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Abstract - A front-end ASIC designed to collect
signals from CCD or CMOS photodetectors allows the
realization of a compact and low-power data
acquisition system, performing analogue processing
and digitization. In the design of the device, fabricated
using a Rad-Hard technology, several solutions have
been used, both in the digital and in the analogue
section, to improve the performance and to reduce the
susceptibility to single event effects. The paper
describes the chip design and the experimenta
characterization of the prototypes before and after
radiation tests.

Index terms — Analog-to-digital conversion, CCD,
BiCMOS analog integrated circuits, Digital-to-analog
conversion, Front-end, Photodetectors, Radiation
hardness, Testing.

Introduction

In the frame of a Earth observation program of the
Italian Space Agency, Galileo Avionica has been
involved in some technological studies devoted to
finalize the design of a high resolution hyperspectral
camera. One of the major tasks of this study was the
development of high integration electronics blocks
with the necessary speed for the acquisition and
processing of large amounts of data, as needed in a
hyperspectral camera. In addition, the possibility to use
the same front-end electronics also for instruments and
atitude sensors operating in severe radiation
environment, has pushed to a design employing
radiation hardened technology.

In this frame, a new mixed signal ASIC for detector
signal conditioning, sampling and digitization has been
realized (SSP. Sensor Signal Processor) with the
collaboration of Aurelia Microelettronica

The SSP has been developed in order to fulfil the
requirements of high pixel rate (up to 5SMSPS) and of
unchanged EOL performance after exposure to high
radiation dose (>300 krad(S))).

Besides, the SSP design is in line with the trend to
reduce the size, weight and power consumption of
digital imaging sensors and electronics for spaceborne
systems. In fact, the SSP can be used to replace about
100 discrete components, with a great reduction in
PCB occupied area (about 15X), weight (about 5X) and
power consumption (about 2X).

To obtain a high immunity to TID, the component has
been realised using ATMEL DMILL technology (Total
Dose 3 IMrad nominal, latchup free).

Moreover, several design solutions have been used,
both in the digita and in the analog section, to
minimize the radiation induced effects on the device.

Architecture

The block diagram of the SSP is reported in figure 1.
The main functions needed to perform anaogue
processing and digitization of signals outgoing a
photodetector (visible and/or infrared) can be seen in
the upper part of the block diagram. A CDS channel is
provided to be used with CCD detectors, while 7 High
Speed Sample and Hold channels are provided for
CMOS detectors, like visible APS or visible and IR
hybrid devices. These channels can also be used to
process and convert housekeeping (HK) signals.

All the channels are equipped with a Programmable
Gain Amplifier (x1 — x4) and with an offset adjustment
input. A multiplexer stage selects one of the 8 channels
to be converted with 12 bits resolution. The input range
of the ADC is 3V, hence the overal system gain is
about 0.73 mV/LSB when the PGA gain is set to 1 and
about 0.18 mV/LSB when the PGA gainis set to 4.

A 6 bits Hamming code is provided together with the
output to improve data transmission reliability.

A 12 bits genera purpose D/A converter is aso
integrated in the device.
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Fig. 1 — SSP ASIC functional block diagram



The ADC is a digital self-caibrated 2 bit/stage
pipelined converter. The total number of stages is 15
and the number of effective bits is 16, but only 12 bits
are available at the output while the remaining 4 bits
are used for the digital calibration.

More in detail, each pipe-stage is constituted by a low-
resolution 2 bit coarse sub-ADC, a 2 bit sub-DAC, and
an interstage residue amplifier. Sub-DAC and residue
amplifier in each stage are merged in a unique circuit
caled MDAC (Multiplying DAC).

A block diagram of the ADC isreported in figure 2.
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Fig. 2 - ADC functional block diagram

A key issue in the ADC is represented by the
incorporation of adigital self-calibration and correction
mechanism for reducing (ideally eliminating) the
impact of non-linearity effects.

The goal of digital-error correction is to eliminate the
effects that non-idealities in the sub-ADCs have on the
overall converter operation. Since non-idedlities in a
stage can cause over range problems for the next stage,
correction approaches are based on including 1 bit of
redundancy to eliminate these problems. This is
achieved storing the effective value of the MDAC
(coefficients) levels in a look up table (LUT); these
values are obtained by means of an opportune
procedure, averaging the results of MDAC value
conversion for 2'° steps. In this application, calibration
isapplied only to the 6 first stages.

The use of this calibration/correction scheme is aso
useful to absorb the negative influence of failures and
errors caused by radiation effects.

Asfar asthe DAC is concerned, a variable step current
(4096 uniformly distributed values from O to about 3.2
mA) is supplied to an external pad. An external resistor
connected to ground is needed to convert this current to
an adjustable voltage. This feature can be useful, for
example, to generate programmable voltages for the
analog channels offset compensation.

