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T.ow-power image sensors are dosirable for portable applicatians,
ineluding eellular phones, portable digital assistants (PDAs), and
wircless security systems. Scaled OMOS technology has bright
prospects for both high performance and lew power image sensor
systems [1]. This image sensor (or L2V operalion dissipates one-to-
two orders ol magnitude less power than the cureent state of the avt
CMOS active pixel scnaors.

The sonsor block diagram is shown in Tigure 6.7.1. The core pixel
array congists of 176(Hx144(V) (QCIT) photodiode active pixels
witha 5jm pitch. The array of pizcls is accessed in the standard row-
wise faghion using a shifl register and vow driver wilh a reset
hootstrapping civeuit, so that all pixals in the row are read out into
column analeg readout cireuils in parallel. Fach of the 176 column-
parallel readont eivcuits performs both sample-and-held (ST and
delia double sampling (1M38) functions, eliminating pixel offsct
variations and pixel source-fallower 1/{ noise, The signal is stored in
the charge domain. The global charge-gensitive amplificr at the
front, end of the ADC provides fixed gain for the column chargoes
being read using the eolumn select logie, The amplifier regot and the
amplifier signal values are sent to the 8b self-calibraiing sucecasive
approximation ADC,

A simplilied signal path from pixel to ANC is shown in Figure 6.7.2.
The design of a low vollage CMOGS sensor involves several chal-
lenges such ag a) reduced cirenit dymamie range, b} the low voltage
MOS8 switch problem, ¢) low-valtage opamp and ADC design, and
d} low-power internal bias gencration. The challenges discussed
above are addressed in the following way: a) the pixel voltage
dynamic range is inereased by using a boolsirapped reset pulse; b)
the column analeg readout cireuit requires only unipolar MOS
swilches, For instance, the 8/H swilch isof ann-type and ia good forr
sampling pixel signals that are always “low”. While ihe column
seleet switch is of a p-type, which is good at connecting high-level
signals, such as for the veference voltage, ete.; ¢) the charge mode
readoput fixes the readout bus voltage so that the requirements on
the smplifier inpat vollage swing are relaxed. On the otherhand, a
current-mirror OTA used in this design yiclds almost rail-to-rail
outpat; and d) a capacitive ADC wvoids low-voltage dosign problems
that wauld be faced with different Lypes of ADC such as flash,
pipelining, or folding converter.

"The low-power 8b suceessive approximation ADC shown in Figure
6.7.3 congiste of a capacitor banlk, a coraparvatar, decision latchoes,
and correction latches, Tn this implementation rail supply Vdd is
uged as the ADC referenen voltage and pMOS switches to connect
this voltage. The ealibration portion of the ADC climinates dynamie
comparator offact, which is typically 30mV. It has § capaeitor bit
cells, The main ADC conversion uses 8 binary-sealed capacitors to
sumple the amplifier signal and reget eapacitor to storo the ampli-
fier reset voltage. These eapacitor nelworks are connecioed to the
inpuf of the comparator, After saving these signal and resct voltages
on Lhe top plate of the capacitors, the hotiom plates ave successively
cennected to Vdd. The comparator ouilput determines whether or
not the signal side maintains the updated signalin the Lop plate. For
low voltage operation of this kind of ADC, it is usually essential to
have a wide input valtage swing comparator. This approach elimi-
nates the need for such a compavalor, During the convergence
procogs, the vaviable signal is matched to a fixed amplifier reset
voltage, This not enly allows use of a limited input swing compara-

tor, bul also canses comparison to occur at the same level cach time,
eliminating potontial comparator offset vs. sighal dependence.

In addition, the following measures reduce sensor power. First,
unused blocks such as the pixel current load in Lhe column eivenit,
and the comparator and opamp in the ADC are cut lrom power when
nat nperating. Second, column readant eircuits receive the reference
voltage from the readout opamp, climinating a power-consuming
reforence voltage gonerator. In this case, the referenee voltage is
loaded only oo the high-impedanee opamp input, so the Veof
voltage seurea ean be implemented as a high-vesistance one. Third,
the eolumn 84171 civenit does nol have an active bulfer, It is replaced
hy passive capacitor storage.

Figure 6.7.4 shows relative timing for row and eolumn operatien. At
20framosfs, the sensor is clocked from a 18.5MHz source. Total row
time at this frame rate is 352,96ps (192 + 176 x 32} clocks), This
period is divided betwoen Lime required for eolumn analog opora-
tions (182 clocks) and AN conversion {32 elncks). The analog
sequence slarts with selection of a pixel row, whose ouiput is
sampled onlo the column ST capacitor in parallel, Each ADC
processing time is the global 8118 clocks}and ADC conversion (16
clacks). Al fyll 20Hz frame rate, the ADC used in this sensor
operates at 500kSanpleds, The ADC is calibrated at the beginning
of the first frame to compensate the comparatoer input.

The sensor iz implemenied in a 0.35um, 2P, 8M 3.3V CMOS with
Vin=0.65V and Vtp =-0.856V, Figure 6.7.5 summarizes sensgor chip
characleristics at 6.5[ramesfa and 1.2V supply. Measured ADC
differential nonlinearity (DNLL) is 1LSE and intogral nonlinearity
{INI.}is 21.3DB. The sensor core, which includoes the pizel arvay, row/
colmnn legie, analog readout, ADC, and hiases, dissipates 48uW at
20 framesfs. Although the goal i an autonomous sensor with 3 pads
{(GND, VDDH{1.0-1.7V), DOUT), the current sengor implementation
includes sovne externally eontrolled input pins such as a mastor
clock and ADC controls, Tasimplify communieation with the sensor,
I/0 pads perlorm 3.3V -> 1.2V and 1.2V -> 3.3V eonversion. Because
of driving exteraal loads at 3.3V, the overall power consmmplion is
approximately ImW. Images taken with the socnsor at different
power supply voltages are shown in Figure 6,7.6. A micrograph of
the image sensor core is shown in Figure 6.7.7.
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Figure 6.7.6: Measured sensor performance.
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Figure 6.7.8: Images at different power supply voltages. Figure 6.7.7: Sensor core micrograph.
{a} 1.0V {b) 1.2V {¢) 1.5V (d) 2.0V (e} 2.5V {1) 3.3V,
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