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1 Abstract

FPGA carrier card developers require easy-to-use options to confirm the operation of the VITA 57.1 FMC
and/or VITA 57.4 FMC+ expansion connector typically found on these platforms. In some cases, the mating
height of the standard FMC/FMC+ connectors may prevent fully leveraging the connectivity options of all
FMC/FMC+ modules.

The VITA 57.1 FMC+ Extender Card (REF-228680-01) and the VITA 57.4 FMC+ Extender Card (REF-
212564-01) have been designed for placement between FPGA Carrier Cards and FMC Modules or FMC+
Modules. This increased space can be used for additional I/O expansion during development. The FMC
Extender Card and the FMC+ Extender Card also provide a cost-effective option for extending the life of
the FPGA Carrier Card HPC and/or HSPC connectors used as test platforms. They are ideal for benchtop
testing, system debugging, probing, or FPGA development.

The cards provide FPGA designers easy to use options for testing low-speed interfaces and high-speed
multi-gigabit transceivers on any FPGA development board or FPGA carrier card. They can run system
data or BER testing on all channels in parallel. This makes evaluation and development with an FPGA
much easier.

This paper will explore the following details of the FMC Extender Card and FMC+ Extender Card:

e Mechanical dimensions and assembly features
e Connector pin assignments and block diagrams
¢ Qualification testing set-up and test results


https://suddendocs.samtec.com/prints/ref-228680-01-mkt.pdf
https://suddendocs.samtec.com/prints/ref-212564-01-mkt.pdf
https://suddendocs.samtec.com/prints/ref-212564-01-mkt.pdf
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2 Mechanical Dimensions

The FMC Extender Card provides a variant of the mechanical dimensions of an FMC card defined within
ANSI/VITA 57.1-2010 Section 3. The electromechanical interface between the mating HPC connectors
conforms to ANSI/VITA 57.1-2010 Section 3. Specific mechanical dimensions of the card are highlighted
below.
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Figure 1 - Mechanical Dimensions for FMC Extender Card (in millimeters)
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The FMC+ Extender Card provides a variant of the mechanical dimensions of an FMC+ card defined within
ANSI/VITA 57.4-2019 Section 3. The electromechanical interface between the mating HSPC connectors

conforms to ANSI/VITA 57.4-2019 Section 3. Specific mechanical dimensions of the card are highlighted
below.
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Figure 2 - Mechanical Dimensions for FMC+ Extender Card (in millimeters)
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3 Mechanical Design Features

Since many of the applications that involve VITA 57.1 and VITA 57.4 systems are on highly populated PCBs
with sensitive components, it is important to have an easy way to access the FPGA carrier. The FMC
Extender Card and the FMC+ Extender Card provides several mechanical features that ease mating and
unmating.

FMC Extender Card and FMC+ Loopback Card features:

e The FMC Extender Card and FMC+ Loopback Card have been designed to work in conjunction
with the Micro Jack Screw Standoff (JSOM).

e Use JSOMs to carefully mate and unmate the FMC Extender Card of the FMC+ Loopback Card to
the FPGA carrier to avoid damages.

e An Allen-key unscrews and expands the jack screw, dividing the PCBs in a steady, even motion
until the mezzanine is safely separated from its host.



https://www.samtec.com/products/jsom
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4 Connector Pin Assignments

The FMC Extender Card conforms to the Connector Pin Assignments of the HPC connector as defined
within ANSI/VITA 57.1-2010 Section 5. The FMC Extender Card provides direct pass-through connectivity
for all 400 pins from the HPC male to HPC female connectors. Specific pin assignments are highlighted
below.