Two foundry runs have been already performed. In the
first run 20 prototypes have been produced and
subsequently tested by Galileo Avionica. On the basis
of the results of this first test campaign, some
modifications have been incorporated in the design to
improve the device performances. Particularly, the
input stage of the HS channels has been modified to
make it differential and the digital part of the device

has been modified to make it compatible with 3.3V
supply. Moreover, some layout modifications have
been made to adapt the chip to the flight package and a
second foundry run has been performed. The design is
now in compliance with the ATMEL layout rules and it
isready for flight procurement.

Some samples of the 2™ foundry run can be seen in
figure 3.

The main features of the SSP are resumed below:

3V input range

5V anaogue supply; 3.3V or 5V digital supply
12-Bit 5 MSPS self calibrating A/D converter
12-Bit 1 n5 D/A converter

Internal Voltage Reference generator

1 integrated CDS channel with programmable gain
amplifier (PGA, X1 —X4) and offset adjust

7 High Speed S/H channels with programmable
gain amplifier (PGA, X1 - X4) and offset adjust
8:1 Multiplexer

12 bit output with 6 bit Hamming code

Low power consumption: 500 mW max

Extended Temperature Range

—  Components fully tested from —40°C to +80°C
RH Device:

— Tota Dose® IMrad(Si)

- Designed to tolerate 10" neutrons/cm?

- SEU tolerance® 70MeV/mg/cm?

- Latchup free
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Design Main Features

Severa design techniques, both in architecture and in

layout, have been used to improve the radiation

robustness of the SSP. As an example, the following
tricks have been used in the design:

- A triple redundancy with majority vote logic
circuit protects the digital registers against Single
Event Upset.

- The design has been carried out using SOI
technology, that alows to form devices in
insulated areas, which show no noticeable leakage
current as effect of the total dose and are implicitly
latch-up free.

Fig. 3—SSP samples (2™ run)



Moreover, the SSP is designed for fully digita
testability. Some test structures such as a Scan Chain
and BIST help to observe the internal digital nodes and
increase the reliability for aerospace applications.

For debugging purposes, with these auxiliary internal

test structuresit is possible:

- To provide a direct signal to the Sample and Hold
block, bypassing the front end;

- To provide a differential ADC input signal from
external sources,

- To provide the buffer input signal from externa
sources and monitoring the first ADC stage output
externaly.

Furthermore, the digital part of the ADC is provided

with one scan chain for the test.

To minimize the effects of eventual errors in the ADC
output or in the transmission, a 6 bit Hamming code is
provided. Using this code it is possible to correct a 1
bit error on ADC output code and to detect a 2 bit
error.

Testing
The test equipment used for the characterization of the
SSP can be seenin figure 4.

Fig. 4 — SSP Test Equipment

The equipment is based on a PC with some I/O boards,
an external arbitrary waveforms generator, a
programmable 8 channels power supply, a low
distortion waveforms generator, 3 multimeters and an
oscilloscope. Moreover, an appropriate PCB has been
developed to house the device under test and to provide
it with the required stimuli. All the instruments are
controlled by the PC, that is used aso to acquire the
outputs from the device and to process them. A SW
with opportune procedures has been developed to
perform automatically all the test sequences.

A total number of 14 chips have been tested at 20°C,
while 6 chips have been tested over a temperature
range from —40°C to +80°C. Subsequently, these 6
chips have been irradiated with different levels of total
dose using a Co-60 g source. All the radiation testing of
the chips has been performed according with ESA/SCC
22900. The dose rate has been set to 36 krad/hour for
all the devices. As far as the total dose is concerned, 2

chips have been irradiated up to atotal dose of 50 krad,
2 chips have been irradiated up to a total dose of 100
krad and the other 2 chips have been irradiated up to a
total dose of 300 krad. All the devices were switched
on and clocked during the irradiation. A first test
campaign has been performed immediately after the
end of the irradiation. Subsequently, the devices have
been backed for 168 hours at 100° and a second test
campaign has been performed. Both these test
campaigns have been performed with components at a
temperature of 20°C.

Performance

Some of the main results of the pre-irradiation testing
are reported in Table 1 and Table 2. All the shown
values have been obtained with the PGA gain set to 1.

