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Buffer Direct Injection Readout I ntegrated Circuit Design for Dual

Band infrared Focal Plane Array Detector

Tai-Ping Suf, Yi-Chuan L&, Hsiu-Li Shiefi, Shiang-Feng TafigWen-Jen Lif,
& Department of Electrical Engineering, National Glain University No.1, University Rd, Puli,
Nantou County, 54561 Taiwan
P Chung-Shan Institute of Science & Technology P.6x Ro. 90008-8-6, Lung-Tan, Taoyuan,
Taiwan

ABSTRACT

This paper proposes dual-mode buffer direct injec{BDI) and direct injection (DI) readout circuaesign. The
DI readout circuit has the advantage of being gkruircuit, requiring a small layout area, and lpgwer consumption.
The internal resistance of the photodetector Wi the photocurrennjection efficiency. We used a buffer amplifier
to design the BDI readout circuit since it woulduee the input impedance and raise the injectibicieicy. This paper
will discuss and analyze the power consumptiorediipn efficiency, layout area, and circuit noidée circuit is
simulated using a TSMC 0.35 um Mixed Signal 2P4M@3/5 V process. The dimension of the pixel ar&Di30um.
We have designed a 10x8 array for the readoutitioéuhe interlaced columns. The input currentgas from 1 nA to
10 nA, when the measurement current is 10 pA toAOThe integration time was varied. The circuitpu swing was
2 V. The total root mean square noise voltage wéé V. The signal to noise ratio was 52 dB, aredfthl chip circuit

power consumption was 9.94 mW.
Keywords: Buffer Direct Injection, Direct Injection, Dual Mode, Readout Cir cuit

1. INTRODUCTION

In recent years, the research related to dual-bdrared imaging sensors compares the aforemertisimgle-band
sensors, which can receive signals from a largegeavhile improving the environmental noise tolesato obtain an
optimum signal [1, 2]. The infrared sensor matecat influence the wavelength, light response, -darkent magnitude
and impedance characteristics of the readout tidmvice. These factors must be taken into conider in the design
of a readout circuit for an infrared sensor, alaritl the circuit output voltage swing,backgroundreut ,frame rate and
noise.

The structure of the readout circuit for a dualdamrared detector is comprised of two independsrtmns: A
signal processing circuit and an output stage itirdinese columns are located on each side of itted pircuit. If the
dual-band sensors are of the same structure typeéwb different wavelength sensors use two readotiits to obtain

* chun999g@gmail.com




the output signal simultaneously [3-5]. In infrane@ddout pixel circuit design, the pixel circuiydat area is limited by
the sensor area. The pixel circuit design hasltovicthe infrared sensor specifications, while flaver consumption of
the pixel circuit will also have limitations. Thiseans any design of the pixel circuit has to badahe circuit efficiency
and complexity [6-8].

This paper proposes a readout circuit for dual-mioaier direct injection (BDI) and direct injectiaidl) readout
circuit design. The internal resistance of the pkagtector limits the photocurrent range to aftbetinjection efficiency.
The buffer direct injection is used for the pixeladout circuit. This is possible since the injactifficiency has
improved. The buffer amplifier can reduce the inipypedance to use the feedback gain of the amplifiehe amplifier
gain is greater than the feedback gain, the irgactifficiency can approach 100%. Thngth and width of high gain
amplifier occupies the pixel area. It can theref@@uce the integration capacitance to decreasdyth@mic range, so
the design of the readout circuit is a tradeoffMsein amplifier gain and pixel area. The dual baswser is currently
popular for use with infrared detectors. The designeeds to combine the advantages of DI with BDhthieve
different wavelengths for different sensor applmas. This paper discusses BDI and DI; in particulge investigate
how to use a dual mode switch. To verify the feiligitand applicability of the proposed design, @x 8 experimental
chip was designed and implemented using a TSMC (@rB52P4M CMOS 5 V process. The circuit is separateal
analog and digital sections. The analog circuiludes the pixel circuit, the column stage circtig bias circuit and the
output stage circuit. The digital circuit includd pixel circuit control circuit, the column sel@ontrol circuit and the
output select control circuit. The system architetof the readout integrated circuit (ROIC) iswhadn Fig. 1. The
FSYNC signal controls the integration time of threfs and the frame rate. The LYSNC signal contthis selection
time for each row, which includes the processimgetifor the columns and other internal analog comircuits. The
column time is controlled by the main clock, white output time of each pixel is controlled by th&e of output from
the buffer stage. The speed of the readout cirisudetermined by the frame rate. The column stagtudes the
skimming circuit and the output buffer.

The remainder of this paper is structured as fallowhe design of the infrared readout circuit ilined, as well as
the structure of the infrared readout circuit armysection 2. We also present the design of the-band infrared
readout circuit based on the single-band infragadiout circuit. Section 3 presents the simulatisults followed by the

experimental results. In section 4, the conclusiog a comparison of the circuit characteristicsgaren.
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Fig. 1 Schematic showing the readout circuit 0B array.

