
 

HYPRES (914) 592-1190 FAX: (914) 347-2239 

175  Clearbrook  Road,  Elmsford , NY 10523 

August 14, 2002

RE:  ET Docket No. 02-135

Ms. Marlene H. Dortch:

On August 2, I participated on the Spectrum Policy Task Force Panel II � Advanced Technology.
Enclosed are the slides that were to be projected during my presentation.  Due to audio/visual
problems that you were experiencing, this information was not displayed.  For this reason, I am
submitting this material as an addendum to our original submission.

The majority of the Advanced Technology panelist concurred that current conventional
technology cannot, in general, materially alleviate the serious current spectrum issues and
problems, and that the exponentially increasing demands for spectrum will further exacerbate
these issues. With current technology, policy actions will only serve as a temporary remedy.
It will take significant enhancements in performance to provide long-term solutions. Next
generation technology has the potential to alleviate or eliminate most, if not all, of these issues.

Several panelists recommended that the Commission proactively and expeditiously support the
development of next generation technologies that have the potential of materially affecting these
critical issues, and that the Commission ensure that policy development and rule-making support
insertion of new technology, enabling new approaches to spectrum management and relieving the
current imbalance in spectral efficiency across different services using RF communication. I
further suggested meaningful incentives to commercial spectrum users to optimize their spectrum
utilization.

The panelist further concurred that, while the FCC has historically focused on the transmit side,
the FCC now needs to also consider a more �holistic� approach, and consider the receive side.

The enclosed material is intended to demonstrate the potential of a next-generation technology to
eliminate and/or significantly alleviate the critical spectrum issues.

It was a pleasure to serve on the panel and HYPRES looks forward to sharing more information
and further discussions with the FCC.

Sincerely,

Jack Rosa
President and CEO



H
Y

P
R

E
S

F
C

C
  M

aj
o

r 
Is

su
e 

 
In

te
rf

er
en

ce

H
Y

P
R

E
S

, I
n

c.

17
5 

C
le

ar
b

ro
o

k 
R

o
ad

 

E
lm

sf
o

rd
, N

Y
 1

05
23

-1
10

1 
U

S
A

91
4.

59
2.

11
90

 / 
91

4.
34

7.
22

39
 (

fa
x)

 / 
w

w
w

.h
yp

re
s.

co
m



H
Y

P
R

E
S

In
te

rf
er

en
ce

Is
su

e
�

T
ra

n
sm

it
te

r 
in

te
rf

er
en

ce
 is

 c
u

rr
en

tl
y 

a 
se

ri
o

u
s 

p
ro

b
le

m
 a

n
d

 w
ill

 b
ec

o
m

e 
w

o
rs

e 
as

 w
ir

el
es

s 
co

m
m

u
n

ic
at

io
n

s 
d

em
an

d
 c

o
n

ti
n

u
es

 t
o

 in
cr

ea
se

. 

S
o

lu
ti

o
n

�
N

ex
t 

g
en

er
at

io
n

 t
ec

h
n

o
lo

g
y 

ca
n

 e
lim

in
at

e 
an

d
/o

r 
si

g
n

if
ic

an
tl

y 
al

le
vi

at
e 

th
is

 m
aj

o
r 

is
su

e.



H
Y

P
R

E
S

T
ex

t 
fo

r 
[I

n
te

rf
er

en
ce

]

H
Y

P
R

E
S

 n
ex

t g
en

er
at

io
n 

te
ch

no
lo

gy
 h

as
 th

e 
so

lu
ti

on
s 

�
ou

tl
in

ed
 in

 th
e 

in
fo

rm
at

io
n 

to
 f

ol
lo

w
.



H
Y

P
R

E
S

D
ig

it
al

U
p

 C
o

n
ve

rt
er

D
ig

it
al

-R
F

P
re

-d
is

to
rt

er

D
ig

it
al

-t
o

-A
n

al
o

g
C

o
n

ve
rt

er
 (

D
A

C
)

A
n

al
o

g
-t

o
-D

ig
it

al
C

o
n

ve
rt

er
 (

A
D

C
)

H
P

A
A

n
al

o
g

B
P

F

A
n

al
o

g
B

P
F

D
ig

it
al

L
O

D
ig

it
al

A
n

al
o

g

I in Q
in

S
R

F
S

P
D

S
F

B

C
lo

ck
20

 G
H

z

O
n

e 
H

P
A

 C
o

ve
rs

 W
id

e 
B

an
d

w
id

th
s 

C
o

n
su

m
in

g
 L

es
s 

P
o

w
er

1.
 P

o
w

er
 A

m
p

lif
ie

r 
L

in
ea

ri
za

ti
o

n

!
N

ea
r 

re
al

-t
im

e 
tr

u
e 

d
ig

it
al

 A
d

ap
ti

ve
 L

in
ea

ri
za

ti
o

n
 a

t 
R

F

!
C

o
m

b
in

es
 t

h
e 

ad
va

n
ta

g
es

 o
f 

"
D

ig
it

al
 b

as
eb

an
d

 p
re

d
is

to
rt

er
s 

(E
n

h
an

ce
d

 D
C

-t
o

-R
F

 e
ff

ic
ie

n
c

y)

"
F

ee
d

-f
o

rw
ar

d
 a

m
p

lif
ie

rs
 (

L
o

w
 d

is
to

rt
io

n
)

!
F

re
q

u
en

cy
 (

&
 D

at
a 

R
at

e)
 in

d
ep

en
d

en
t 

to
 >

0.
2

C
lo

ck
 R

at
e

!
E

ff
ic

ie
n

c
y 

en
h

an
ce

m
en

t 
u

p
 t

o
 t

h
e 

in
h

er
en

t 
lim

it
 o

f 
th

e 
H

P
A



H
Y

P
R

E
S

T
ex

t 
fo

r 
[1

. P
o

w
er

 A
m

p
lif

ie
r 

L
in

ea
ri

za
ti

o
n

]

H
Y

P
R

E
S

 te
ch

no
lo

gy
 c

an
 a

ct
ua

ll
y 

re
al

iz
e 

ne
ar

 r
ea

l-
ti

m
e 

tr
ue

 d
ig

it
al

 a
da

pt
iv

e 
li

ne
ar

iz
at

io
n 

at
 R

F.
 