K J H G F E D [ B A
1[[vREE_B_Mm2C GND VREF_A_M2C GND PG_M2C GND PG_C2M GND CLK_DIR GND
2 GND CLK3 BIDIR_P | PRENTM2C_L| CLKi_M2C_F GND HADI_P_CC GND DFO_C2M_F GND DF1_M2C_F
3 GND CLK3 BIDIR_N GND CLK1_M2C_N GMD HAD1_N_CC GND DPO_C2M_N GND DP1_M2C N
4[CLKZ_BIDIR_P GND CLKO_M2C_F GND HADO_P_CC GND GETCLKD_MZC P GND DF9_M2C_F GND
5[CLKZ_BIDIR_N GND CLKO_M2C_N GND HADO_N_CC GND GETCLKD_MZC N GND DFO_M2C_N GND
8 GND HAD3_P GND [ADO_F_CC GND HADS_P GND DPO_M2C_P GND DP2_M2C_P
7 _HADZ_P HADZ_N LADZ_P LADO_N_CC HADY_P HADE_N GND DFO_M2C_N GND DF2_M2C_N
8 HADZ N GND LADZ_N GND HAD4 N GND LAD1_P_CC GND DP8_M2C_F GND
E] GND HADT_F GND [A03_F GND HADD_F LADI_N_CC GND DP8_M2C_N GND
0] HADB_F HADT_N LAD4_F LAD3_N HADE_P HADS_N GND LADE_F GND DF2_M2C_F
11 __HADB N GND LAD4 N GND HADS_N GND LADE_P LADS_N GND DP2_M2C_N
2 GND HATI_F GND LADE_F GND HA13_F LADE_N GND DP7_M2C_F GND
13 HATOF HATI_N LADT_F LADE_N HAIZ_P HAT3_N GND GND DPT_M2C_N GND
14[ HATON GND LAD7_N GND HA12Z_ N GND LADE_F LAT0_P GND DP4_M2C_P
15 GND HA14 P GND LA12 P GND HA1E_P LADE N LATD N GND DP4_M2C_N
18[_HA17_P_cC HAT4_N LATI_P A12 N HA15_P HATB_N GND GND DPB_M2C_P GND
17[_HA17_N_CC GND LATI_N GND HA15_N GND LA1Z_P GND DFE_M2C_N GND
18 GND HA1E P GND LA1B F GND HAZOD P LA1Z N LAl4 P GND DF5_M2C_F
1] RAZIF HA1E_N LA15 P LA1B_N HATD_P HAZO_N GND LA14 N GND DF5_M2C_N
20 HAZIN GND LAT5_N GND HA1D_N GND LA17_P_CC GND GATCLKI_MIC_F GND
21 GND HAZ2 P GND LAZO P GND HBO3 P LA17 N_cC GND GATCLK1_MIC N GND
22 HAZZ P HAZ2 N LA1D P LAZ0 N HED2_P HED3 N GND LA18_P_CC GND DP1_C2M_FP
23 HAZ3 N GND LATO_N GND HED2_N GND LAZ3 P LA18_N_CC GND DF1_C2M_N
2 GND HED1_P GND LAZ2 P GMD HBO5 F LAZ22 N GND DF9_C2M_F GMND
25 HBOO_F_cC HED1_N LAZ1_P LA22 N HED4 P HBO05_N GND GND DF9_C2M_N GND
26 _HBOO_N_CC GND LAZI_N GND HBD+_N GND LAzZE_F LAzZT_P GND DFZ_C2M_P
E GND HEDT_F GND LAZ5 P GND HEDD_F LAZE_N LAZT_N GND DF2_C2M_N
23] HBOG F_CC HEDT N LAZ4 P LAZ5 N HEDS P HED0Z N GND GND DF8 C2M _F GND
20 HBOB_N_CC GND LAZ4 N GND HEDE_N GND TCK GND DF8_C2M_N GND
30 GND HETI_F, GND LAZ0_F GND HE13_F DI SCL GND DF2_C2M_FP
31[__HB1O P HE11_ N LAZE P LAZD N HE12_P HE13 N DO SDA GND DP2_C2M_N
32 HBI1O0 N GND LAZE_N GND HE12_N GND BPBVALX GND DP7_C2M_F GND
33 GND HET5 F GND LA31F GND HE10 F T™MS GND DF7_C2M_N GND
HE14 F HE15 N LA3D_P LAZ1N HE16_F HE10 N TRST L GAD GND DP4_C2M_P
HE14 N GND LA30_N GND HE16_N GND DP4_C2M_N
36 GND HE15_F GND A33F GND HBZ1_F GND
37[_HBi7_F_CC HE1E N LAZ2 P LA33 N GND
38 _HBi7_N_CC GHND LA32_N DFE_C2M_F
39 GND VIO_B_M2C GND DF5_C2M_N
40 _wio_B_m2c GND GND RESO GND

LPC Connector | LPC Connector LPC Connector | LPC Connector

Figure 3 - HPC Connector Pin Assignments
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The FMC+ Extender Card conforms to the Connector Pin Assignments of the HSPC connector as defined
within ANSI/VITA 57.4-2019 Section 5. The FMC+ Extender Card provides direct pass-through connectivity
for all 560 pins from the HSPC male to HSPC female connectors. Specific pin assignments are highlighted
below.

