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ABSTRACT

In this thesis, new CMOS current readout design techniques are proposed, developed,
and applied to the implementation of readout integrated circuit chip for infrared detector array.
The readout circuit will be combined with the infrared detector chip developed by Chunghwa

Telecom Lab to complete the entire IR image system.

In the proposed structure a new readout structure is proposed called improved buffered
gate modulation input (improved BGMI) circuit is adapted as the input stage. In the improved
BGMI circuit, there is an integration capacitance in every pixel to improve the readout rate.
Besides, high swing cascode current mirror is used in the new structure. Therefore the current
gain is not sensitive to the Early effect and the output swing of the current mirror can be
increased. Linearity is also improved by using the new circuit. A dynamic discharge output
stage is also design and analyzed. It can improve the speed performance and consumes only

dynamic power dissipation.



The proposed 64 x 64 improved BGMI readout circuit is designed and simulated with
TSMC 0.35um 2P4M technology. The maximum readout rate is 10 MHz with 25mW power
dissipation and 30 x 30 um? pixel pitch. The maximum output voltage swing is 0.75V. The
linearity can achieve 99.98%.

As can be seen from the simulation results of the improved BGMI , high linearity, low
power dissipation, and small pixel pitch are achieved. Therefore the improved BGMI
structure is suitable for the infrared image system

The designed chip will be fabricated and tested. Based on the results, the future research

will be conducted on the advanced design readout chips of large infrared detector arrays..
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CHAPTER 1

INTORDUCTION

1.1 BACKGROUND

From 1950's, the infrared (IR) imaging system technology has been developed for
various applications including IR search and tracking, medical examination [1], astronomy [2],
forward-looking infrared (FLIR) systems, missile guidance, and other strategic equipment [3].
These days, the design of IR image system. with multi-function is more and more valuable.
For example, the integration of commercial.and military IR imaging systems meets both
economic and defense challenges. For this concept, research and developments for IR image
systems of CMOS VLSI technologies.is raising. Incorporating the rapid advancement in
CMOS VLSI with the progress in infrared focal-plane array (IR FPA) technologies like
detector material, sensing structure, optics, coolers, readout electronics, image enhancement,
and intelligent signal processing results in the revolution of IR image systems to a new
generation with significant performance improvement.

Generally speaking, the IR FPA system including two major parts which are: 1.Detector
array 2. Readout electronics. Comparing with the conventional structures, the IR FPA has
many natural advantages such as high packing density, low cost, high feasibility, on-chip
signal processing, and high flexibility for system integration. For high sensitivity application,
the IR FPAs are generally combined with narrow bandgap semiconductor detectors and
silicon multiplexer. For this reason, the technologies for designing the detection material and

the system interface are very important.



Moreover, high performance mixed-mode signal circuits design are also required for the
readout electronics. In order to achieve the optimal performance for whole IR detection
system, appropriate trade-off between circuit performance, power dissipation, chip area, and

image resolution should be made.

1.2 MOTIVATION

The readout circuit of infrared (IR) detector focal-plane-array (FPA) is a very important
interface in the overall IR detection system. Thus, many technologies of designing readout
circuit are still under development. In this thesis, new CMOS readout circuit design and
implementation with new input biasing technique and innovative readout structure are
proposed and analyzed. In order to.improve the readout performance of the IR FPA imaging
system, it is important to develop appropriate interface technology and structure. In this work,
a new input interface technique-whigh-is_improved-from the conventional structure direct
injection (BDI) has been proposed‘to serve as-hiasing and interface stage for detector. The
input biasing stage can offer a stable, low noise, low input impedance to control the bias of
input stage, and cost low power dissipation interface circuit between IR detector and the
following stage. Compare to the conventional BDI structure, this structure has good readout
performance but cost only half power dissipation and half pixel area. Moreover, the proposed
improved buffered gate modulation input (BGMI) which improved from gate modulation
Input (GMI) and BGMI has solved the problems from the conventional structures. The
integration capacitor of the improved BGMI has been moved into the unit cell to improve the
readout rate, and decreased the chip area occupied by the capacitor. Besides, the new structure
contents the current mirror with stable gain. Therefore, the improved BGMI can achieve high
readout rate with better linearity.

With the growing array size of IR FPA system and the higher resolution, the pixel area
2



and power dissipation limitation become more and more critical. It limits the in—pixel circuit
complexity and whole system performance.

In this thesis, the proposed improved BGMI readout circuit array will be combined with
the InGaAs IR detector array which developed by Chunghwa Telecom Lab to compose a
complete IR image system. The property of the detector array is illustrated by Fig 1.1 and Fig
1.2. In Fig 1.1 it is shown that when the detector is biased at -3V, the photo excited current is
very stable and the detector shunt resistance is very large. Fig 1.2 shows the dark current of
this detector, and Fig 1.3 shows the chip photo of the detector. The detector array and the

readout circuit array will be combined with the indium bond.
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1.3 ORGANIZATION OF THIS THESIS

There are five chapters in this thesis which include introduction, review of the technique
of developing the readout circuit, the architecture and circuit design, the simulation results
and the conclusion and future works.

Chapter 1 introduces the background and explains the main topics of this thesis. In
Chapter 2, the architectures and operational requirements of IR FPA, and the CMOS readout
techniques for IR detectors including the state-of-the-art structure are given. In this chapter,
the analysis of advantages and drawbacks of the conventional gate modulation input (GMI)
and buffered gate modulation input (BGMI) are given.

In Chapter 3, an improved BGMI is presented. By applying the high swing current
mirror technique, this new readout circuit can achieve high charge sensitivity with stable
current gain control. Then the -dynamic discharge source-follower output stage including
correlated double sampling (CDS) and-auto-clamping is described An experimental 64 x 64
BGMI readout chip has been designed and will-befabricated in TSMC 0.35 um 2P4M CMOS
technology. It has been shown that a high-performance readout interface circuit for IR FPA
with high injection efficiency, high linearity, and low power dissipation, is realized within the
pixel size of 30 x 30 um® These advantageous traits make the improved BGMI circuit
suitable for the various applications with a wide range of operation range.

In this chapter, the circuit structure, readout strategy, and circuit performance of the new
improved BGMI readout structure are described.

Chapter 4 describes the layout arrangement and the post simulation from layout

Finally, the main results of this thesis are summarized in Chapter 5. Some suggestions

for the future works about the readout circuit design are also discussed..