T
he

 H
ig

h 
P

ow
er

 A
m

pl
if

ie
rs

 (
H

P
A

s)
 o

f 
an

y 
sy

st
em

 c
on

su
m

e 
a 

si
gn

if
ic

an
t p

ar
t o

f 
th

e 
co

st
 a

nd
 p

ow
er

 
bu

dg
et

. T
he

 a
bi

lit
y 

to
 o

ve
rc

om
e 

in
he

re
nt

 n
on

-l
in

er
ar

it
y

in
 th

e 
H

P
A

 tr
an

sf
er

 f
un

ct
io

n 
ca

n 
no

t o
nl

y 
ex

te
nd

 
th

e 
ba

nd
w

id
th

 o
f 

op
er

at
io

n,
 b

ut
 c

an
 a

ll
ow

 f
or

 f
ew

er
 to

ta
l H

PA
s,

 o
r 

H
PA

 o
f 

lo
w

er
 q

ua
lit

y 
(l

ow
er

 c
os

t)
 to

 
en

ab
le

 th
e 

sy
st

em
 to

 f
un

ct
io

n 
co

rr
ec

tl
y.

 W
hi

le
 th

is
 a

pp
ro

ac
h 

is
 u

ni
ve

rs
al

ly
 tr

ue
, o

nl
y 

su
pe

rc
on

du
ct

or
 

el
ec

tr
on

ic
s 

ca
n 

ac
tu

al
ly

 r
ea

liz
e 

ne
ar

 r
ea

l-
ti

m
e 

tr
ue

 d
ig

it
al

 a
da

pt
iv

e 
lin

ea
ri

za
ti

on
 a

t R
F.

 T
hi

s 
is

 
ac

co
m

pl
is

he
d 

by
 e

xp
lo

it
in

g 
th

e 
un

pa
ra

ll
el

ed
 h

ig
h 

dy
na

m
ic

 r
an

ge
 a

nd
 b

an
dw

id
th

 f
or

 s
up

er
co

nd
uc

to
r 

R
S

FQ
-b

as
ed

 A
D

C
s 

an
d 

D
A

C
s.

 

B
ey

on
d 

th
e 

be
ne

fi
ts

 o
f 

in
cr

ea
se

d 
ba

nd
w

id
th

 a
nd

 e
ff

ic
ie

nc
y 

im
pr

ov
em

en
ts

, u
lt

ra
-l

in
ea

r 
po

w
er

 a
m

pl
if

ie
rs

 
ar

e 
be

co
m

in
g 

in
cr

ea
si

ng
ly

 m
or

e 
im

po
rt

an
t f

or
 th

e 
bo

th
 th

e 
m

il
it

ar
y 

an
d 

co
m

m
er

ci
al

 w
ir

el
es

s 
sy

st
em

s.
 

S
ys

te
m

s,
 p

ar
ti

cu
la

rl
y 

m
ul

ti
-c

ha
nn

el
 s

ys
te

m
s 

su
ch

 a
s 

JT
R

S
, w

ill
 g

re
at

ly
 b

en
ef

it
 f

ro
m

 th
e 

si
gn

if
ic

an
tl

y-
re

du
ce

d 
sp

ur
io

us
 s

ig
na

ls
 (

w
hi

ch
 c

au
se

 s
er

io
us

 s
ys

te
m

-d
eg

ra
di

ng
 in

te
rf

er
en

ce
) 

ge
ne

ra
te

d 
by

 th
e 

po
w

er
 

am
pl

if
ie

rs
. A

ls
o,

 th
e 

FC
C

 h
as

 h
ei

gh
te

ne
d 

in
te

re
st

 in
 s

im
il

ar
 p

er
fo

rm
an

ce
 d

ue
 to

 th
e 

de
ve

lo
pi

ng
 s

pe
ct

ru
m

 
ut

ili
za

ti
on

 is
su

es
 c

au
se

d 
by

 in
cr

ea
se

d 
w

ir
el

es
s 

co
m

m
un

ic
at

io
n 

de
m

an
d 

[F
C

C
 E

T
 D

oc
ke

t N
o.

 0
2-

13
5]

.



H
Y

P
R

E
S

L
in

ea
ri

za
ti

o
n

 o
f 

R
F

 P
o

w
er

 A
m

p
lif

ie
rs

H
Y

P
R

E
S 

R
ea

l-
T

im
e 

D
ig

it
al

 R
F

 P
re

-D
is

to
rt

er

D
ig

ita
l p

re
-d

is
to

rt
io

n 
is

 a
 w

el
l-

kn
ow

n 
te

ch
ni

qu
e 

fo
r 

lin
ea

ri
za

tio
n 

of
 a

m
pl

if
ie

rs
. M

an
y 

m
ili

ta
ry

 c
om

m
un

ic
at

io
ns

 
sy

st
em

s 
us

e 
di

gi
ta

l b
as

eb
an

d 
pr

e-
di

st
or

tio
n.

  T
he

se
 te

ch
ni

qu
es

 c
ha

ng
e 

th
e 

di
gi

ta
l b

as
eb

an
d 

si
gn

al
�

ei
th

er
 b

y 
m

ap
pi

ng
 

an
 in

pu
t i

n-
ph

as
e 

an
d 

qu
ad

ra
tu

re
 s

ig
na

l v
ec

to
r 

in
to

 a
n 

ou
tp

ut
 s

ig
na

l v
ec

to
r 

or
 b

y 
m

ul
tip

ly
in

g 
th

e 
si

gn
al

 w
ith

 a
 le

ve
l-

de
pe

nd
en

t c
om

pl
ex

 g
ai

n 
�

bu
t n

ot
 th

e 
R

F 
w

av
ef

or
m

, i
n 

an
 a

tt
em

pt
 to

 c
om

pe
ns

at
e 

fo
r 

th
e 

am
pl

if
ie

rs
 n

on
-l

in
ea

r 
ga

in
 a

nd
 

ph
as

e 
ch

ar
ac

te
ri

st
ic

s.
 M

an
y 

co
m

m
er

ci
al

 c
om

m
un

ic
at

io
n 

sy
st

em
s 

us
e

fe
ed

-f
or

w
ar

d 
te

ch
ni

qu
es

 to
 li

ne
ar

iz
e 

m
ul

ti-
ca

rr
ie

r 
po

w
er

 a
m

pl
if

ie
rs

 (
M

C
P

A
),

 w
hi

ch
 r

es
ul

ts
 in

 m
ar

gi
na

l l
in

ea
ri

ty
 a

nd
ve

ry
 lo

w
 e

ff
ic

ie
nc

ie
s 

(t
yp

ic
al

ly
 5

 to
 1

0 
%

 a
t 

co
m

m
er

ci
al

 w
ir

el
es

s 
fr

eq
ue

nc
ie

s)
.T

he
se

 c
on

ve
nt

io
na

l a
pp

ro
ac

he
s 

ar
e 

ve
ry

 li
m

ite
d 

in
 p

er
fo

rm
an

ce
 a

nd
 b

an
dw

id
th

.

