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Abstract: An on-chip low dropout (LDO) regulator is presented, which provides the clamping voltage in monolithic active pixel sensors (MAPS) for the STAR experiment. By utilizing a buffer and a serial
RC network, the regulator can achieve good stability, low power dissipation and low noise. Its output voltage is programmable by using a digital-controlled resistor. The proposed LDO regulator has been
implemented in a 0.35 pm CMOS process. The die area is 327 um X 119 um. The power dissipation is 677 uW, and the output noise spectral densities at 100 Hz and 1 kHz are 222 and 74.8 nV/ 4 Hz,
respectively.

The Solenoidal Tracker at RHIC (STAR) experiment is utilized to study the hot and dense nuclear matter created in high energy heavy ion collisions. In order to achieve high resolution vertex
measurements, the upgrade heavy flavour tracker (HFT) will consist of three detectors, among which the PIXEL detector is the innermost and highest precision one (See Fig.1). MAPS find their applications on the
implement of the PIXEL detector due to their advantages, such as integrating the sensors and readout electronics in the same substrate, offering high granularity and a thin sensitive volume. However, the upgrade brings
new challenges to the design of MAPS. Based on the exiting detector, only a little space is left to place cables for the PIXEL detector. Indeed, the cables will degrade the radiation length, induce the noise and increase the
heat loss. Therefore, all the reference and bias voltages in MAPS have to be generated on-chip by integrated regulators, except the power voltage (Vdd!) and ground voltage (Gnd!) (See Fig.2). As one of the important
reference voltages, the clamping voltage is utilized for Correlated Double Sampling (CDS) operation (See Fig.3). Its value is 1.7 VV-2.3 V. The objective of this poster is to present a low noise, low power dissipation and
small dimension LDO, which is a fully on-chip to supply clamping voltage.

Selectable analog outputs ~ 220 p for Pads + Eectronics
NN EEEE] NN EEEE]
T T
T T
R R Vdda Vdda Clamping Voltage
Pixel Array: | RST(optical) PWR ON
[z : Clampingo—|[_, M1
8 (928 x 960) \ P Slet Row | sjet Grp
= N Charge
g ; Sensing
T Pitch: 20.7 um 3 element
(2]
Ll Lt _
i Constant
BT T [ [T onepixe| Current
Column-level Discriminators 4 1 L
Zero Suppression
Figure 1 e " Mem ||M| m“"”"'l"""" LS See the talk in this conference: Christine HU, “ULTIMATE: a High . 3
Pads Ring Resolution CMOS Pixel Sensor for the STAR Vertex Detector Upgrade " Figure

~22 mm
The proposed LDO: Figure 2

Error amplifier

Serial RC Buffer Output stage

Design specification:

Vida HH

elnput voltage range is 2.7 V t0 3.3 V. :

*QOutput voltage is 1.7 V to 2.3 V (adjusted by JTAG registers).

eLoad capacitance is larger than 0.5 nF which is estimated by
layout parasitic extraction.

eExternal compensation components aren’t allowed.

*PSRR is 50 dB.
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) The buffer stage can push the pole induced by pass transistor to
Figure 4. The AC response of the LDO high frequency. Moreover, the buffer decreases the dimension of
before (dash line) and after (solid line) pass transistor.
compensation So the first dominant pole is located at the output. The smaller 3 .
capacitance is employed to get good stability (See Fig.6, Fig.7). gn
This structure doesn't require extra current, power consumption i
and noise are low (See the Fig.8 and Table 1). i
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Table 1. The main performance parameters
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- CMOS 0.35 um [ 0.13 um 0.35 um
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