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1. Introduction

The MDT-ASD will reside and work in a defined radiation environment. Table 1 gives the simulated radiation levels for the relevant locations in ATLAS, accumulated over the foreseen lifetime of the experiment. The inner end-cap chambers (EIS/EIL) will experience the highest levels (bold numbers).

Table 1. Simulated radiation levels (SRL) for MDT electronics locations


BIS/BIL
BMS/BML
BOS/BOL
EIS/EIL
EMS/EML
EOS/EOL

SRLTID (krad)
0.47
0.28
0.13
0.64
0.62
0.33

SRLNIEL (1MeV eq n/m2)
0.3(1011
0.3(1011
0.24(1011
2.9(1011
0.34(1011
0.17(1011

SRLSEE (>20MeV h/cm2)
0.54(1010
0.57(1010
0.46(1010
4.8(1010
0.9(1010
0.3(1010

Several studies on total dose and single-event tolerance for devices fabricated on the HP AMOS14TB process have been conducted. Some of the relevant results are summarized below.

2. Single Event Effects

2.1 Single event latchup (SEL) [1]
Single event latchup testing was performed with both a single shot laser system and with accelerated heavy ions ranging in effective LET from 5.6 MeV/mg/cm2 to greater than 120 MeV/mg/cm2. Figure 1 indicates that the HP 0.5(m devices range in latchup threshold from 63 LET for a 1.5 (m well-to-active spacing to greater 100 LET for a 4.5 (m well-to-active spacing device. HP 0.5(m latchup thresholds improve at the rate of ~12 LET per micron of increased well-to-active spacing. Bias of the HP devices was 3.3 V during both ion and laser testing [1]. 
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Figure 1. Latchup threshold in LET versus distance between biased N-well and grounded Active regions

The MDT-ASD is designed using SCMOS scalable design rules, which are generally more conservative than the process-specific vendor design rules. The minimum well-to-active spacing in MDT-ASDs is 3 (m, resulting in a 81 LET latchup threshold (see 5. Appendix). 

A recent simulation study has shown that the maximum energy deposition occurring with non-negligible probability in the LHC radiation environment will correspond locally to a LET lower than 50 MeVcm2mg-1. This will happen in the very rare case of a nuclear interaction in tungsten, which is used in ICs for connection purposes between metal layers [4], [5].

2.2 Single event upset (SEU) [2]
SEU studies on devices fabricated on the HP AMOS14TB production line were conducted. A shift register composed of conventional, non-radiation-tolerant, flip-flops exhibited SEU at an LET of 7.0 MeV/mg/cm2 and had a saturation cross section of about 9 ( 10-7 cm2 per flip-flop [2]. 

3. Total ionizing dose (TID)

3.1 Device Parameters [3]
Total dose irradiation was performed with a 60Co gamma source at 50 rad (Si)/sec up to 300 krad total. At each measurement point, the devices were measured and irradiation reinitiated within one hour. Following final irradiation, all devices were subjected to a 100( C biased anneal for 168 hours.

Good TID radiation tolerance is achieved in the HP 0.5(m process. The average change in threshold voltage at 100 krad is less than 40 mV for the n-channel and less than 20 mV for the p-channel devices. 

Table 2. HP AMOS14TB total ionizing dose (TID) results

Dose
Vth NMOS
Vth PMOS
Gate delay

100 krad
-40 mV
18 mV
+0.6%

300 krad
-38 mV
43 mV
+1.0%

Post-anneal
0 mV
28 mV
+1.6%

No special radiation-tolerant layout techniques were applied. The HP 0.5(m process is recommended to be a candidate for (space) missions with a total dose requirement of one hundred kilorad [3].

