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Signaling Considerations for
112Gbps Long Reach Applications
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LR: How long is ‘long reach’? LR is defined by channel loss, not length
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4 differential signaling types are considered: NRZ, Duobinary, PAM4 and PAM8

S AERAT—EAE A NRZ (ANAERS) , 56G M) 12 /) PAM4 (GX By, PAM4
FAIE 56G PR AA], szhr BAE 28G S 4 28GPAM4 1) , SRJGIEA WA s A8 5k
72 Duobinary, XX k|45 PAM4 T+ 2¢h PAM8. ‘EAITH TX BREZ T HIX AR
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NRZ and DB

@0  @e2p @ap  @sp  @ep  @lop  @l2p  @lap  @1sp

@0 @lop @20p " "@3op @aop "@sop

I BN B R B — Pl R A g = UR SR A
NRZ i, BiRAFA bit N@fL 1 524%L 0, —ANJEH 2 4> bit, #4N 56GHz;

W gAY, FSETERIENG A NRZ —FE, (HRERIPIR RS 1 B FHmIgN “+1”
A“-1”, SRIGERENOR FHRAG Hok, BRI — AN FE IR IE4E 2 A bit FE 8, AT DL
4% N 37GHz;

PAM4, SEBFR bt @A Ak umitt 2 /> bit Zifd A 4 Fhea~F (2 B°FJ7) , Btk 1 AN AT
PALE NRZ 245 —f5 0 bit 55 (4 4> bit) , KESN 112/4=28GHz

PAMS, B J5#E— N, fERIEuHE 3 4 bit Zwtd oy 8 FieF (2 93 k) » Bk 1 MF
WA LML 6 A bit, A — P FECH 112/6=18.66GHz.
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NRZ Signals use the greatest channel bandwidth Signal Fundamental Bandwidth
» Nyquist frequency of 56GHz e
v Channel IL will be the highest by comparison

" A S PR

NRZ and DB

Duobinary TX uses the same TX bandwidthas .. - |
NRZ, but the DB RX only needs to equalize upto * iy, | IL .-“—-

about 37GHz

PAMA4

PAM4 TX Signals use the less channel bandwidth
v Nyquist frequency of 28GHz

PAMSE

PAM8 TX Signals use the least channel bandwidth
v Nyquist frequency of 18.66GHz

Frequency

MEER AR E WA U, FEAGEACH) PAMS fg s y%r, NRZ e &t L4 .
AT B IR R AR SEH AN [

NRZ #1 Duobinary (X gk ZHR %R &5 K, PAM4 X2, PAMS fi/)h.
The Ul for NRZ and Duobinary is 8.9ps TX inner eye of NRZ and DB is 1V pk-pk

The Ul for PAM4 is 17.8ps TX inner eye of PAM4 is 0.333 V pk-pk
The Ul for PAM8 is 26.7ps TX inner eye of PAMS8 is 0.143 V pk-pk

AT PCB A H&HU A el s B 4 K Fros
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Three different channels are used in the analysis, each includes the PCB trace and the TX/RX packages

------------- . Wiine Channel

Wine Channel ~
g§” Smooth Channel w & Smooth Channel
2 ILD Channel s 2 ILD Channel

100GHz | *

# ILD Dips: 14GHz, 18.66GHz
Frequency, GHz A e, N Frequency, GHz |

R AR R LR P RE P P AR RERS Y RLRE YRR YRRy RRRN ] Perr gt g § RRER
106 206 3G 06 66 sAG 706 BOG 406 1008, B e T A T A T T T ¢ R Y T T 7

LR Channel Name ___| SDD21 @ 18.66GHz | SDD21 @ 28GHz | SDD21@37.33GHz | SDD21 @ 56GHz |
25.3dB 34.3dB 42.4dB 60.3dB
24.2dB 34.5dB 43.4dB 80dB
25.7dB 34.5dB 43.4dB 80dB

5N BT = case:

1, Wline: ALy, WA, RN
2, Smooth:A%HMANN L AL, (HR AL AR KLY stub;
3, ILD fehmenid s, HREMLAIRE, FlaEZERAH IRl stub LK

UL B0 = S0 T LA iR B R 45RE ) LP R AR Y, (H2 2200042 T Smooth A
ILD 2A7 AR IR -

Br TEHSP T . BRSNS, S AMES F BIRE ) B T — 2R
A RIE S o, FRAT) FRE S8 75 246 A 5 201 tap 24 pre #l post iz H., ZH
[ tap 7] AZHAE IE ki 2 AH SR JLAS bit (4, H R FN S S RE & .

