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hw-puwer inlagc sensor8 arc desirable for poihlnlc applicnlions, 
including cellular plioncs, purtnblc digital assislnnts WUAs), nnrl 
wirclcss sacutity systems. Scnlcd CMOS teelinolow has bright 
prospects for* bnth hiEli perfoimiancc and low p m w  iinagc misor  
systems [I]. This image sensol' Tor :L2V operahion dissipates onc-tn- 
two orders ormngiiitude less pnwcr than  the currontstate  o f  Ihc a r t  
CMOS active pixcl scnsurs. 

The sc~isor block diagmmn is shown in Figure 6.7.1. The core pixel 
array consists of 17li(H)x 144(V) (QCIl?) photodiode nctivc pixcls 
with t i  611 m pitch. The tirrny ofpixels i s  acccsscd in the stnmlnrd row- 
wise faclhion using il sliifL rcF;istcr and row driver with o. rcset 
hootatrappirig circuit, su that all pixcls in tlic row arc read out intn 
column analog rwidont circuits i r i  parallel. Each ofthc 176 coluinn- 
parallel rendout circuits petforins buth sumplc-anrLhuld CSflI) and 
dclta duuMc sampling (l)l>S) fimctions, eliminating pixcl offsct 
variations nnd pixel sour*co-fnllurvei* 1ICrinisc. The signal is stored in  
the chnrgc domain. Thc global clinrgc-scnsitive urnplificr a t  the 
front cnd of thc ADC pl-nvidcu fixed gain for thc colurriii charges 
being rcndusingthc colunin select logic. The aniplificrrwct and thc 
amplifier signal values arc sciit tu  the 81, sclf-calibrahg succcssive 
approxiinntion ADC. 

A siinplilictl signal path from pixel to  A l K  is shnwn in Figiirc 6.7.2. 
The design of n low vohngc CMOS sensor involve.u sevcrnl chnl- 
leriges s d i  a s  n) rcrluccd circuit dpa in ic  rmgc,  b) the  low voltaEc 
MO3 switch problciii, c) luw-vnltagc opainp rind AUC design, and 
d) low-powar* intcrnal bins gancmtion. 'k chnllcnges discufisccl 
nbuve nrc addressed iri tiic following way: a) thc pixel voltagc 
dynamic rerigc is increascd 1)y using a booL&~appctl reset pulsc; b) 
the colui~ri analog readout circuit reqnircs only unipolnr MUS 
swilchcs. For inutmice, thaSIH swilch isnf'nnn-type nnd is good fur 
sampling pixel siLmals that are dwnys "low". While Ilio column 
selcct switch iu ofa p-type, which is gond at connecting high-level 
signals, such as fur Lhn rcfcrence voltag-c, et.c.; c i  I h c  charge inode 
readout fixcs the rcnrlout hus vullage so that the reqiiircnicntu on 
the amplifior input volhgc swing w e  relnrcd. On the othor hand, B 
currentniirror O'i'A used in this design yiclds almost rnil-tri-r~iil 
outfint; and d) :* cnpncitivc ADC tivoids low-voltage dasignprobleins 
tha t  would bc fwed with differeiil lypcs of ADC such as flash, 
pipelining, or folding convcrtcr. 

The low-power 81, succcsfiivc approxiniat.ion ADC sliowii in F iy r t !  
6.7.3 confiifils of a capacitor hanlr, a compwntar, decision lntclics, 
and corrcction latches. Tn this implementation rail  upp ply Vdtl is 
used ns thc ADC refercncc vnltage and pMOS switches tn connect 
t.hiv voltngc. Tlic calibration pnrtitmuf Ihc ADC climiniitcfi dynnrnic 
compttmtor offset., which i s  typically 301nV. It has 5 cnpncitor bit 
cells. Tlic main A1)C cotiversion UWH 8 binary-scaled capacitors t u  
w n p l c  the amplifier Eignnl and reset cnpncitor tu slorc thr! ampli- 
fier iwsct voltage. These capacitor nelwnvlrs are connectcd to  thc 
inpuL oftlicconiparalor. Aftor saving lhcsn signal andresctvoltages 
on lhc top p1at.c uf the capacitors, the h t tn in  plates arc successively 
corincctcd to Vdd. Tho conipamtw output cletermirics whcthcr u r  
nulthc signnl sidemaintnins thc updntedsignalin the lop plate. Prir 
low voltage operntian of this kind of ADC, it is usually csscntial t u  
have a wide input vdtage w i n g  compnrotur. This approach eliirii- 
nates thc iiced for fiucli a comparulor. During the convcrgcnce 
pmccsx, thc vwinblo nifinal is malchcd t o  a fixed nmplificr rcset 
voltagc, This not only nllnws use of a limited inpiit swing ctiniparn- 

tor,bul nlfio causes compnrisnn tu uccurnt thr: sanic level cadi time, 
climinatiny potential cornpnmtnr offuet vs. signal dcpendencc. 