14x40 M L H G F E ) c B A | z Y

1 GND RES1T GND GND GND GND HSPC_PRSNT M2C L GND

2 GND 1_M2C P GND HAO1 P CC GND GND GND

3 GND GND N GND HAO1 N CC GND GND GND

4 GND HAQ0 P CC GN GND GND GND

5 N HAOO N CC GND GND GND Gl

6 GND P GND LAOO P_CC GND HAO5 P GND GND GND

7 GND P N LAD2 P LAOO_N CC HAQ4 P HAD5_ N GND GND GND

8 N AR N GND HAOA N GND [AD1 P CC GND GND GND

9 GND GND P GND LAO3 P GND HAD9_P LAO1_N_CC GND GND GND

10 GND HADB_P N LAG4 P LAO3 N HAQ8 P HADG N GND LAD6_P GND GND

1" GND HADS N LAD4 N GND HAO8 N GND LAOS P LAOGE_N GND GND

12 GND P LAQS P G HA13 P LAOS N GND GND GND

13 GND HA10_P N LAO7 P LAO8 N HA12 P HA13 N GND GND GND GND

" GND HAT0 N LAD7 N GND HA12 N GND LAQS P LA10 P GND GND DP12 M2C P
15 GND GND HAl4 P GND LA12 P GND HA16 P LAO9 N LATO_ N GND GND DP12 M2C N
18 SYNC C2M P HA17 P CC \! LA P LAI2 N 15 P HAIE N N GN N

17 GND SYNC C2M N | HA17 N CC GND LA N GND HA1S N GND LAI3 P GND GND DP13 M2C N GND

18 GND GND HA18 P GND LA16 P GND HA20 P LAIZ N LA P GND GND DP14 M2C P
19 GND HA21 P HA18 N LAIS P LAIE N HA19 P HA20 N GND LAT4 N GND GND DP14_M2C N
20 GND REFCLK C2M P HA21 N _GND LAIS N GND HAI9 N GND LA17 P CC GNI GND GND

2 GND REFCLK C2M N GND HA22 P GND LA20 P GND HBO3 P LA17 N CC GND GND GND

2 GND HA23 P HA22 N LAIS P LA20 N HBO2 P HBO03 N GND LA18 P CC GND GND DP15 M2C P
2 GND HA23 N GND LA19 N GND HBO2 N GND LA23 P LA18 N CC GND GND DP15_M2C N
24 GND REFCLK_M2C P GND HBO1_P GND LA22 P GND HBO5_P LA23 N GND DP9 _C2M P GND DP10_C2M_P GND

2% GND REFCLK M2C N| HB0O P CC HBO1_N LA21 P LA22 N HBO4 P HBO5_N GND GND DPS_C2M N GND DP10_C2M N GND

2% GND HBOO N CC GND LA21 N GND HBO4 N GND LA P LA27 P GND GND DP11_C2M P
27 GND GND HBO7 P GND LA2S P GND HBOY P LA2S N LA27 N GND GND DP11 C2M N
28 GND SYNC M2C P_| HBOS P CC HBO7 N LA24 P LA25 N HBO8 P HB09_N GND GND DP8_C2M P GND GND
2 GND SYNC M2C N | HBOS N CC LA24 N GND HBO8 N GND GND DP8_C2M N GND GND

