"#$ %



&

$% T

$..%

()

%



#)*%)

# $
$ ! %
& ' () %
* g o+ ! %
- #. , %
JO# # 1/ 0 %
( (#1! %
# |/ 0
&
( , 2
3 ! 2
( 2
3 2
! 2
( 4
1
5 6 536 ! 4
! / 7
&
8 &9 0
& 89 0
( 08" 00
( <=< >#&? 00
-) I 0
; @- - 0
9 & =

&
&, #1
# |
) &)
(
9)
I 1,
3 |
$ |
$& /
/o
A
&l
#9 |l
(B.
)
& &)
) !
c (D E
(
9
!
(
&, A
(
=
*
&& &
&l& &
&l& &
*0p)
1 /10G F
1 /1?2 F

0>
0>

>>

>%

>4
>7

>>



#A #1 O7T#/H ># #
5 , 6D E
(
% 80 D&E<O D9 E<
> 8 D@- E<
Il 3
# 51 6<! I#
# ) Pl
# ) D
# +,-+./01 +/-.,+203
+/-.,+203 < ) 0:#
A
'F
& ?
07 #/ H< >#
;o ! K
"R # O< i< =,
K H ! |
-# 11K/ # @ &
1+ #
2+43.5 630 8 )
| # 2+43.5 630 #
# ! #
00 < = < #%: H
- D4 F < 0%

&& & ; &1 A

3

0

)
3

D'-.IE< =

D & E< .

+,-+./0

E

TY%HIH >#

D1E

D3,(E

D>>0<>4<44 <

? D&E

9 :E

7% [ HE



#A
07 #/H ># # #

< H 11

-> 9% 3- 1>74%:
) 3
A+ #

1)
13
- > % 3- 1>74%:
11 o< &
n &
?

/!
)
/ < |/
< #
<! ) <
#
1# /]
2 1
< <
/
3 *
19; 'F
3@,3 :: '@ !
A
D I/ 3/
# E
D+
! 7%
/H ! >
|
< /
9; !
5 %
(I
O:LK # '3 )
/ !
/ ! #
< K #
, &
#O0>: <
K 11 02
) D9E K
A H =/H



! 19;
1319 ) !
! K
113159 ) &!

) 1

) 11K )

6 )
J6! I K/ ) !
$#; ! I+ I 1%
<#ll !
) 1
!
(I
! $ ! =L
(B.
!
! 11

) ! )
=# !

|
) I 1#

7 %18 |
| *
|
|
|
!
!
)
!
%: < <
!
! )
< |
!
a1 30
H & A <
|
| < |

7%#/ H

#
I #
>>0< >4< 44

# !



#
0% |
I % ! ,
1(&0,1 I 67,90 0/0926, !
D&E ) D="? |3
? <0? < 0?9E ! ? ) 3 #
D1E D3,(E
| SHO<
0 *
07 /H nw # !
& 9 <1 4:72 2+27;
- /+5 I
!
Lo# 6/780 642,6/ ! | |
)y 111 KI/< | |
! ) ! < | #
D @-
& E! +,-+./0
*="|
# ! +,-+./0 #
+/-.,+203 +,-+./0
< ! [
6/780 642,6/ +/-.,+203 ! !
<1) 2 1) 1) 2+43.5
I # 630 0
) < <
) (3 ) !
0
% ) ! 2+43.5 630
) !
FI 2+43.5 630 <1
! !
| ) ! #
1 1 ] 1
| <
) ( 0 !
A
1o# o1 K/
(&0,1 A 10:< < - |
= D@- &E! I !
! H ! @ | |
) ! ! 1 /A |
) ) D < / I
< E | K
A



Lol #
! L1+

A+ !
2+43.5 630

%

4:72 2+27; -;:/+5
! !
!

,,6, 630;

(

8 0% I 8
#0% ! 8

.#& 80% ! 8
. #

)

8= I 8
D)4 E8%>)
8

(
( #
D&==< (< E
L H
! ) | B3#0
<! 2+43.5
630 !

S 7?7 >i=, ?4#
! 67,90 0/0926,

I ! 4:72 2+27;
- [+5 1/

! 67,90 0/0926, !

! 67,90 0/0926, !



/
! 2+43.5 630
(I
67,90 0/0926,
#*(
!
! !
) 2+43.5
630 0 !
) <
< ')
3 ) -1(+ !
2+43.5 630
F! 2+43.5 630 <!
!
! #
3( 51
1 (&0,1 1 K/
I # K/ A ! !
! | @- &
[
Iog K /! !
1 I
Pl
! #
) K
I # K
1 * 420,4+/ 022-4<; +

:0 2=0 /0>2#=+43 ?+9@ A=04 567
A+42 26 /-;204 26 =0+3:=640; +43 8720
567, :[45.+9@ :5;208 ;02=0 ,-<=2#
=+43 ?+9@ A=04 567 4003 26 @O00: +//
672:72; +92-B0O

