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Introduction

I  sh a ll give a  b rief overview of :

• T h e e2 v com p an y stru ctu re s in ce th e p u rch ase of A tm e l (G renob le )

• S om e grou n d  scann ing in stru m en ts for wh ich  we h ave su p p lied  C C D s .

• H ow we p la n  to d eve lop  ou r cap ab i l ity

W h o is e2 v,  wh at d o we d o,  a n d  h ow a re we in volved  in  grou n d  im agin g?
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e2v Company Structure

e2 v cu rren tly  in clu d es two p rod u ct d ivis ion s:

• R F  an d  S en sors

• A d vanced  Im agin g &  S em icon d u ctors
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R F  an d  S ensors  D ivis ion

T rave ll in g W ave T u b es :  
R a d a r an d  cou n term easu res

M agnetrons :  
R a d a r an d  m ed ica l ( ra d ioth era p y ,  l ith otrip sy ,  µwave en d om etria l a b la tion )

K lystrons :
H igh  E nergy P h ys ics,   B roa d cast (world ’s la rgest su p p lier of b roa d cast tu b es)

T h yra trons :
F ast h igh  cu rren t switch in g

G rid d ed tu b es :
I n d u stria l h ea t treatm en t an d  we ld in g

T h erm a l I m aging cam eras,      G as sen sors,   X -ray sen sors,     
G u n n  d iod es for A u tom otive R a d a r ( reactive cru ise con trol)
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Defence, Aerospace & Scientific Imaging : DASI

T h e D A S I  b u s in ess h as a  tu rnover of  > £2 5M  p a .  

~ £1 5M  is in  S p ace &  A stronom y
ris in g a t > 1 0% p a .

W e d ifferen tia te ou rse lves in  th e m arket b y concen tratin g on  
engin eerin g solu tion s,  ra th er th an  volu m e m an u factu rin g.
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Design & Manufacture

N ick W a lth am ’s ta lk d escrib ed  p u sh -b room  im aging of th e grou n d  u s in g lin ea r 
C C D s an d  T D I  C C D s ,  th e re la tive m erits of each  d evice typ e ,  a n d  h ow th ey 
a re u sed  in  grou n d  scann ing in stru m en ts.

I  sh a ll concen trate on  th e d es ign ,  m an u factu re an d  su p p ly  of su ch  d evices,  
fu lly  qu a lified  for sp ace a p p lica tion .

I t is of in terest to u s to u n d erstan d  wh at th e in stru m en t is seek ing to ach ieve ,  
so we can  d es ign  th e C C D  to b est m eet th ose goa ls .

I n  m an y cases,  th e cost of d evice cu stom isa tion  is fa r ou t-we igh ed  b y th e 
b enefits from  h aving a  d evice wh ich  is op tim ised  for th e a p p lica tion .
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Gated
Dump
Drain

T h e gated  d u m p  d ra in ,  a d jacen t to th e seria l 
register,  was first in trod u ced  in  su p p ort of th e 
M E R I S  h yp ersp ectra l im ager.

T h is a llows rows of ch a rge to b e d u m p ed  
with ou t n eed in g to b e tran sferred  th rou gh  th e 
ou tp u t.

D a ta  red u ction  is th en  p ossib le  in  th e ch a rge 
d om a in  b y d u m p in g u nwan ted  sp ectra l d a ta  
in to a  gated  d u m p  d ra in .   S p ectra l b an d s can  
b e b roa d ened  b y lin e b in n in g.

Device design for purpose

T h e A R  coat was m ad e with  gra d ed  th ickness,  
to b e λ/4  for a ll wave length s 
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Linear CCDs

T h e lin ea r C C D  h as som e a d van tages:

• T h e p h otod iod e h as no su rface ab sorb in g la yers,  so Q E  is good .

• I t is re la tive ly  s im p le  to m ake very sm a ll p ixe ls

• S ign a l ch a rge is in tegrated  a d jacen t to th e p ixe l,  so th e lin k b etween  
p ixe l s ize an d  ch a rge storage ca p acity is less severe .

