
compromising  either  the  n-p-n hipoiar or p-chann::l 
AIOS characteristics,  The  p-channel 3lOS transisto. 3 

with = I .7 c‘, g,, = 1000 pmhos,  and B VDS = 35 V f o r  
W / L ,  = 60 and T O z  = 10OO1q have  been  fabricated wii 11 
bipolar  transistors  having B = 100, ft = 500 M H z  ar.d 
B VCEO = 50 V. The  technology  developed is similar : o  
that  used  for  conventional  integrated  circuits  until  tire 
step of channel  oxidation. A Ion; temperature oxidaticm 
process was used  for  forming  this  oxide  which pr0duc.s 
negligible  changes  in  preceding  diffusion profiles. Bi 11s 
temperature  tests of hIOS  capacitors  made  on  this oxille 
have  shown  it  to be reproducibily  contamination  free. 
The  subsequent  annealing  step  to  eliminate interfa::e 
states  and  built-in oxide  charge  and  the  metalization 
procedures  are  both  completely  compatible  with  mono- 
lithic  integrated  circuit  technology  and  provide  highly 
stable MOS transistors. 

X high sle.\lr rate AIOS-bipolar operational  amplifier 
has  been  designed  and  fabricated  on  an  0.045-  by 0.04Ci- 
in chip  using  the new technology.  Typical  characterist;cs 
are 

slew rate = 80 V / p s  

voltage gain = 70 dB. 

The  M O S  transistors are used as a c t h e  loads and 
level  shifters  in  this  circuit  providing  a  much  improved 
frequency  response  over  conventional  circuits using 
p-n-p  lateral  transistors. 
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mage Sensor and Frame Store 

CARLO H. SfiQUIN, DAVID A. SEALER,  WALTER J. BERTRAM, JR., MICHAEL F. 
TOMPSETT, REGINALD R. BLGKLEY, THEODORE A. SHANKOFF, 

AND w .  :r, MCNAMARA 

Absfracf-A two-dimensional  three-phase  charge-coupled  array 
with 128 X 106 elements,  that  can  serve  either  as  a  solid-state  imxge 
sensor  or  as an analog  serial  memory,  has  been  built. As an  im age 
sensor  the  device  has  been  operated  successfully  in  the  frame 
transfer  mode  to yield I20 frames/s  with  64x106  resolution  de- 
ments. By using  the  whole  array as  an  image  sensor,  pictures  ukth 
128x106 resolution  elements  have  been  obtained  at 15 frames,/s 
with tolerable  smearing. 

In the  memory  mode  the  device  can  store  a  whole  analog  frt.me 
as  produced  by a companion  device,  or 13 568 bits of digital  inforria- 
tion. But for  the  latter  application  defect-free  devices  are  marda- 
tory. The  design of the  device,  the  various  modes of operation, the 
quality of the  results,  some typical defects,  and  some  further  applka- 
tions  are  discussed. 

T K T K O D U C T I O N  
IYCE T H E  COXCEPTION of the  idea of char.ge 
coupling  by  Boyle  and  Smith [l 1 ,  a wide variety 
of charge-coupled  devices (CCD’s) have  been bit J t ,  

some of which  have  been  demonstrated successfull:, as 
imaging  devices  and  analog  serial  memories [2 1. L‘ IS ear 
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devices of up  to  500 elements  have  been  fabricated and 
operated  as  analog  shift  registers [ 3 ]  or  line  scanners 
[4]. An experimental  array  with 8 X15 elements [4] has 
shown  that  two-dimensional  scanning  is  possible  in 
charge-coupled  imaging  devices  and that  such devices 
could  serve as  the  basis for the  construction of compact 
video  cameras.  Using  the  frame  transfer  principle [ 2 ] ,  
a  three-phase CCD with 64X 106 imaging cells has been 
built  and successfully  operated close to  its  theoretical 
resolution  limit. 