! K/

F! <

) ! 6/780

642,6/ K 1) 1K/
! # ! $D
! E 11
(B !
1 |
$ ! )
Il !
K 'K
! ! $ <0<
K #
0:;
(B !
* + ]

6, 6:2-8+/ :0,>6,8+490) 2=0
=0+3:=640 <+-4 ?78:0,; ;=67/3 .0 ;02
6 2=+2 968>6,2+./0 /-;204-4< /0BO/; 6997,
A=042=0 6/780 642,6/ -;;02 +.6B0O
2=0  * 302042

&
lo# 6/780 642,6/ >0#
D * &
&)+ 1% C I+
I E
| 6/780 642,6/ !
)y 111K/
! )
| @- &
L # 72:72 0BO/
A-29= +,-+./0
| @- 1)K #
) !
H ! L

6, 6:2-8+/:0,>6,8+490 +43
8-4-8+/ 46-,0) 2=0 % <+-4 ?78:0,;
;=67/3 .0 ;02 ;6 2=+2 968>6,2+./0
/-;204-4< /0BO/; 6997, A=04 2=0 6/780
642,6/ -; ;02 +.6B0 2=0 302042

| @-



$ % @ 1 1]
! (&0, 1!
) &
! )
I M
I
&
’ 1: )
?
[ ? !
MO? <0?9<0?'" < = .
287 | ! % @ "#$
# 67,90 0/0926,
1'9; *# o+ 9
! ? 131;9 00 9; # +9;
3,( ! )y o
9; !
+ 9; 19;
=0 A-l/ 462 309630 C 'ng_ié’g 9_<_
6, -<4+/; =0 2+27; -;:/+5 A-// L ;o
>/+;=A=04 C) )6, 62=0, 464#
-4:72 :-<4+[: +,0 964409203 26 2=0 19; >>0<>4<44 7%
:0/09203 3-<-2+/ -4:72 /H ! SH
19; * )+9;
Lot $ ) ) A !
K )
D 19: E | [
N K N AAS
! 1y #



Il # I & !
I I ) I
! !
I 2 H |
A
=-0/303 F"# =8 96+D-+/ 9+./0 -;
! < ,0G7-,03 >6, ;2+./0 :0,>6,8+490 6 462
) IF 7,0 " #=89+./0; 6, 2A-;203 :+-,
3@,3 :: '@ ! ) 9+./0;) 6, +45 464#96+D-+/ 9+./0;
A
D o#o# 1 & ? 1319 3/
1=# , 1
H < M 2% 2#10
L/ 3/
! )
& -;-267,968:720, +73-6 1& %:7 44#= 2 #1
+::/-9+2-64 :+<0; >6, 2=0 /+20;2 #
-4>6,8+2-64 64 803-+ :/+50,;) 803-+ D / 3,(E ! ?

:0,B0,;) 6:0,+2-4< ;5;208;) +43 +73-6# !
,0/+203 968:720, +990;;6,-0; !
AAA .049=8+,@803-+ 9681 A-@-

=0;0 :+<0; -49/730 -4;2,792-64; >6, % $
8+D-8-E-4< 2=0:0,>6,8+490 6> 803-+
:0,B0,;
% @,
!
! /
| Fr-d
!
/ 07 /H ! ! &
) 1 ># @-
4 07 /H
! ! 1 1%
131;9 3,( ) ! )
=# !
!
% | A+A ) i
B 620 | @ & )
! 6/780 642,6/
1?2 & I 72:72 0BO/ A-29= )
! ! L) | O:#
! 2 !
? 1 >H <! 1 72:72 0BO/ A-29=
4 07 /H +/-.,+203 | @- &

<! 1 ol



! 72:72 0BO/ A-29=
I # !
! !
! Il
! ! +,-+./0

6 462 ;02 2=0 72:72 0BO/
A-29= 26 +/-.,+203 ->567 +,0 3-,092/5
3,-B-4< + :6A0, +8:/->-0, 6, :6A0,03
:0+@0,; =0 +/-.,4203 ;022-4<
3-;+./0; 2=0 >,642 :+40/ B6/780 9642,6/
+43 A-// ,63790 +4 672:72 2=+2 8+5 .0
266 /673 >6, 567, ;:0+@0,;

+/-.,+203 ! ( 8 )
O:#
D 0>
E
>>1 8 @- &
NI I )
+,-+./0! ( 8 )

! 6/780 642,6/

| 72:72 0BO/ A-29= !
1l 1 K/D!
o )
L)
| 6/780 642,6/ E

>2=0 -.0-4< 7,03 -4 +
9,-2-9+/ ;-<4+/ 9=+-4 1;79=+; + .,6+39+;2
>+9-/-25 6, 2=0+20,( 2=0 =0+3:=640 8720
;A-29=;=67/3 .0 30>0+203 7;-4< 2=0
-420,4+/ ?78:0,; 00 420,4+/ 022-4<;
:092-64 >6, -4;2,792-64;

! 0D E !
| )
! !
?2 H ]
I @- )
! < ? )
! +/-.,+2-64 ,-880,;
I @- n o)
! )
) ]
[ A
/ |
Py
# @- M
@ OB
@ =0#
@ 00& !

