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C
h
a
rge

 T
ra
nsfe

r E
fficie

ncy
  (C

T
E
)

H
igh

 C
T
E
 = transfer all ch

arges

Poor C
T
E
 = b

lurring of th
e im

age (ch
arges trailing b

eh
ind

)

T
im
e-d

epend
ent m

ech
anism

s th
at influence th

e C
T
E
:

1.
E
lectrostatic repulsion causes electrons to d

rift to th
e neigh

b
ouring 

electrod
e w

ith
 tim

e constant for ch
arge transfer τ

S
I .

2
.
T
h
erm

al d
iffusion d

rive
s electrons across th

e
 storage w

ell at τ
th .

3
.
“F
ringing field

s”
d
ue to d

e
pend

ency of th
e w

ell on th
e voltages of 

neigh
b
ouring electrod

es ( τ
ff ).

(
)
m

t
e

C
T

E
τ/

1
−

−
=

F
or a properly d

esigned
 C
C
D
 w
ith

 partially filled
 w
e
lls:  τ

th
»
τ
S
I , τ

ff
H
ence, electrostatic re

pulsion and
 fringing field

s w
ill d

om
inate.

A
pprox

im
ation for th

e C
T
E
 of a C

C
D
 w
ith

 m
ph
ase

s: 

N
oise

 from
 C
h
a
rge

 T
ra
nsfe

r

N
oise

 from
 ch

arge transfer inefficiency:  ε
= (1-C

T
E
) 

A
 total of εN

0
ch
arges are “left b

eh
ind

”
and

 th
e noise on th

e
m
 is  (εN

0 ) 1/2
in 

each
 transfe

r.

In  n
transfe

rs th
e net uncertainty is 

(
)

2
/

1

,
2

A
k
T

n
N

N
S

S
T

n
=

(
)

2
/

1

0
,

2
n
N

N
T

L
n

ε
=

N
oise

 from
 trapping of ch

arge carriers in incom
plete b

ond
s in th

e S
i-S

iO
2

interface.   T
raps w

ill b
e
 occupied

 in equilib
rium

, b
ut sub

ject to statistical 

fluctuations w
ith

 noise

( N
S
S
is th

e d
ensity of traps, and

 A
th
e
 interface

 area) 



B
urie

d
 C
h
a
nne

l C
C
D
s

A
 w
ay to red

uce th
e noise

 from
 trapping of ch

arge carriers.

�
M
od
ify C

C
D
 structure to ke

ep ch
arges aw

ay from
 th

e S
iO

2
layer �

b
uried

 ch
annel

C
C
D
.

A
ch
ieved

 b
y ad

d
ing a 1µm

 th
ick n-type d

ope
d
 S
i layer

b
etw

een p-type S
i and

 
S
iO

2 .

T
h
e tw

o laye
rs form

 a junction  (see 
R
ieke

b
ook p. 16

5
-16

8
 for a d

etailed
 

d
iscussion).

A
noth

er ad
vantage of b

uried
 ch

annel 
C
C
D
s
is, th

at th
e d

istance
 b
etw

e
en 

electrod
e and

 w
ell can b

e
 increased

 ab
ove 

0
.1µm

 to red
uce fringing field

s.
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G
A
I
A
: R

a
d
ia
tion D

a
m
a
ge
  (2

)

U
sing “charge injection”

to get rid
 of traps.



C
C
D
s
a
t λ<

0
.3
µm

1.
E
x
trem

e
ly sh

ort ph
oton ab

sorption length
s
�

ch
arge collection 

prob
lem

s

2
.
M
any “transparent”

e
lectrod

e  m
aterials b

ecom
e ab

sorb
ing

3
.
A
nti-reflection coatings

prob
lem

atic  (strong f(λ),  and
 at λ<0

.2
µm

 �

n(S
i) <1)

4
.
S
pecifically d

evelope
d
 U
V
/b
lue C

C
D
s
ne
e
d
 a b

locking filte
r
for 

visib
le ligh

t

5
.
Ph
otons at λ<0

.3
µm

 ge
nerate m

ore th
an one electron �

for X
-rays 

th
e num

b
e
r of fre

e ele
ctrons gene

rate
d
 is a m

easure of th
e energy 

of th
e X

-ray
ph
oton.



O
rth

ogona
l T

ra
nsfe

r C
C
D
s
(O
T
C
C
D
)

F
or T

D
I it w

ould
 b
e d

e
sirab

le to m
ove th

e ch
arges in any

d
irection to follow

 
th
e im

age m
otion.  T

h
is can b

e d
one

 w
ith

 th
e O

T
C
C
D
.

O
T
C
C
D
 operation:

T
o m

ove a ch
arge to th

e righ
t, 

`
3
’is negative to act as 

ch
annel stop, `

1’, `
2
’, and

 `
4
’

are
 ope

rated
 as a conventional 

C
C
D
.

T
o m

ove a ch
arge up, `

4
’is 

negative to act as ch
annel 

stop, `
1’, `

2
’, and

 `
3
’are 

operate
d
 as a conventional 

C
C
D
.