Fa
st

 d
ig

ita
l c

ir
cu

its
, u

si
ng

 s
up

er
co

nd
uc

to
r 

te
ch

no
lo

gy
, e

na
bl

e 
di

gi
ta

l p
re

-d
is

to
rt

io
n 

on
 th

e 
m

ul
ti

-G
H

z 
R

F 
w

av
ef

or
m

 
its

el
f,

 g
re

at
ly

 s
im

pl
if

yi
ng

 th
e 

al
go

ri
th

m
s 

an
d 

th
e 

co
m

pl
ex

it
y 

of
 s

ig
na

l p
ro

ce
ss

in
g.

 H
Y

P
R

E
S 

hi
gh

-s
pe

ed
 d

ig
ita

l-
ci

rc
ui

t 
ca

pa
bi

lit
y 

(H
Y

P
R

E
S 

D
ig

it
al

 R
F

pr
e-

di
st

or
tio

n)
 im

pl
em

en
ts

 th
e 

pr
e-

di
st

or
tio

n 
te

ch
ni

qu
es

 a
t m

ul
ti-

G
H

z 
fr

eq
ue

nc
ie

s.
  

Su
pe

ri
or

 li
ne

ar
iz

at
io

n 
re

su
lts

 in
 b

ro
ad

ba
nd

, l
ow

-d
is

to
rt

io
n,

 m
ul

ti-
ca

rr
ie

r 
tr

an
sm

itt
er

s 
--

ut
ili

zi
ng

 c
he

ap
er

 a
nd

 m
or

e 
ef

fi
ci

en
t h

ig
h 

po
w

er
 a

m
pl

if
ie

rs
 (

H
P

A
s)

. T
hi

s 
re

su
lts

 in
 a

 m
aj

or
 e

nh
an

ce
m

en
t o

f 
sy

st
em

 p
er

fo
rm

an
ce

 a
s 

w
el

l a
s 

lo
w

er
 

co
st

 a
nd

 o
pe

ra
tin

g 
ex

pe
ns

es
 o

f 
co

m
m

un
ic

at
io

n 
si

gn
al

 tr
an

sm
itt

er
s.

 T
he

 te
ch

no
lo

gy
 h

as
 a

 m
aj

or
 im

pa
ct

 o
n 

U
S 

m
ili

ta
ry

 
an

d 
co

m
m

er
ci

al
 w

ir
el

es
s 

co
m

m
un

ic
at

io
n 

sy
st

em
s.

 

B
ey

on
d 

th
e 

be
ne

fi
ts

 o
f 

in
cr

ea
se

d 
ba

nd
w

id
th

 a
nd

 e
ff

ic
ie

nc
y 

im
pr

ov
em

en
ts

, u
ltr

a-
lin

ea
r 

po
w

er
 a

m
pl

if
ie

rs
 a

re
 b

ec
om

in
g 

in
cr

ea
si

ng
ly

 m
or

e 
im

po
rt

an
t f

or
 th

e 
bo

th
 th

e 
m

ili
ta

ry
 a

nd
 c

om
m

er
ci

al
 w

ir
el

es
s 

sy
st

em
s.

 S
ys

te
m

s,
 p

ar
tic

ul
ar

ly
 m

ul
ti

-
ch

an
ne

l s
ys

te
m

s 
su

ch
 a

s 
JT

R
S,

 w
ill

 g
re

at
ly

 b
en

ef
it 

fr
om

 th
e 

si
gn

if
ic

an
tl

y-
re

du
ce

d 
sp

ur
io

us
 s

ig
na

ls
 (

w
hi

ch
 c

au
se

 
se

ri
ou

s 
sy

st
em

-d
eg

ra
di

ng
 in

te
rf

er
en

ce
) 

ge
ne

ra
te

d 
by

 th
e 

po
w

er
 a

m
pl

if
ie

rs
. A

ls
o,

th
e 

FC
C

 h
as

 h
ei

gh
te

ne
d 

in
te

re
st

 in
 

si
m

ila
r 

pe
rf

or
m

an
ce

 d
ue

 to
 th

e 
de

ve
lo

pi
ng

 s
pe

ct
ru

m
 u

til
iz

at
io

n 
is

su
es

 c
au

se
d 

by
 in

cr
ea

se
d 

w
ir

el
es

s 
co

m
m

un
ic

at
io

n 
de

m
an

d 
[F

C
C

 E
T

 D
oc

ke
t N

o.
 0

2-
13

5]
. 

N
ot

e:
 T

he
se

 s
ch

em
es

 c
an

no
t b

e 
im

pl
em

en
te

d 
by

 f
as

t s
em

ic
on

du
ct

or
 d

ev
ic

e
te

ch
no

lo
gy

, s
uc

h 
as

 S
iG

e,
 I

nP
, G

aA
s,

 S
O

S
, S

O
I,

 e
tc

. (
in

 a
ny

 
fo

rm
 �

hi
gh

 e
le

ct
ro

n 
m

ob
il

it
y,

 h
et

er
oj

un
ct

io
n 

bi
po

la
r 

tr
an

si
st

or
s,

 e
tc

.)
. T

he
 f

un
da

m
en

ta
l d

ra
w

ba
ck

 o
f 

re
la

ti
ve

ly
 lo

ng
 in

te
rc

on
ne

ct
 d

el
ay

s 
in

 
se

m
ic

on
du

ct
or

 in
te

gr
at

ed
 c

ir
cu

its
 li

m
its

 th
e 

sp
ee

d 
of

 t
he

se
 c

ir
cu

its
 to

 w
el

l b
el

ow
 t

ha
t n

ee
de

d 
to

 a
ch

ie
ve

 t
he

 r
eq

ui
re

d 
hi

gh
-s

pe
ed

 c
ir

cu
it 

op
er

at
io

n 
an

d 
th

e 
in

te
gr

at
io

n 
le

ve
ls

 t
ha

t a
re

 n
ee

de
d 

to
 a

ff
ec

t t
hi

s 
fu

nc
ti

on
al

it
y.

