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INTRODUCTION L

= Scenario
= Data rate: 50Gbps
= Transcoding: 64/66
= Signaling: PAM4
= Signaling rate: 25.78125Gsps

= Targets
= Low power scheme
= Extendable to higher loss channels

= Analysis
= Uncoded performance (no FEC)



CHANNELS -

= Source
= OIF 2014.142.00 (56G VSR)
= Nathan Tracy, TE Connectivity

= Channel 1
= Next generation 28Gbps high density SMT 10
= |L: 9.2dB loss @14GHz
= XT: 5 FEXT, 0 NEXT

= Channel 2
= Next generation 28Gbps press-fit stacked 1O
= |L: 9.1dB loss @14GHz
= XT: 11 FEXT, 0 NEXT



HIGH DENSITY SMT IO CHANNEL olicn

Insertion Loss

0 = Host PCB

: = 2.86mm thick, 23 Layers(12
g GND planes)
g—“’ = 2 Layer route out (Layer 10,12) —
£, = Nelco 4000-13SI| Material
g | (Dk=3.32, Loss Tangent=0.010) ',,I—_\l_¥

2 = 8mil stub on signal vias

} o - = 7.3 dB stripline trace loss added

"7 Frequencyinowa

: , [ femloss , , [ Crosstlk , = Module PCB details

L R AP 17t N S PR T NS N N = 1mm thick, 6 layer PCB (4

B A SR A VA R G T GND Planes)
g ot Lo T ) T = Microstrip trace route-out from
s s | S Y/ 0.35x1.4mm mating pads
E R e e B A Y = Nelco 4000-13SI Material
= G FESSSR OSR S— ARV AR | (Dk=3.32, Loss Tangent=0.010)

PN i Y O S L T = 1.2 dB microstrip trace loss
. . | l l l » . l added
"7 Frequenoynowa "7 Frequenoynowa

0if2014.142.00, Nathan Tracy, TE Connectivity, Berlin, May 2014
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PRESS-FIT STACKED IO CHANNEL o

Insertion Loss

= Host PCB
: = 3.425mm thick, 26 Layers (15 S
3 5 GND Planes) — —
< | = 4 Layer route-out (Layers 7, 11,
E s 17, 21)
= = EM-888 Material (Dk=3.8, Loss
Tangent=0.012) _,.._]E :
= 8mil stub on signal vias EIEE
e B = 7.3 dB stripline trace loss added
: i e = Module PCB details
i S N N N N S oy = 1mm thick, 6 layer PCB (4
GND Planes)

= Microstrip trace route-out from
0.35x1.4mm mating pads

= Nelco 4000-13SI Material
(Dk=3.32, Loss Tangent=0.010)

= 1.2 dB microstrip trace loss
added

Magnitude (in dB)
Magnitude (in dB)

: | R ! L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Frequency (in GHz) Frequency (in GHz)

0if2014.142.00, Nathan Tracy, TE Connectivity, Berlin, May 2014
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TRANSCEIVER STRUCTURE o

Signaling: PAM4
Signaling rate: 25.78125Gsps
No coding

CTLE
= 2 real zeros

= 2 real poles @ 25GHz

TXFIR
= Option 1: 3 coefs, 1 pre, 1 post
= Option 2: 5 coefs, 1 pre, 3 post

INDEPEMDEMNT
MOISE SOURCES

FEXT

DISCRETE | CONTINUOUS

TX FIR

_ = +

GAIN

CHAN

CHAN + PKG _\

T

JITTER

b

MEXT
CHAN + PKG

CONTINUOUS | DISCRETE
|

CTLE

GAIN

/

/./"'

» SLICERS |——»



TRANSCEIVER NOISES L

Analog IO signal models based on existing 28nm, 25G NRZ design

Package XT models based on existing 28nm, 25G NRZ design

Aggressors assumed filtered by same TX FIR as victim

RX input referred white noise -155dBm/Hz (~1.6mV rms)

