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Lynx: Next Generation X-ray Observatory
It is a successor to Chandra X-ray observatory

30 times larger effective area, 
16 times larger field of view,
0.5’’ angular resolution – similar to Chandra

Instruments:
High Definition X-ray Imager (HDXI)
X-ray Grating Spectrograph (XGS)
X-ray Microcalorimeter (LXM)



Current contenders for focal plane detectors 
for both HDXI and XGS 

• CCD: long flight heritage, low noise, 
adequate depletion depth, single amplifier 
per many pixels

• Hybrid CMOS: fast readout, adequate 
depletion depth, higher noise, separate 
amplifier for each pixel

• Monolithic CMOS: low noise, fast readout, 
shallow depletion, separate amplifier for 
each pixel



CCID93 is a small chip with
8 micron pixel designed to test
new technological solutions. It
has Image and Frame Store
sections, input register to
allow charge injection.

Gate structure is built with a
single layer of polysilicon with
small 100 nm gaps defined by
photolithography. This results
in good charge transfer at
voltage swings as low as 2V,
greatly reducing power
consumption.

Output amplifier based on pJFET has 
been successfully used by Lincoln Lab in 
previous designs and is further explored 
here to produce very low readout noise.



• Off-the-shelf electronics 
designed by STA makes it easy 
to test detector with different 
clocking regimes and voltages, 
allows to make changes on the 
fly.

• Digital Correlated Multiple 
Sampling allows to adjust 
sampling depending on actual 
waveform. 

• We designed a simple 
preamplifier circuit with a gain 
of 5 that feeds signal to the 
ARCON ADC card.

• The preamplifier  board holding 
the CCD inside the cryostat is 
plugged directly into the 
ARCHON box to minimize 
parasitics. 



Signal read out with ARCHON

Signal shape recorded by ARCHON ADC at serial 
register clock rate of 2.0 MHz. 6 samples are 
averaged during reset shelf and 6 samples during 
signal readout.
At a clock rate of 2.5 MHz we reduced number of 
samples to 3.
The first device tested in this mode showed very 
unusual shape of noise as a function of 
temperature. 



Noise as a function of temperature

Trying to verify that it is indeed the CCD
responsible for this behavior, we installed
temperature sensor on preamplifier PCB.
Comparing cooldown (red) and warmup
(blue) cycles for CCD and PCB proved that
electronics has nothing to do with this effect.

Testing several other 
devices showed that 
such behavior is not 
common. Probably 
is caused by a defect 
in a sense node.



A path to higher readout frequency
We currently have achieved ~3 electrons
of noise at 2 MHz readout.
In order to trace where the bottleneck is
in signal processing chain we made serial
clock much slower and introduced delays
between clock transitions to make every
step visible in output signal. On the plot
reset and S3 are completely separated
from each other, and plotted over signal
at the output of CCD source follower. It
is clear that the source follower limits
signal rise time.
Optimization of the source follower is
under way to produce steep rise and fall
edges and allow for longer signal shelves
at higher frequencies.



Charge transfer efficiency

• We measured CTI on test devices using 55Fe
source.

• Parallel clock voltages swing was low, from -1.5V
to +1.5V

• Parallel clock speed was 1 MHz, much higher than
typical speed for astronomy applications.

• CTI is getting worse at low temperatures. The
reason is not yet entirely clear, we will study
composition of traps in order to have a more
detailed picture. More importantly, processing
changes are planned in the follow-up lot to improve
transfer efficiency.



• Device includes 4 different sections with varying
trough sizes, including one with no trough. Trough is
slightly higher doped region near the pixel center, as
shown in the cross section. It confines signal charge
to a very narrow region with the goal to improve CTI,
especially after irradiation.

• The effect is significant, as indicated by our
measurement results. We plan to revisit the tests after
irradiating the chip.

Trough and CTI



Depletion depth measurement
• Electron clouds formed inside depletion

region drift in their entirety into CCD
potential wells. Charge is fully collected
and distributed across a few adjacent pixels.
Clouds formed in undepleted region diffuse
in all directions, lose fraction of charge,
form wider distribution.

• We measure total charge by summing signal
in 5x5 island around center of event.

• Determine event width by fitting a 2D
gaussian to charge distribution.

• Scatter plot on the right shows remarkably
sharp transition between two regions.

• Assuming exponential distribution of event
density with depth we can calculate the
depletion depth by counting events in each
region.

D = λ � ln(Nd/Nund + 1)

λ = 29 mkm for  Mn Kα  



Conclusions

• Lincoln Lab designed CCID93 as a test vehicle to  develop advanced 
technology features. It has been extensively tested in regimes that are 
relevant for using it in Lynx focal plane.

• We achieved level of readout noise close to 3 electrons rms at 2.0 MHz, 
which is below the Lynx requirement of 4 electrons. Testing at higher 
frequencies is in progress, the bottlenecks and ways to remove them have 
been identified.

• The device is being run with low voltage swing that allows to reduce power 
and simplify control circuitry even at higher parallel rates.

• We have demonstrated that confining charge to a narrow trough in the 
buried channel significantly improves charge transfer efficiency.

• We have developed a technique to evaluate detector depletion depth that 
works well for small pixel detector.

• CCDs are not quite dinosaurs yet, they still are a very attractive option for 
an X-ray focal plane.