CHAPTER 2

INFRARED FOCAL PLANE ARRAY AND CMOS READOUT

TECHNIQUE

2.1 STRUCTURES AND OPERATIONAL REQUIREMENTS OF IR FPA
2.1.1 IR FPA Structure

Nowadays, the design of high-sensitivity, high-density, large-format, and
high-spectra-resolution IR image systems is more practicable due to the development of IR
FPA technologies. Besides, the progress of:VLSI techniques and detector fabrication
technologies dramatically reduce complexity and cost of IR systems. The application of
various developed technologies-on the design of IR FPAs has resulted in the advantages of
simplified electrical interconnection, ‘reduced signal number leads higher performance
reliability, and simplified package. Some commonly used structures of the three major classes
of IR FPAs, which are : hybrid array, monolithic array, and pseudo-monolithic array, are
reviewed below.

1) Hybrid Array :

The most commonly used IR FPA structures in the hybrid array [4] are flip-chip and
Z-plane technologies [5] as shown in Fig. 2.1(a) and 2.1(b), respectively. In Fig. 2.1(a), the IR
detector array chip and the readout chip are compounded by the indium bump grown on the
aligned pixels of both chips. This is the mostly used structure in the hybrid array technology.
In the Z-plane technology shown in Fig.2.1(b), the readout chips are stacked one on top of
another and then the detector array is mounted to the third dimensional plate on the edge. In

the Z-plane structure, one readout chip is used by one channel of detectors so that many

6



electrical circuit techniques like complex input circuit, gain offset correction, A/D converter,
filter, smart and neural function, as well as image signal processing stage can be implemented
on the readout chip [6]. However, the image resolution is limited by the readout chip
thickness. In the application of hybrid array technology, uniformity of indium bumps, chip
alignment as well as thermal expansion effect and mechanical damage on the detectors should

be considered during the hybridization process [7].

Readout chip

- ProtonFlux peector Array
Hybrid/Indium (InSb, HgCd)
Bond

Y

~"Back plane
Multiplexer

Readout/Multiplexer ~ To Preamp, ADC

In bump contact
(Silicon) P

(@) (b)
Fig. 2.1. The technologiesof the‘hybrid-array structures : (a) the flip-chip array
technology:; (b) the Z-plane technology

2) Monolithic Array :

The development of monolithic array technology can solve the hybrid process problems
caused by building IR detectors like PtSi Schottky barrier [8], micromachining bolometer [9],
or extrinsic detectors on the silicon substrate [10]. Thus both IR detectors and readout circuits
can be fabricated in one monolithic chip as shown in Fig.2.2(a). Both producibility and
reliability of IR FPAs can be improved under monolithic design. However, the detector types
and materials must be compatible with the silicon process. This limits the applications of

monolithic array on IR image systems.



Multiplexer Detector/Circuit Silicon scanners
circuit

Substrate Monolithic detector array

(a) (b)
Fig. 2.2. (a) The structure of monolithic array technology; (b) The structure of
pseudo-monolithic array technology

3) Pseudo-Monolithic Array :

As an alternative method to the indium-bumping hybrid array and monolithic array
technologies, the readout chip and detector-chip can be compounded through the via-hole
technique [11], in the so-called pseudo-monolithic array as shown in Fig 2.2(b). Both readout
chip surface and detector chip surface must be polished to achieve a precisely flatness and
parallelism before combined as a single ‘chip. Then some detector fabrication processed and
routing metalization processes are applied on the combined single chip. The
pseudo-monolithic technology remains some advantages of silicon-like processing, but its

reliability is still needed to be optimized.

2.1.2 Operational Requirement for IR FPA [12]

There are many specific requirements and technique for designing IR FPA with different
applications of IR image systems. In general, the requirements of designing IR image system
involves a broad range of electrical circuit and detector array parameters like detector bias
control, injection efficiency, charge storage capacity, integration time, noise , dynamic range,

readout rate, array size and pixel pitch, power consumption, and readout rate. Some general



discussions of these requirements are summarized below.
1) Detector Bias Control :

Many important parameters in IR FPAs are easily affected by the detector bias, such as :
the dark current, injection efficiency, detector 1/f noise, and responsivity are affected by the
detector bias. Besides, operation ability and linearity of spectral response are also affected
directly by the bias. Therefore, a strict and stable detector bias control is necessary in IR
FPAs.

2) Injection Efficiency and Bandwidth :

The injection efficiency is defined as the ratio of the current flowing into the readout
circuit to the detector current. High injection efficiency and wide input bandwidth leads to
good responsibility and readout performance. To achieve high injection efficiency and wide
bandwidth, the input impedance of the interface. circuit should be lower than the shunt
resistance of IR detectors.

3) Charge Storage Capacity :

In most readout structures of IR FRASs, the photon is accepted and transferred to current
by the sensor array. The transferred current flows into the integrating capacitor and
transferred to voltage output. Therefore, the charge storage capacity is determined by both
background and dark current levels of IR detectors as well as the value of integrating
capacitor. High charge storage capacity can be achieved by keeping background and dark
currents small and using a large integrating capacitor. Although, bigger capacitance value
makes the charge storage capacity much better, but the capacitance is limited by pixel size
and the chip area of readout circuit.

4) Noise:

Noise in the image sensor system can be separated typically into two types: random

noise and pattern noise. Random noise varied temporally and is not constant from frame to

frame in the image sensor system. And the pattern noise is divided into two components, one
9



is fixed pattern noise (FPN) and the second one is the photo-response nonuniformity (PRNU).
There are many reasons cause the FPN such as dimensions, doping concentration, and
contamination of photo-detectors and the characteristics of threshold voltage, width, and
length in MOSFETS. And the PRNU noise comes from the thickness of layers on the top of
photo-detectors and wavelength of illumination. These noises in the CMOS in the image

sensor system are briefly discussed below.

1) Random Noise:

Ideally, if every pixel in the image system is illuminated the light in the same intensity
level, the output of each pixel should be the same. In practice, the output from a specific pixel
will vary with time due to some noise sources such as: thermal noise, charge trapping, and 1/f
noise in the devices which comprise the entire image system. Photonic shot noise is usually
not included in this category, although this also contributes to noise at the output. Random
noise is typically stated in terms of input-referred equivalent electrons, i.e., the root mean
square (rms) output voltage noise divided by the conversion gain.