Slicer offset ~*¥2%

Jitter ~0.2Ul p2p

= TX, RX, and CDR



3
=~
S
&

Lo
o !
! ! ! = = reor
) A —— .
=
. . . =1 .
. \ \ = . \ .
i H H R . FI—. FR—
. . . o1 .
Lot . [ =4
@ H ' ' —
w ' ] '
E " : :
a : : ' S
wy v v =
[iE) ' '
o H H
= L R =]
] : : : — =
@ . . H [
] : . . T
o ' ' ' —_
L H H H = hid =
w : . : 2 = ==z
= LT ST P bemmeetm ' —w T = >
o : : H ES
[=9 il 1 ] @
m H H H = -
o : : : =
B : : :
N -t H R s b 1 'l
w H H H =
=3 : : o
L ' ' % o
] 1 Q 3
' ' (=9 (=]
' . wy ' ! v
A R T g s | R
H T T N N A I | AP PR PR PR b s H H H
; i ; i ; ; i - ; ; ; uw ; i ;
o = L e ~ «®R @ = A\ - o - ™ o
;
18 [ifs] 18 o
[gp] apryubew {ragig|Bo tagip)Bo|
-t -
T
! ! ! ! =
. . . #
I et A B G Lo Jeu T
e | _ _ |
— . N =
W ' H H ' -
_ — o H H H H @
3 ! : : ! &
o : " o .
@ H H w
X [ i [ ) S (I deo ™ o
-, i H H ; T x
o H H H H - a
T © : : : : o og i
= ' . . = =1
4 : : : : T4
il N b I s do T =
= ; : : ; B
~ ' (] .
= 1 =0
] ! =3
< e} g
_ [T I Y S A - SO Ao
H J
1 H
i
3 W o] ! : :
H M 2 --emmmmmma - [ R Am---------- R LR — o
i H H T i
H H H H
T ! i i ! = L L L L L
L0y = Lo [ =] ) = — (=] w =t i) = o
& & - - o = S S S S
(=) (=) (=) (=] (=)
X [ap] apnyubew "
_ _ _ [A] apnyduwe
Lal -
m _ o
: =
............................ R T
H
) |
1
. R R e e e R e 12
5 i
(@) g
w
[2E) [ik)
-~ o a
_ S U S o 2 B
= w
L) — ek)
=1 s}
o B £
L) ) k]
= = w
. [ o= i
o E ‘et £
o ' T @
E : [
4 © : £ £
w H H H = J
=1 ' ' ' o
— g Lo 5
N . . <
-~ ™ ; " — =t o
= ] 1
< B |
5] ' [ 1) —
[= H )
1 = S
' (=9
] w
ol e g
H H b
H H
H ,
H :
—_— F 5 § g B I e T T
O - =1 = = =
[gp] apnyubew Al apnydwe

0.05 01 0.15 0.2

0

Wth
Normalized to an ideal eye opening of [-0.1,0.1])

-0.05

0.1

015

0.2

18 20

10

time [Ts/osr]

-15 -10

-20

15 20

10

time [Ts/osr]

-15 -10

-20



3
=~
S
&

o
! rol ! = reor
) A —— .
' v - v
H H H H 1 ' 1
i i H H I FI—. FR—
R S I, R . I ]
i) 1 1 ] ] —
b , i : :
) i i 1 1
o . . . .
(=9 ' '
wy v v
[iE) ' '
o H H
= ---t R =]
5] . . .
= H H ﬂ
3 : : H ; T
= i i H . =
@ : oo ! = @ o
] H : . o
= P e N PP £
@ ; i H H g
[=9 il il 1 ] @
E H H H H =
m [ v
lis] ' :
= ,
o i i H H
N S S R . Ao =
o ; ) H H
m ' '
m_.| " o
I i i H ]
i i H S
H H H o
AR R AR PR . o = H . .
: &= : e
H H T TS I A I R PSP PR PR PR b s H H H
; ; ; i ; i ; ; i o ; ; ; uw ; i ;
o S o = L e ~ «®R @ = A\ - o - ™ o
;
18 [ifs] 18 o
[gp] apryubew {ragig|Bo tagip)Bo|
-t -
T
! ! ! ! =
. . . #
I et L N d. beeeoes ey 1
e _ _ _ _
— . N =
W ' H H ' -
_ — o H H H H ©
g " : : " 4
o : : S 1
@ H . H W
X [ i [ L SR (I deo®™ &
-, i H H ; T
o H H H H - @
T © : : : : o mng i
= ' . . ' = =
5 " : : " T 4
il eeeeen s . Y beees JdJo T =T
= ; : : ; £ N
~ ' m .
= 1 =0
] ! =3
< e} g
[T I A W A SO Ao
_ A J
1 H
i
—lnv W o . . \
H M 2 --emmmmmma - [ R Am---------- R — o
i H H T i
H H H H
T ! i i ! = L L L L L
L0y = Lo [ =] ) = — (=] w =t i) = o
™ o = = S = = = S =
(=) (=) (=) (=] (=)
X [ap] apnyubew "
_ _ _ [A] apnyduwe
Lal -
m _ .
: =
............................ R T
H
) |
1
. R R e e e R e 12
5 i
(@) g
w
[2E) [ik)
-~ o a
_ S U S o 2 B
= w
L) — ek)
=1 s}
o K £ ¢
5] — k]
= = w
. [ o= i
9 B Jes =
=5 = =
! = a
E : N
4 % : £ £
w H H H = J
=1 ' ' ' o
— g Lo 5
N . . <
-~ ™ ; " — =t o
= ] 1
< B |
5] ' [ 1) —
[= H )
1 = S
' (=9
] w
O [ R S B e
H H b
H H
H ,
H :
—_— F 5 § g B I e T T
O - =1 = = =
[gp] apnyubew Al apnydwe