>2=0 .+/+4903 % 672:72;
+,0 A-,03 26 +4 74.+/+4903 -4:72 17;-4<
+;:09-+/ +3+:20, 9+./0() :--4 C 87;2 .0
10>2 >/6+2-4< =6,2-4<:-4 C 26 <,6743
A-/ -49,0+;0 2=0 208:0,+27,0 6> 2=0
672:72 3,-B0,;) A-// -49,0+;0 :6A0,
964,78:2-64) +43 845 9+7;0 3-,26,2-64



&
K/ !
!
1 1
!
| | H |
& ]
!
1 & )
! < ? )
! +/-.,+2-64 ,-880,;
+/-.,+203 I &
80: ; #:; !
# A

646 ;788-4< A-2=+4
9+./0 -; 462 ,0968804303 +; 2=-; A-//
9+7;0 =-<= +86742; 6> 3-;26,2-64 646
;788-4< A-2=+ 9+./09+4 .0
+9968:/-;=03 A-2=2=0 7;0 6> + 863->-03
9+./0 .5 -8:/08042-4< + @ =8 :;0,-0;
,0;-;26, -4 0+9=/0< 6> 2=0

620 | @- D)
D
I & ) D=
TE /)
) 1 3
I 14

=0 672:72;+,09+:+./0 6>
3,-B-4< 9+./0; +; /64< +; CH >002 !;00
+./0 ( 72) /64< 74#.+/+4903 9+./0;
A-// <040,+//5 ;7>>0, >,68 =78 :,6./08;
37026<,6743/66:; 0=-<=/5
,09688043 7;-4< .+/+4903
-420,9644092; >6, /64< ,74;

9 % I !

=04 3-,092/5 3,-B-4< :6A0,
+8:/->-0,; +43 :6A0,03 ;:0+@0,;) 7;0
+,-+./0 8630 +43 ;2+,2 A-2=2=0
>+926,5 30>+7/2 3 :+3;022-4< >
4090;;+,5) 9=+4<0 2=0 :+3; 26 +9=-0B0 +
46,8+/ /-;204-4< /0BO/ A=04 2=0 6/780
642,6/ -; 40+,2=0 69/69@ :6;-2-64

<!
! I <
!

!
! 0D =

+./0 # +./0 ,-BO +:+.-/-25

"# $%&

"# $%&

6;022=0% 672:72; 26 25:-9+/

:,6>0;;-64+/ ;273-6 /0B0/;) ;02 2=0 :+3;
26 3)+43;022=0 72:72 0BO/ A-29=
26 +/-.,+203 >2=0>+926,5 ;022-4<; 6>
2=0 +/-.,+2-64 ,-880,; =+B0 462 .004
9=+4<03) 2=0 % 672:72; A-// .0
9+/-.,+420326 1337 +2# 3 )+432=0

672:72; A-/ .0 9+/-.,+203 26 # 3
+2#H3




| 4/ +2-64
1-8801;
|
[ 72:72
0BO/ A-29= !
0:#
K
)
!
) K !
B7 B7,;
D # E !
! I O:#

6 462 9=+4<0 2=0 9+/-.,42-64
2,-880,; 74/0;; 567 =+B0 2=0 +.-/-25 26
+997,+20/5 80+;7,0 +73-6 /0BO/;

6;022=0% 672:72; 26 25:-9+/

:,6>0;;-64+/ ;273-6 /0B0/;) ;02 2=0 :+3;
26 3)+43;022=0 72:72 0BO/ A-29=
26 +/-.,+203 >2=0>+926,5:;022-4<; 6>
2=0 +/-.,+2-64 ,-880,; =+B0 462 .004
9=+4<03) 2=0 % 672:72; A-// .0
9+/-.,4203261J37+2# 3 )+432=0

672:72; A-l/ .0 9+/-.,.+20326# 3
+2#H3

1 # )
0 ;
! ) !
)
! #)

A / ')
620 ! +/-.,+2-64 ,-880,; D)

| ) 1o 72:72

0BO/ A-29= +,-+./0

< * |
(
I & 1&
"9 #
! )
! ! 1&
#
)
7;0 6/30,
! ! ?
I 1& !
A 2. 0 #
! )
1o M
! )
& 1) )
) A
%: H <
) 7
0> & <
) 02 4
&

+72-64 |A+5; -4;2+// 2=0 96,,092 >7;0;
/A+5; -4;7,0 2=+2 2=0 B6/2+<0 ;022-4< -;
96,,092 >6, 567, /69+/-25



%

=0 9642+-4; ;2+2-9
:04;-2-B0 968:64042; +43 ;:=67/3 64/5 .0
6:0403 .5 G7+/->-03 209=4-9-+4; 2+2-9
3-;9=+,<0 8+5 9+7;0 968:64042 >+-/7,0;)
8+5 +>>092 2=0 /64<#20,8 ,0/-+.-/-25) 6,
8+5 30<,+30 2=0 +73-6 :0,>6,8+490 ;0
+;2+2-99642,6/ A,-;2 ;2,+: A=04
9=+4<-4< ?78:0, ;022-4<;

