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ATLAS MDT TDC

Electromagnetic Calorimeters

Muon Detectors

Forward Calorimeters

Solenoid

End Cap Toroid

Shielding

{

e 37 k channels
e ~20,000 chipg
. 0.3 um CMOS
o ~500 k transi

Hadronic Calorimeters

Barrel Toroid Inner Detector

« Mass Product
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TID(Total Ionizing Dose) Test

o RIREBI KIBFEERRIHERR

e 99Co (60 rad/sec) -> 20 krad (300 krad)
« 40 MHz Clock running, Power On.

« Dynamic <-> Static state change through JTAG
« Voltage & Current were measured at every 10 sec.
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Gamma Cell
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Measure :
- Time Resolution

» Oscillating Frequency of PLL

- CSR Read/Write

» BIST (Built In Self Test) check

Annealing:
1 week at room temperature
1 week at 100 °C

(MIL-STD-883)
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bSO ORIFHEDEL

» Source : °9Co (~90 rad(Si)/sec)

- Biased in worst condition
(PMOS short, NMOS ON)

» 1 week annealing at 100 °C
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TIDEERD X L&

e 10 BIOAMT-2 chipZ ATLASIRZERBR 777 [C1E > T20krad & TCo°
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. BEIZR 1 BRZEATOTY Z—J)b. £D% 1:8E100°CTHDT =—)L.
V=0 &R, RERAERY. BRNTHEEZFICELEIR onGh o7,
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SEE(Single Event Effects) : B3Firiga 5t

e Proton beam at AVF Cycrotron (CYRIC, Rt XFEY /o0 k0O )
o Irradiation were done with E(proton) = 70 MeV.
e 4 AMT-2 chips were irradiated.

o Beam intensity & profile are monitored with Dosimetry of Cu foil .

Cu Foll
(-IOO um) X-Y Stage

AMT-2
Beam Pipe
P ' Proton

/l_ Beam

Ti foil 100um 20 mm¢

DC Power & JTAG signals
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Single Event Upset Test

o CSR registers (180 bits) are directly written/verified throgh
JTAG.

o Data buffers (11,360 bits) are tested by using a Built-In Self-
Test (BIST) circuit.
st (BIST) cireu AMT-2

»  CSR registers (180 bit)

JTAG |«

«—> L1 Buffer

Readout FIFO

—4 0O H ©

«— Trigger FIFO
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Built-In Self Test Logic

Memory
Addr Signz_zlture
Addr & Data N Register
JTAG . Generator 2 (Psegig-ggadom JTAG
Clock | Cont Sequence Generator) Out
13N Marching Pattern ('10' & '11' Backgrounds)
Addr. | Initialize 1st Step 2nd Step 3rd Step 4th Step
0 W(1) R(1)W(0)R(0) R(O)YW(1)R(1) R(1)W(0)R(0) R(O)YW(1)R(1)
1 W(0) R(OYW(1)R(1) R(1)W(0)R(0) R(OYW(1)R(1) R(1)W(0)R(0)
2 W(1) R(1)W(0)R(0) R(OYW(1)R(1) R(1)W(0)R(0) R(O)W(0)R(1)
; \ \ \ / /
N-1 W(O)* R(O)YW(1)R(1) R(1)W(0)R(0) R(O)W(1)R(1) R(1)W(0)R(0) |
Pause A
Addr. | Initialize 1st Step 2nd Step 3rd Step 4th Step
0 W(1) R(1)W(0)R(0) R(O)YW(1)R(1) R(1)W(0)R(0) R(O)YW(1)R(1)
1 W(1) R(1)W(0)R(0) R(OYW(1)R(1) R(1)W(0)R(0) R(OYW(1)R(1)
2 W(1) R(1)YW(0)R(0) R(OYW(1)R(1) R(1)W(0)R(0) R(OYW(1)R(1)
3 \ \ \ / /
N-1 W(1) R(1)W(0)R(0) R(OYW(1)R(1) R(1)W(0)R(0) R(O)W(1)R(1)

*

Pause B
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Proton Beam Flux and Profile

e 100 um thick Cu Foil (25 mm x 25 mm) was placed in front of the AMT-2.
v Spectrum was measured with Ge detector (measure absolute intensity).

o Relative intensity of 5 mm x 5 mm pieces were measured with Imaging Plate.
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Temperature

Chip Temperature[ °C]

Beam —

monitor

Leak Current

ldds[A]

Y4, 30-Mar 2003

35 |IIIIIIIII|IIII|IIIIIIIII|IIII|IIIIIIIII|IIII|IIII|

10T S

25 e —
R ‘ Beam On

20I|||| T T T N T TN N N o N T I AN b vl
12:15 12:30 12:45 13:00
Time

1Oo:|llll|llll|lllllllll|llll|llIIIIIII|IIIIIIIIIIIIIIE
F ~100krad 1
10 =
10° F E
10° & =
= Beam On =

N - - 2
10'4|||||I||||I||||I|||||||||I||||I|||||||||I||||I|||||

12:15 12:30 12:45 13:00

Time Yasuo Arai(KEK)



SEE ERIER
Chip | Proton Effective | Radiation | Latch | No. of Oseu No. of | og5g (CSR)
fluence | Fluence Dose up | SEU | (Mem) | SEU | (cm?/bit)
(1/cm?) (1/cm?) (krad) in Mem | (cm?2/bit) | in CSR
AA | 8.10x101 | 5.94x10u 130 None 0 < 3.6x1016 0 < 2.3x1014
CC | 8.02x10!! | 5.88x101 128 None 1 < 6.5x1016 0 < 2.3x1014
DD | 8.03x10!! | 5.89x101 128 None 0 < 3.6x1016 0 < 2.3x1014
FF | 8.06x10!1 | 5.91x10U 129 None 0 < 3.6x1016 0 < 2.3x1014
Total | 3.22x10%2 | 2.36x1012 None 1 < 1.6x10-16 0 <5.6x1015

o« AMTHIZ A& —Id~11kbit, CSRIZ180bit., #:#(16,000F v 7,

« Average value of the hadron flux is 2 x 10° h/cm?/y,

-> SEU < 55 (SEU/MDT system/year).

« No Latch up observed.
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SEE Testx &8

« SEEEE&Z70 MeV B FE—AZE>TITo =,

« 2.36 x 10 "2 proton/cm?MBEBEHIX L TI1E T v 7y M A&
N7,

o XEY —I(Txtd SSEUBTEE(L1.6x106(cm?2/bit) LLF,

« CSRICX19 S SEUMREITEILS5.6x10-1>(cm?/bit) LLF

« MDT24 T, THO.CELTOD7Z7yv 7y bk,

o Latch Upl3 &Rl = n/ip-o 7=,

—_—) AMTF v (L. ATLAS Muont@ 23 ClEART S L
T, THEHEFEREZF>TIVS,
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Future Plan

Many Demands for High Resolution, Radiation Tolerant TDC
(JHF, Space, TOF, Ion analysis, .. .)

Candidate Process
0.18 um CMOS
Standard Cell

Radiation Hardness Tested

at NASDA

(TID > 500 krad(si),

LET,, > 64 MeV/(mg/cm?)]

Target resolution

o < 50 ps
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