I n  addition, lhc! following Inensiircs reduce scnsnr power. First, 
unused blucks such as thc! pixel citrrmit lund in lhc column circuit, 
tirid the coinparalor atid opnnip i l l  lho ADC are cut  r rom pnwerwlicn 
not olicrating. Second, coluiiin rcadaut circuits rcceivt! thc referencc 
voltage from thc readout opnmp, olimiuatirig n powcy-cunmrning 
refcrcncc voltngc gmicratur. In t h i s  caw, the rcrcccncc vriltngc i s  
londcd only onto tlir? high-impcdoncc opanip inprit, so the Vrcf 
voltage soui'co can bc implcincntcd as a high-i.csistance ono. 'lllird, 
Ihn column SA1 circuit docs uo l  hnvc a n  active bu Tfw. It is replacctl 
hy passive ccpncitor storngc. 

Pigurc 6.7.4 shows relative timing for row and colmin nlicmticn. At 
20fminnsh, the setisoris clnclcerl from a 1fi.ShlHz sourcc. Total ruw 
timc nt this fr:unc rato is 352.9Fps ((192 -b 176 x 32) clocks). This 
period ifi dividcd betwccri l ime required for column analog opera- 
tionv (192 cloclrs) and ADC coiivcrsion I32 clocks). The analog 
scqucncc slarts wit.h selection of n pixel row, whose oulput is 
sninplctl onlo the colnma MI capacitor iti parallcl. Each ADC 
proccssiiigtinic is thc glohtd S/lI (16clocks) nnd ADC conversion (16 
clocks). At rull 20Hz frnino txtc, thc ADC ~ s c d  in this sensor 
upelates nt 5001cSainplc/s. Tlic A L E  is cnlihmtcrl at the beginning 
of the first frame l o  cornpensate the comparator input. 

The sensor is iinplemenlcd in  n 0.35pin, 2P, 3 M  3.3V ChKlS with 
Vtn=O.GW and Vtp =-0.85V, Fifire 6.7.5 suinniarizes sensor chip 
chai'ectcriaties at 6.5hmcsls and 1.N supply. Meauurcd ADC 
tliffercnlinl ncnliiiewiLy (DNIJ is 1LSB and intcgral nunlinearity 
(INIJ is 21SD. The wnsoi'corc, which includcs the pixel ari'fty,  ow/ 
column logic, aiinlog readoul;, ADC, and binws, dissipnten 48pW a t  
20 framesls. Although the g o d  is an autunoinous scnsorwitli 3 linrls 
(GNU, VUD (1.0-1.7V), DOUT), thr: current scnsoi' iniplcinentation 
includes sorim cxtcrnnlly coritmlletl input pins mch as a rnnstcr 
cluck a n d  ADC eontruls. To fiiniplify cunirr~unication witlithc wnsor, 
I/O pads pcrl'nrm 3.3V -> 1.2Vnnd 1.2V -> 3.3Vconversion. Becnusr! 
of driving cxhrrinl lontls at W V ,  tlic overall powor coilsumplion is 
approxiniatcly ImW. Iningcs taken with thc scnsur u t  diffcrcnt 
power supply voltages m't? shown in k'igwc 6.7.6. A microgrnpli of 
the iinagc scnsur wrc is d ~ w n  in Figom 6.7.7. 
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F i g w e  6.7.6: Mcasured sensor pcrfoimnnae. 
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Figurr! 6.7.1: CMOS imngc Rcnsmr block diagram. 
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Vigurc? 11.7.3: Hh Frucccssivo npprnximnt.ioii ADC architecture. 
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1Ggure 6.7.2: Simplified signal path from pixel to ADC, 
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Fig-tire (i.7.4: Itelativc timing for row and column uperntion. 
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Fignre 6.1.6: Images tat different power slipply voltages. 
(a) 1.W (b) 1.2V (c) 1.6V (d) 2 . W  (e) 4 . W  (fl 8.3V. 

Figure 6.7.7: Sensor con? microgmph. 
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