0.05 01 0.15 0.2
10

0

Wth
Normalized to an ideal eye opening of [-0.1,0.1])

-0.05

0.1

015

0.2

18 20

10

time [Ts/osr]

-15 -10

-20

15 20

10

time [Ts/osr]

-15 -10

-20



3
=~
S
&

Lo
o :
! rol ! = ! ! ! = reor
A e R RO, T A e Y : :
)
: : = :
| | H H o | H |
' ' . . booodeeeas HR— F—
: : : : ] :
R S W R . [ =4
i) 1 1 ] ] —
- : : : '
c " " : :
= ; b ' S
wy ' v v =
[iE) [ [ ' '
o H H H H
[ U A B F— f IR
= : . : . _ p
= : ' ]
E ; ; . . T
= ' ' . : =
o H H H H = hid 4]
T ' ' 5] =5
L H ' = W UUM
B R e SR P PP ' o T = =
] ; : : . =)
[=9 il il 1 1 @
m H H H H = -
o : Lo : =
ki : Lo :
R S e SEEEE a-m--- r a----— = 'l
=@ " " : : o
= : : : m
w : P £ P
] ] 1 Q 3
' ' ' (=9 (=]
' wy ' ! v
IR R A R | b
H H T TN S N A 1 AP PR PR PR b s H H H
: : : H : H : : I = : : : w0 : H :
(=1} L=} (=1 (=] (=} (=} (=} =} (=} (=) (=} (=} Loy (=} Loy UnH_v (=} Loy (=} Loy (=)
-— (o) o ..J—. ) w [ oo o = — — (o] ' — -— (]
;
18 [ifs] 18 o
[gp] apryubew {ragig|Bo tagip)Bo|
-t -
b,
: ! ! : =
: : : 3
Lo . VS D R [ i Y 7
; : ] .
nd | _ _ |
— H H H H
—— U A . DU B =
W ' H H ' -
o H H H H @
g " : : " ]
X & " ; g .
a ' i w
L fm e L T Femmmmm—n- — oo M o
T - ' i H ; T
o H H H H - a
© : : : : o o i
= ' . . = =1
o HEEEEEEAY s G
il eeeeen s DN beees JoT =
A = : . . m E N
~ ' ] .
= 1 =0
El ' =
I W I -
Q) _ ]
'
'
'
oo . :
— H M 2 --emmmmmma - [ R Am---------- EEREE R TR — o
; H H ; i
_ H H H H
! i i ! - . . . . .
X L0y = Lo [ =] ) = — (=] w =t i) = o
™ o = = S = S = S =
(=) (=) (=) (=] (=)
_ _ _ [gp] apnyubew '
_ _ [A] apnyduwe
Lal -
H =
: =
C) [ OO R U SO S 05 o 0 I
H
) |
.
- i S e e e e R R SR -2
5 i
(@) g
w
[2E) [ik)
O e O A S OO SUUUOUOt IPRUepe. PRy PPN NP S Jew a8 4
= w
L) — ek)
=1 s}
© B g ¢
L) ) k]
= = w
. [ o= i
B Jes =
O = = 3z
(=0 ek)
E : [
0 _ £ 4
w H H H = J
=1 ' ' ' o
| 5 A 3
1] ! . c
-~ ™ ; " — =t o
= ] 1
(= ]
< i r 1
[= H )
1 = S
' (=9
] w
O T . SRR
H H b
H H
' '
LL P . e
—_— F 5 § g B I e T T
O - =1 = = =
[gp] apnyubew Al apnydwe