M
oving to th

e opposite 
d
irections: reversing th

e 
clocking.



T
h
e Panoram

ic S
urvey T

elescope
 &
 R
apid

 R
esponse

 S
yste

m
  (Pan-S

T
A
R
R
S
) is a 

w
id
e-field

 im
aging facility th

at w
ill ob

serve
 th

e entire availab
le sky se

veral 
tim

es each
 m
onth

. 

T
h
e
 Pa

n-
S
T
A
R
R
S
 Proje

ct

h
ttp

://p
a
n

-s
ta

rrs
.ifa

.h
a

w
a
ii.e

d
u
/p

u
b
lic

/h
o

m
e

.h
tm

l

Pan-S
T
A
R
R
S
 com

b
ines four 1.8

m
 

telescope
s w

ith
 th

e largest d
igital 

cam
e
ras e

ver b
uilt.  E

ach
 cam

e
ra h

as a
6
4
 x
 6
4
 array of C

C
D
 d
evices, e

ach
 

containing approx
im
ately 6

0
0
 x
 6
0
0
 

pix
els, for a total of ab

out 1.4
 G
pix

.

S
cie

ntific goal: to d
iscove

r and
 

ch
aracte

rize E
arth

-approach
ing 

ob
je
cts, b

oth
 aste

roid
s &

 com
ets, 

th
at m

igh
t pose

 a d
ange

r to our 
planet. 

K
ey-elem

ent: uses an O
rth

ogonal T
ransfer 

C
h
arge C

oupled
 D
evice

 (O
T
C
C
D
) to 

com
pensate

 for seeing ind
uced

 im
age 

m
otion. 

T
h
e
 Pa

n-
S
T
A
R
R
S
 Proje

ct  (2
)



G
ain:  significantly im

prove
d
 re

solution and
 se

nsitivity.

S
im
ilar result as w

ith
 a "tip-tilt“

system
, b
ut b

y electronically sh
ifting 

th
e im

age w
ith

in th
e C

C
D
 rath

er th
an b

y m
oving a fast m

irror.

T
h
e
 Pa

n-
S
T
A
R
R
S
 Proje

ct  (3
)



C
h
a
rge

 I
nje

ction D
e
vice

s (C
I
D
s)

uncharged

charged

Principle:  apply an electric pulse to th
e 

capacitor

•
if unch

arged
th
e response w

ill b
e  

sym
m
etric and

 th
e integral over th

e current 
w
ill b

e zero 

•
if ch

arged
th
e w

aveform
 w
ill b

e asym
m
etric: 

asym
m
etry ∝

ch
arge

•
�

m
e
asure

 integral  over I
S
S

C
I
D
s –

R
e
a
d
out

E
ach

 pix
el consists of a pair of M

O
S
 capacitors.  T

h
e tw

o capacitors run 
perpend

icularly to e
ach

 oth
er and

 are know
n as collection and

 se
nse pad

s

•
R
and

om
 re

ad
out of im

age inform
ation is possib

le

•
N
ond

estructive re
ad
out

is possib
le

•
Prob

lem
: large read

 noise
b
ecause

 an e
ntire row

 of M
O
S
 capacitors is 

connected
 at one tim

e.

T
aken from

 a lecture b
y D

r. L
. F
uller, given at R

IT
 –
see h

ttp://people.rit.e
d
u/lffee

e/lec_
C
C
D
.pd

f



C
M
O
S
 I
m
a
ging A

rra
y
s

C
M
O
S
 ad

vantages:
•
m
uch

 less se
nsitive to rad

iation d
am

age 
•
allow

 sim
plified

 system
s d

esign

N
ow

ad
ays, transistors are

 tiny and
 h
igh

 perform
ance arrays can b

e 
m
anufacture

d
 in com

ple
m
entary m

etal-ox
id
e-se

m
icond

uctor (C
M
O
S
) d

evice
s 

�
silicon ph

otod
iod

es + re
ad
out circuitry prod

uce
d
 on a single silicon w

afer 
(sim

ilar to h
yb
rid

 arrays b
ut in one unit)

•
7
0
 –
8
0
%
 fill factor 


not great for low

-level signals

•
< 5

0
 e

–
re
ad
 noise


not great for low

-level signals

•
increased

 fill factors w
ith

 m
icro-lens arrays 

C
olor

C
C
D
s

E
ssentially th

ree w
ays to d

o it  (from
 W

ikiped
ia):

1.
T
ake th

ree
 e
x
posure

s th
rough

 th
ree filters sub

sequently –
only w

orks for 
fix

ed
 targets ( stand

ard
 for astronom

y).

2
.
S
plit th

e input b
eam

 in th
ree ch

annels, e
ach

 w
ith

 a separate and
 optim

ized
 

C
C
D
  ( very

e
x
pensive cam

eras).

3
.
U
se a B

ayer m
ask

over th
e C

C
D
 –
e
ach

 sub
set of 4

 pix
els h

as one filtered
 

red
, one b

lue, and
 tw

o gre
en. 


