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Abstract

In this paper, a design and measurement method for FPGA embedded gigabit-transceiver is presented. Altera’s Stratix
GX device which is general purpose transceiver called GXB was used for implementing PCI Express transceiver. PCI
Express is the generation high performance serial I/O bus used to interconnect peripheral devices. After GXB was set
follow by PCI Express specifications, the design has been verified by timing simulation and implemented as hardware. We
tested it as follow. First GXB internal digital and analog block test, second GXB transmitter signal integrity test called
Eye mask test, third GXB high-speed serial I/O buffer and on-chip termination test and the last GXB protocol test. This
paper shows all the design and measurement procedure about FPGA embedded gigabit-transceiver.
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Zo]EA4 H%en, SERDESS} FPGA e e
PCB HHEE AASA A3 g Bt A&3H7
& WHo 2 PCB AFo] 7FsaA o,

&7 SERDES W& FPGA A|FLo= Xilinx Al
Virtex-II Pro, Altera A}¢] Stratix GX, Lattice A}¢]
ORT82G5 A|Fol A ZEAHIAT olE AFES
Z2aPAHES HELHQ] 7|I7HIE EWAANHE IR
o1 600Mbps 3.125Ghps(37Gbps) BAEEE A Q7
t}. wlebA Fibre Channel, Gigabit Ethernet, XAUI,
Serial Rapid IO, InfiniBand, PCI Express 59} t}eksh
14 AE T2 EFZS APt
B =8¢ Altera A} Stratix GX tiubo]2 EdAY
£ AHEsld b ddE AYske PCI Express EH
AWE 7489 1 7]5E& HAE 3tk & =8¢
& oA Aoz HFo] o]Fo Stratix GX
dude EdAHY e} T, A&,
HAE WY GO disiA 3Tk
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I. 7I7HIE EMAH =2} MM

1. 7|17H|E EMAH(GXB) 25

Altera Stratix GX dulo]~+ HE 9% SERDES
3 715§ FPGA vl WAzl AFolch W34 7]
7HE  EMAH(GXB)EES  622Mbps ~3.1875Gbps
5% £58 Y3y 19 139 Zo] A A$F(Tx),
FARR)Z UHH 22t old2a tRd B8] &
A&t

WA ohdEa B2 AWual GXB EWAH ) 3
5 /0= 15V PCML 74< Addth As&8dg
(Vod)-& 800mV~1600mV Holq T2k E s,
23 guvlo]Ad(Termination) AFSZ 1002, 1250,
1500¢ #9%t}. SERDES 52 dloje AE, ¥3
312 993, Tx, Rx PLL2 948 7|35 2 4,
5 8, 16, 20 w4 o3t sl ul Al (multiplication
factor)2 A3t} FARAE dudey FE2EL B
T3l CDR(clock data recovery) 71%°] 3t}

txd B2 4 & 8B/10B 2=, =tz s
o gloy H44 $4r 4 H(Phase Compensation
FIFO)E B34 25 =dide] 1E RIgse)x 24
3 93 olE rAGL FAG= COMK285) 2
< 94 g 9459 1 Helo] A H(Alignment) S
22o] EAUT EF XAUI
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ZZEZAANT AR 7hd 7508 tsAdelA &
Adle 25 (skew)E A A= Channel Aligner €%
3 tF 2E A2ddA s 25 9 2FE
A As= Rate Matcher 2] EA3c).

GXB= XAUI, SONET/SDH, Gigabit Fthernet,
Fibre Channel, InfiniBand, Serial RapidlO, PCI Ex
-press, SFI-5, SPI-5 Z2EZ-E X Y3l LA
14 A" zzed g EdA ot GXBe =21
R =3 Basic, SONET, XAUl R=% F&HU

SONET, XAUI REx Z47}e] Z2EEo #3tstd
Rrojy 1 9 XZEZL Basic REE B34 AHE
A7t doly & gAFas, AujAs 5o o9

melg Agaa

2. PCl Express Z2EE &3

PCI Express E2EZ2 PCIY PCI-X %
AW 2E A FAd /O 22, 1d
(point-to-point) A& 7 dA) 77 1.0a%14
25Ghps B2 £5& A o RV D)E A
4392 PCI Express Z2EZL #3(Packet) 7]%
o2& 8B/10B 1E o] o]Foixl wlo]§E SERDESE
Ax n%e AE AFAIE AFFT FRFAE
CDRE B3 €5& 5731 8B/10B ta@go] o] Fof

