
03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

H
am

am
at

su
 R

76
00

 0
3 

M
64

 9
C

23
A

4 
M

ap
m

t

/ B
ee

tle
M

ap
1.

0 
T

es
t S

tr
uc

tu
re

Si
ze

 3
0x

30
x5

0m
m

3
Si

ze
 2

x2
m

m
2



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

B
ee

tl
eM

ap
1.

0 
fr

on
t-

en
d 

sc
he

m
at

ic



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

B
ee

tl
eM

ap
1.

0 
fr

on
t-

en
d 

si
li

co
n 

la
yo

ut



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

Si
m

ul
at

io
n 

T
es

t B
ed

 F
or

 7
50

K
 e

-  I
 P

ul
se

40
pF

 L
oa

d

S
im

ul
at

ed
 p

m
t c

ur
re

nt
 p

ul
se

 o
f 7

50
K

e-
. 

R
es

em
bl

es
 c

lo
se

ly
 to

 m
ea

su
re

d 
va

lu
es

-7
.E

-0
5

-6
.E

-0
5

-5
.E

-0
5

-4
.E

-0
5

-3
.E

-0
5

-2
.E

-0
5

-1
.E

-0
5

0.
E

+0
0

0
10

00
20

00
30

00
40

00
50

00

tim
e 

pS

I out A



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

Si
m

ul
at

io
n 

of
 P

re
-a

m
p

75
0,

00
0e

- 
I 

pu
ls

e 
in

, v
fp

=1
V

 ,p
re

bi
as

 =
 3

00
uA



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

Si
m

ul
at

io
n 

of
 S

ha
pe

r
75

0,
00

0 
e-

 I
 P

ul
se

 in
, v

fs
=0

.1
V

, s
ha

bi
as

=2
00

uA



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

B
uf

fe
r/

O
ut

pu
t

75
0,

00
0 

e-
 I

 P
ul

se
 in

, b
uf

bi
as

 =
15

0u
A



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

M
A

pm
t C

on
ne

ct
ed

 D
ir

ec
tl

y 
T

o 
50

 O
hm

Sc
op

e.

E
nt

ri
es

 =
 2

K

D
is

tr
ib

ut
io

n 
P

k 
=

 3
m

V

D
is

tr
ib

ut
io

n 
 F

W
H

M
=

2.
9m

V

N
oi

se
 F

W
H

M
=

 4
37

uV

S
/N

 =
 3

.4



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

M
A

pm
t C

on
ne

ct
ed

 T
o 

B
ee

tl
eM

ap
 &

 4
0p

F
L

oa
d.

E
nt

ri
es

 =
 2

K

D
is

tr
ib

ut
io

n 
P

k 
=

 1
1.

9m
V

D
is

tr
ib

ut
io

n 
 F

W
H

M
=

10
m

V

N
oi

se
 F

W
H

M
=

 1
.9

m
V

S
/N

 =
 5

.9



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

B
uf

fe
r 

O
ut

pu
t S

im
ul

at
ed

 &
 M

ea
su

re
d

75
0,

00
0 

e-
 in

 P
ul

se
, b

uf
bi

as
 =

15
0u

A

S
IN

G
L

E
 P

H
O

T
O

N
 P

U
L

S
E

 

-0
.0

1
6

-0
.0

1
4

-0
.0

1
2

-0
.0

1

-0
.0

0
8

-0
.0

0
6

-0
.0

0
4

-0
.0

0
20

0
1

0
0

2
0

0
3

0
0

4
0

0
5

0
0

T
IM

E
 n

S

OUTPUT 



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

B
en

ch
 T

es
t W

it
h 

F
ix

ed
 C

ap
ac

it
or

 C
ha

rg
e

In
je

ct
io

n  
75

0,
00

0 
e-

 in
 &

 2
0p

F 
L

oa
d

M
e

a
s

u
re

d
 A

v
e

ra
g

e
 P

u
ls

e
 6

:1
 a

n
d

 
S

im
u

la
te

d
S

in
g

le
 P

u
ls

e
.

-0
.0

3

-0
.0

2
5

-0
.0

2

-0
.0

1
5

-0
.0

1

-0
.0

0
50

0
1

0
0

2
0

0
3

0
0

4
0

0
5

0
0

6
0

0

ti
m

e
 n

S

volts V

M
e

a
su

re
d

 o
u

tp
u

t
S

im
u

la
te

d
 o

u
tp

u
t

U
se

s 
a

 V
o

lta
g

e
 S

te
p

 A
cr

o
ss

 a
 

C
a

p
a

ci
to

r 
to

 in
je

ct
 7

5
0

K
e

-.
  