(i1) Fixed-Pattern Noise:

Fixed-pattern noise (FPN) is the fixed (constant in time) variation between pixel outputs
under spatially uniform illumination. Fixed-pattern noise is typically due to random or
mask-induced mismatches in device parameters such as threshold voltage, trap density, and
parasitic capacitance. FPN is usually a function of illumination, and can be written as the sum
of a gain term and an offset term for an imager with a linear response characteristic. Offset
FPN is constant over illumination, and gain FPN is proportional to illumination. FPN consists
of components that describe variation between columns, and variation between pixels in a
single column. Column FPN is the standard deviation of the column-average pixel output

values in a time-average, uniformly illuminated frame. The column FPN is expressed as :

10



FPN (column) = (2.2)

Where EJ is the average pixel value in column j and P isthe average pixel value in the

frame. Since a column FPN calculation requires multiple columns, j > 1. Pixel FPN is the
standard deviation of pixel output values after column FPN has been removed. In order to

calculate pixel FPN, multiple pixels are required. The pixel FPN is expressed as

> (Pui—Py)’
FPN (pixel) = 4! o1 (2.2)

whereiej>1.
(iii) Reset Noise :

If the diffusion of the photodiode is:reset through a MOSFET, this is equivalent to a
capacitance being charged through the-resistance “of the MOSFET channel. The rms

(root-mean-square) noise voltage can.be expressed as :

KT
<Vrms > = \/% (23)

where Kk is the Boltzmann constant, T is temperature, and C is the capacitance of photodiode.

The reset noise is generally called “KTC” noise.

(iv) Thermal Noise:

Thermal noise is due to the random thermal motion of the electrons and is unaffected by
the presence or absence of direct current. And it is a white noise which means the noise power
is constant over all frequencies. For a resistor, the thermal noise rms voltage can be expressed

as:

(V,.) = ~J4KTBR (2.4)

11



where B is the noise bandwidth and R is the resistor. Since the thermal noise covers the entire
frequency range, the bandwidth determines the actual amount measured.
(v) Shot Noise :

Shot noise is another kind of white noise that arises from the discrete nature of the
electrons, for example, the random arrival of particles of charge. This is the result of the
random generation of carriers such as thermal generation within a depletion region (i.e. shot
noise of dark current) or the random generation of photon-electrons, and always associated
with the direct-current flow through the device.

(vi) Flicker (1/f) Noise :

The flicker noise occurs at any junction, including metal-to-metal,
metal-to-semiconductor, semiconductor-to-semiconductor, and conductivity fluctuation. And
it is associated with a flow of direct.current. Theflicker noise arises mainly in amplifier
circuits where there are numerous such contacts. At low frequency, flicker noise can be the
dominant component, but it drops below thermal noise at higher frequency.

5) Dynamic Range :

The dynamic range is defined as the ratio of maximum charge capacity to noise floor.
The required dynamic range of IR FPAs is determined by the ratio of the brightest signal level
to the weakest. Larger dynamic range is preferred but limited by storage capacitance, linearity,
and noise level.

6) Readout Rate :

The readout rate is chosen according to the specific IR system requirement and limited
by the allowable chip power dissipation, the total array size as well as the circuit operation
speed. As the array size becomes large, the loading of the output stage will become large at
the same time, and the readout rate decreases. Therefore, suitable trade-off should made
between array size and the readout rate. In general, a higher readout rate is needed for

multiple sampling applications in image compensation function. Higher readout rate is also
12



needed to avoid the saturation of the signal after integration.
7) Integration Time :

Like the readout rate, the integration time is chosen according to the application
consideration. In general, the saturation frequency of the integrating capacitor and the detector
sensitivity determine the proper length of integration time. Longer integration time produces
higher output swing. But, if the integration time is chosen too long, the transferred output
voltage of the integration will saturate. For this reason, suitable trade-off should be made
between the integration time and the output swing.

8) Array Size and Pitch :

The array size and pitch are usually chosen according to the IR FPA technology, and
the specific application. Higher image resolution requires larger array size and smaller pixel
pitch. If the pixel pitch is larger, the room for readout circuit becomes bigger. Therefore,
exquisite structure of readout circuit.can be made to-improve the total readout performance.
However, a larger pixel size is needed.to increase the integration capacitance and improve the
performance of charge capacity and dynamic range. Thus optimal design trade-off should be
made between the application flexibility and resolution performance.

9) Power Dissipation :

This is a typical requirement in the applications of the IR FPA using photon detector
instead of thermal detector. Power dissipation of IR FPA system can be divided into two parts:
analog circuit and digital control circuit. Usually, the power dissipation will be dominated by
the analog circuit, especially from the output stage. Power dissipation is limited by the heat
loading of the cryogenic cooling system which determines the system cost. When the array
size becomes larger, the power dissipation will become larger at the same time. Therefore,
proper trade-off should be made between power dissipation and array size.

10) Operating Temperature :

The operating temperature is determined by the detected wavelength range and the
13



material of IR detectors. For each detector, there is a unique operating temperature.

It is important to determine the operational requirements in the design of an IR FPA for
specific applications. A complete analysis of operational parameters like IR background
radiation level, spectral response band, operating temperature, detector structure, signal
contrast ratio, sensitivity, and resolution should be set before the design trade-off. Therefore,
all the operational requirements discussed above have unique optimized orientations for IR

image systems in different applications.

2.2 CMOS READOUT TECHNIQUE FOR IR IMAGE

The IR FPAs system can be separated into two important parts which are the readout
circuit electronics and the IR detector array. Readout electronics is deigned to support a good
interface between IR detector and the following signal processing stage. The performance of
the entire IR image system will be:bad if thereadout.circuit is not well designed. For specific
IR FPAs with different materials:and structures, different circuit techniques have been
discussed. The readout circuit techniques based on silicon CMOS VLSI technology will be
discussed in the following discussed.

Recently, the trend of developing IR image system is the reducing pixel pitch with
increasing array size and higher resolution. Moreover, the total power dissipation of the entire
IR FPA system is limited with different applications. With the elements mentioned above,
there are two major factors often put constraints on circuit design space and circuit
complexity. Thus the design of IR FPA readout electronics requires a trade-off between
circuit performance and complexity.

Some simple readout structures like source-follower per detector (SFD), direct injection
(DI), and gate-modulation input (GMI), are still commonly used in large staring IR FPAs
because of the small pixel area and power consumption. In addition, more complex circuit

techniques like buffered direct injection (BDI)] and buffered gate modulation input (BGMI)
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have been developed to improve the important parameters of the IR image system such as
excellent bias control, high injection efficiency, linearity, and noise performance. Simple and
high-performance circuit techniques have been a challenging work in the design of readout
circuits for IR FPAs.