THE DEVICE 
The  aim of the design  was to  provide  a  device big 

enough  to  allow  an  evaluation of the  quality oi perfor- 
mance  and a realistic  estimate of the  fabricational  prob- 
lems  involved. In  the  development of such  a  solid-state 
image  sensor  the  possibility of a  final  application  in  the 
Picturephone@  system  was  anticipated  and a format 
was  used  which  would  allow  preliminary  experiments 

@ Registered service mark of the  American  Telephone  and ?’de- 
__... 3 . “ . J ’  x graph  Company. 

Authorized licensed use limited to: Univ of Calif Berkeley. Downloaded on October 6, 2009 at 18:14 from IEEE Xplore.  Restrictions apply. 



SfiQUIX et d.: IXAGE SENSOR AND FRAME STORE 245 

INPUT 

DIODE 

CHANNEL / 
BOUNDARY 
DIFFUSION 

IMAGING 
AREA 

GATE 
BOTTOM - 

OUTPUT 
REGISTER 

I 1  

Fig. 1. A schematic  diagram of a  three-phase  charge-coupled  image 
sensing  array  organized  for  frame  transfer  mode of operation. The 
upper  register  enables it to  be used as a frame  store. 

within  this  system. A device  with 6 4 x 1 0 6  resolution 
cells corresponds  roughly  to  one-quarter of the  esti- 
mated  requirements  for a full  size  replacement of the 
camera  tube.  To  increase  the usefulness of the  device 
with  only  a negligible increment of effort, a serial  input 
register  was  added  which  permits  operation of the  image 
sensor  as  an  analog  serial  memory. 

The  device  thus  has  four  functionally  different  areas 
(see  Fig. 1) which are  separately  addressable  and which 
have  three  independent  sets of electrodes  each,  since  a 
three-phase  charge  transfer  technique is employed.  The 
main  array  consists of 106 parallel  transfer  channels 
running  in  the  vertical  direction  and  separated  by 
stripes of a channel  stopping diffusion. Extending  across 
the  channels  and  common  to all of them  are 128 triplets 
of transfer  electrodes.  This  main  array  consists of two 
individual  sections,  an  imaging  area  with 6 4 X  106 reso- 
lution cells and a storage  area of the  same size. At  either 
end  of  this  array, single  channel  serial  registers of 106 
elements  each,  terminated  by a diode,  are used  for 
reading  charge  into  and  out  of  the  parallel  array. 

In  addition,  there  are  some single  independently 
addressable  electrodes. The  first  and  the  last  electrode 
row  in  the  main  array  can  serve  as  separate  gates  to 
terminate  the  imaging  area  at  the  upper  end,  or  they 
can  be fed with  special  transfer  pulses  to  control  the 
parallel/serial  conversion. T h e  serial  registers  also  end 
i n  separately  addressable  gates  that  regulate  the  charge 
f i o ~ .  from and  to tllc input/output  diodes. 

In  a  three-phase  device  with  a  single level of metalli- 
zation, diffused  crossunders  are  required to address 
some  sets of electrodes.  In  the  serial  registers,  where  two 
sets  have  to be accessed through  diffusions,  the size of 
the  contact  windows  through  the  oxide  combined  with 
reasonable  alignment  tolerances  yield  a  minimal  hori- 
zontal cell length of about 30 pm.  This  length is filled 
with  three 8-pm  electrodes  separated  by 2-pm gaps. I n  
the  main  array,  only  one  set  of  electrodes need  be con- 
nected  to a diffusion.  However,  diffused  bus  lines  are 
placed on both  sides of the  device so as  to  make  the 
access  windows  redundant  and  to  reduce  the effect of 
contact  resistance.  Csing  9-pm  electrodes  and 2-pm 
gaps  the  vertical  dimension of the  unit cell is 33 pm.  The 
active  area of the  device is 4 by 5 mm. 