-;9644092 :6A0, .574:/7<<-4<
2=0:6A0, 96,3 +2 2=0 .+9@ 6> 2=0

086B0 64/5 2=0"';9,0A; =6/3-4< 2=0
96B0, 1J 64 0+9=;-30(

6 462 ,086B0 +45 ;9,0A; 64 >,642 6,
,0+, :+40/;

0BO, ,086B0 2=0 :6A0, 042,5 ;+>025
96B0, -4 2=0,0+, 96,40, 6> 2=0

IA+5; 9644092 + ;2+2-9#9642.6/ A,-;2
:2,+: 26 2=0 9=+;;-; .0>6,0 2679=-4<
+45 -420,4+/ 968:64042

% 72:72 +3 0/092-64!C) J)
") +43 H(

4# | Di=<><,< %E
! ) 1@ K/

4# | !
) 1@ K/ M

:#D E8D"

I E
#0: ; 8D" =
> I E
#:,8QQQD"

% I E
#=: ;8D" 2
4 ' E

KKK L +926,5 0>+7/2

=626 #% 72:72 +3 0/092-64!C)
J) ") +43 H(



0+3:=640 A-29= -;+./0 IM
+43 M J(

) 11 | I
(I / !
K
">
> | M
! ! QQQ D"
) E
! ! D"
E

0+3:=640 +-4 03792-64 'M
+43 M C(

! ! $
K "0 "= F K
56!! !
0., F!
K 56 !
I :
! !
bo# 6/780 642,6/
DO:+ /E ! 11 1)
"0 =
56 P 0
;!
) 'K <
) ! 56

=626 & 0+3:=640

A-29= -+/0IM +43 M (

=626 C & 0+3:=640 +-4 03792-64
IM +43 M C(



/ |
L : l
/ +4@ !
+0@ +40/ ! |
1
D! | /#
! E
)

c $
& <)
O M33 ;! / E<

| R # O0#9
# H )



& %
6 )
! (.
;L I+
Py <
! #
| )
="
! ) #
) Y%n#l ]
! $ #
! !
I I
I I
2 L) |
I
K/ | !

1
="'l <
)
)
<
Lo
| |
Ny |/

11l .)
I $ I
$! ! = %#T! | )
1) ) !
%:# ]
6 #*
b ) A
) #K ) /
) ># ) 0%#
) D E !
># ) /K !
A
)
! K /

K
)
) e
K |
0: O P ?
) ># )
< K !
!
) / # #
) DBS3(E # #
) D(BE
) # !
-/- D,—-E ) !
) / 1319<F /<
/ #
) K
) /H /H
9 < 3]
1 K /H
& A <! ) H)
I L)
) K I
! [ Y A
) LoE - 1)



# -
! K
< # - )
I K 1) >#
D E )<
A
# -+ ) !
# A K < #
A )
/
< # - /]
i< ]
A
) ? 1K
# - ) <
I # # |/
! # -
)
(N K
. K #
&
80>: ; <
11 0209<
K ) A
H =/H 131;9 !
11319 )
(I
K
| < <
! "#$ I /+
!
! ! /
! /"
3 < 3(
) ) _
1) /
) vV #
/ 1)
) # ) 1?2
11 1y ! !
! ! [
!
! K ) !

) S

6A 360; 964B0,;-64 9/69@ ?-220,
30<,+30 964B0,20, :0,>6,8+490N

,6./08 O
1
D E )
) ! F <
!
1 1
#
! !
| ! <
! /| D
I E !
) I A !
<K
D(E -/ (<K
| |
! < ]
(
* + 1
! !
| * + ?
<
A * +
! !
H
,6./08 O " ) !
# ) )
! /
) 11
) L
I 1# #
L)
# 1 < #
1y ? !
! <) )
I # ( #
1)
0 # D <



9 <
/K 3( 8) !
) ) !
) ! !
K ) #
< |
)
I ) #
L) ]
11 A 1
I ##)
)y g A
1 )
?< ) )y &
g A
/ <
D
9 D K E
< #
) ]
D E A
! /
) K
# )
>
/H /H ! !
L)
72 P 964B0,20,; 26 2=0
20;2
E 1
) ) D
'K E !
! K
) ]
) )
# - !
D) ) K
D] K A !
) !
N D E 3(
@) (

;-2 :6;:-./0 26 0/-8-4+20 +// 6>
2=0 0>>092; 6> ?-220, -4 +4 042-,0
3-<-2+/ +73-6 ;5;208N

420,>+90 ?-220, .