S
h

o
w

s 
th

a
t 

si
m

u
la

tio
n

 m
a

tc
h

e
s 

m
e

a
su

re
m

e
n

ts
 v

e
ry

 w
e

ll.



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

G
ai

n 
fu

nc
tio

na
lit

y 
fo

r 
75

0,
00

0 
e-

U
si

ng
 T

es
tB

ed
 C

ha
rg

e 
In

je
ct

io
n 

&
 2

0p
F

 L
oa

d

1 t
o 

10
 p

ho
to

ns
; 1

 p
ho

to
n 

=7
50

E3

-0
.2

2

-0
.1

7

-0
.1

2

-0
.0

7

-0
.0

2

0.
03

0
10

0
20

0
30

0
40

0
50

0

tim
e 

nS

output V

1P 2P 3P 4P 5P 6P 7P 8P 9P 10
P

 G
ain

=1
9.8

m
V/

ph
ot

on
  

G
ai

n 
lin

ea
rit

y 
m

ea
su

rm
en

t

-0
.2

5

-0
.2

-0
.1

5

-0
.1

-0
.0

5 0

0
2

4
6

8
10

ph
ot

on
s 

  1
=7

50
E3

output Vpe
ak

G
ra

di
en

t =
 1

9.
8m

V.
  

VF
P=

1V
, V

FS
=0

.1
V,

 
bu

fb
ia

s2
=1

50
uA

,s
ha

bi
as

2=
20

0u
A,

pr
eb

ia
s2

=3
00

uA



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

A
 P

ho
to

n 
H

it
 (

75
0K

e- ) 
E

ve
ry

 5
0n

S



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

 A
 1

0%
 O

cc
up

an
cy

 R
es

ul
ts

 in
 A

 1
m

V
 S

hi
ft

 I
n

T
he

 O
ut

Pu
t



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

 E
ff

ec
ts

 O
f 

C
in

 C
ap

ac
ita

nc
e.

10
0f

F
 T

o 
11

00
fF

 I
n 

S
te

ps
 O

f 
10

0f
F

D
if

f 
C

a
p

 v
s

 G
a

in

-505

1
0

1
5

2
0

2
5

1
2

3
4

5
6

7
8

9
1

0

x
1

0
0

fF

mV



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

 E
ff

ec
ts

 O
f 

L
oa

d 
C

ap
ac

ita
nc

e
6p

F 
T

o 
46

pF
 I

n 
St

ep
s 

O
f 

5p
F

L
o

a
d

 c
a

p
 v

s
 g

a
in

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

1

5

9

13

17

21

25

29

33

37

41

45

L
o

a
d

 C
a

p
a

c
it

a
n

c
e

 p
F

Output Pk mV



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

C
on

lu
si

on
B

ee
tle

M
ap

 c
an

 b
e 

ea
si

ly
 in

te
gr

at
ed

 in
to

 th
e 

cu
rr

en
t B

ee
tle

.

Si
m

ul
at

io
n 

ca
n 

be
 r

el
ie

d 
up

on
.

+
/-

 1
0x

75
0,

00
0e

-  i
s 

ac
hi

ev
ab

le
.

10
%

 s
in

gl
e 

ch
an

ne
l o

cc
up

an
cy

 is
 o

.k
.

W
ill

 b
e 

ab
le

 to
 o

pe
ra

te
 in

 a
 a

na
lo

gu
e 

or
 b

in
ar

y 
m

od
e.

C
om

m
un

ic
at

io
n 

w
ith

 H
ei

de
lb

er
g 

co
nt

in
ue

s 
an

d 
M

PW
’s

 a
re

fr
eq

ue
nt

.

L
oa

d 
ca

pa
ci

ta
nc

e 
is

 im
po

rt
an

t w
ith

 r
es

pe
ct

s 
to

 g
ai

n 
an

d 
ga

in
va

ri
at

io
n.

10
-2

0%
 o

ve
rs

ho
ot

 e
xi

st
s 

de
pe

nd
in

g 
on

 g
ai

n 
ch

os
en

.



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

V
ol

ta
ge

 p
ul

se
 s

ha
pe

s 
fo

r 
75

0K
 e

- 
cu

rr
en

t
pu

ls
e 

fo
r 

40
pF

 lo
ad

?



03
/0

4/
20

01
N

ig
el

 S
m

al
e 

U
ni

ve
rs

ity
 o

f 
O

xf
or

d

V
ol

ta
ge

 p
ul

se
 s

ha
pe

s 
fo

r 
ca

pa
ci

to
r 

ch
ar

ge
in

je
ct

io
n 

75
0K

e-
 a

nd
 2

0p
F

 lo
ad


