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Motivation

* Radiation damage of semiconductor devices
(e.g. DEPFET)

« Study on the radiation damage with MOS-C
using CaliFa teststand at MPI HLL Munich

* Comparison of results from two different
measurement methods (MOS-C and gated
diode)



Comparison between different
semiconductor devices

(Only for the 1-D defects)

MOS-C Gated diode DEPFET
N, AV g AVieg & AV AV,
(method) (CV- (CV-Measurement & | (IV-Measurement)
Measurement) | gated diode technique)
N, Stretchout Full width at 2/3 Subthreshold
(method) (High-low maximal of current slope
frequency based (gated diode (Subthreshold
on the CV) technique) technique)
Other S Onp & T I
parameters (gated diode (IV-Measurement)

technique)




Experimental Conditions

Irradiation: X-Ray tube with Mo target at 30kV and 30mA (17,44keV & Bremsstrahlung )
dose: 1 week of irradiation up to 1M rad, dose rate: 2.5rad/s (1rad=0.01J/kg)

Samples:

— Based on n-type high resistance silicon(450um) wafer: doping concentraion ~ 102 cm-3
Bias conditions: +5V,0V,-5V for MOS-C; OV for gated diode
Measurements:

— CV: HF (10kHz); LF (20Hz)

all values in series mode (Cg, R;)
— Gated diode: Vj;: 10V, Vyqe: 0.23V, Vypyy: from positive to negative values
— Annealing: at RT for about 5 days on MOS-C and 10 days on Gated Diode



Poly1/Poly?2

Aluminium

Substrate

Oxide

Ni

Substrate

Poly1/2




—e— Okrad
—=—4.5krad
13.5krad
—5¢—22.5krad
—x— 36krad
—e—63krad
—+— 189krad

13.5krad
——— 22 5krad

—+— 189krad ——225krad
—=—225krad ~——382.5krad

———382.5krad 423krad
423krad 1003.5krad
1003.5krad

—e— Okrad H % satiiins —e— Okrad
—=—4.5krad o —=—4.5krad
13.5krad 13.5krad
¢ 22.5krad ~»<—22.5krad
—x— 36krad —x— 36krad
—e—63krad —e— 63krad
—+— 189krad —+— 189krad
—=—225krad —=—225krad
———382.5krad ———382.5krad
423krad 423krad

1003.5krad 1003.5krad

0.00E+00
0.00E+00

Vgate (V)
Vgate (V)




—e— Okrad
—=— 4 .5krad
13.5krad
~¢—22.5krad
—x— 36krad
—e— 63krad
—+— 189krad
—=— 225krad
= 382.5krad
423krad
1003.5krad

A ASAEBOR

Shift >N,

6.000E+11

4.000E+11

2.000E+11

0.000E+00

—e— Okrad
—=—4.5krad
13.5krad
~s¢—22.5krad
—x— 36krad
—e— 63krad
—+— 189krad
—— 225krad
——— 382.5krad
423krad
1003.5krad

—e—Al-ox
—=— Poly1-Ox
Poly2-Ox
e Al-it
—x— Poly1-it
—e— Poly2-it

Dose (krad) 600

o0 tntnbds




7.20E+011

& 7.10E+011

=
S

~

—° 7.00E+011
6.90E+011

6.80E+011

—m— measurement data
linear fit of data

(~6,5%)

yscale(Y) = A + B * xscale(X)
where scale() is the current axis scale function.

Parameter Value Error

A 8.41705E11  1.48131E10
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More defects for Al-gate than
poly-gate
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Cross section structure and layout for gated diode
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A good agreement for determination of N, by AV5(CV) and AV;(gated diode technique)
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Radiation Effects (ionizing radiation)

1. postive oxide charge: negative shift of the theshold voltage (~t_,?)
2. interface traps: higher 1/f noise and reduced mobility (g,,,)



Drain current [uA]
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transconductance g,

Gate voltage (V)

N'w = [ “AT In( 10)}(SD2 ~ Sop1)

|

300 krad > N,=2:10"" cm
912krad > N=7-10"cm? | warature:

After 1Mrad 200 nm (SiO,):
N, = 1013 cm=2



Discussion of the results

Comparison of N, and N;; between MOS-C and gated diode

for Al- and poly-gate structure at dose of 189krad and 1Mrad

dose Nox | MOS-C | Gated diode | dose N; | MOS-C | Gated diode
189krad | Al | 8,3e11 . 3,3el1 189%rad | Al | 2,8e11 , 5,1e10
189krad | Poly 3,?:‘él11 ! 2,(§=e11 189krad | Poly 6;‘40 : 1,2_e11
dose N,x | MOS-C | Gated diode | dose N; | MOS-C | Gated diode
1Mrad Al | 1,9e12 |, 5,7e11 1Mrad Al | 6,8e11 | 1,2e11
1Mrad | Poly 6,7\él11 | 5,7“e11 1Mrad | Poly 1,1\él11 I 2,1_e11

For poly-gate structure: more N, on Gated
diode than on MOS-C

For N_,: the same for both Al-gate and poly-
gate structure (Gated diode)

More N, and N, for Al-gate than poly-gate
structure (MOS-C)

For Al-gate structure: more N, and N_, on
MOS-C than on Gated diode

For N,,: More N, for poly-gate than Al-gate

structure (Gated diode)

For N,,: a good agreement for poly-gate
structure (MOS-C & gated diode)

(Poly-gate structure for three devices)

dose DEPFET | N, N, For N,,: DEPFET=Gated diode= MOS-C

912krad 6~7e11 | 7e11 For N,: DEPFET>Gated diode>MOS-C  ?

Poly
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Noise ENC=2.3 e~ (rms)

at T>23 degC
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