) !
< -420,>+90 ?-220,
|
# #
# # )
K 3( (3 )
? ) < <
K # (
/ D /< /<
E 3( )
@ )
K <
K ) !
/ I <
A /
| |
D )
/A E " 3(
@B ) !
! K
) K #
D! )
K
E
=42 P 964B0,20,;
9+4462 36
)
1 3( !
K
<! Pl
) ! #
2 2
) 7 )
1 < ) /K
1 | | |
<
) 3()
) X
! 3 !
) |
K) M



3 *
1T
| ) <
I )<t
F! #
7% [ H< >#
<!l;17/9; #
# ) 1TA
[/, < | ) <
TO9 L IT9;
| 1)
] ? )
D

<@,< < '@E

022-4< 0A 736
* 049=8+@;*

A Il
! ) < 7%#/ H< >#
9; ; !
I F
<! 1

T%/H< ># <1 1 )
>> O#>4#] H< 0%#

A |
(IS !
A Il A !
A I
<! I ' T# T
1 /T9; ! !
) 9; 7%

0A+,0 6> *7;268* ,-B0,;Q

9 <! I# 9; )
A + ) 1)
I I
< 1
) < )

D &9E | )

114 9:)
) # <
)9 )

)y  #

[ )

# < I #

ry o

)

| | )9; )

! !

# ) >4/H #

7% [ H< >#

420//-<042 +43/-4< 6> +8:/0#
+20:; +43 -2# 0:2=;

T 9; ! !
# # 1

A !

!

<) ! ) A
! / ! !
)
! # # 1
!

) VT

!

! [

# /

? #
# 1



02-97/67; 4<-400,-4< [-8-4+20; ! ! )
Il

.. . ? lo#
6:;+43 /-9@; ! g
I ) ! !
# 11
9; | /
; AH |/ !
A | # / L F # !
3 1 ]
/ | |
Ly |
!
I # ! 3 #
! % ; )
|
[7<-2 -4 +43 2+,2 -;204-4<R 0%# >4 - |
8803-+20/5 >t <0%# #
! ) N >#
LT # ! )
! T , TH !
9;
F @<'! R i )
) )
H ! 1; 1 /9 A 0%# )
) ! 9 y 1)
! L; 1 /9; A !
) ! | 0%#  # |
CL o+
40 73-6 6/72-64 >6, // ! /1 0%#
67, 68:720, 73-6 003; )) o '@
| ,I- |
)y ) | .! '3 ) ! ) !
) ; K #
) IF !
) T /T 0968804303 022-4<; >6,
<) ! 68:720, /+5.+9@
1) LT
9; ! L/ 20
1) ! )
) ! ! ! !
) I I#A /
# 1

3B+42+<0; 6> J#.-2 [+5.+9@ 6> !

H#.-2 67,90; ) < )
FI ># 9; ) M
0%# >>0/H U
I M33 ; !/ 3



-9,6:6>2 -436A:$ 0;2 0:7/2; F P 1?2+ #

#)
F P @,
) 2/ P+ !
< 11 < # 8)
F P12 1 )9 ! <
) | | 2 11 |1
) 9; < A
2 ) 1
;1 +9 % 0;2 0;7/2;
I R, I
] ] H /A
) < | |
<l ? ) !
12+ # #) 1/
) A D @ :=E ! M
) ’ ! /+
| M33 : !/ 3/
| ?
') ) -V F P@,
< ) r@!))
< # #) #A # #) !
111 11 |
! )y 1 #
Lo
1] @ #
/1
F P < # o< )
by ! 0::L
2
)< ) ! & 6+990:: 2=0 86:2 97,,042
F P) ) _4>6,8+2-64 ,0<+,3-4< :022-4<: >6, =-<=t#
? o G7+/-25 968:720, :/+5.+9@) B-;-2 67,
># ) 068:720, +73-6 +::/-9+2-64 :+<0:
AAA .049=8+,@803-+ 9681A-@-
Fl )
<: | [+ _ .. . . o_ .
, =_::-20 :,6B-30; 2=0 /+20:2 -4>6,8+2-64
) 17+ # 64 803-+ :/+50,;) 803-+ ;0,B0,:)
#) bo# 6:0,+2-4< :5:208:) +43 +73-6#,0/+203
7 968:720, +990::6,-0; 2 +/:6 -49/730;
># L <040,+/ -4:2,792-64; >6, 8+D-8-E-4< 2=0

:0,>6,8+490 6> 803-+ ;0,B0,;



"%

1 | | ) M
D *'I 131l
,0G70495 0;:64;,0+2 ;LJ @ E
Benchmark Media Systems, Inc. DAC1 - Frequency Response at Fs = 48 kHz 08/23/02 17:39:44
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10 20 50 100 200 500 1k 2 5k 10k 20k
Hz
Caolor Line Style Thick Data Axis
Red Solid 4 AnlrLavel A Left
Gresh  Sold 4 Anir.Phase Right
3 - Freq Response.at2c
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Benchmark Media Systems, Inc. DAC1 - Frequency Response at Fs = 96 kHz 08/30/02 16:09:09
[dx=42.2279 kHz|[ dy=1.066 dB )
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“o 20 50 100 200 500 2 5k 10k 20k
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Color Line Style Thick Data Axis Cursor1 Cursor2
Red Solid 4 Anlr.Level A Left *+0.001 dBrAO *-1.065 dBrAO
Blue  Solid 4 Anir.Phase  Right -0.02 deg -0.89 deg
96 kHz Freq Response.at2c
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Benchmark Media Systems, Inc. DAC-1 08/30/02 10:34:57
32K B-H FFT Analysis of Idle Channel Noise
105 pi 10
205 - 20
-30E 30
40E 40
50 50
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d 0 ¢
B E B
r £80 r
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E - -100
“ 110
-120E 120
A30F - -130
-140 i 140
150 il ‘ 'MW o ”“W% 150
PP i I N I O [ I O B R N I N S
10 4.808k 9.606k 14.404k 19.202k 24k
Hz
Color Line Style Thick Data Axis
Green  Solid 4 Fft.Ch.1 Ampl Left
Red  Solid 4 FftCh.2 Ampl Right
8 - FFT Idle Chanel Noise.at2c
) ! 1o / /] 1