7 dojEe & PHY AFo2 HEdh

3. PCl Express ZT2EEZ 2 GXB M4

B =52 GXBE PCI Express ZZEZE EdA
B2 H2EE ¢339tk PCl Express T2EE2 §
A 3 1.0a7t Yo PCI Express PHY S1E|#H|9]
2 FAPPE) =3 ddod 2xdgqc. PCl Ex
-press ZE2EZ9] 544 W& SERDESE 73d& 4
gl A% 7H4(Receiver detection), Electrical Idle
A, Beacon A4 71% 59 5% 7157 PCI Ex
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inclk x_sipbk
tx_out +/- —t:tx_inns:o; p
GXB tx_ctri[1:0] 2
2.5Gpbs 1 Channel b rx_out[15:0] <|"I_‘11> g
L b rx_ctel]1:0) 2
rx_in +- > rx_patterndetect[1:0] %
Pt error
Parameter 5 corectk_out -
a3 2. GXB 2 PCl Express PHY QIE{H|o]A
Fig. 2. Interface GXB with PCl Express PHY.
x 1. GXB ¢ PCl Express PHY 2lE{H[O|A AT
Table 1. Interface signal GXB with PC! Express PHY.
Nz Ag Ay
tx_in[15:0] 16HE PHY £8 dlo]H
tx_ctrl[1:0] tx_in A& g AEE
rx_in+/- 2.5Ghps A 9E
inclk GXB ¢8 71& €%
rx_slpbk Ay Fxu AS
tx_out+/- 2.5Gbps s &8
rx_out[15:0] 168 E. PHY 94¥ djo]H
rx_ctrl{1:0] rx_out A% 3 HEE
rx_patterndetect[1:0] COM Ad¥ X
coreclk_out GXB PLL 29 &%
8B/10B tl&Y disparity
error
E= " oy

-press A& PHY Fo| A5l 7M538H, & =&
< olgg 54 7] A 9jg dutAEQl PCI Express
PHY 4% 3#HE EAANHE GXBel duid=st
o H2EE Y33t

¥ 2+ GXB¢ PCI Express PHY Qg #Ho|AZ
212 dEHTo)x As A¥E Yeha vk PCI
Express Z2EZS 93 25Ghps EWANY &2
A48 W ¥4 71EFHR(nck)E PLLY AujAISF 20
< AH83t 125MHzE AAE ¢ o old GXBe
PCI Express PHY ¢ =o)X dHo|E(tx_in, rx_out)
2o i6hit/ 250MHz E= Shi/15MHz 7t 7Fssh
GXB FAlte] BH|E 164 3 54 "lolE B4
7](Byte Deserializer)& ©]-8-3}¥ 16bit/125MHzE 1%
A o 8hit/250MHz9| B FHolx7t drk ey
HiolE B & AE3dtA oW FPGA WiF ol&
220MHzZ 75 AlA°F B2 2 16bit/125MHz ¢1E # o]
27t AA &olatt.

PCI Express Z2EZ0) 334 9= EAAHE vt
7] 98 e 2e GXBY UH 2 E(Para
~meter) o] a3l 8B/10B 924, vEZd 7%
& AHEEtY = AE7)(Word Alignment)o] A5 74+

A

E A

i

=4

LETE

XN MM ACHA LS 43

Deserie | 1] Word 810 RX
lizer Aligte Decoder FIFO
NN Pt at VAN AN LSl
T TT TT
T g 230
copeclk  puat coreehk ot
inctk TX £ l
™ omL T2
5
AV v
> B 1 Db
FIFO Encoder

a3 3. PCl Express & GXB 28 MA
Fig. 3. GXB clock scheme for PCl Express.

A AdE Efeld AlFA(TS)Y ~3(SKP) 2& 3
A3 ordered-set) ] &t A< K285 (COM) A%
g A%t Y2549, Vode PCI Express 7]
FAo] whek 800mV1200mV H$ 9] #e dAz
PCI Express 30 9J3ld ¥ Fdte] 59 £&iat
o7} 600ppm WA ¥EE FAstn Aot wEA
+/-300ppm®} 3143l (tolerance) & 7HX %% CDR A
Aol sttt S FAXA(Signal Integrity) S-S 3L
He o R Huplo]ld AL AMgshe A Hrt
GXB 4% #ujdio]d A¥ Ar&sh= Aol FoH
PCB d#W¥~ AHES s 1000 o2 AAsth &

