJEK\
) 1-24 Opeical Daty FOODO(1:5)  Chanmeldt for firet ik . *
DIN(1:2Z7)  Datalnpus Negmive (BCL)  75.24 Calibemsion FOVFO First Ward, § Row FIFO Overflow V = 0oV
DIP(i:27) Daza lnput Positive (BCL) 27 Null Werd mxival FSOVFO 50 Row FIFO Overfiow ¢ =
FTMO(1:10)  First Wiord, time of kit = .
Clock Input NWTO Notl Woed LD, bt Tr
2ve Clock REFCLK Reforwoms Clock for Hot Rod
gﬁ NP g IICI ) Il &%’ FTY(1:4) Parity Out {1=13.9,.% (2=2,6,10,..); i 1.54A
RSD Reset Hot Rod clock Divider (Active high)
SCODO(1:S)  Chisaned #f for second hit
Computer Interface sov?g‘ ) Mw«ismmm VYrL =t 3.3 A%
3§TO Secomd Ward, up-down Transition
NW(1:9) Null Woed Data (TTL inputs) STMO(1:10)  Second Ward, time of hit 2 A
NWDSBL  Null ward Disable (H) (TTL) STRB Hot Rod Strobe
NWS NuﬂwudSunhﬂ'ILMd:mmm.dp) XK Hat Rod division of Refclock \/ .
RW(1:10) Rollover word daa inpus (TTL) REF = (.35
RWDSBL  Rollover Word Disahle (H) (TTL) UMAND/g-2 Operat :
RWS Rodiover Word Strobe (TT1) D D/g-2 ton Pins
- GIDMP_ §- dump woud inpus (ECL active low)
Conuol Signals GZDVO §-2 dota valid ontpax (ECL active high)
OFE_ DUMANDVg-2 Mode Sclact (TTL)
GRAY Conven wme w Cray code (TTL aciive hagh) HaDUMAND Lag-2
RSE Resos Sync Exror (TTL active high)
RST Major Chip Reset Fab. Test Pins (normally n.c.’'s}
DD Selat REFCLK Rate (TTL) (SOMHz Steps)
SYNERR Synchronous Loge Eror Deea (TTL) DDESR) Disable $ Row FIFO 1 (TTL) (HuNarmal Op.)
. DVT, ECL 1O
ngh SPCOd Test Pattem [npul R:Ol_)'r(l:S) FOODO Lest
CLK24 Clock IN for SIN (ECL) FOVFT FOVEQD west
SIN 24 bit Sexial Lnput FSTT FSTO test
TRIC Triggan Scrial Loaded Test Paner (ECL) FIMI(1:10)  FTMOiest
TST Enable Test Mode (TTL) SOODT(1:5)  $CODO sest
SOVET SOVFO tam .
Performance Test Pins %ﬂﬂ smsm :;h- Test pins (TTL) (H = Nommal Op.)
ACl ac Lt input (ECL} STMT(L:10) STMOtom
BN imem B TIT2, _Timeen OTL
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Some Conclusions

ASIC runs very welll Exhaustive testing, including full DUMAND String
Controller system is currently underway. All run up to 500MHz (1ns
resolution), although some fail very shortly above that. Some evidence of
clock attenuation through package at higher rates.

Vitesse Semiconductor has produced ~60 dies and are ready to package.

Investigating observed 1 in 106 errors. Not clear if the ASIC or the test
bench. Could be a metastability issue in the Edge Detector and so will
continue to investigate.

Current/future applications:

3 DUMAND Strings in final assembly for deployment in 4 weeks.
Remaining 6 strings of phase Il in 1995.

muon g-2 (BNL E-821) will use ~30 ASICs packaged in custom VME
modules. Scheduled for installation in mid-1994.

Proposed Intelligent low energy trigger scheme for
Super-Kamiokande. This “SMART” trigger scheme proposes
to use 16 or 41 ASICs to allow efficient triggering at < 5 MeV
energy threshold.

7?7 You tell us. At ~$1k/per in small quantities, we feel there are
many applications where this chip could be used cost effectively.
The continuous readout feature provides a strong complement
to the LeCroy MTD132.