Benchmark Media Systems, Inc.

DAC1 - Phase and Frequency Response Matching at Fs = 96 kHz

10 Channels of Conversion using 5 DAC-1 Converters Selected at

Random
o |DX=19.2170 kHz|[ dy=-0.224 dB| 8.00000 |
s
d O e B B —t -
+2F
B E —
r E
- - - |1 N
2
_45
10 20 50 100 200 500 961464k 2k 5k 10k 20.1785k
Hz
Color Line Style Thick Data Axis  Source 2 Cursor1 Cursor2
Red Solid 4 Anir.Level A  Left :2.00000 =Swr.Ch. B Input -0.001 dBrA -0.223 dBrA
Blue Solid 4 Anir.Phase  Right :2.00000 =Swr.Ch. B Input -0.02 deg -0.36 deg
Magenta  Solid 4 AnirLevel A Left :3.00000 =Swr.Ch. B Input -0.001 dBrA -0.224 dBrA
Cyan Solid 4 Anir.Phase  Right :3.00000 =Swr.Ch. B Input -0.01 deg -0.09 deg
Blue Solid 4 Anir.Level A  Left :4.,00000 =Swr.Ch. B Input -0.001 dBrA -0.226 dBrA
Green Solid 4 Anir.Phase  Right :4.00000 =Swr.Ch. B Input -0.03 deg -0.54 deg
Cyan Solid 4 Anir.Level A  Left :5.00000 =Swr.Ch. B Input -0.001 dBrA -0.224 dBrA
Yellow Solid 4 Anir.Phase  Right :5.00000 =Swr.Ch. B Input -0.01 deg +0.21 deg
Green Solid 4 Anlr.Level A Left : 6.00000 =Swr.Ch. B Input -0.001 dBrA -0.224 dBrA
Red Solid 4 AnirPhase  Right :6.00000 =Swr.Ch. B Input -0.03 deg 051 deg
Yellow  Solid 4 Anir.Level A  Left :7.00000 =Swr.Ch. B Input -0.001 dBrA -0.224 dBrA
Magenta  Solid 4 Anir.Phase  Right :7.00000 =Swr.Ch. B Input -0.01 deg +0.12 deg
Red Solid 4 Anir.Level A  Left :8.00000 =Swr.Ch. B Input *-0.001 dBr Alll *0.224 dBr Al
Blue Solid 4 Anlr.Phase Right : 8.00000 =Swr.Ch. B Input -0.04 deg -0.62 deg
Magenta  Solid 4 Anir.Level A Left :9.00000 =Swr.Ch. B Input +0.001 dBrA -0.224 dBrA
Cyan Solid 4 AnirPhase  Right :9.00000 =Swr.Ch. B Input +0.01 deg +0.30 deg
Blue Solid 4 AnirLevel A Left :10.0000 =Swr.Ch. B Input -0.001 dBrA -0.226 dBrA
Green Solid 4 Anlr.Phase Right :10.0000 =Swr.Ch. B Input -0.04 deg -0.62 deg
Channel 1 = Left Channel of Unit #1 - Refernce Channel for all Differential Phase Measurements
Channel 2 = Right Channel of Unit #1
Channel 3 = Left Channel of Unit #2
Channel 4 = Right Channel of Unit #2
Channel 5 = Left Channel of Unit #3
Channel 6 = Right Channel of Unit #3
Channel 7 = Left Channel of Unit #4
Channel 8 = Right Channel of Unit #4
Channel 9 = Left Channel of Unit #5
Channel 10 = Right Channel of Unit #5
Phase and Amplitude Matching Between DAC-1 Units.at2c
< < ) #

00:/H

08/30/02 16:48:42
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Benchmark Media Systems, Inc.

DAC1 - THD+N vs Frequency @ -3DBFS (w/20 kHz LPF unweighted)

08/30/02 10:32:39
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Color Line Style Thick Data

Axis  Source 2

Green  Solid 4
Red Solid 4

Anir, THD+N Ampl  Left
Anir, THD+N Ampl  Left

:1.00000 =Swr.Ch. A Input
:2.00000 =Swr.Ch. A Input

5 - THD+N vs Frequency.at2c
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Benchmark Media Systems, Inc. DAC-1 - THD+N vs Level 1 KHz (w/20 kHz LPF unweighted) 10/01/02 13:20:27
Balance Outputs, Relative to 0 dBFS, 0 dBFS = +24 dBu
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Color Line Style Thick Data Axis

Green Solid 4 Anir.THD+N Ampl  Left
Red Solid 4 Anir.THD+N Ampl Left

THD+N vs Level in dBFS.at2¢
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Benchmark Media Systems, Inc.