• I n  p u sh -b room  op eration ,  it is not critica l th at scan  d irection  is 
orth ogona l to th e a rray… …
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e2 v  1 2 k P ixe l l in ea r

Im ages cou rtesy of T h a les O p tron ics U K

Thales (UK) recon pod on Jaguar 
utilising e2v linear CCD sensors
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Information from on-board accelerometers 
enables allowance for aircraft pitch and yaw. 
This results in a “snail trail” image, containing 
large amounts of information

I m ages cou rtesy of T h a les O p tron ics U K

Thales (UK) recon pod on Jaguar 
utilising e2v linear CCD sensors
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e2 v G renob le  L in ea r d evices

e2 v G renob le  su p p lies h igh  p erform ance C C D s for ea rth  im agin g from  sp ace

S P O T  I I ,  I I I ,  I V ,  V L in ea rs
V egetation L in ea rs
H e lios L in ea rs

C B E R S  3  &  4   Q u a d -L in ea r A T 7 1 54 7

720 µm

6000 x 13 µm

e2v AT71547
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e2 v C h e lm sford  d eve lop ed  C C D s for

M E R I S H yp ersp ectra l
C H R I S H yp ersp ectra l

I n  b oth  cases,  a  gra d ed  A R  coat gives λ/4  a t a ll wave length s

Hyperspectral imagers

T ru e colou r 
im age

S p ectra l 
s ign a tu re for 
ch lorop h y ll
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T h e T D I  d evice in creases th e s ign a l in tegration  tim e ,  so is a b le to op erate 
with  sm a ller in p u t s ign a ls .   

W e h ave a lso m ad e su ch  d evices with a n u m b er of rem ote ly  se lectab le  T D I  
length s,  wh ich  enab les op tim u m  p erform ance over a  range of s ign a l 
con d ition s.

A s an  a rea  im ager,  th e b as ic T D I  d evice su ffers som e loss of Q E  d u e to 
op tica l a b sorp tion  in  th e e lectrod e stru ctu res.

K od ak h as s ign ifican tly  red u ced  th is effect b y th e u se of tran sp a ren t I n d iu m -
tin  oxid e e lectrod es.

T h e e2 v a p p roach  is to u se ou r we ll estab lish ed  b ack-i l lu m in a tion  p rocess,  
wh ich  can  ach ieve very h igh  Q E  over a  wid e sp ectra l range .

TDI imagers
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M ost of th is va ria b i l ity is b y se lection  of th e b est an ti-reflection  coating

QE:  20°C  Silica: 2nm  Astronomy Process 
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S i:  1 6000m   H afn ia :  30nm   S i:  1 6000nm   H afn ia :  4 5nm   

S i:  1 6000nm   H afn ia :  7 0nm   S i:  1 6000nm   H afn ia :  1 1 0nm   

S i:  4 0000nm   H afn ia :  1 1 0nm   S i:  2 00000nm   H afn ia :  1 1 0nm   

I n  th e N I R  region ,  Q E  is 
d om in a ted  b y th e th ickness 
of th e s i l icon .

R ecen t work with  H i-R h o 
s i l icon  enab les d ep letion  of 
> 2 00 µm  s i l icon .

16 µm

40 µm

200 µm

Quantum Efficiency for Back Illuminated CCDs
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T D I  d evices from  e2 v C h e lm sford  

H iR I S E
V a ria b le  length ,  b ack i l lu m in a ted ,  h igh  sp eed .

N ew H orizons
M onolith ic  6  x T D I   +  fram e tran sfer C C D

P le ia d es 
H igh  p erform ance ,  va ria b le  length ,  b ack i l lu m in a ted
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T D I  sen sor :  2 04 8  x 1 2 8 ,  6 4 ,  3 2 ,  8
U n -wan ted  lin es a re reverse clocked  to a  d ra in .