Differential Driver TX FFE EQ Hspice Subckt

Buffer
1 1 1 1 1
Analog Input ul > Ul > Ul Ul Ul
Delay Delay Delay Delay
+-1V
analog
precursor 1|
tap postcursor 1 tap
postcursor 2 tap
precursor 2 tap Analog
Summer
Sine Wave
Fower create et 1z1/2
Noise differential incl mismatch
signal out_p
Outout
i " Capacitance
X Signal e Nonlinear LP Filter
Monitor Compression Output |Z]/2
incl mismatch

create the desired shaped data OUT_N

edge rate: oum
10%te 90%o0r  twxmnce g

20% to B0% risetime,
4" order Be ssel-Thompson,
or 10" order Gaussian
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Rolloff De-emphasis EQ
Differential Amp CTLEEQ (1

I W FrE_oUT

1% Post Tap 2" post Tap Mpmtrap ----—  12"pestTap

DFE_OUT

25 Tap FFE

12 Tap DFE

* | ‘s s et Dy
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SRJ5 FFE, MUK EumfE A, 2@ 25tap (RUE T M RS FEAIIE 2, AT IE S
R B B 2 s S

DFE 2 4nit, 12tap ) DFE t0/& 4 T 7 FFE 2 Ja AN 8.

VLTS AALE Fr I RE FT LR e, SRAT Tt 4 BAR 7R o i LA oV B i (IR P 45 2R
PATERR B J o 2 A, — MR AR jitter MR, 53— MR jitter
AT 75 )1 L o

System Analysis Cases: TX-Channel-RX
System Analysis is outlined in the following pages with these 3 types:

1. BestCase

No added jitter, noise, crosstalk in TX or RX

Optimized RX EQ settings: CTLE, FFE, and DFE

Focus is on the equalization and resulting eye openings
2. Stressed Case

Added RX input noise from the channel

Added RX CTLE output noise

Added RX sampling uncertainty (CDR jitter)

NRZ f# F| PRBS15 5%, PAM4 il PAMS fd F ¥ H 15, 6000 4 bit.

PRBS15 data, gray coded for PAM4 and PAMS8 cases, 6000Ul sent
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B T = RS EME DL IR 4, ASFE GRS T AAETE jitter FAR 45 0 T A AR B 45
WRFR, 2R it 2%, PAM4 Fil PAMS.

Iq_ 8.9ps Ul _pl |q_ 8.9ps Ul _.l |q_ 8.9ps Ul _.l

4

<F
o
21
o
>
u'; i
120 mV eye height 50 mV eye height <10 mV eye height

3.5 ps eye width 2 ps eye width < 1 ps eye width

WIline Channel Smooth Channel ILD Channel
|<_ 17 8ps Ul _.l |<_ 17 8ps Ul _.l |¢_ 17.8ps Ul _.I
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160 mV eye height 160 mV eye height 80 mV eye height
4.5 ps eye width 4 ps eye width 3 ps eye width
Wiline Channel Smooth Channel ILD Channel
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80 mV eye height 80 mV eye height < 10 mV eye height
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SRR ANT PR, T BUE BB A2 5600 5 (IR PAMS8 S 1%, PAM4 R = AR
FEA KA o W BEH S AR s AR 58 5 7, PAMB IR mid /), MR 98 LW — 3t 1 4
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'Signal Type | Ghannel | RX Eye Height | RX Eye Width _
Duobinary Wiline 120 mV 3.5ps
Smooth 50 mV 2 ps
ILD <10 mV <1ps
PAM4 Wiline 160 mV 4.5 ps
Smooth 160 mV 4 ps
ILD 80 mV 3 ps
PAMS8 Wiline 80 mV 3.9 ps
Smooth 80 mV 3.5ps
ILD <10 mV <1.5ps

IRALRIATINN L& jitter A noise LU T, A TKE JUAN G A XF L LR IE IR BE R )
RASRFOLAT, SR KE B2 PAM4 BAT R ARAIRIGH (N RATAT AR, XK
I8 SR E-12 -6 AR ZARAEHS 75 2 PRI B 2 112G 25K .