The  devices  are  fabricated  on 20-40 Cl. cm  p-type 
silicon.  An n-type  phosphorous  diffusion ( 5  X 1014 cm-%) 
provides  input  and  output  diodes  as well as  the cross- 
unders. A lighter  p-type  boron  diffusion ( 2  X 1014 cn-* )  
outlines  the 106 transfer  channels  running  in  the  vertical 
direction  and  the  two  horizontal  transfer  channels for 
the serial  registers.  This  diffusion  keeps  the  surface 
potential close to zero and  thus defines the  boundary for 
the  transfer  channels.  After  removing all the  masking 
oxides  used  for the diffusions,  a  layer of 1300-1400 of 
dry  HCl  gate oxide is thermally  grown  and  annealed. 
Typical  values for  oxide  charge a.nd interface  state 
density  are 5 x 10'" cn-*  and 1 X 101" cm-*, respectively. 
11 single level or  1500 A of tungsterI is t.hen tleposited 
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Fig. 2. Output corner of an  actual  device,  showing  part of the m a i  1 
array,  the output register, output  gate  and  diode,  and  diffustd 
crossunders. 

and  etched  to  provide  the  metallization  pattern,  which 
contains  over 40 000 transfer  pads,  Fig. 2 shows tl- e 
output  corner of an  actual  device. 

Some of the  devices  had  a  layer of phosphorous  gla:;s 
applied  over  the  metallization  for  mechanical  and elec:.. 
trical  protection of the  surface.  In  this  case, holes a:e 
etched  through  the  protective  layer  to  access  the  leacs 
of the  electrodes.  Ti-Pd  bonding  pads  are  appliei 
through a shadow  mask.  After  the  wafers  have been 
tested  on a prober  to  obtain  information  on resistance,, 
continuity,  and  shorts,  the  devices  are  cut  apart anti 
those  that  have passed  all the  tests  are  mounted  onto :L 
metallized  ceramic  substrate  and  contacted  by gold wir.: 
bonding  (see  Fig. 3). 

IMAGIXG 
As an  image  sensor  the  device  was  designed  to operatl: 

primarily  in  the  frame  transfer  mode.  An  image is the.11 
projected  onto  the  top half of the  main  array.  Ligh: 
entering  the silicon through  the  gaps  between  the  trans. 
fer  electrodes  generates  minority  carriers,  in  this cast: 
electrons,  that wil l  accumulate  in  the  potential well:; 
underneath  every  third  electrode.  These  electrodes arc' 
held a t  a  certain  integration  potential V8. As  long  as thc 
accumulated  charge  does  not overfill individual  buckets 
the charge  pattern  corresponds  to  the  irnage focusecl 
onto  the  surface of the  device.  Potential wells tarrying 
a  larger  quantity  &charge  represent  the  brighter  areas 
of  the  picture. 

Fig. 3. The complete  charge-coupled  area  device 
mounted on a ceramic  substrate. 

During  the  vertical  retrace of the  display  system,  the 
accumulated  charge  pattern is shifted  quickly  and  in 
unison  into  the lower  half of the  device,  which  serves  as 
an  intermediate  storage  area.  The  integration of a new 
frame is resumed  immediately  in  the  imaging  area. 
Meanwhile,  the  stored  charge  pattern is read  out by 
shifting it down  one line a t  a  time,  the  bottom line  going 
into  the  horizontal  readout  register.  The  shiiting  takes 
place  during  the  horizontal  retrace  of  the  display.  Each 
line of charge  packets  transferred  into  the  horizontal 
readout  register is shifted  therein  toward  the  output 
diode  where  the  video  signal  can be picked up in  serial 
form.  This process is repeated  until  the  whole  storage 
area is cleared.  During  the  next  vertical  retrace  interval 
another  frame  transfer is initiated,  and  the  overall  cycle 
starts  again. 

A different  mode of operation uses the whole array as 
an  image  sensor.  Imaging  and  storage  area  together  are 
held  in  the  integration  mode  for  a  certain  time,  and  an 
image  is  projected  onto  both  areas.  After  a  suitable 
charge  integration  period,  the  accumulated  charge  pat- 
tern is read  out line after line by shifting  the whole pat- 
tern  down  one  line  at a time  and  reading  the  bottom  line 
out  in serial form.  IVithout  any  optical  shutter,  light is 
still  incident  when  the  frame is being  read out,  and  this 
superimposes  a  smeared  picture 0 1 1  t.hc properly x -  
cumulated  charge  pattern. 'I'o reduce this effect,  the 
integration  time  has  to be long compared LO the  readout 
time.  In some low light level applications,  \\-here  a long 
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