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Scientific CCD detector systems are widely used in many areas as high-energy ph]ics,

nuclear physics and astronomy for its high quantum efficiency and low readout noise. Fr
example, some experiments as softx-ray CCD imaging, dark matter search based on @CD,
astronomicsl optical band CCD imaging, infrared CCO camera could benefit from ultra-Sw
noise resdout of scientific CCD systems. The functional structure of our scientific CCO
detector system developed for Antarctic is shown as Fig.1

The Low Noise Power module supplies power for each part of the system, especiall
supplies ultra-low noise pawer for the Clock and Bisses Dwiver module and the Wideo
Sampiing module. lis performance will influencs the performance of whole CCD controler.

2.SYSTEM DESIGN

front-end electronics (FEE) of the detector system is generated. The FEE mainly consists o
the clocks and biases circuit for driving the CCD, the CCD signal processing circuit and AD|
circuit for sampling the CCD outputs. The power noise of the biases circuit and the CCD
signal processing circuit need to be under 40p\_rms, the power naise of the clocks circuit
could be a itk higher as abaut 1mi_rms. The third part is the diital controlling circuit
including FPGA, clock chip and USE interface chip etc., the powsr noisz requirement of
wihich iz just about 1m\_rms also. The power supply structure of the CCO detector system &
shown az fig. 2.
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Fig. 2 Power supply sructure of ihe CCD defector system

A maother board {ME] is designed and relisble connectors are used betwesn the powd
board (PE) and the FEE. Meanwhile the MB is connecizd with CCD detector through wacu
connectors, immabilizes the PE and the FEE, and transfers power from the PE fo the FEE.
With this structure. a long cable is avoided to be used to transfer power. Thus noise couplin
and voltage drop loss is decreased without the bong cable. The MB supplies an integrated
analog ground plans for protecting the power signals, and increases the filter circuit to redulls
th . .owier noise even further. In the scientific CCD detector system, the ME also supply
connects and preamplifier circuits for the CCO output signals. The structure of the system
consisted with the PB, the MB, and the FEE is shown as Fig. 3.
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3. POWER GENERATION AND FILTERING

In the powser system 3 24V power input is uzed, DC-DC power converters are used to
generate multi-channel voltages. The energy conversion efficiency iz very high in this way,
and it's convenient to convert the 24V 1o multi-voltages of system requirement. But the power
noise of the DC-DC devices is usually as high a5 about 100mY, 5o it is much higher than the
demand of the ulira-low noise power. Thus it is necessary to uss mullistage filters to absork
the ripple and use low dropout reguiator (LDO) which has very low output noiss.

Design of ultra-low noise power system for high-
precision detectors

Jian-min Wang, Hong-fei Zhang, Sheng-zhao Lin, Yi Feng, Dong-xu Yang, Jian WANG*
(State Key Laboratory of Technologies of Particle Detection and Electronics, Modern Physics Department, University of Science
and Technelogy of China, Hefei, Anhui, 230026 )
*Email: wangjian@ustc.edu.cn, IEEE Senior Member

Wihen the power generated by LDO is transferred to the MB from the PB and to the FEF
from the ME through connectors, filter circuits are ussd once more to insure the noise th
power is as low 35 expect. The figure 3 shows the structure of the powsr generating fror
the 24\ power input to the multistage fillers.
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Figure 3 Biock diagram of e power generating and fiters of the power system
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The filter is mainly consist of capacitor and BNX024H01. which can fiter noise in
specific bandwidth precisely. As for DC-DC part we use TP555340 and LM25578, the
ripple amplitude of the two chips & small. Further, we use TPSTA4TTRFETAI3 senies ch)
to decrease noise. On the MB&FEE, there is similar structure to reduce EMC and |

temperature resistant.

4.Test
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low temperature envirenment as shawn in Fig.4. The noise of every ~hannsl of the power
system has been tested. The result is shown in Table 1.
Tabie 1 Result of nalsa of fve channels.
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Fig 4 the power nolse bestng systam

In order to know the power density distri
channels were slso measured by a spectrul 3
shiowm in Fig.5. Additionally, in order to test| e of the system in the low
temperature environment, 3 refrigerator whith s T the low temperaturs
environment as low as 183k is used to test if the output voltages of the powsr system are
narmal and stable. The figure @ shows the +33V/ voltage changing with temperature rangs.
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The linearity of the fitted curve is about 38.37%, and the changs range of the voltage 7
less than 0.5 It is worth mentioning that the controlier of the CCO detector system has 1
function of monitoring and calibrating, which can adjust the voltages accuratehe“=n
temperature changes. Besides, the power system has been tested for T24h ¢ J0Us

work in the 193K environment..
The ultra-low noise power supply system plays an important robo i 3 variety of
detector readout ics systams. we i rnulti-ch: Is power g ion with}
naise below 40ul,,.; by using of DC-DC and LDO chips, mult-stage fiters, secondary

LD, relizble and short connectors instead of cables, sic. The system has been tested in
efficizncy, noise level, spectrum and ice at bow envil And th
pawer system has been used in our scientific CCO detector system which is designad with
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