In the following section, some of the commonly used CMQOS readout techniques as well
as the state-of-the-art structures will be reviewed.
1) Source-follower per Detector [13]:

A simple readout circuit called the source-follower per detector (SFD) is shown in Fig.
2.3 where a NMOS source-follower composed by MNI and MNL, a PMOS gate M-Rst as the
reset path, and a multiplexing NMOS device M-Sel as the selection control switch are used in
each cell. The integration capacitance is the summation of detector shunt capacitance Cgetector
and all the parasitic capacitance from the input-nede to ground of the SFD. The integration
capacitor is reset to high by the reset MOS M-Rst then discharged by the photocurrent lgetector-
After one integration period, the cell.voltage signal -is sampled to the output stage serially
through the device M-Sel controlled by. the clock Select. The simple structure of the SFD
makes it suitable for the applications of high density, large format, and low power IR FPA.
However, since the photon excited carrier charges are integrated on the input node
capacitance of the detector directly, the detector bias voltage changes through integration. It
can result in variations of detector characteristics and non-linearity of readout current, which
limit the application of SFD. Moreover, the SFD is susceptible to KTC noise induced by the
integration-and-reset function and fixed pattern noise (FPN) caused by the process-dependent
threshold voltage variations. Usually, a correlated double sampling (CDS) stage is used to

reduce the KTC noise of the SFD readout circuit.
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Vb -”:MNL

.
Vdetector

Fig. 2.3. The source follower per detector (SFD) readout circuit.

2)  Direct Injection [14]:

Another simple readout circuit.called the-direct injection (DI) is shown in Fig. 2.4. In the
DI circuit, a common-gate PMOS device Mpy 1S used to bias and sense the current photo of
the IR detector. The detector current lgetector Passing through the gate Mp; is further integrated
on the integration capacitor Ciy; which can be reset by the NMOS device M-Rst. The
integrated voltage on Ci is sample to the output stage through the PMOS source follower
MPI and the multiplexing device M-Sel controlled by the clock Select. In the DI circuit, a
better bias control than the SFD during integration is supported by the common gate device
Mp. Like the SFD circuit, the DI circuit has a simple structure and no active power
dissipation. This makes it suitable for high-density IR FPA applications. The injection
efficiency of a readout circuit is defined as the ratio of the current flowing into the readout
circuit to the detector photocurrent lgewector. The injection efficiency of the DI is determined by

the ratio of detector shunt resistance to input resistance of Mp,. Thus a lower input resistance
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means a higher injection efficiency and better detectivity. Since the input resistance of the
PMOS device Mp is proportional to its overall current including the background current level.
Thus, the DI is not suitable for the applications of low-background IR image readout.
Moreover, a stable and low noise dc bias Vp, is needed in the DI circuit. Both threshold

voltage non-uniformity and KTC noise are still problems of the DI readout circuit.

Select
P
I 1 >
VDI M-Sel  To output stage
Ietector -
—_— |
I I: MPI
MbI

Reset -I[M—Rst == Cint
- Cdetector

IR Detector ;;

)
Vdetector

Fig. 2.4. The direct injection (DI) readout circuit.

3) Buffered Direct Injection [15]:

A more complex readout circuit called the buffered direct injection (BDI) circuit is
shown in Fig. 2.5 where the circuit structure is similar to the DI except that an additional
inverted gain stage with the gain -A is connected between the gate node of the common-gate
input device Mgp, and detector node. The input impedance can be decreased by a factor of A
due to the negative feedback structure. Thus, the injection efficiency is increased to near unity.
Usually, the inverted gain stage can be implemented by differential pair or inverter. The
detector bias control of the BDI is more stable than those of SFD and DI due to the
virtual-short property of the gain stage. Besides, the source voltage of Mgp, can be tuned by
adjusting Vcom, thus the bias of the IR detector can be turned to get a stable photo current.

Moreover, both equivalent input referred noise and operational bandwidth can also be
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improved as compared to the DI circuit by this inverted gain stage. Since the detector bias is
controlled by the input voltage Vcom Of the differential pair instead of Vp, and gate-to-source
voltage of Mp, in the DI circuit, both threshold voltage non-uniformity problem and strict
low-noise bias requirement of the DI are immune. However, the additional gain stage
consumes active power during integration. For large size IR FPA system, this additional
power will be a problem. This additional power loading can be reduced by proper design of
the gain stage with low bias current. The photo current through Mgp, flows into Ci, and
transferred to voltage, then sampled to the output stage by Mp; and Msg with control signal
controlled Select. Generally, the BDI is suitable for those applications which require high

readout performance and can afford additional circuit complexity, chip area, and power

Vcom o Select
-t
i -

M-Sel  To output stage

dissipation.

Ietector —
— o | I:
MBDI |

Reset -”:M-Rst == Cint
=~ Cdetector
IR Detector

MPI

Q
Vdetector

Fig. 2.5. The buffered direct injection (BDI) readout circuit.

4) Gate Modulation Input [16]:

The conventional gate modulation input (GMI) structure is composed with the IR
detector, a current mirror which mirrors and amplifies the photo excited current and a
integration capacitance Ciy: as shown in Fig 2.6. The detector absorbs the infrared flux and
generates photo current. The photo excited current flows into My, Of the current mirror and

amplified by Minpeu. The amplified current then flows into the integration capacitance and
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transferred it to output voltage.
The effective injection efficiency ( or current gain ) A;gm Of this structure which is the

current ratio between the drain current of the input MOSFET of the current mirror (Minpu) and

the drain current of the load MOSFET multiplies n;,,, which is the injection efficiency of

the direct injection (DI) readout structure, and the detector bias Vp can be expressed as:

Al O,
A _ input _ m.input . (25)
Lo A Iphoto gm.load o
gm.loadRD
= Jmlad D 2.6
T]lnj.DI 1+ gm.|0adRD ( )
VD = Vsub _VGS.MIoad _Vsource (27)

where gminput 1S the transconductance of the input MOSFET Mineu under input background
current bias as well as the gm.1cad» Rp:iS the detector shunt resistance, Vg, is the detector
N-node bias (N-on-P type PV detector), Vesmicad 1S the gate-to-source voltage under input
background current bias, and Vsource IS.the external adjustable source node voltage. The
current ljaq and the gate-to-source’voltage Ves.mioag-Of the load device Mioag Can be expressed

as

2
IIoad = KIoad (VGS.Mload _VT) (28)

I oal
Vesmioad = Kl—d + V5 (2.9)

load

where Kjoag IS the transconductance parameter of the MOS device and V7 is the threshold

voltage of Mysaq. From egs. (2.7) and (2.9), the detector bias Vp can be expressed as

VALV LIV (2.10)

K source
load

It is shown from Eqg. (2.10) that the detector bias is sensitive to the adjustable source voltage
Vsource NOiISe and threshold-voltage variations. Since the detector shunt resistance Rp is

sensitive to the detector bias Vp, the injection efficiency is also sensitive t0 Vsource and
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threshold voltage variations as may be seen from Egs. (2.6) and (2.7). To obtain a stable
injection efficiency, a strict control on both Vguce and threshold voltage uniformity is
required.