Signal Type m Symbol Error Rate

Duobinary Wiine 1.42E-3
Stressed Case : _ Smooth 3 49E-3
2mV Input noise
1mV CTLE noise ILD 4.60E-3
+/- 0.03 Ul sampling )
uncertainty PAM4 Wiline 3.46E-5
Smooth 2.19E-5
PAM4 has the lowest
overall Symbol Error Rate ILD 2.18E-4
PAMS Wiline 4.08E-4
Smooth 5.01E-5
ILD 2.76E-3

Kb ERAMRABRGER] 7 A4 SR G, SEhr L2 0d AR MR 1t REfs HU
AR Z 07 JATEL PAMA o FATTAT LA il — 28y (MM e 0 FCAAR 9%,
TR PR BV RIS BAT LA dB IR
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Bladh e
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HEATZ (Hz) (lag) 8 100M 16 6 (e85 1006
ILD Channel ILD Channel
CTLE Gain (blue) 4dB pk-pk variation
CTLE and FFE Gain (red) up to 28GHz

R BATH 7R, 3T PCB Bk, B TS RES), BATHE U RSAER, JATEEA
LA GUERENE? ATHEA IR LR 1) PCB e AR 1, SCHAR+T B+ 554 1 3,
a2 ANIERS, AT 112G RN IZ S A K AT RESEILIY .

FATVHUE SRFERENR A B L4 PERE BP0k H T PCB 2R K EEATIE L
(1) stub, ULIRBESCIXPIA IR R 1, FATHERE LB I 1A -

I A0 e, AR KA NI LR SEHLIX A A
1, fEMLA A cable f0# PCB 4Lk, K fAis:

Improved Connector with footprint

0.7" PWB trace

- 3.5mm thick
{- 8mil stub

Long via barrel

2, WIEHEH] cable AHIE, SELFSHRHIIER .
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3, P PANE PCBEL, T EL G T, A PCB B AT IR K

4, ZEEEPRAR PCB A&k, WHARCELFIIMRE . AR DF fke, SRS, BT
e — b LA SE AR PR B AR AR, SR 5 AT BB B 26

A SV o S 0 AR S A I — AN AR SR TR, IR AR BETE 112G R G
T, URSE A P FH DA BB R E R SEEL, B AT HAR A AR AT B ()

[T —1E]

— 1R KL T 2003 453 H, Ly Tk PCB it PCB #il#i. SMT &8 T AfE N
BEARSS . JEAERE. EE. HAGSIHIRNIA, SRR TN 600 4 A .

— T PCB B AL TIRYIFA B, SRAIKE AR, 8 —Jiin T8, TPS fyaid™
B LS FUER R RGN, BUTAT R P REER R =2 R R HIRORSS .

— M~ PCBA &) AL TURIN, FRAE Bifg. BEREESLAy T, T s AR 15000 “FoK, LA
20 %% SMT 7%k, Bo&43idt 0%+ XPF. NXT3. AIMEXIII. 4 H 345 E ERINL. iR
X EIFH PR s i %, HHCH AOL. XRAY. SPI. FHREM MR, 4 E3h%0
AL BGA IRIB & =BiEE W&, TIEHIRITFE. F/MILER SMT UG, H2E% R
55 A E N SMT TR, 48 /NI HEAZ 2858 95% - H £ — 1 R A YAGEO .MURATA.
AVX. KEMET 254 RHIBHZR UA KK I HURS. WER. JERERS. Wi, =W, AR
B AEE, IUBRAEE, FEHEHt4: BOM Juds i,
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