  



H
Y

P
R

E
S

O
n

-c
h

ip
L

o
w

-j
it

te
r

C
lo

ck
S

o
u

rc
e

A
n

al
o

g
 F

ilt
er

C
o

o
le

d
L

N
A

H
P

A

D
ig

it
al

S
ig

n
al

 
P

ro
ce

ss
o

r
(M

O
D

E
M

,
C

O
D

E
C

,
IN

F
O

S
E

C
et

c.
)

D
ig

it
al

D
o

w
n

-c
o

n
ve

rt
er

D
ig

it
al

U
p

-c
o

n
ve

rt
er

A
n

te
n

n
a

D
ig

it
al

 
D

ec
im

at
io

n
F

ilt
er

D
ig

it
al

 
In

te
rp

o
la

ti
o

n
F

ilt
er

A
/D

 
C

o
n

ve
rt

er

D
/A

C
o

n
ve

rt
er

D
ig

it
al

T
u

n
ab

le
L

o
ca

l
O

sc
ill

at
o

r

D
yn

am
ic

 
D

ig
it

al
E

q
u

al
iz

er

A
m

b
ie

n
t 

T
em

p
er

at
u

re
 E

le
ct

ro
n

ic
s

In
te

rm
ed

ia
te

 T
em

p
er

at
u

re
 (

H
T

S
) 

E
le

ct
ro

n
ic

s 
(5

0-
70

 K
)

D
ig

it
al

-R
F

 T
ra

n
sc

ei
ve

r

O
p

ti
o

n
al

D
u

p
le

xe
r

L
o

w
 T

em
p

er
at

u
re

 S
u

p
er

co
n

d
u

ct
o

r 
(L

T
S

) 
E

le
ct

ro
n

ic
s 

(4
-5

 K
)



H
Y

P
R

E
S

T
ex

t 
fo

r 
[D

ig
it

al
-R

F
 T

ra
n

sc
ei

ve
r]

A
 r

ad
io

 p
er

fo
rm

s 
a 

va
ri

et
y 

of
 f

un
ct

io
ns

 in
 th

e 
pr

oc
es

s 
of

 c
on

ve
rt

in
g 

vo
ic

e 
or

 d
at

a 
in

fo
rm

at
io

n 
to

 a
nd

 f
ro

m
 a

 R
ad

io
 

Fr
eq

ue
nc

y 
(R

F)
 s

ig
na

l. 
N

om
in

al
ly

, t
he

se
 f

un
ct

io
ns

 in
cl

ud
e:

 

-
P

ro
ce

ss
in

g 
th

e 
an

al
og

 R
F 

si
gn

al
 (

e.
g.

, a
m

pl
if

ic
at

io
n/

de
am

pl
if

ic
at

io
n,

 c
on

ve
rt

in
g 

to
/f

ro
m

 I
nt

er
m

ed
ia

te
 F

re
qu

en
ci

es
 

(I
Fs

, f
ilt

er
in

g,
 e

tc
.)

;

-
W

av
ef

or
m

 m
od

ul
at

io
n/

de
m

od
ul

at
io

n 
(i

nc
lu

di
ng

 e
rr

or
 c

or
re

ct
io

n,
 in

te
rl

ea
vi

ng
, e

tc
.)

; a
nd

-
P

ro
ce

ss
in

g 
of

 th
e 

ba
se

ba
nd

 s
ig

na
l (

e.
g.

, a
dd

in
g 

ne
tw

or
ki

ng
 p

ro
to

co
ls

, r
ou

tin
g 

to
 o

ut
pu

t d
ev

ic
es

, e
tc

.)
.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

E
m

ph
as

iz
ed

 o
n 

th
is

 c
ha

rt
 is

 th
e 

tr
an

sm
itt

er
 s

id
e 

of
 th

e 
H

Y
P

R
E

S 
tr

an
sc

ei
ve

r.
 T

he
 w

av
ef

or
m

s 
ar

e 
ge

ne
ra

te
d 

as
 s

am
pl

ed
 

di
gi

ta
l s

ig
na

ls
, c

on
ve

rt
ed

 f
ro

m
 d

ig
ita

l t
o 

an
al

og
 v

ia
 a

 w
id

eb
an

d
D

ig
ita

l-
to

-A
na

lo
g 

C
on

ve
rt

er
 (

D
A

C
),

 a
nd

 th
en

 s
en

t t
o 

th
e 

(p
re

vi
ou

sl
y 

di
sc

us
se

d)
 u

ltr
a

lin
ea

ri
ze

d
H

P
A

. 

N
ot

e 
th

at
 th

e 
en

tir
e 

pr
oc

es
s 

is
 d

on
e 

di
gi

ta
ll

y 
be

fo
re

 b
ei

ng
 c

on
ve

rt
ed

 to
 a

na
lo

g 
fo

rm
 f

or
 a

m
pl

if
ic

at
io

n 
an

d 
tr

an
sm

is
si

on
 

th
ro

ug
h 

th
e 

an
te

nn
a(

s)
. 

T
he

 a
cc

ur
ac

y,
 p

re
ci

si
on

, a
nd

 s
pe

ed
 o

f 
an

 a
ll-

di
gi

ta
l a

pp
ro

ac
h 

us
in

g 
H

Y
P

R
E

S 
te

ch
no

lo
gy

 to
 g

en
er

at
e 

th
e 

si
gn

al
s

is
 

or
de

rs
 o

f 
m

ag
ni

tu
de

 b
et

te
r 

th
an

 a
n 

an
al

og
 o

r 
m

ix
ed

 s
ig

na
l a

pp
ro

ac
h.