2. READOUT CIRCUIT DESIGN

The system architecture of the ROICfagused on the pixel readout circuit. There arddewariety of technologies
from the literature for use as readout circuitse Three main architectures currently used are:dBudfrect injection,
capacitor trans-impedance amplificati@nd direct injection. For dual-band infrared seastire BDI combined with DI
as a readout circuit is superior. A pixel readdutuit can be switched for different dual mode @ten; for instance,
BDI and DI, DI and DI. This section presents anstration of the pixel and skimming circuit.

A. pixel circuit

The DI structure of the pixel readout circuit iogm in Fig. 2. The DI uses a single MOS. A detedsoput on the
transistor source, since the input impedance igtoiwhe DI readout circuit is a simple circuit wahsmall layout area
and minimal power consumption, yet the MOS thredivolitage can be changed to affect the detectar bia

The infrared sensor is connected to the Mcp tréorsi®urce. A common connection point, Vcom, and3/gate bias
are defined, which fixes the bias voltage of thesse The photocurrent from the sensor is injedt¢al the readout

circuit, and the integration capaciton{f is integrated to the integration voltage. Thednation voltage is

[ IT. . (2.1)

The integration voltage is passed to the samplapacitor through the FET switch,SThe photocurrent creates the

voltage across the sample and hold capacitgy) (@hich will charge both g and Gu. The sampling voltage is



C [ [T . (2.2)

int + 2

V
K (C + CINT) " (CS-i + CINT)

The DI readout circuit suffers since the input imh@ece of Mcp is at the common gate configuratidre @reater this
impedance is, the worse the current efficiency bexy and the dynamic range is hence reduced. Their&lit
architecture adds a buffer amplifier, which actadsedback circuit. This configuration can redtlee input resistance
of the detector. The buffer amplifier gain is desid to be 40 dB. The amplifier bandwidth is 8 MHhe BDI structure
of the pixel readout circuit is shown in Fig. 3.eTamplifier uses negative feedback to connect thighDI source. The
amplifier is positive to bias the control detect®he layout area of the BDI is greater than the lreduce the
integration capacitance.

In a general detector, the equivalent model caaXpeessed as a parallel connection of resistargmgcitance and a
current source. The impedance of the readout tiroust be very small to collect the photo currékg.the detector
current increases, its impedance reduces [8]. Thesdbrce impedance is 1/gm. The injection efficiens the

performance index, which can be expressetth@satio ) of the input current over the detector curretie Tatio ) is

::_”'RD+%,

If Rp is greater than 10 times 1/gm, the injection &fficy will approach 90 %. In order to improve d#itcy

(2.3)

further to 99 %, the BDI uses a negative feedbaduit which reduces the input impedance againstaimplifier gain.

Equation (2.3) becomes

R (2.4)
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Fig. 2 DI Structure of the pixel readout circuit Fig. 3 BDI Structure of thiegd readout circuit

If the BDI is combined with another circuit, the pérformance results can be achieved. For exaniplep band
sensor detectors are used. In order to reduce EhdaBout area, the structure of the BDI uses aisbanethod with a
switch to achieve dual mode operation. The proposadout circuit with the dual mode is shown in.BigThe switches
®1 and®2 determine the BDI and DI modes, respectiv@g. is the reverse abl. When®1 is turned on and?2 is
turned off it is in BDI mode. The voltage, Vb, ceontrol the sensor bias directly. This BDI with iroped injection
efficiency and input impedance is suitable for usth long-wavelength infrared (LWIR) sensors. ThBIBerformed
better than just DI, where Mt changed during manufacture. In this paper, thplifier of the BDI uses the sharing
mode so that half the area of the amplifier is tfoe pixel. This method can reduce the pixel areh ianrease the
integration capacitance.

If ®1 is turned off and?2 is turned on the device is in the DI mode. Tlaslvioltage, Vig can control the sensor bias
through the MOS threshold voltage, Vt. If the latyand design technology is improved, Vt will notd@roblem when
in DI mode. The DI mode is a simple structure tvay requires limited power and minimal area. Hese reasons, DI
is suitable for mid-wavelength IR (MWIR). The ddtachias is controlled by the gate of the transisiad detector com.
The gate of the transistor is important in DI maglace the resolution of the gate bias affectsittector wavelength. In
general, digital to analog converters can makeaiigdhe best bias. The half area of the amplifier saitch the pixel
on/off due to the sharing mode of the amplifiettod BDI. For dual-band infrared sensors, the BDhbimed with the

DI as a readout circuit is superior. The switches lse selected under dual mode, so as to selecoBDI mode.
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Fig. 4 The proposed readout circuit

B. Column stage

The column stage is composed of a negative feedaaniifier with switches GAIN1 and GAINO controlfinthe
gain of the circuit. The gain controller can beesttd under different photo currents. The comhbamatif two switches
can achieve gains of 1, 1.33, 2 and 4. In additiba, OE switches control the skimming voltage, whbk VOS pin
skimming the voltage [9]. The function of the skimnim voltage is to avoid amplified signal saturatidime signals are
amplified, and via rows selection, are deliveretb ithe column select circuit. The aim of the citcigi to use the
switches to output the signals in regular turn. fibheber of output points is insufficient to outplie signals at the same
time [9].