DAC-1 - THD+N vs Level 1 KHz (w/20 kHz LPF unweighted)

Headphone Outputs, Relative to 0 dBFS, 0dBFS = +14 dBu, Load = 60

Ohms

10/01/02 13:22:35
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DAC-1 - THD+N vs Level 1 KHz (w/20 kHz LPF unweighted)

Unbalanced Outputs, Relative to 0 dBFS, 0 dBFS = +12 dBu

10/01/02 13:19:37
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L
7 R
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4

3
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L
-1 -0

Color Line Style Thick Data Axis

Green  Solid
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4 Anir.THD+N Ampl  Left
4 Anir.THD+N Ampl  Left

Unbalanced THD+N vs Level in dBFS.at2c
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Benchmark Media Systems, Inc.

DAC-1 THD+N vs Sample Frequency
1 kHz at -3 dBFS, 20-20kHz BW

08/30/02 10:36:09

Ap)

wo

25k 30k 35k 40k 45k 50k 55k 60k 65k 70k 75k 80k 85k 90k 95k 100k 105k

Hz
Color Line Style Thick Data Axis  Source 2
Green  Solid 2 Anir. THD+N Ratio  Left :1.00000 =Swr.Ch. A Input
Red Solid 2 Anir. THD+N Ratio Left :2.00000 =Swr.Ch. A Input

9 - Clock Freq Sweep.at2c
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DAC-1 INTERFACE JITTER TOLERANCE - Distortion vs Jitter
3.456 kHz Test Tone at 0 dBFS, THD+N 22to22kHz BW

Benchmark Media Systems, Inc.
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Color  Line Style Thick Data Axis

Green  Solid 2
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Anir.THD+N Ampl  Left
Dio.dJitter Ampl Right

DAC-1 THD+N (20 Hz to 20 kHz) (Green trace) vs. Induced Interface Jitter (Red trace).
Digital Input = 3.456 kHz at 0 dBFS, Fs = 48 kHz

DIO D-A JITTER TOLERANCE.at2¢c
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Benchmark Media Systems, Inc.

wao

Input = 10 kHz at -3 dBFS, BW = 20 kHz Unweighted

(2 Hz to 9 kHz)

DAC-1 THD+N vs Jitter Amplitude (0 to 12.75 Ul) and Jitter Frequency

08/30/02 11:10:38

-80
Ap
-85
-87.5
-90
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-85
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ul
Color Line Style Thick Data Axis  Source 2
Cyan Solid 2 Anir.THD+N Ratio Left : 2.00000 Hz=Dio.Jitter Freq
Green Solid 2 Anir. THD+N Ratio  Left : 500.000 Hz=Dio.Jitter Freq
Yellow Solid 2 Anir. THD+N Ratio  Left : 1.00000 kHz=Dio.Jitter Freq
Red Solid 2 Anir.,THD+N Ratio  Left : 1.50000 kHz=Dio.Jitter Freq
Magenta  Solid 2 Anir.THD+N Ratio  Left : 2.00000 kHz=Dio.Jitter Freq
Blue Solid 2 Anir.THD+N Ratio  Left : 2.50000 kHz=Dio.Jitter Freq
Cyan Solid 2 Anir.THD+N Ratio  Left : 3.00000 kHz=Dio.Jitter Freq
Green Solid 2 Anir. THD+N Ratio  Left : 3.50000 kHz=Dio.Jitter Freq
Yellow Solid 2 Anir. THD+N Ratio  Left : 4.00000 kHz=Dio.Jitter Freq
Red Solid 2 Anir. THD+N Ratio  Left : 4.50000 kHz=Dio.Jitter Freq
Magenta  Solid 2 Anir.THD+N Ratio  Left : 5.00000 kHz=Dio.Jitter Freq
Blue Solid 2 Anir.THD+N Ratio  Left : 5.50000 kHz=Dio.Jitter Freq
Cyan Solid 2 Anir.THD+N Ratio  Left : 6.00000 kHz=Dio.Jitter Freq
Green Solid 2 Anir. THD+N Ratio  Left : 6.50000 kHz=Dio.Jitter Freq
Yellow Solid 2 Anir.THD+N Ratio  Left : 7.00000 kHz=Dio.Jitter Freq
Red Solid 2 Anir. THD+N Ratio  Left : 7.50000 kHz=Dio.Jitter Freq
Magenta  Solid 2 Anir. THD+N Ratio  Left : 8.00000 kHz=Dio.Jitter Freq
Blue Solid 2 Anir. THD+N Ratio  Left : 8.50000 kHz=Dio.Jitter Freq
Cyan Solid 2 Anir.THD+N Ratio  Left : 9.00000 kHz=Dio.Jitter Freq
THD+N vs Jitter.at2c
y 11 L) K !
& F O:#/H
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Benchmark Media Systems, Inc. DAC-1 - FFT Demonstration of Immunity to Jitter Caused by Long 08/30/02 14:26:29