¥olal 4% PLL

Aoz 19 3 7 o] AAsA 125MHz 9 7|
Z% inclke] GXB Tx PLLel {#=n] ¢4o] uid
125MHz PLL %% Z=(coreclk_out)o] #A g} o] =
Tx FIFO9] 227] 2 Rx FIFO9] 87| §202 ALE
31, PCI Express PHY, Link, Transaction A%¢] 7]
207 A3t PLL &9 Z29 coreclk_outs
w2 Auld 250MHz F5& Tx FIFO ¢l7] %,

8B/10B <175, Serializer %902 A& Rx PLL

=
e
=
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o] 7|1F 202 % J¥dY ety GXB PHY ¢
HHolA 58 $4A 2% coreclk_out FE5& A&
a=
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a3 5 GXB 52 Y 2=d #g of etojY Aga|o|Md Z3 (x1)

Fig. 5. Timing simulation result when GXB serial-loopback (x1).
GXB Verilog module Al gdo]aS 33Tt

tx_ow +& a9 5= 9 29l GXBY ol AEHol4de v}
i GXB for ehllm ok Test Tx E2ojA AXE TSl TS,
2 || PCIExpress SKP 59 ordered-setE2 GXB $A52 Ax HF
- sxul @ F GXB &

a3 4 GXB Etold AIEE0|H EEE
Fig. 4. Block diagram for GXB timing simulation.

Verilog RTL 255 A4 &+ 3tk AHE GXB B
B2 19 49 22 HoR GXB RE AF Ho|d
Al EHolag 3 3t ‘
Test_Tx &< PCI Express PHY #3& A4 st
REZM TS(Training Sequence)?l TS1, TS2, SKP
(Skip), El(Electrical Idle), FTS(Fast Training Sequen
-ce) ordered-set”’e AL GXB BE2L POl
Express& 25 Gbps EWABE #4450 3o GXB
A 48 A48 in A8 H2E AXz ¢
£7] 9Jg7] d&o GXB FAF AF5S 99 4E F
=z A5 rx_slphkE A% A AENIY &
A d8isE Fxw Azich o] wf Test Rx
AZHE A3} Test_TxolA £ A5}
dxg o GXB £5& AF T Ytk A EHo|HL
g4 Ade GXBE AF & ¥ tF Ad GXBE 3
% gl

GXBel ##d o|Be & Verilog FHZE AT H
U3 Zkzte] EDA £l 9A HAoYdd sholBy
2|7} ATk £ A E8o]AL Altera Quartus 1T o
A RTL @4 =2=¢9 A3 ¥ (sdft standard delay
file) & A48t} Cadence NCVerilogolA] A#L 3o

p

L
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AE 299N GXB FARE FxW
ARE AA Test Rx ©oll =23} Test Rxol ¥
¥ dle|lel= SKP, FTS, Electrical Idle, TS1, TS2
ordered-set HEE T34 detect_skp, detect_fts,
detect_ei, detect_tsl, detect ts2 X155 A3}

125MHz 948 71& 25(clk)°] Tx PLLo} 4=
PLL €% ZZ(coreclk out)& AA&T}h Test_Tx7t
ordered-set2 A£3lH, Test Rx Tl E detect Al
3E F3A &4 AR LT AA0] A4S Y
& 4 Adtd T3 rx_patterndetect AEE EdA A
dojeje] COM e A& ¢ F 4tk g
Aol GXB BEH Test 252 st gy
HA AEolAT FUT PEoR 8 by 1
A7 92 GXB BE #HRlY 540 & o]FofAS
skt

IV. PCB&A % HAE

1. 3|2 % PCB M4

2 Agd AH8d tupol2E Altera Stratix GX
EP1SGX25DF1020C6ESZ 8782l GXB E#AW zd
£ 743 3tk GXB £52 FPGA #WA(bank) 14, 15
o 18k gk

Stratix-GX Hulo]l2& GXB € Ag$ 723ty
£39 fA ey opdEa A HEE s

#oh B¢ 1% 43 459 3499 2 Layout
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A7) F4sta) AAsior 2o T3 PCI Express
A FA REE MA7} o]FF

