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Design and Fabrication of a Low-Noise CMOS
Charge Sensitive Amplifier

YuQi Yang Mohua Li Jngchun Wang Xiangzhan Xiao Haiyan
(School of Microdectronics and Solid-State Electronics  UEST of China  Chengdu  610054)

Abstract A new design of low-noise low-power consumption charge sensitive amplifier is
presented. Simulated by EDA software Cadence, the results obtained are satisfied. The DC open-loop
gainis82.9 dB with a 28 kHz —3 dB bandwidth and its phase margin is 46.9°. The maximum output noise
spectral density is 1.5mV//HZ at very low frequency. Using standard 3nm P-Well CMOS technology, the
proposed amplifier is fabricated, and the measurement results are closed to the simulation.
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In order to achieve high rate high precision test for applications in particle physics, nuclear physics, and X-b
imaging, charge sengitive amplifiers are widely used to sense the charges collected by the detector and to convert
the charge signa to voltage signal. However, low-voltage supply and low-power consumption have emerged as a
major theme today in amplifier design, especialy when the amplifiers are used in the portable mini-type
instruments. The noise performance of the charge amplifier has to be optimized.

As is well known, the Junction-FETs has a much better noise performance comparing to the Bipolar Junction
Transistors and MOSFETS, but the process uniformity can’ t be well controlled, so it is not fit to realize very large
scale integration'™. The recent researches are focused on full CMOS circuits design!? 4.

The most important characteristic of the charge amplifier is low noise performance, which depends on the
input transistor mostly. So the noise performance of input transistor and its bias current are very important.
Normally, the noise performance of input transistor is mainly characterized by an equivalent input noise voltage
source V¥
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where gn is the transconductance of input transistor. From (1), an important fact is that the channel thermal
noise dominates the total noise contribution if the amplifier works at high frequency.
In order to reduce the thermal noise, the transconductance of the input transistor g, must be increased. From

the transconductance given in (2).
/ w
On = 2rrcox T I ds (2)

the minimal channel length L is limited by the complementary metal-oxide-semiconductor (CMOS) process used.
The increase of the channd width W impairs the high-frequency performance due to the increase of the input
capacitance. One efficient possibility is the increase of the bias current I4s. As a result, a high-power consumption
cannot be avoided in the amplifier. So there must be a tradeoff between the noise and the power consumption. In
this paper, we describe a new design and fabrication of a low-noise and low-power consumption charge amplifier,
some of the simulation and measurement results are presented.

1 Charge Amplifier Topology and Analysis

The proposed low-noise low-power consumption amplifier topology is shown in Fig.1. Utilizing low-voltage

technology, the circuit is single voltage supplied, and T Ve
the Vyq is only 3 V, which reduces the whole power M,
consumption. ’—‘EI H M
The transistors My, Mo, M3, and M4 construct the icF | _[
first stage, in which M; and M3 consist of a cascode }I{.Bls
amplifier with high-gain high-output impedance. The  Vin M - e

v,
-] H - Mbs | Mb,
transistors Ms and Mg consist of a source follower, E’; _’:i —'EI —— If'—

which gives two advantages. First, the transistor Ms —l% _ _ I
adjusts the output potential in order to bias the input M,
transistor correctly. Second, a lower output impedance ’_'3| - l;’lf"‘ )J L L’iﬂ
is obtained which can efficiently drive the next ° _ ’_ﬁMm Mb):r Mby
readout system. J;GND

The other transistors in this circuit, Mb;~Mb; Fig.1 Topology of the charge amplifier

consist of abias block to supply the needed bias voltages for the amplifier stage and source follower.
According to the small-signal equivalent circuit of the amplifier without feedback resistor and capacitor, the
DC open-loop gain A, can be calculated as

A »-m 3
Qo
and the dominant-pole of the open-loop amplifier is
P, » et @

D4
where Cp,4 is the total capacitor at the transistor M.

2 Simulation Results

In order to investigate the feasibility of the proposed charge amplifier discussed above, a simulation has been
performed with EDA software CADENCE using the SPICE model. The input transistor dimension is designed to
be 6 000 NMM/3 mm to abtain the tradeoff between noise and power consumption performances. A bias current 1 mA
istaken for M.
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The smulation results are presented in Table 1 and in
Fig.2 and 3. It is observed that the DC open-loop gain and

Tablel Cadencesimulation resultsof the amplifier

the bandwidth are suitable for the charge amplifying - 2ameters Performance
application, and the power consumption is low enough to the ~ POWer Supply/V 3
battery supply system. Open-loop Gain/dB 82.9
The maximum output noise spectral density voltage is ~ ©OPenloop Dominant-Pole/kHz 2801
1.5 mV/HZ® at very low frequency, which is small ~ Unit:GanBandwidtVMHz 300
enough for the mostly charge signd amplifying and ~—PoWer consumptioV/mw 45
processing applications using capacitive detector.
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Fig.2 The curve of output noise spectral density Fig.3 AC response of the amplifier

From Fig.3, we can aobtain the phase margin at 46.9°, which will insure the stability of the amplifier in its
working frequency range from 10 100 kHz.
Further more, the layout is also drawn as Fig.4 under the design rules of the foundry.
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Fig4 Thelayout of the circuit Fig5 Measured transient characteristics

3 Fabrication and M easur ement

The full CMOS charge sensitive amplifier proposed and designed above has been fabricated in poly-Silicon
gate and P-Well CMOS technology, which critical dimension is 3 nm. The chips are packaged in 8-Pin DIP format.
Using Oscillograph AROE BS601A, Pulse generator TFG-8111 and digital multimeter HP34401A, the monolithic
amplifier is tested. When supply voltage from 2.6 4V, this amplifier works quite well. Under 3 V supply voltage,
the total bias current is 1.3 mA, and the power consumption about 5 mW, which is very similar to the smulation
result. The equivalent input noise voltage is only 0.075 nV a 100 kHz frequency. The photographed transient
characteristic is shown in Fig.5. The upper curve is 30 mV input signd, the lower one 60 mV output and their

frequency 30 kHz.
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4 Conclusions

In this paper, we have presented a new design of low-noise low-power consumption charge amplifier.
Simulated by EDA software Cadence, the results obtained are satisfied. The DC open-loop gain is 82.9 dB with a
28 kHz -3 dB bandwidth and its phase margin is 46.9°. And the maximum output noise spectral density is 1.5
mV/HZ* at very low frequency. Using standard 3 mm P-Well CMOS technology, the proposed amplifier is fabricated,
and the measurement results are closed to the simulation. Due to its good performance, this kind of charge amplifier
can be widely used in particle physics, nuclear physics, and g-ray detection.
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