 I
t 

is
 v

ir
tu

al
ly

 w
it

ho
ut

 a
ny

in
te

rm
od

/s
pu

r 
pr

od
uc

ts
 a

nd
 is

 e
ss

en
ti

al
ly

 n
oi

se
 f

re
e 

(=
~�

0�
tr

an
sm

it
te

r 
no

is
e)

. 

T
he

 k
ey

 c
om

po
ne

nt
 u

si
ng

 H
Y

P
R

E
S 

te
ch

no
lo

gy
 a

re
 d

is
cu

ss
ed

 o
n 

th
e 

ne
xt

 c
ha

rt
s .

  



H
Y

P
R

E
S

R
es

o
n

an
t 

S
o

lit
o

n
s 

in
 L

JJ

L
>

>
λ J

B
ac

k-
an

d
-f

o
rt

h
 p

ro
p

ag
at

io
n

 o
f 

F
lu

xo
n

s 
(s

o
lit

o
n

s 
) 

in
 L

JJ

�
L

o
n

g
 J

J 
(L

JJ
) 

O
sc

ill
at

o
rs

 e
xh

ib
it

 t
h

e 
h

ig
h

es
t 

q
u

al
it

y 
(Q

) 
fa

ct
o

r
an

d
 t

h
e 

lo
w

es
t 

ti
m

e 
jit

te
r 

am
o

n
g

 a
ll 

in
te

g
ra

te
d

 c
ir

cu
it

 c
lo

ck
 s

o
u

rc
es

�
H

ig
h

es
t 

q
u

al
it

y 
cl

o
ck

 s
o

u
rc

e 
ca

n
 b

e 
in

te
g

ra
te

d
 o

n
 t

h
e 

sa
m

e 
ch

ip
s

w
it

h
   

   
  

h
ig

h
-p

er
fo

rm
an

ce
 A

D
C

 a
n

d
 D

A
C

 m
o

d
u

la
to

rs
 t

o
 p

re
se

rv
e 

ex
ce

lle
n

t 
ti

m
e 

jit
te

r



H
Y

P
R

E
S

T
ex

t 
fo

r 
[R

es
o

n
an

t 
S

o
lit

o
n

s
in

 L
JJ

]

In
te

rf
er

en
ce

 is
 r

ed
uc

ed
 w

it
h 

th
e 

us
e 

of
 s

pe
ct

ra
ll

y 
pu

re
 c

ar
ri

er
s

an
d 

ul
tr

a-
lin

ea
r 

po
w

er
 

am
pl

if
ie

rs
. S

pe
ct

ra
ll

y 
pu

re
 c

ar
ri

er
s 

be
gi

n 
w

it
h 

m
ul

ti
-G

H
z 

cl
oc

ks
 w

it
h 

cl
oc

k 
ji

tt
er

s 
m

ea
su

re
d 

in
 

su
b-

pi
co

se
co

nd
s,

 to
 g

en
er

at
e 

th
e 

�n
ea

r-
p

er
fe

ct
 s

in
e 

w
av

e�
.

L
o

n
g

 J
J 

(L
J

J
) 

O
sc

il
la

to
rs

 e
xh

ib
it

 t
h

e 
h

ig
h

e
s

t 
q

u
a

lit
y 

(Q
) 

fa
c

to
r

a
n

d
 t

h
e

 lo
w

es
t 

ti
m

e 
jit

te
r 

am
o

n
g

 a
ll

 in
te

g
ra

te
d

 c
ir

cu
it

 c
lo

c
k 

s
o

u
rc

es
 -

-
b

y 
o

rd
e

rs
 o

f 
m

a
g

n
it

u
d

e.
 

T
hi

s 
L

JJ
 (

hi
gh

es
t q

ua
lit

y 
cl

oc
k 

so
ur

ce
) 

ca
n 

be
 in

te
gr

at
ed

 o
n 

th
e

sa
m

e 
ch

ip
s 

w
it

h 
hi

gh
-

pe
rf

or
m

an
ce

 A
D

C
  a

nd
 D

A
C

 m
od

ul
at

or
s 

to
 p

re
se

rv
e 

ex
ce

lle
nt

 ti
m

e 
ji

tt
er

.



H
Y

P
R

E
S

L
JJ

 C
lo

ck
 S

o
u

rc
es

M
ea

su
re

d
 t

im
e 

jit
te

r 
o

f 
60

 f
em

to
se

co
n

d
s

(0
.0

6 
p

ic
o

se
co

n
d

s)
 

in
cl

u
d

es
 t

h
e 

cl
o

ck
, L

JJ
-t

o
-R

S
F

Q
 in

te
rf

ac
e 

an
d

 J
T

L
s.

 

L
JJ

 C
lo

ck
 S

o
u

rc
es

 f
ro

m
 8

 G
H

z 
to

 5
0 

G
H

z 
D

em
o

n
st

ra
te

d



H
Y

P
R

E
S

T
ex

t 
fo

r 
[L

JJ
 C

lo
ck

 S
o

u
rc

es
]

In
te

rf
er

en
ce

 is
 r

ed
uc

ed
 w

it
h 

th
e 

us
e 

of
 s

pe
ct

ra
ll

y 
pu

re
 c

ar
ri

er
s

an
d 

ul
tr

a-
lin

ea
r 

po
w

er
 

am
pl

if
ie

rs
. S

pe
ct

ra
ll

y 
pu

re
 c

ar
ri

er
s 

be
gi

n 
w

it
h 

m
ul

ti
-G

H
z 

cl
oc

ks
 w

it
h 

cl
oc

k 
ji

tt
er

s 
m

ea
su

re
d 

in
 s

ub
-p

ic
os

ec
on

ds
, t

o 
ge

ne
ra

te
 th

e 
�n

ea
r-

p
er

fe
ct

 s
in

e 
w

av
e�

.

M
e
a
su

re
d
 t

im
e
 ji

tte
r

o
f 

60
fe

m
to

se
co

n
d

s
(0

.0
6 

p
ic

o
se

co
n

d
s)

 in
cl

u
d

es
 t

h
e 

o
sc

ill
at

o
r,

  L
JJ

-t
o

-R
S

F
Q

 in
te

rf
ac

e 
an

d
JT

L
s.