F or 3 0cm  im agin g on  M a rs,  th is ch ip  n eed s to ru n  fast,  so it h as two 
ou tp u ts/ch ip ,  each  op eratin g a t 1 5M H z

C en tra l p osition  of ou tp u ts faci l ita tes ch ip  overla p p in g

HiRISE  Format
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HiRISE Focal Plane Assembly

I m ages cou rtesy of B a ll A erosp ace
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Introduction

T h e im ages created  
b y th is in stru m en t,  
on  M R O ,  a re very 
we ll known .

HiRISE
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T h is im age was p rod u ced  d u rin g a  Ju p iter gravity 
ass ist,  F eb ru a ry 2 007 .

N ew H orizons

6  T D I  sen sors :  5000 x 3 2

F ram e tran sfer im ager :  
5000 x 1 2 8

N ew H orizon s wil l cru ise to a  P lu to-C h a ron  
encou n ter in  2 01 5  an d  K u ip er b e lt encou n ters in  
2 01 6  to 2 02 0



Slide 21

P le ia d es

1 3  µm  p ixe ls ,  6 000 colu m ns,  1 6 ,  1 3 ,  1 0 or 7  T D I  l in es.

W h en  one p a ra lle l e lectrod e is h e ld  “off”ch arge cannot p ass,  so sp i l ls to an  an ti-
b loom ing stru ctu re

1 0 ou tp u ts each  op eratin g at 7 . 5M H z

T h is d evice was com m iss ioned  b y C N E S  to b e th e b as is of th e next
generation ,  h igh  p erform ance in stru m en ts for grou n d  scann in g of th e 

ea rth
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T h e top ogra p h ic im age an d  h istogram  of th a t d a ta  sh ow th at th e constru ction  
of an  a rray with  p eak to va lley fla tness of a p p roxim ate ly 3  m icron s is p ossib le .

Developments : Array flatness

9 6  m m

A  verifica tion  a rray h as b een  
constru cted  from  a  p la in  s i l icon  wafer cu t 
to th e sam e s ize as a  C C D  l in ea r.

e2 v is d eve lop in g foca l p la n e constru ction  stra tegies wh ich  p lace th e ch ip s 
with  p recis ion ,  keep in g a ll d evices very fla t an d  co-p la n a r
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Process DevelopmentProcess Development

I n  a d d ition  to p recise foca l p la n e constru ction ,  we a re p u sh in g p rocess 
d eve lop m en t,  a im ed  a t:

• R ed u ced  p ixe l s ize  for in creased  grou n d  resolu tion  in  a  sm a ll in stru m en t

• L ow noise ou tp u t circu its with  in creased  sp eed .

• A d d ition  of close-su p p ort A S I C s ,  with  th e C C D ,  in  m u lti-ch ip  m od u les
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Complete Focal Plane PackageComplete Focal Plane Package

W e a re ju st b egin n in g to offer to su p p ly  th e fl igh t e lectron ics 
requ ired  to su p p ort ou r C C D s .   T h is is b e in g d one in  colla b oration  
with  R A L ,  a n d  we wou ld  in itia l ly  u se R A L  d es ign ,  b u t with  e2 v 
in creasin g its d es ign  con trib u tion  with  tim e .  

A s th is d eve lop s ,  we exp ect to in corp orate som e of th e close-
su p p ort com p onen ts in  th e C C D  p ackage ,  so th e b ou n d a ry b etween  
im agin g d evice an d  su p p ort e lectron ics wil l b ecom e m ore b lu rred .

S u p p ly  of a  com p lete fligh t F P  p ackage s im p lifies m anagem ent of 
th e in stru m en t p rocu rem en t an d  th e p erform ance seen  at d esp atch  
test is th e p erform ance th a t is flown .

W e look forward  to th e op p ortu n ity to work with  ou r colleagu es in  
B razi l on  fu tu re in stru m en ts for grou n d  im agin g or sp ace science .
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T h an k you