Using Egs. (2.8) and (2.9) and the relation Vg minput = Vesmioad + Vsource, the mirrored
current linpyt Can be represented as

I = Kinput(VGS.Mload + V VT)2

input source

(2.11)

2
= Kinput( |I<Ioad + Vsource + VT - VTJ

load

Thus we have

\/ input \/ mput( o +Vsourcej (212)

Ioad

Since the transimpedance g, = 2+ Kl the transimpedance ratio between Minpyt and Mioag IS
gm.input 1

K|nput A\ |nput
gm.load KIoad Y} IIoad
K.

|nput source
|nput \/— \/_
Ioad load load

As may be seen from Egs. (2.13) and (2.5), the value of the current gain A, gmi has a wide

(2.13)

range of several orders of magnitude depending on the IR detector background current. The

smaller the current is, the higher the current gain. This means an adaptively controlled current

gain. Moreover, the current gain also depends on m;, ,, and Vsource. Thus the current gain can

be additionally adjusted by Vsource.

However, it is shown in Eq (2.6) that the GMI circuit, like the DI readout structure,
needs a large detector shunt resistance to achieve high injection efficiency and thus a high
current gain. Since the injection efficiency is sensitive to Vsurce and threshold voltage
variations, so is the current gain. From Eqgs (2.5) and (2.13), it can be shown that the GMI

circuit is susceptible to fixed-pattern-noise due to threshold-voltage variations in the
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transistors Migad @nd Mingut Causing the current gain to vary from one cell to another. To obtain
a large total dynamic range in the GMI circuit, the current gain should be kept high and
uniform. This leads to strict requirements on MOSFET threshold-voltage uniformity and
extremely low noise of the dc bias Vsource Which are difficult to control. From Eq (2.7), it is
shown that the detector bias Vp is sensitive to the existence of the noise of Vsource. If the
detector bias is not identical from cell to cell, the photon excited current will not be stable.

Therefore, the performance of linearity will be bad.

To the output stage
Tload P g

—_— —»
Tinput
IR Detector
Mnload I——l E/Ininput T O
Vsub
Vsource =1

Fig. 2.6. The gate modulation input (GMI) readout circuit.

From the discussion above, the properties of the GMI structure are obtained. The
advantages are :
1) The current mirror amplifies the photo excited current, therefore the GMI can achieve
high injection efficiency.
2) Due to the simple structure, the pixel pitch can be very small to extend the array size
larger.
3) The current gain can be adjusted to suitable value according to the current level by the
external adjustable Vsource.

And the drawbacks of the GMI are :
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1) The injection efficiency (or current gain) is affected by the threshold voltage variation
and the noise of the adjustable Vsource, and the linearity is affected at the same time.
2) Fromeq (2.7), it is shown that the bias of the detector varies with the level of the excited
photo current and the noise of noise of the adjustable Vsource. Therefore, the linearity will be
affected by this factor.

5) Buffered Gate Modulation Input (BGMI) [17] :

The buffered gate modulation input (BGMI) structure is improved from GMI. Fig. 2.7
shows the circuit of BGM readout structure. The main differences from GMI are 1. the
amplifier connected between the detector and the current mirror. The amplifier is connected
as negative feedback type. By applying Vcom to the amplifier, the detector bias will keep
stable to improve the linearity, 2. the current mirror with adaptive gain control and is not

sensitivity to source noise.

The effective current gain A zewi-Of the BGMI circuit, the injection efficiency m;; ¢gp, Of

the SBDI readout structure , and Vp.are

AIin ul gm.in u
A s = 2= et Minj seDI (2.14)

AI photo gm.loadl

77 _ (1+ A) gm.loadl I:QD
inj.SBDI —
: 1+ (l+ A) gm.loaleD

(2.15)

Vp =PV, — Vn (2.16)
where A is the gain of the amplifier and Vo is the common input bias. As may be seen from
Eq (2.14), high injection efficiency can be achieved with a smaller Rp requirement as
compared to that in the GMI circuit. Moreover, the injection efficiency is not sensitive to
threshold voltage variations and noise of the source bias voltage. The detector bias Vp is
independent of the MOS threshold voltage and any source bias voltage as in Eg. (2.16).
Besides, Vp is adjustable by adjusting Vcm Unlike the GMI circuit, the threshold

non-uniformity and source-bias-voltage noise have no effect on the detector bias.
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As seen from Eq. (2.14), the current gain is equal to the transconductance ratio between
Minputt @nd Mygaq1. TO increase the current gain, Qm.inputz Should be larger than gm.icad1. TO
achieve this without any external bias voltage, shorter channel length is used in Minou: Whereas
narrower channel width is used in Moy Due to short-channel and narrow width effects, the

threshold voltage of Mieaq: is greater than that of Minpu. With the arrangement of AV;, the

transconductance ratio in Eq. (2.14) can be similarly derived as

gm.input _ Kmput Y '”PUt
gm.load KIoad b IIoad
K.

mput

The threshold voltage difference AV; is geometry dependent and thus is very stable.

(2.17)

From Eq. (2.17), the current gain increases. as the load current increases and decreases while
as the load decreases, therefore achieve the-adaptive current gain control. Unlike the GMI
structure, no strict source bias voltage control Is required in the BGMI circuit. The current
gain of BGMI circuit is immune to threshold-non-uniformity and noise of the source bias
voltage. This high front-stage current‘gain makes the downstream circuit and system noise
contribution extremely low. It results in a low input referred noise. Moreover, BGMI circuit
can operate with a larger integration capacitance compared to DI and BDI and still obtain low
noise performance and high charge detection sensitivity.

The integration capacitance is connected to the input MOSFET Minu through a row
select device. In the integration period, the drain voltage of Minp,e Will not be identical.
Therefore, the current gain of the current mirror will not keep constant, thus the linearity
decrease. Besides, the integration capacitance is shared for each column, the value of the
capacitance should be chosen large to eliminate all the parasitic capacitance of the connecting
node of the integration capacitance and all the row select switches. With the larger value of

integration capacitance, the readout rate decreases.
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From the discussion above, the characteristics of BGMI are obtained. The BGMI not
only keeps the advantages of GMI such as high injection efficiency, low noise, but also has
more benefits like fixed detector bias control and adaptive gain control. However, this
structure still suffers from some problems such as: the variation of current gain due to the

voltage on the integration and the limited readout rate.

