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We have studied the radiation scnsitivity of the Viking-2 VLSI circuit which has been designed for the readout of silicon strip detectors
and manufactured at Mictec in 1.5 um CMOS technology. Both biased and unbiased chips have been irradiated with a **’Cs vy source up to
a total dosc of 2 kGy (200 krad) after which all tested chips were still fully functional. We report the characteristic changes of device
paramcters with dose, including cquivalent noisc charge for different capacitive loads, and determine transistor threshold shifts and change

of mobilities.

1. Introduction

The CMOS Viking-2 VLSI chip belongs to a family of
several multichannel frontend circuits which have been
developed for the readout of (double-sided) silicon strip
detectors in order to approach lowest possible noise at low
power consumption [1]. Prototype tests promised also a
remarkable radiation hardness of this design [2], and so the
Viking-2 chip had been chosen for the readout of the
second version of the ARGUS silicon vertex detector [3].
In this e*e~ collider experiment the readout chips have to
withstand a total dose in the order of 1 kGy per year, and
we report here results of a systematic study [4], which was
performed in order to determine the operating conditions
for maintaining optimum performance of the Viking-2
chips also at high radiation doses.

The Viking-2 architecture follows the AMPLEX princi-
ple [5]. The 6.15 X 5.67 mm? chip integrates 128 channels
each of them consisting of a charge-sensitive preamplifier,
a shaper amplifier and a track-and-hold circuit with capaci-
tor Ch as storage device (Fig. 1). The stored charges can
be read out sequentially via an analog multiplexer. The
amplifiers’ feedback resistors Rf and Rs are nonlinear
MOS elements controlled externally by bias voltages vfp
and vfs. Preamplifier, shaper and buffer operation is main-
tained by a system of current mirrors which are controlled
by externally supplied biasing currents pa_9, sh_13 and
ibuf.

For a chip powered with V,y= +2 V (13 mA) and
Vs = —4V (35 mA) the values of bias currents are pa_9
=210 pA, sh_13= —-50 pA, and ibuf = 100 pA. For
unirradiated chips standard bias voltage (SBV) settings of
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vip=100 mV and vfs=1.25 V have been found to
provide lowest system noise at the corresponding 0.9 us
peaking time of the shaped signal.

2. Experimental setup

We have irradiated a total of four Viking-2 chips. Each
chip was mounted on a little hybrid interface board inside
an aluminum box housing also the main amplifier which
was removed during irradiations. In order to simulate the
capacitive load of strip detectors four of the readout chan-
nels were bonded to capacitors of 12.7, 19.5, 37.5 and 60.5
PF. respectively. Via coupling capacitors of 1.5 pF calibra-
tion pulses could be applied to these channels as well as to
four floating channels. The digitisation of output signals
was done with Sirocco ADCs [7] read out by a CAMAC
system. The equivalent noise charge (ENC) has been de-
duced from the rms value of the common mode corrected
pedestal fluctuations observed in 10* readout cycles.

The irradiations were performed with the '*’Cs Y source
of the German Cancer Research Center (DKFZ) at Heidel-
berg which delivers a dose rate of typically 48 Gy /hour.
The radiation doses (quoted in Gy(Si)) were monitored
inside the chips’ aluminum box (2.5 mm wall thickness)
very close to the chip by little alanine dosimeters supplied
and evaluated by a commercial company [8]. The mea-
sured doses showed excellent agreement with the doses
expected from exposure time. We exposed pairs of chips to
radiation, the one chip being unbiased with all its connec-
tions grounded and the other being supplied with dc
power, bias currents and bias voltages. The characteristic
parameters of each chip were evaluated after each of the
various irradiation steps up to a total dose of 1 kGy (first
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