GXB £% H2ZEx: AA, I8 FIUE ALY
GXB UWi¥ #AZ, €4, SMA A9HE 53 GXB £9¥
oo A3 A, AR, 4§ Fxw Heg F3 4Id
2 A% A%, AFH o2 PCl Express TREZ A4
4718 §F ZREE HAFE FY39H. £ 43
T 0549 H2EE A 419 GXB E#HAH
AHR-3le} PCI Express x4 #¢g H59o1 GXB
F A e AZFEAA H2EE Y34 SMA AYHE
A3}

e o o X

2. GXB E5 HILE
7t. GXB L& HE FIU HAE

= GXBY 444 tX g, ofd2a §E9] ol &
U %E Az A%
] Agilent 16702B Logic Analyzer
GXBY Wi $42 B2 g2EE 19 63 2ol
ro

GXBe| A7 Fxu 7] AMgEte Fdn. 2%
GXB Algdo]Ad o] Test_TxolA A4¥ PCI Ex
-press PHY #|Z1E9] Test RxolA EdstA A&=d
1% 19 GXB YAY, ohg21 550 BF HAFo|
"t} o]E 98] Test Rx EEoA A= HA9 4
4S HEA Logic Analyzerg <13t}

a3 7€ x1 GXB HAEJA Logic Analyzerd] &
e A#%E »9Fh Test_TxolA GXBel SKP,
FTS, EI, TS ordered-set?} Idles H53ES o Test
Rx E54 A% AFo|t}. Logic Analyzer® skp,
fts, e, idle, ts A ZE F3|A Test_TxolA HdL3 o
Ago] 7 F£ARE ¢ 4 ok ol comdetect [1:0]
AZE GXB 499 16U E(Zbyte) £ dwlojE(rx
_out)ellAl COM A8& &3 Aot A¥ A5 =
E 3¢ vlo]E(comdetect[0])o]l COM A¥eo] HEHU

=2

=3
Iy 88 = ¥Q HAER x4 GXBAA HAEES
35 Aol skpl0l= A WA 9, skpllls F

WAl @, skpl2]l Al WA @1, skpl3] vl WA @
A SKP ordered-set®] & ZAdoldt. x1 =9} vt
7K E Test Rx BZol|A 2] ordered-set £°] 2
glolA A& AEHn Aok ey x4 8Y AF
oA COM Hde #AE ZAF= x1 488 dEe ¢
F otk COM ¥ #A] 4371 9d= HE 427}
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sipbk

a8 6. GXB UWF HHE F=H HAE EEX
Fig. 6. Test block diagram for internal GXB using
serial-loopback.

a8 7. Logic Analyzer SHEZ 2 (x1)
Fig. 7. Logic Analyzer measurement result

{x1).

e
(x4) S

ZxZq}

Logic Analyzer

a8 8 532
Fig. 8. Logic Analyzer measurement result (x4).
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(comdetect[0], comdetect[6])olA], F H#A A AR 2
QoA AF¢ulo] E{comdetect[3], comdetet[5])oll A
AZES B F . & 16ME AdEFH | AE AR
e P92 COM Aol A9 & 3k HlolER A
dYS AFos A & gtk wEpA o5 el 7
Aol COM A4S 25 Ay A9 npo]ER o]
FA71E COM AE £Fo] a3k

2=
T
=

Lt. 2.5Gbps Signal Integrity EIAE

GXBolA £8HE 499 7448 &A%t PCl
ExpressollA 743l A7 |74 &38R HA
=

LeCroy SDA 6000(6GHz, 20GS/s) Real time
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a8 9. Vod=800mvV Z< Eye diagram
Fig. 9. Eye diagram when Vod=800mV.

38 10. Vod=1200mV &% Eye diagram
Fig. - 10. Eve diagram when Vod=1200mV.

a9 1194 BXo] PCB AA Al GXB & g
25GHz N3FAA &54& 93 SMA AHYEE 44
4ok 25GHz A5 F3 Fu|2E 6GHz tgZo
0G/s AEHE AL & FAF dolg £47]9
LeCroy SDA6000 1€ AH&31t)

PCI Express 7|78 wel 3558 A (Vod)
800mV~1200mV 9 g 43 F gt wEgA B
AYL GXB Vod 7€ 800mVe} 1200mves 443}
o A37AARL 24U 1Y 9= GXBY Vod %
£ 800mVE 433t PCl Express A7¢ A48 7
5 SMA %41 A9E A Z39 A3 PCI Express
Eye $4 vwt23& B3 Azl EFolt). 25Gbps &8
AN57t A3 ASHAT oA BRo] HE H¥
o] Eye ut23E s Aok WA Vod 3 9
37t AAk B& ¢ F Atk 29 10& Vod #&
1200mVE 4A W2 o Eye djgolt}. 25Ghpse] &€
%7} Eye vp2=9 A9 glo] 289E & F Utk
w2}A PCl Express 4 GXB Vod #& 1200mvz A
Aol §& & 5 Ut