Vsub

o

E S SENSOR
Mpbuff
- Tload
Vcom A
+
To the shared

integration capacitor cell
Tinput l >

Mnload] —— [Mninput

-

Fig. 2.7. The buffered gate modulation input (BGMI) readout circuit.
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Chapter 3

ARCHITECTURE AND CIRCUIT DESIGN

31 THE IMPROVED BUFFERED GATE MODULATION INPUT
(BGMI)

In order to design a high performance readout chip to combine with the detector array
developed by Chunghwa Telecom Lab, an improved buffered gate modulation input (BGMI)
structure is proposed. The whole IR image system will operate in room temperature. The
proposed improved BGMI not only keepsithe-benefits of the conventional GMI and BGMI
structure such as high injection efficiency, low input referred noise, small pixel pitch, but also
solves the problems of these structures..There'are two major parts of the readout circuit, the
analog circuits and the digital control circuits. ‘The design of the circuits will be discussed in
the following sections.

3.1.1 Analog Circuit

Fig 3.1 shows the architecture of the analog circuits. The analog circuits are the main
signal processing stage. There are three important parts of the analog circuits in the proposed
structure which are: the unit cell, the correlated double sampling (CDS) stage and the dynamic
discharge output stage as the common output stage. The negative feedback amplifier is
separated into two parts: half of the amplifier is shared by each row as the common left half
and the other half is contained in every single pixel. By this arrangement the chip area and the
power dissipation will decrease. Every unit cell will combine with the detector by an indium

bond. When the detector absorbs infrared flux, the photo-generate current flows into the
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current mirror in the unit cell. Then the mirrored and amplified current flows into the
integration capacitance and transferred to voltage. The integrated signals from pixels in the
same row are sampled to the CDS stages one row at one time controlled by the vertical row
select logic. There are 64 CDS stages, each of them is shared by one column. The selected

CDS signal is sampled to the common output stage column by column.

Analog Common
output signal output [ 1 x 64 shared CDS stage
stage
—
Common
left 64 x 64 unit cells with BGMI circuit
half
—

Fig 3.1 The architecture of analog partinthe improved BGMI readout chip

3.1.1.1 The Unit Cell
Fig 3.2 shows the unit cell combines with the common left half. The amplifier is
connected as negative feedback type; therefore the bias voltage of the detector is fixed and is
adjustable by adjusting Vcom. Besides, as the conventional BGMI structure, the applying of
the amplifier makes the injection efficiency increase substantially as mentioned in chapter 2.
The input referred noise of the input stage as shown in Fig 3.3 is given by the
superposition of the OP input gate referred noise voltages ey and the noise voltage of the

input MOS devices ey,? .[18]. The input referred noise current generated by ey” is

Iy == (3.1)



PVsub

VDD
|
Vbl—| IfMpSl Vb1—| |jv|pu1

vdd

S
Vcom —I ﬁMpSZ Mpu2 ] I—— Vreset .I II/Ipreset

_ﬁ_”: l Lo
ST |

input l
= o | N |
- VcasMnloadO <“ 4 I[Mnlnputo
A B T Cmt
Mnloadl] I——| E/Ininputll?—
-
Fig 3.2 The unit cell-in the improved BGMI
The input referred noise current generated by e’ is
2
g | R,
In2 = gmi en2
3.2
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~ = 3.3
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The total input referred noise current of the input stage is given by summing Egs (3.1)

and (3.3) as :

2 _ -2 -2 € €2 €

| =, +l, =

(3.4)

n,total



The gate referred noise voltage source of a MOSFET can be represented as [19]

,» 8KkT
e~ ~——Af
" *3. (3.5)

The transconductance of MOSFET is proportional to its operation current. By
minimizing the device sizes of the OP stage, the total input referred noise is very small.

Therefore the noise performance will be good.

2 Sensor
€1 Equivalent
Circuit
A
\
2

1
€5 Iphom% . TCD

Fig 3.3 The noise model;and equivalent circuit of the improved buffered gate

Vcom +

modulation input (BGMI) stage

In the conventional BGMI, the input MOS of the current mirror is connected to the
integration capacitance directly. During the integration period, the voltage of the integration
capacitance is not constant; this means the drain to source voltage of the input MOSFET
varies with time. Therefore, the current gain of this current mirror will not be constant during
the integration period. This effect comes from the Early effect and the linearity of this system
will be lower down by this effect. In the improved BGMI structure, high swing cascode
current mirror is used to eliminate the Early effect. With proper design of sizes of the devices
Mhioad1 @nd Muinput1 , the voltage of node A and node B would be very close. Therefore the
Early effect can be eliminated, and the current gain and system linearity will improve by the
arrangement.

In order to increase the readout rate, each cell contains one integrate capacitance. By this
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arrangement, the value of the total parasitical capacitance of the connection node of the
integration capacitance is much smaller than that in conventional BGMI. Due to the decrease
of the integration capacitance, the size of the current mirror will decrease at the same time.
Therefore the new structure can achieve higher readout rate with smaller pixel area. In this
thesis, the adaptive gain control property is not used. Due to the operating range of the
detector, the current mirror operates in subthreshold region.

The drain of MOSFET in subthreshold region [20]

w Vs -V, V,
I, =—|I exp(—&—")[1-exp(-—= 3.6
o= n( . )1 —exp( VT)] (3.6)
t1t=gXD,n,, exp(\i;—z) (3.7)

T

Where: W,L : device size
g : electron charge
X : the channel depth
D, : diffusion constant
Npo : the equilibriun concentration of electrons in the substrate
Therefore the transconductance of MOS in subthreshold region:
W I, Vs —

Vth VDS
=— ex 1—exp(——= 3.8
LT p( T )| p( V. )] (3.8)

gm

From Eqg. (3.8) it is shown that the transcoductance varies with Vps. The integration
capacitance of simple current mirror is connected to the drain of the input MOS. During the
integration period, the voltage of the integration capacitance varies with time. Therefore, the
transconductance of the input MOS is not fixed. In order to keep the transconductance
constant, high swing cascade current mirror is used as shown in Fig 3.2. For proper choice of
the device sizes, the drain to source voltages of Mg and Minpye are almost the same.
Therefore the transconductances of the MOS devices are constants.