H
Y

P
R

E
S

S
ig

m
a-

D
el

ta
 D

ig
it

al
-t

o
-A

n
al

o
g

 C
o

n
ve

rt
er

In
te

rp
o

la
ti

o
n

F
il

te
r

S
ig

m
a-

D
el

ta
M

o
d

u
la

to
r

Q
u

an
tu

m
-

A
cc

u
ra

cy
JJ

 D
ri

ve
r

A
n

ti
-a

li
as

F
il

te
r

O
n

-c
h

ip
L

o
w

-J
it

te
r

C
lo

ck
 S

o
u

rc
e

R
F

A
n

al
o

g
 

O
u

tp
u

t

D
ig

it
al

 
In

p
u

t



H
Y

P
R

E
S

T
ex

t 
fo

r 
[S

ig
m

a-
D

el
ta

 D
ig

it
al

-t
o

-A
n

al
o

g
 C

o
n

ve
rt

er
]

Sh
ow

n 
ar

e 
so

m
e 

of
 th

e 
de

ta
il

s 
of

 th
e 

D
A

C
.  

N
ot

e 
th

at
 th

e 
fi

lt
er

 a
nd

 th
e 

m
od

ul
at

or
 a

re
 k

ey
ed

 to
 th

e 
on

-c
hi

p 
ul

tr
a 

lo
w

 ji
tt

er
 c

lo
ck

 s
ou

rc
e.

 



H
Y

P
R

E
S

Q
u

an
tu

m
 A

cc
u

ra
cy

 o
f 

D
A

C

B
ef

or
e 

SC
E

Se
m

ic
on

du
ct

or
 

∆-
Σ

So
ur

ce

Q
ua

nt
um

 
A

cc
ur

ac
y 

SC
E 

D
A

C

Pu
re

 
Tr

an
sm

it 
Si

gn
al

A
ft

er
 S

C
E

D
em

o
n

st
ra

te
d

 a
n

d
 C

er
ti

fi
ed

 b
y 

N
.I.

S
.T

.

T
x

B
en

ef
it

s

S
C

E
 =

 S
u

p
er

C
o

n
d

u
ct

o
r 

E
le

ct
ro

n
ic

s



H
Y

P
R

E
S

T
ex

t 
fo

r 
[Q

u
an

tu
m

 A
cc

u
ra

cy
 o

f 
D

A
C

]

In
te

rf
er

en
ce

 is
 r

ed
uc

ed
 w

it
h 

th
e 

us
e 

of
 s

pe
ct

ra
lly

 p
ur

e 
ca

rr
ie

rs
an

d 
ul

tr
a-

lin
ea

r 
po

w
er

 a
m

pl
if

ie
rs

. 
S

pe
ct

ra
lly

 p
ur

e 
ca

rr
ie

rs
 b

eg
in

 w
it

h 
m

ul
ti

-G
H

z 
cl

oc
ks

 w
it

h 
cl

oc
k 

ji
tt

er
 m

ea
su

re
d 

in
 s

ub
-p

ic
os

ec
on

ds
, 

fo
ll

ow
ed

 b
y 

in
h

er
en

tl
y-

p
er

fe
ct

 D
A

C
s*

, t
o 

ge
n

er
at

e 
th

e 
�n

ea
r-

p
er

fe
ct

 s
in

e 
w

av
e�

.

T
hi

s 
ch

ar
t s

ho
w

s 
th

e 
ba

si
c 

pe
rf

or
m

an
ce

 o
f

su
pe

rc
on

du
ct

iv
e

D
A

C
s 

--
no

te
 th

at
 th

e 
si

gn
al

 is
 c

le
an

ed
 u

p 
to

 
ov

er
 1

00
 d

B
 b

el
ow

 th
e 

ca
rr

ie
r.

 T
hi

s 
is

 m
ea

su
re

m
en

ts
 b

y 
N

IS
T

 (
fo

rm
er

ly
 B

ur
ea

u 
of

 S
ta

nd
ar

ds
).

   
   

  
[T

he
 r

ed
 a

nd
 b

lu
e 

sp
ik

es
 p

re
se

nt
 in

 th
e 

�b
ef

or
e 

an
d 

af
te

r�
pi

ct
ur

es
 a

re
 �

ar
ti

fa
ct

s�
of

 th
e 

te
st

 s
et

up
]

*H
Y

P
R

E
S

 D
A

C
s 

ar
e 

de
ri

ve
d 

fr
om

 o
ur

 �
V

ol
ta

ge
 S

ta
nd

ar
d�

pr
od

uc
ts

, a
nd

 h
en

ce
 a

re
 �

in
he

re
nt

ly
 p

er
fe

ct
�.

T
he

 te
ch

no
lo

gy
 is

 s
o 

ac
cu

ra
te

 th
at

 it
 d

ef
in

es
 th

e 
vo

lt.
H

Y
P

R
E

S
 p

ro
du

ce
s 

V
ol

ta
ge

 S
ta

nd
ar

d 
pr

od
uc

ts
 f

or
 

w
or

ld
w

id
e 

cu
st

om
er

s 
�

it
 is

 th
e 

w
or

ld
w

id
e 

st
an

da
rd

 u
se

d 
to

 c
al

ib
ra

te
 s

ec
on

da
ry

 s
ta

nd
ar

ds
.



H
Y

P
R

E
S

2.
 D

S
P

 In
te

rf
er

en
ce

 M
it

ig
at

io
n

!
In

te
rf

er
en

ce
 h

as
 t

h
re

e 
m

ai
n

 f
o

rm
s:

 

"
S

m
al

l s
ig

n
al

 o
f 

in
te

re
st

 in
 t

h
e 

p
re

se
n

ce
 o

f 
la

rg
e 

in
te

rf
er

in
g

 s
ig

n
al

"
S

m
al

l s
ig

n
al

 o
f 

in
te

re
st

 in
 t

h
e 

p
re

se
n

ce
 o

f 
a 

la
rg

e 
n

u
m

b
er

 o
f 

eq
u

al
 s

tr
en

g
th

 s
ig

n
al

s

"
Im

p
u

ls
iv

e 
in

te
rf

er
en

ce
 f

ro
m

 h
o

p
p

er
s

S
o

lu
ti

o
n

:
H

ig
h

-S
F

D
R

 A
D

C
 F

ro
n

t-
en

d
 f

o
llo

w
ed

 b
y 

C
o

rr
el

at
io

n
-b

as
ed

 D
ig

it
al

 S
ig

n
al

 P
ro

ce
ss

in
g



H
Y

P
R

E
S

T
ex

t 
fo

r 
[2

. D
S

P
 In

te
rf

er
e

n
c

e 
M

it
ig

at
io

n
]