If we suppose the skimming voltage is used,tardbutput voltage steps up a voltage value, VBSopttput voltage

can be expressed as

Vout = gz (\/SH _Vos) +VREF (2'5)



3. MEASUREMENT RESULTS
Thereadout circuit is simulated using a TSMC 0.35 um Mixed Signal 2P4AM@3/5 V process. The pix&lyout area

is 30x30um. The array readout circuit is 10x8 for the irsedd columns. A sensor model with a parallel cotmeof
resistance, capacitance and current source is Tisedsimulation of the input current ranges fromAlLtp 10 nA. The
simulatedoutput swing is 2 V and the total power consumpisoless than 9.76 mW.

Figure5 shows the chip photographhe |-V curvefor the measurement results ofl@x8 pixel array readout circuit
are shown in Fig6. In Fig. 6, the x-axis shows the internal current, while thaxis is the output voltage. As the input
current increases, the current injection efficiemagroves. The BDI circuit architecture has supeirigection efficiency,

which is seen by the BDI curve approaching the uated value. The DI structuie less efficient for high-current

injection
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Fig. 5 Chip photograph Fdhe |-V curve for the measurement results

The noise can affect the performance of the readaeuit. In general, the dynamic range is an inbgat

specification, which can be expressed as the otimaximum signal to noise

DR =20Log VVS (2.5)

n,RMS

The noise from a readout circuit is mainly causgdhe capacitor noise (KTC noise). The KTC noisg ine caused
by the capacitance in the BDI or DI structure. €apacitor is proportional to the kTC noise. Thesadn the simulation
of the readout circuit is 1.07 mV. High gain on tt@dumn circuit can be used to obtain the noisealigrhe total root
mean square noise voltage is 4.84 mV. The dynaamige of the readout circuit is 52 dB, with a fulhte voltage of 2 V.

The measured specifications of the ROIC chip amensarized in Table 1. There are many important $jgations

including the range of the minimum sensing curreluck rate, power consumption, frame rate, anddghveamic range.



The range of the minimum sensing current for thd BRd DI sensors under the maximum integration tisn200 pA
and 10 pA, respectively. The input current is lowan the simulation, due to limitations in the sw@@ment when
using a current mirror device. The measured powasemption is also less than the simulation, dueat@tions in the
process. The output swing is 2 V. The readout tirwnise is proportional to the kTC noise of theegration capacitor.
The measured noise of the readout circuit at 308 484 mV,,,. The measured dynamic range of the 10 x 8 arrays o
the experimental chip is 52 dB. The integrationazdor in 30 um x 30 pum is 0.28 pF. The frame &atd minimum
integration time is 110 Hz and 20 us. The powersoomption of the experimental chip is 9.94 mW, whiotiudes the
power from the output stage, the pixel circuit® tolumn stage, the bias circuit, and the digitadudt. If we do not
calculate the output stage buffer, the total poisdess than 3.5 mW. The power from each pixelofefi the photo
current, so the maximum power is affected by th&imam input current.

For this experimental chip, the results of the ceddtircuit with the dual mode under maximum ineggm time
indicate that the BDI and DI apply to the middlevweigngth and long wavelength, respectively. Theylamavelength
infrared detector has a lower internal resistamzklarger photo current. The middle wavelengtharéd detector has a

higher internal resistance and lower photo curdesrtto the sensor characteristics.

Table 1 Dual mode readout circuit array specifarati

Parameter Specification Post-Sim
Readout Pixels 10=8 pixels 10=8 pixels
Technology TSMC 0.35um 5V 2P4M TSMC 0.35um 5V 2P4M
Power Supply 5V 5V
Clock Rate 3.125MHz 3MHz
Total Powe]; 1\17\1-";‘::11‘1out Output - 35mW = 324mW
Variable Gain 1,13.,2.4 1,13.2.4
Power Dissipation 9.94mW 9.76mW
Integration Time 20us~10ms 20us~10ms
Output Swing 2V 2V
Min Input current 200pA (BDD) 100pA (BDD
10pA (DI) 1pA (DI)
Dynamic Range 52dB 65dB
Integration Capacitance 0.28 pF 0.25pF
MAX frame Rate 110Hz 110Hz




4. SUMMARY
In this paper, we have designed a 10x8 array fermdout circuit with interlaced columns about aldwdatch mode

array. The results of the BDI structure input imgeck are lower than the DI structure, when eachth®msame input
current. This results in different injection eféicicies. The dual-band sensor has different intewesistances. Direct
injection is combined with buffer direct injectiém create a wide range of different sensor typesofdingly the sensor
types determine the corresponding readout cirduitcgire. A switch control circuit was added to W&el with DI,

allowing two circuit structures in one unit celgropleting the dual switch mode array integratedoeé circuit. We can
choose the BDI structure to lower the internal tasice sensor, or the DI structure to separatsghsor. The ROIC
achieves superior injection efficiency. The measumet current ranges from 10 pA to 10 nA. The irdéign time was
adjusted. The circuit output swing is 2 V, systemisa voltage is 4.84 mV, signal to noise ratio2sdB, and the full chip

circuit power consumption was 9.94 mW.
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