For simplifying we ignore the effect of Vps the transconductance is rewrote as:
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W V. -V
m=———exp(—=
g L nVT P( nvT

“) (3.9)

The current gain of the cascode current mirror is the ratio between the transconductances

of Migag @and Minpye@s shown below:

(W*)
gm,input _ L input eXp(VGS _Vth,input _VGS +Vth,|oad ) (310)
gm,load (Vl)l d nVT
L oal
(W*)
. input
N gmlnput _ L P exp(AVth) (311)
W
gmload (—)I d nVT
L oa

The integration capacitance is chosen small to increase the readout rate. The detailed

device sizes of the unit cell are list in table 3.1.

Device W/L (um/um)
Mpul Mpsl 0.5/2.5
Mpu2. - Mps2 0.5/0.7
Mnul Mus1 1/1.8
Mpbuff 1/1
MnloadO 1.2/0.4
Mnloadl
MninputO 0.9/0.4
Mninputl M=8
Mpreset 1/0.5
Cint 8fF
Vcas 0.8V

Table 3.1 The device parameters of the unit cell

3.1.1.2 Correlated Double Sample (CDS) Stage

In the correlated double sample(CDS) stage, as shown in Fig. 3.4, the NMOS Mgz With
the dc gate bias V,, = 1V is the NMOS current source load of the source follower Mycgs1 When
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the row switch is ON. The correlated double sampling (CDS) function is realized by the MOS
switch Mpsel and Mysel, the clamp device Mpgp, and the AC coupling capacitor Cegs. The
PMOS devices Mycas1 and Myeas2 form a P-type source follower and the gate voltage of Mycas
is control by a clock with high level of 3V. The Mys1 of Nth column is turn on when Nth

column is selected. By this arrangement the power dissipation can be reduced substantially.

Vdd vdd

Vcselp

Vbp —| I:Mpcdsl
Vint .I I:Mncdsl
.

Vrsel ‘ Mpcsel
P
Mprsel Ccds V2 | Mncsel
‘_{b | EADCdSZ Veseln
Mnrsel

Vrseln Vbn Vclamp Mnclp

Mncds2

Fig 3.4 The correlated double sampling (CDS) in the improved BGMI

The CDS function of the common output stage is described below. At time T, the row
switch is on and the clamping clock Vciamp IS high and the clamp device Mygp is on. The first
sampled voltage signal is charged on the coupling capacitor C.4s and the voltages of Vy and V,
attime T, are
o — Voo (3.12)

Vz(Tl) =0 (3.13)
where V,, is the integrated voltage signal on the capacitor and Vg, is the voltage drop of
the N-type source follower composed of the devices Mycgs1 and Mycgso.

At time T,, the clamp device Mclp is turned off before the internal integration capacitor
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is reset. Then the integrated node is reset to Vyq and the second sampled voltage Vi(T2)
becomes

Vi(T,) =V —Vesu (3.14)
Since the charges on the coupling capacitor Cggs is the same at T; and T,. From Egs. (3.12),

(3.13) and (3.14), we have
Coc [Vi(T1) =V, (T,) ] = Coe [ Vi (T,) -V, (T,) | (3.15)
Thus, the output signal V,(T,) after the CDS is
V,(T,) =V, (3.16)

The net voltage V(T) is sent to the P-type source follower. This realizes the CDS
function. The detailed device sizes of the CDS are list in table 3.2.

The gate to source voltage of Myedsts Ves micdst 1S

f2| ha
VGS,Mncdsl = KdYM — +Vth (317)
n,Mncds1

Each CDS stage is shared by 64 -unit cells, by applying CDS stage the threshold variation

between all the M, ¢gs1 in every unit cell to improve the linearity.

Device WI/L (um/um)
Mncdsl 25/0.35
Mncds2 1.5/0.35
Mnrsel 1/0.35
Mprsel 3/0.35
Ccds 300fF
Mnclp 10/0.35
Mncsel 0.5/0.35
Mpcsel 2/0.35

Table 3.2 The device parameters of the CDS
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3.1.1.3 Dynamic Discharge Output Stage

Fig 3.5 shows the schematic of dynamic discharge output stage. The P-type source
follower Myegs1 and Myeasz and the N-type source follower Myoun and Mpouz form a
complementary cascaded source-follower stage. In the output buffer Mpouts and Mpoute, the
dynamic discharge device Mngyn is used to save the static power dissipation and maintain the
proper readout rate. The gate of Muayn is controlled by clamp clock. Veiamp. And turns on when
the output signal pulled down, therefore the readout rate increased. During the readout period,
clamp is low, and Mngyn is turned off to save the power dissipation. The detailed device sizes

of the dynamic discharge output stage are list in table 3.3.

Device  |W/L (um/um)
Mnoutl 125/0.35
Mnout2 5/0.35
Mndyn 20/0,35

Table 3.3 The device parameters.ofithe dynamic discharge output stage
Vdd

Sampled Signal
from CDS _'I [Mnou”

Voutput

Vbn2 —| [ Vclamp —I E/Indyn

Mnout?2

Fig 3.5 The dynamic discharge output stage in the improved BGMI
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3.1.2 Digital part

Fig 3.6 shows the total architecture of the digital circuit. The control signals came from
the digital part circuits. There are three major parts of digital circuit in this BGMI readout
chip which are: the counter, the decoder and the trigger and will be discussed in the following

sections.

6 stage E— Column
counter 31 Column select logic | select
—— control
6 stage [— : Row
- Row select logic —> select
counter >
- control

Fig 3.6 The architecture-of digital part in the improved BGMI readout chip

3.1.2.1 Counter
The 1-stage counter is composed by inverters and switches as shown in Fig 3.7. The

switches are controlled by CLK and CLK . The counter produces a clock signal that is

twice period of the input clock. In the thesis, a 12-stage counter is used as shown in Fig 3.8.

Doy D C
e
< P

Fig 3.7 The 1-stage counter in the improved BGMI readout chip

. N—
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C1 C2 .
CLK —>1 1st Stage [ 2nd Stage ’ 12th Stage Cl2

cik—| Counter |—{ Counter [—> Counter [—Cl12

Fig 3.8 The 12-stage counter in the improved BGMI readout chip

3.1.2.2 Decoder
The decoders are composed by NAND gate and inverters as shown in Fig 3.9. The
decoders produce the control signals which control the selection of the row and the column.
The input signals come from the 12-stage counter. The output of the first 6-stage counter are
the input of the column select logic and the output of the second 6-stage output are the input
of the row select logic. By this arrangement, the period of the row select logic is 64 time of

the period of the column select lagic.