In
te

rf
er

en
ce

 h
as

 th
re

e 
m

ai
n 

fo
rm

s.
 F

ir
st

 a
re

 s
m

al
l s

ig
na

l o
f 

in
te

re
st

 in
 th

e 
pr

es
en

ce
 o

f 
la

rg
e 

in
te

rf
er

in
g 

si
gn

al
s,

 e
.g

., 
tr

yi
ng

 to
 r

ec
ei

ve
 a

 w
ea

k 
sp

re
ad

 s
pe

ct
ru

m
 s

ig
na

l w
hi

le
 t

ra
ns

m
it

ti
ng

 a
 s

tr
on

g 
on

e.
 T

hi
s 

of
te

n 
bl

oc
ks

 th
e 

m
il

it
ar

y'
s 

us
e 

of
 C

D
M

A
. A

no
th

er
 is

su
e

is
 w

he
n 

a 
sm

al
l s

ig
na

l o
f 

in
te

re
st

 
is

 in
 th

e 
pr

es
en

ce
 o

f 
a 

la
rg

e 
nu

m
be

r 
of

 e
qu

al
 s

tr
en

gt
h 

si
gn

al
s 

w
he

re
 m

ul
ti

-p
at

h 
co

nf
us

io
n 

is
 

po
ss

ib
le

. T
o 

co
un

te
r 

th
is

, w
id

e 
gu

ar
d 

ba
nd

s 
ar

e 
em

pl
oy

ed
, r

es
ul

ti
ng

 in
 f

ew
er

 u
sa

bl
e 

ch
an

ne
ls

. 
Fi

na
ll

y,
 th

er
e 

is
 th

e 
im

pu
ls

iv
e 

in
te

rf
er

en
ce

 f
ro

m
 h

op
pe

rs
 a

nd
 o

th
er

 s
ou

rc
es

. 

S
up

er
co

nd
uc

to
r 

el
ec

tr
on

ic
s 

an
d 

th
e 

hi
gh

 d
yn

am
ic

 r
an

ge
, w

id
eb

an
d 

A
D

C
s 

an
d 

D
A

C
s 

ov
er

co
m

e 
th

es
e 

pr
ob

le
m

s 
by

 e
m

pl
oy

in
g 

un
pr

ec
ed

en
te

d 
fi

de
lit

y 
an

d 
sp

ee
d 

to
 r

es
ol

ve
 th

e 
is

su
es

.
T

he
 e

nd
 

re
su

lt 
is

 th
at

 th
e 

in
te

rf
er

en
ce

 s
ol

ut
io

n 
of

fe
re

d 
by

 H
Y

P
R

E
S

�
D

ig
it

al
-R

F 
te

ch
no

lo
gy

 is
 m

et
ho

d-
dr

iv
en

 
an

d 
do

es
 n

ot
 h

av
e 

to
 b

e 
in

di
vi

du
al

ly
 ta

il
or

ed
 to

 s
pe

ci
fi

c 
ap

pl
ic

at
io

ns
.

W
it

h 
dy

na
m

ic
 r

an
ge

s 
>

12
0 

dB
, H

Y
P

R
E

S
 w

id
eb

an
d 

A
D

C
s 

an
d 

D
A

C
s 

ov
er

co
m

e 
in

te
rf

er
en

ce
 

pr
ob

le
m

s 
by

 e
m

pl
oy

in
g 

un
iq

ue
ly

 h
ig

h 
fi

de
lit

y 
an

d 
sp

ee
d.

 S
pe

ci
fi

ca
ll

y,
 a

n 
ul

tr
a-

lin
ea

r 
fr

on
t-

en
d 

A
D

C
 c

an
 b

e 
us

ed
 in

 c
on

ce
rt

 w
it

h 
an

 u
lt

ra
-f

as
t c

or
re

la
ti

on
-b

as
ed

 r
ec

ei
ve

r.
 T

he
 e

ff
ec

t i
s 

to
 c

re
at

e 
a 

m
at

ch
ed

 d
ig

it
al

 f
il

te
r 

co
nv

ol
vi

ng
 th

e 
w

av
ef

or
m

 s
am

pl
es

 w
it

h 
a 

kn
ow

n 
te

m
pl

at
e 

of
 th

e 
de

si
re

d 
si

gn
al

. U
se

 o
f 

m
an

y 
si

m
ul

ta
ne

ou
s 

pr
ot

oc
ol

s 
is

 e
na

bl
ed

 b
y 

si
m

pl
y 

up
da

ti
ng

 th
is

 te
m

pl
at

e 
in

 r
ea

l-
ti

m
e.

 T
he

 a
bi

lit
y 

to
 d

ig
it

al
ly

 p
ro

ce
ss

 s
ig

na
ls

 a
t >

40
 G

H
z 

al
lo

w
s

th
is

 s
im

pl
e 

an
d 

ve
ry

 e
ff

ec
ti

ve
 

ap
pr

oa
ch

.