C. 9% FIW HAES

GXBY 4&4 Wy 2 &3 gulvo)A A& H=F,
AdH 2 PCB g9 A A%

273 | Agilent 16702B Logic Analyzer,

] | Catalyst PCI Express x16 Loopback PCB

a9 118 9 22wl A Ay BEETE veld

23
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O 11, 2|8 R=4 HAE AR 8%
Fig. 11. Outside loopback test picture and block
diagram,
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12. Qutside loopback measurement result (x2).

a8 12 Y%
Fig.

o B Ay a2 A oA CatalystAHe] x16
PCI Express X% PCBE PCI Express x4 9]
Adlete F F=wl gAE ghEgich B AY wy
< WR F2 AP35 FABH Test_Tx EFN4 A
%3t A7 Test Rx EEojA FAIF A9 TYA
& A5 & H4¥S 539 GXBY 949 wHY
&% 23 gudlo]d Ay} PCI Express PCB 7
e 2 FZ9 pCBY A~ AE}E AFT T F o
o

a9 12€ x2 g9 9% Fxe Ay Ang e
Wi gith SKP, FTS, TS % ordered-sete] 5 @<l
A B 2 AREE & F ek o|2X GXB U H
o] A3z HAW PCBe 49dx AFS A=
[ 4=
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a8 14, TS1 #3lel &
Fig.

A 24 (xd)
14, TS1 ordered-set transmit and receive at Catalyst PCl Express protoco! analyzer (x4).

{8 PC1 Express
Analyzer

Catalyst

(b) PCI Express
Exerciser

Iy
Fig.

13. PCl Express =252 58t HS
13. Catalyst PC! Express Analyzer and Exerciser
interface with GXB.

2}. PCl Express Z2EE 38 HAE

%

Catalyst x4 PCI Express Analyzer and
Exerciser(SPX-4), Catalyst PXP~100 Back Plan,
Agilent 16702B Logic Analyzer

PCI Express Z2EZ HAS5& 93l Catalystr} 9
PCI Express Z2EZ £4]7|(Analyzer)®t A4 7](Exe
-rciser}E AHE3le] GXB 4459 3848 AEs)
Aok 19 13& &4 /\}{‘4 EEEE vehda lth
ZREFE B47le GXBAA £83H+E 25 Gbps PCI
Express #Z1& ol EAgM, ZIEZ KA 715
GXB&E PCI Express #ZS gttt GXBAA

X159} PCI Express Z2EEZ AZ

==
=3

7]

(365)

a2l 15 TS2 Hzle] COM Al =AM 2& (x4)
Fig. 15. Received COM of TS2 packet at GXB (x4).
H AL Test Rx &2 AHE 7Hx3to] Logic

Analyzerg2 232 F#H v}

a9 14€ x4 P3N TS ordered-set A&
A& o Catalyst 7 7ol &7 shdolrt. @
AH(—)E EAIE F71e GXBoA A5 Cataly
-st A2 EEE #Flonh vl #d EFolA
COM A¥o] sla vy ds, AaMsE FTS
ol Fslm wiAlgto 2 TS19] AExiel 4Ah #E &
T ok F GXBolA $AlEE TSI #izle] £417]
A A FA3E B o4 qr) bz 9% i«
Catalyst A4 7191A FA1=]& TS2 (A HAF 45h) &

H
24

BE

HAFaL 9rh oldf GXB F4l Fole FAHE TS2
o] FAEE HE 3R 5823 AZF9 Logic Ana
“lyzerg %3 &9 & F qdth

2 4388 FIM GXBY $44 EWNHE PO
Express T2 EF A S & = ey, 53] o
T HUE A o HAske dE 277 Catalyst

EA7I7E 25 sted £A47F 8-S Sk 1y
W Y 15904 BE0] Catalyst ZREFE A 7|4
48 Hol GXB FA7olA &¥¥Ee TS2 w379
COM A& ¥ o ate] ~77F EA%E &

Ak 7 HA, A "R HAe U A COMo|
FAHY ool o] WA vkAgo e R WA Qe
COMo| #2185 24 e] 277t WA st uhet
Al olg 2HE AASE HaF E5S GXB #4AG
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