11

0.05 01 0.15 0.2

0

Wth
Normalized to an ideal eye opening of [-0.1,0.1])

-0.05

0.1

015

0.2

18 20

10

time [Ts/osr]

-15 -10

-20

15 20

10

time [Ts/osr]

-15 -10

-20



3
=~
S
&

oy [
m g :
! Pl ! = oo = oo =
1 1 H H 1 1 1 1 H 1
e e e 1 H
' v - v
\ \ ' ' | ' | Lo
1 1 H H I T P
1 1 H H 1 H 1 =
R A, A I H R =1
i) 1 1 ] ] —
b 1 1 H H
a 1 1 H H
=1 1 1 H H
=3 H
wy v
a 1
o H
= ! R =]
o ' v
[ = H H ﬂ
3 : : : : T
= 1 1 H H =
4 1 1 H 1 & m w
L 1 H = 2
= Ty S S : dwo @ 2 £
@ : : : H =2
=9 1 1 H H T
£ 1 1 H H =
[3:] [ v
[43] : :
- 1
2 \ \ ' '
R S amm- .1 e s
= i \ H H
m ' I
m_.| " a
L : : ' [
1 1 H g
1 1 H &
' (L] '
I - = H Lo
1 1 H 1 H 1 =
1 1 H 1 H 1
1 1 H 1 H 1
: : : H : H : : n = : : : w : H : o
= = = = = = = = = = = = Lo = Lo == = L = Lo ==
A o0 My eo® @ =2 A AT o A A o
;
18 o 18 Bo
[gp] apryubew {ragig|Bo tagip)Bo|
=+ o
— i o
! ! ! ! =
1 H H ®
\ ' ' \
1 H H 1
1 H H 1 Jw
oot el S T [ [ ™ -
ad _ _ _ _
1 H H 1
— H H H H 1o
_ — =
i ) A =
W I ' ' I -
i 1 H H 1 @
= . H ' . &
X o : " g 1w
i ' ' W
L fm e L B RELEREET Femmmmm—n- — oo M [i¥]
T - 1 H H 7 T
o . H H . - @
T : : : : o By Ja
El 1 H H 1 = =
n HEEEEEELAY P c
[ e [ [ [ dw T 0
5 1 H H = i
M ! o] -
= : ] ]
El ' =
] el SEPEREE D REREE R — =t
LO | Ik
1 —
! ;
1
o H H
n™ I . STttt R S ™ dw
1 H H 1 —
1 ' ' 1 '
_ \ ' ' \
! : : ! - . . . . . o
Loy = Lo = ) = — (=] w =t i) = ﬁ/._ﬁ/_._
o o - - = = = = = =
= =] = = =]
_ _ _ [gp] apnyubew '
_ _ [A] apnyduwe
-~ 1
m
m _ o i
: -
........................... R
O |
H Jw
: —
. R e S S e 1o
= -
[@)) g
0
a a
O e O A S OO SUUUOUOt IPRUepe. PRy PPN NP S Jew a8 quw
c [l
i — Lk
S ~
S E N
LA f— ik}
T == i
= w = = 4=
o E qe <
= 5 B
! =2 €
— D £ ' & M
m ' S -
ol ' ' ' m
k=) 1 1 H o Hw
— 2 P 2
M ' ' =)
. ™ ; " — = i}
w| ' 1
1
4 8 ! @ |m_
' =
] = [
1 &
- ] o
......... 2 = H
o _ e = lo
1 1 —
QN | | |
H 1
H 1
F H i — |~ L L L L L L =1
[Re— = = (=] = o Loy (] Loy — Lo [ Sﬁ_/_
= L @ =2 = o =] b = = =
O A = = = =
[gp] apnyubew Al apnydwe

12

Wth
Normalized to an ideal eye opening of [-0.1,0.1])

time [Ts/osr]

time [Ts/osr]



RESULTS -

Channel
3-tap TX FIR | 5-tap Tx FIR

OIF2014.149.01, 9.2dB IL, 5 FEXTs 4x10715 9x1020
OIF2014.150.00, 9.1dB IL, 11 FEXTs 6x1018 1x10°25
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SUMMARY -

Meets BER requirement of 1018, without FEC

Simple scheme, allows low-power implementation

No DFE = No error propagation issues

Extendable to higher loss channels

= Additional mechanisms (coding, precoding, etc.)