3.2 Circuit Parameters

ATLAS CSC ASD chip - Co60 irradiation, BNL (P. O`Connor)

Irradiation to total dose of 1.055 Mrad. Data on power supply current, amplifier gain, noise and time-domain wave-form changes. 

a) increase in supply current negligible, almost no radiation induced leakage current.

b) Gain drop: 4.06 -> 3.99 mV/fC (- 1.5 %)

c) Noise increase: 1750 -> 2050 rms e- ENC (+ 17 %)

d) No wave-form change
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Figure 2. CSC-ASD: Supply current, gain, ENC, and shaper waveform vs. TID (max dose 1 Mrad)

ATLAS MDT-ASD chip - X-ray irradiation, CERN (C. Posch)

X-ray facility CERN:
· Energy: 30 keV, gammas

· Dose rate: 10 krad/min

· Irradiation steps: 10k, 50k, 100k, 300k, 1Mrad

· Device biased at nominal 3.3 V during irradiation

· No logic activity/analog pulsing

· Measurements taken < 1 hour after each irradiation step
a) Gain

[image: image6.wmf]160

140

120

100

80

60

40

20

0

analog output pulse peak [mV arb]

70

60

50

40

30

20

10

input charge [fC]

    prerad

   10 krad

   50 krad

   100 krad

   300 krad

   1 Mrad

 


[image: image7.wmf]110

100

90

80

70

60

gain [% of prerad]

1

2

3

4

5

6

7

10

2

3

4

5

6

7

100

2

3

4

5

6

7

1000

TID [krad]

99.25%

81.7%



· Voltage gain of the complete analog signal chain - pre-amp, gain stage (differential amplifier), shaper (two differential amplifiers), analog pad driver - drops by 0.75 % after 10 krad TID (3 times LHC requirement). 

· Fully functional after 1 Mrad (~ 3000 years of LHC operation), gain dropped by 18%.

· At expected total dose (3.5 krad @ worst location, all safety factors) the gain decrease is not measurable.

b) Noise
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· Sigma of discriminator timing distribution as a measure for the ASD amplifier noise.

· “Time measurement noise” increases by 15 % after 1 Mrad TID.

· At 3.5 krad noise increase not measurable.
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5. Appendix

Digital cell (inverter) as used on the MDT-ASD with 3(m "Well-to-Active" spacing according to MOSIS SCMOS scalable design rules for the HP AMOS14TB process (SCN3MLC_SUBM, lambda = 0.3) and cross section with parasitic bipolar transistors forming the latchup circuit.
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A byproduct of the Bulk CMOS structure is a pair of parasitic bipolar transistors. The collector of each BJT is connected to the base of the other transistor in a positive feedback structure. Latchup can occur when  both BJT's conduct, creating a low resistance path between Vdd and GND and the product of the gains of the two transistors in the feedback loop, (1 ( (2, is greater than 1. The result of latchup is at the minimum a circuit malfunction, and in the worst case, the destruction of the device.

Latchup may begin when Vout drops below GND due to a noise spike or an improper circuit hookup (Vout is the base of the lateral NPN Q2). If sufficient current flows through Rsub to turn on Q2 (I ( Rsub > 0.7 V ), this will draw current through Rwell. If the voltage drop across Rwell is high enough, Q1 will also turn on, and a self-sustaining low resistance path between the power rails is formed. If the gains are such that (1 ( (2 > 1, latchup may occur. Once latchup has begun, the only way to stop it is to reduce the current below a critical level, usually by removing power from the circuit.






















_1049641981.xls
Chart2

		1.5		1.5		1.5

		2.7		2.7		2.7

		3.6		3.6		3.6

		4.5		4.5		4.5



Ion Data

Laser Data

avg

Drawn Well-to-Active spacing [um]

LET [MeV/mg/cm^2]

HP 0.5 Latchup Data

63

70

66.5

73

79.5

76.25

94.5

76

85.25

107

107



Sheet1

		1.5		63		70		66.5

		2.7		73		79.5		76.25

		3.6		94.5		76		85.25

		4.5				107		107





Sheet1

		



Ion Data

Laser Data

avg

Drawn Well-to-Active spacing [um]

LET [MeV/mg/cm^2]

HP 0.5 Latchup Data




_1055337556.doc
[image: image1.png]148

147

46

(vw) aai

145

144

600 800 1000 1200
krad

400

200