~wa

Cables
Performance is Unchanged after 1000 Feet of Cable

0 |9X=17.8006 kHz|[dy=+18.342 dB

-10E Ap
-20E
-30E
405
-50E
-60E
-70F
-80 é
-00F
100
E -109.047|
-110E
120F
E -127.389
-130E
- , - | | L | 1 |
1405 I o e TR S “ VRV e N e ) W
=17 Jll v ! jleml-linlipy, ’ Ml Y Nty Aoy M Aty by
E MWWWW a NN m |, ,ﬁ'wwﬁv’w% v g W, N
-150 = A ot
E Ve AP Yab |
: Ll et M N
Canc- :
10 4.808k 9.606k 14.404k 19. 24084 24k
Hz
Color Line Style Thick Data Axis Cursor1 Cursor2
Green  Solid 4 Fft.Ch.2 Ampl Left *127.389 dBr A0 *-109.047 dBr AT
Red Solid 4 Fft.Ch.2 Ampl Left -126.974 dBr A -109.301 dBr A
FFT demonstration of jitter immunity.
Digital input is 110 Ohm balanced and is fed directly to the DAC1 (trace 1 - Green) and then through 1000 feet of Category 5e unshielded twisted pair cable (trace 2 - Red).
In both cases, the test signal is a digitally generated TPDF dithered 24-bit 10 kHz test tone at a level of 0 dBFS.
Jitter at the XLR input to the DAC1 measures > 4 ns RMS and > 8 ns peak to peak when the 1000 foot length of cable is added..
Plot shows that ious tones are at ly low levels and are unchanged when compaired to the performance with a jitter free input signal.
Note that there is no evidence of any i in jitter-induced sidebands when the cable length is increased fo 1000 feet.
Tone at 20 kHz is second harmonic distortion and measures -109 dB relative to 0 dBFS.
Highest level spurrious tone measures -128 dBFS with or without 1000 feet of cable.

FFT 10kHz with and without 1000 feet of Cat 5.at2c
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Benchmark Media Systems, Inc. DAC-1 - Coaxial Input - Sensitivity Test 08/30/02 14:48:03
Converter mutes when digital input < 120 mVpp

ix=381.0 mVpp|dy=+0.185 dB]
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Color  Line Style Thick Data Axis Cursor1 Cursor2

Cyan  Solid
Green  Solid
Red Solid
Red Solid
Red Solid

Anlr.THD+N Ampl  Left *-105.149 dBr A0 *-104.963 dBr AO
Anlr.Level A Right +0.003 dBrA +0.001 dBrA
Data 1 upperliimit  Left . .

Data 2 lowerlimit  Right

Data 2 upperiimit Right

[« N N N N

10 - AES3id Sensitivity Test.at2c
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Benchmark Media Systems, Inc.

DAC1 Digital Input Sensitivity Eye Pattern with AES3 Limits

08/30/02 14:27:46

s |dx=81.37 nsec|[ dy=20.51 mV |
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“ 15
1
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_ = _500m
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S
)
F25
I O O A O HEEEEEE NN S
25n 40.68n G| 75n 100n 150n
sec
Color Line Style Thick Data Axis Cursor1 Cursor2
Green  Solid 3 Intervu.Upper Eye Opening  Left 3049 mV 4798 mV
Green  Solid 3 Intervu.Lower Eye Opening  Right -273.0 mV 4291 mV
Yellow Solid 3 Intervu.Upper Eye Opening  Left 268.0 mV 4135 mV
Yellow Solid 3 Intervu.Lower Eye Opening  Right 2254 mV  -3428 mV
Blue Solid 3 Intervu.Upper Eye Opening  Left #23.33 mV *43.85 mV
Blue Solid 3 Intervu.Lower Eye Opening  Right 2413 mV  -40.12 mV
Cyan Solid 3 Intervu.Upper Eye Opening  Left 1856 V 1888 V
Cyan Solid 3 Intervu.Lower Eye Opening  Right -1.861 V -1.857 V
Red Solid 3 Data 1 upperlimit Left . .
Red Solid 3 Data 2 lowerlimit Right

Cyan = Eye pattern from typical AES/EBU 110 Ohm balanced output.
Green = Eye pattern after passing a balanced 110 Ohm AES/EBU signal through 1000 feet of Belden Mediatwist (Category 5e cable).
Yellow = Eye pattern after passing a balanced 110 Ohm AES/EBU signal through 1000 feet of General Cable Category 5e cable.

Blue = Minimum Eye pattern for DAC1 operation.
Red = Minimum Eye pattem for an AES

for 48 kHz.

per AES

1000 ft Cat 5e EYE-PATTERN.at2c
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