SECTION -40°C | +20°C +80°C Units

POWER

Dig. section| 7 7 7.16 mw
An. section | 461.2 472.5 479.7

ADC _INL 124 1.07 1.05 LSB
ADC_DNL 0.4 0.4 0.38 LSB
HS  Input

Referred 0.4 0.42 0.42 mvV
Noise

CDS Input

Referred 1.7 14 1 mvV
Noise

Table 1 —Main pre-irradiation test results
(3MHz conversion frequency)

SECTION -40°C | +20°C +80°C Units
POWER

Dig. section | 12 1237 | 1254 | MW
An. section 470 475 487

ADC _INL 1.88 1.66 1.56 LSB
ADC_DNL 0.4 0.4 0.38 LSB
HS  Input

Referred 04 04 0.42 mV
Noise

CDS Input

Referred 14 15 13 mV
Noise

Table 2 —Main pre-irradiation test results
(5MHz conversion frequency)

As it can be seen from table 1 and 2, no significant
variation in the performances has been observed with
temperature variation from —40°C to +80°C.

It has to be noted that, as far as the input referred noise
is concerned, the measurements have to be considered
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as conservative. In fact, due to the great complexity of
the test equipment, al the tests have been performed in
a quite noisy environment, that caused some problem
especially for the CDS channel.

All the pre-irradiation measurements performed on the
devices have been repeated after the irradiation. The
post irradiation tests show a good immunity of the
devices to TID. In fact, no significant change in the
performances has been highlighted after a total dose of
300krad. Some of the main results of the post-
irradiation tests, compared with the results of the
relevant pre-irradiation tests, are reported in Table 3
and Table 4.

After

SECTION Pre-irr. | Post-irr. . Units
annealing

POWER

Dig. section | 12.6 13.4 13.4 mw

An. section 472 471 470

ADC _INL 1.7 1.7 18 LSB

ADC_DNL 0.38 0.37 0.32 LSB

HS  Input
Referred 0.4 0.45 0.42 mV
Noise

CDS Input
Referred 1.7 1.6 1.6 mV
Noise

Table 3—Main post-irradiation test results compared
with the relevant pre-irradiation ones for chip # 5
(5MHz conversion frequency, 300krad TID, T=20°C)

SECTION | Presirr. | Post-irr. | AT | ks
annealing

POWER

Dig. section | 12.1 13.4 13.4 mw

An. section 477 475 473

ADC_INL 1.25 2.18 2.26 LSB

ADC_DNL 0.36 0.36 0.35 LSB

HS  Input
Referred 0.4 0.42 0.42 mV
Noise

CDS Input
Referred 15 17 1.7 mV
Noise

Table 3 —Main post-irradiation test results compared
with the relevant pre-irradiation ones for chip # 7
(5MHz conversion frequency, 300krad TID, T=20°C)

Only the results relevant to the chips irradiated up to
300krad are highlighted, since no changes at al were
observed in the performances of the components
irradiated with lower levels of total dose.

As it can be seen by table 3 and table 4, no significant
changes in the performances occurred after a total dose
of 300krad. The only noticeable effect is a dlight
increase in ADC INL for chip #7. In the following
figures it is possible to see chip #7 ADC INL before
and after irradiation.
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Fig. 5— Chip#7 ADC INL vsinput voltage
before irradiation
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Fig. 6 — Chip #7 ADC INL vsinput voltage
after irradiation (300krad total dose)
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after irradiation and annealing
(300krad total dose, 168 hours at 100°C)



As it can be seen in figures from 5 to 7, the maximum
value of INL has dlightly increased, but on average the
ADC INL has remained almost unchanged after the
irradiation.

Moreover, it is interesting to notice that the ADC has
no missing codes, both before and after irradiation,
thanksto its calibration circuit.

As a conclusion, it is possible to say that the tested
components showed a good immunity to TID up to a
level 3 300krad, and that the SSP can be considered
suitable to be used in severe radiation environments
and in aerospace applications.

Conclusions

SSP, a signa processor for CCD or CMOS
photodetectors to be used in severe radiation
environment and aerospace applications, is presented in
this paper. It collects data from external sensors and
processes them before digitization.

The front-end electronics has a CDS and 7 high-speed
Sample/Hold input channels, al with programmable
gain between 1 and 4.

The interna 12 bit pipelined ADC can be used up to
5Msamples/s and is guaranteed from missing codes.

A self-calibration function allows to minimize (ideally
eliminate) al non-linearity effects due to interna
components mismatch.

A general-purpose 12-bit 1 MHz current DAC is
implemented and can be used for offset corrections.
SSP is designed in order to maintain his functionality
and performance in space environment and to
withstand TID > 1Mrad. The device is SEL free, and it
has a SEU tolerance >70MeV/mg cm?.

Several auxiliary structures make easier to observe
internal states and signals in the chip, during its normal
functionality and greatly improve its reliability.

All the tests performed on the prototypes show the
functionality of the design and the validity of the
techniques applied to improve the radiation immunity
of the component.
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