Lo o So—ron

C3—
Row

o
o

C4—

C5—
C6—

T

Fig 3.9 The decoder in the improve BGMI readout chip

3.1.2.3 Trigger
The trigger circuit is composed by NAND gates and NOR gates. In the system operation,
the trigger produces a start-of-frame signal. As long as the start-of-frame signal is high the

first pixel is selected. The trigger is shown as Fig 3.10
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C1

C2—

C3 — )c Start of
C4 — Frame Signal

C5 —
C6 —

Fig 3.10 The trigger in the improve BGMI readout chip

3.2 THE IMPROVED BGMI CHIP OPERATION

The total architecture is shown as Figy8:11.The.clock timing waveforms of the column
start signal, row select clock, and coelumn select clock’and clamping control V¢jamp are shown
in Fig. 3.12 where the clock signal has a high level of 3.3V and a low level of OV. The
readout operation of the BGMI chip is‘described below. When the start-of-frame signal is on,
the first row is selected and the first column select V¢ is 0n, the integration voltages of the
unit cell input stages of the first row are switched to the CDS stages. After an integration time
controlled by the reset signal, the voltage signal of the first column in the first row is sampled
to the common output stage. The integration capacitor is reset immediately after it is sampled.
Then the second pixel of the first row is read out serially. After all pixels in the first row have
been readout, the second row is switched to the common output stage. After the Nth column
of the Nth row is selected, thel2-stage counter signal is invited to form the second
start-of-frame signal which the second frame starts to be readout.

The 64 x 64 improved BGMI readout chip is designed and all the simulation results are

presented in chapter 4.
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select | S€ect | Jeft half 64x64 unit cells with BGMI circuit

logic |control

\

Fig 3.11 The total architecture of the improve BGMI readout chip

Clamp & IlllllIlllIlllll_”_”_ll_”_”_”—”—”—”—”—”—”—”—”—”—ll—

Reset Clock

Start of I_I

Frame

1st Row
Select

2nd Row
Select

1st Column
Select

2nd Column

|

Select

64th Column
Select

—

1st Row

Select

2nd Row
Select

64st Row
Select

R

1st Frame

o .

Fig 3.12 The total control clock of the improve BGMI readout chip
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CHAPTERA4

SIMULATION RESULTS

4.1 LAYOUT DESCRIPTION

The layout of the entire is shown as in Fig 4.1. The total chip area is 3.5 x 3.6 mm?. The
analog circuits including 64 x 64 unit cells with pads, 64 x 1 common left half circuits, 1 x 64
CDS stages, and a common output stage. The digital including 12-stage counter, row select
logic, column select logic and trigger. The layout of unit cell is shown as Fig 4.2. There is a
pad in each pixel to bond with the IR detector:There are pads around the 64 x 64 unit cells.
These pads are connected to the:substrate of the detectors and applying a substrate bias to fix

the detector bias.

12-Stage

counter Column select logic

1x 64 CDS
Dynamic

Output

stage

64 x 64 Unit Cell

Row

Select

Signal

Fig 4.1 The Layout of the 64 x 64 improved BGMI
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Unit Cell : 30 x 30 um?

8 fF Integration

Capacitance

Fig 4.2 The Layout of the unit'cell in the improved BGMI

4.2 POST-SIMULATION RESULTS

In order to show how the Early effect effects the current gain of the current gain, a
comparison of pre-simulation current gain between the simple current mirror used in GMI and
the high swing current mirror used in the improved BGMI as shown in Fig 4.3.

Fig 4.4 shows the voltage of the integration capacitance and Fig 4.5 shows the output
voltage of the common output stage. Fig 4.6 shows the linearity of the output voltage. In order
to observe how the process variation effect the linearity, the linearity of different corners is
shown in Fig 4.6

The summary of the 64 x 64 improved BGMI readout chip is show as Table 4.1.
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Current Gain of different current mirror
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Fig 4.3 The comparison of current gain of different current mirror structure
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Fig 4.4 The voltage on the integration capacitance
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Voutput (V)
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Fig 4.5The output voltage of the common output stage

Output Voltage Linearity : 99.98%

0

I0n 20n 30n 40n 50n 60n 70n &0n 90n 100n
Input Photo Current (nA)

Fig 4.6 The linearity of the output voltage.
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Voutput of Different Corners
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Fig 4.7 The linearity of the output voltage of different corners

Technology FSMC 0.35 um 2P4M CMOS
Power Supply 3.3V
Pixel Pitch 30 x 30 um2
Integration Capacitance 8f F
Maximum Output Swing 0.75V
Linearity 99.98 %
Power Dissipation 25 mW
Maximum Readout Rate 10 MHz
Frame Rate 2.44k frame/sec

Table 4.1 The summary of the 64 x 64 improved BGMI readout chip
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4.3 DISCUSSIONS

The current gain of the high swing cascode current mirror is more stable than the current
gain of the simple current mirror as shown in Fig 4.3. In order to reduce the chip area, the
device size of the reset MOS, Myeset and the row select switches are chosen very small.
Therefore at the beginning of the integration period, the integration voltage has a nonlinearity
phenomenon for a short time due to the clock feedthrough of the reset clock. And the voltage
drop of the row switches will be large. Therefore the maximum output voltage swing will be

small. The proposed improved BGMI can achieve high linearity as shown in Fig 4.6.
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CHAPTERS

CONCLUSION AND FUTURE WORKS

5.1 CONCLUSION

The improved buffered gate modulation input (BGMI) is proposed, designed and
simulated. It contains a high swing cascade current mirror to increases the output range. Due
to the cascode topology, the current gain is nonsensitivity to the Early effect, therefore the
current gain is fix during the integration period. There is an integration capacitance in every
pixel to increase the readout rate. The outputstage is'composed by correlated double sampling
(CDS) stage and dynamic discharge output stage. The designed dynamic discharge output
stage is a common output stage, ‘and centrolled by specific clock to increase the readout rate
and save the power dissipation. The circuit has been designed with TSMC 0.35 um
double-poly-quadruple-metal CMOS process. The chip area is 3500 x 3600 um? and includes
4096 pixels. The area of a single pixel is 30 x 30 um?. The linearity from post simulation can
achieve more than 99%, and the power is 25mW.

5.2 FUTURE WORKS

The proposed improved BGMI is well simulated and will be fabricated and measured.
After the measurement of the 64 x 64 improved BGMI readout chip, the larger array size,

higher readout rate and larger operation range will be designed base on the data.
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