H
Y

P
R

E
S

4-
G

H
z 

B
an

d
w

id
th

 A
ll

-D
ig

it
al

 A
u

to
co

rr
el

at
o

r

!
16

 c
h

an
n

el
s

!
4 

G
H

z 
b

an
d

w
id

th
 / 

16
 G

H
z 

cl
o

ck

!
9-

b
it

 o
u

tp
u

t 
va

lu
es

!
16

00
 d

ev
ic

es

In
te

g
ra

ti
o

n
T

im
e

[s
ec

]

-1
20

-1
10

-1
00 -9
0

-8
0

-7
0

-6
0

-5
0

-4
0

-3
0

-2
0

-1
0 10

-6
10

-5
10

-4
10

-3
10

-2
10

-1
1

00
1

01
10

2
0

Signal to Noise  [dB]

In
te

g
ra

ti
o

n
T

im
e

[s
ec

]

-1
20

-1
10

-1
00 -9
0

-8
0

-7
0

-6
0

-5
0

-4
0

-3
0

-2
0

-1
0 10

-6
10

-5
10

-4
10

-3
10

-2
10

-1
1

00
1

01
10

2
0 10

-6
10

-5
10

-4
10

-3
10

-2
10

-1
1

00
1

01
10

2
0

Signal to Noise  [dB]

2-
b

it
 H

Y
P

R
E

S
 A

b
ili

ty
 

at
 1

.5
 µ

m
 (

20
 G

H
z 

B
W

)

1-
b

it
 C

M
O

S
 D

em
o

n
st

ra
te

d
 

at
 0

.5
 µ

m
 (

0.
5 

G
H

z 
B

W
)

2-
b

it
 C

M
O

S
 A

b
ili

ty
 

at
 0

.5
 µ

m
 (

0.
5 

G
H

z 
B

W
)

1-
b

it
 H

Y
P

R
E

S
 D

em
o

n
st

ra
te

d
at

 3
.0

 u
m

 (
4 

G
H

z 
B

W
)



H
Y

P
R

E
S

T
ex

t 
fo

r 
[4

-G
H

z 
B

an
d

w
id

th
 A

ll-
D

ig
it

al
 A

u
to

co
rr

el
at

o
r]

T
he

 c
or

re
la

to
r-

ba
se

d 
m

ax
im

um
 li

ke
lih

oo
d 

de
m

od
ul

at
or

 d
e-

co
rr

el
at

es
 in

te
rf

er
or

s 
do

w
n 

as
 it

 
do

es
 n

oi
se

. H
ow

ev
er

, t
he

 s
tr

at
eg

y 
w

ou
ld

 b
e 

to
 d

es
ig

n 
th

e 
co

rr
el

at
io

n 
ti

m
e 

to
 d

ri
ve

 th
e 

in
te

rf
er

or
s 

be
lo

w
 th

e 
no

is
e 

fl
oo

r 
le

ve
l. 

A
ss

um
e 

th
at

 a
ft

er
 y

ou
 h

av
e 

�c
le

an
ed

 u
p�

th
e 

tr
an

sm
it

te
r 

(a
s 

pr
ev

io
us

ly
 d

es
cr

ib
ed

) 
ab

ou
t  

an
ot

he
r 

 6
0 

to
 7

0 
dB

of
 s

up
pr

es
si

on
 is

 n
ee

de
d 

to
 g

et
 b

el
ow

 th
e 

no
is

e 
fl

oo
r.

 

T
hi

s 
ch

ar
t s

ho
w

s 
th

e 
pe

rf
or

m
an

ce
 o

f 
on

e 
of

 o
ur

 a
ut

oc
or

re
la

to
r 

pr
ot

ot
yp

es
. A

s 
th

is
 c

ha
rt

 d
ep

ic
ts

, 
it

 w
ou

ld
 ta

ke
 a

bo
ut

 2
 m

in
ut

es
 w

it
h 

th
e 

be
st

 s
em

ic
on

du
ct

or
-b

as
ed

 c
ir

cu
it

s 
(c

le
ar

ly
 u

na
cc

ep
ta

bl
e 

fo
r 

a 
co

m
m

un
ic

at
io

n 
sy

st
em

),
 b

ut
 o

nl
y 

ab
ou

t 0
.0

1 
m

s 
(1

0 
m

ic
ro

se
co

nd
s)

 to
 a

ch
ie

ve
 th

is
 le

ve
l 

us
in

g 
ou

r 
su

pe
rc

on
du

ct
in

g 
te

ch
no

lo
gy

. 



H
Y

P
R

E
S

S
u

m
m

ar
y

In
 s

u
m

m
ar

y,
 t

h
e 

an
sw

er
 is

:

U
lt

ra
-l

in
ea

r 
p

o
w

er
 a

m
p

lif
ie

rs
, 

S
p

ec
tr

al
ly

-p
u

re
 c

a
rr

ie
rs

, 
an

d
 

C
o

rr
el

at
o

r-
b

as
ed

/m
ax

im
u

m
-l

ik
el

ih
o

o
d

-d
em

o
d

u
la

to
r 

re
ce

iv
e

rs
. 

U
si

n
g

 H
Y

P
R

E
S

 n
ex

t 
g

e
n

er
a

ti
o

n
 t

ec
h

n
o

lo
g

y
to

 e
lim

in
at

e 
th

e 
cr

it
ic

al
 i

n
te

rf
er

en
ce

 i
ss

u
e.



H
Y

P
R

E
S

T
ex

t 
fo

r 
[S

u
m

m
ar

y]

T
hi

s 
th

e 
H

Y
P

R
E

S
 �

1-
2�

 (
ne

xt
-g

en
er

at
io

n 
te

ch
no

lo
gy

) 
pu

nc
h.

 

1.
R

ed
uc

e 
th

e 
tr

an
sm

it
te

r 
�s

pl
at

te
r�

 (
in

te
rm

od
s/

sp
ur

s 
an

d 
no

is
e)

 to
 v

er
y 

lo
w

 le
ve

ls
 -

-
fa

r 
be

yo
nd

 
w

ha
t i

s 
ac

hi
ev

ab
le

 w
it

h 
co

nv
en

ti
on

al
 te

ch
no

lo
gi

es
.

2.
U

se
 th

e 
co

rr
el

at
io

n 
ba

se
d 

re
ce

iv
er

s 
to

 r
em

ov
e 

th
e 

re
m

ai
ni

ng
 to

 b
el

ow
 th

e 
ba

si
c 

no
is

e 
fl

oo
r.

 
U

si
ng

 H
Y

P
R

E
S

 te
ch

no
lo

gy
, t

hi
s 

ca
n 

be
 a

cc
om

pl
is

he
d 

in
 m

ic
ro

se
co

nd
s 

(v
s

m
in

ut
es

 f
or

 
co

nv
en

ti
on

al
 te

ch
no

lo
gi

es
),

 w
hi

ch
 is

 m
or

e 
th

an
 a

de
qu

at
e 

fo
r 

co
m

m
un

ic
at

io
n 

sy
st

em
s.

 