30 GND GND HB11 P GND LA29 P GND HB13 P GND GND

3 GND HB10 P HB11 N LA P LA2S N HB12 P HB13 N GND GND

32 GND HB10_N GND LA28 N GND HB12 N GND GND GND

33 GND HB15 P GND LA31 P GND HB19 P GND GND GND
k2] GND HB14 P HB15 N LA30 P LA3I N HB16 P HB19 N GND GND

35 GND HB14 N GND LA30 N GND HB16 N GND GND GND

36 GND HB18 P GND LA33 P GND HB21_P GND GND GND

37 GND HB17 P CC HB18 N LA32 P LA33 N HB20_P HB21_N GND GND GND

38 GND HB17 N CC GND LA32 N GND HB20 N GND GND GND GND

39 GND GND VIO_ GND GND GND GND GND

40 GND GND GND GND GND GND

Figure 4 - HSPC Connector Pin Assignments
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5 Block Diagrams

The FMC Extender Card and the FMC+ Extender Card provide basic throughput functionality for testing
general FPGA carrier cards that contain the HPC and/or HSPC interface. Signals routed include:

Gigabit data signals (multi-gigabit transceivers; MGTS)

Gigabit reference clocks

Control lines including JTAG (including IPMI support), 12C, addressing, and reserved signals
All required power rails, sequencing, and control lines

Specific high-level signal routing for both cards are highlighted below.

ASP-134488-01 ASP-134486-01

K[1:40] K[1:40]
J[1:40] J[1:40]

H[1:40] H[1:40]
G[1:40] G[1:40]

F[1:40] F[1:40]

E[1:40] E[1:40]
D[1:40] D[1:40]
C[1:40] C[1:40]

B[1:40] B[1:40]

A[1:40] A[1:40]

NOTE: Block diagram shows pin numbers and not signal names.

Figure 5 - FMC Extender Card Block Diagram
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ASP-184329-01

M[1:40]
L[1:40]
K[1:40]
J[1:40]
H[1:40]

G[1:40]

F[1:40]

E[1:40]
D[1:40]
C[1:40]
B[1:40]
A[1:40]
Z[1:40]
Y[1:40]

NOTE: Block diagram shows pin numbers and not signal names.

ASP-184330-01

M[1:40]
L[1:40]
K[1:40]
J[1:40]
H[1:40]
G[1:40]
F[1:40]
E[1:40]
D[1:40]
C[1:40]
B[1:40]
A[1:40]
Z[1:40]
Y[1:40]

Figure 6 - FMC+ Extender Card Block Diagram
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Additional signal routing and circuitry details are contained in the schematics for the FMC Extender and

the FMC+ Extender. Schematics are available from Samtec under NDA. Please e-mail
KitsAndBoards@samtec.com for more details.

12


mailto:KitsAndBoards@samtec.com
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6 Testing the FMC Extender and FMC+ Extender Cards

The FMC Extender Card and the FMC+ Extender Card have been designed to test low-speed signals and
high-speed multi-gigabit transceivers (MGTs) on any FPGA development board or FPGA carrier card with
the FMC or the FMC+ interface.

The design for the FMC Extender Card and the FMC+ Extender Card follows the same design rules, PCB
material, and other standard design practices. The PCB design of the two cards is essentially identical,
except for the additional signal rows on the FMC+ Extender Cards. For testing purposes, the results
contained below are assumed similar for both options.

6.1 Test Setup

General functional testing of power, control, and low-speed signal are assumed with a successful power-
up of the card. Key testing results are focused on verifying full-speed operation of the MGTs routed via the
HSPC connectors.

To determine electrical performance of the FMC+ Extender Card, a Xilinx VCU118 was used as the FMC+
carrier along with the Samtec HSPC Loopback Card.

s | Mo | o
: i i
virtex lirascale ™ | sear [ seam SEAF | SEAM
! Pass Through I Loopback
! ~6” Cu Trace ! ~6” Cu Trace
V'”f;“é‘ﬁf‘;i': Rx | sgar | sEam SEAF | SEAM

Figure 7 — FMC+ Extender Card Test Setup Using the HSPC Loopback Card

13
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6.2 Testing Results

The Test Setup ran over 24 channels and was found to be error free for over 15 hours of testing with a BER
< 5.4e-14. The resulting data is shown in Figure 8 and Figure 9.

Unt interval

Veltage (Codes)

Figure 8 — Eye Diagram for Test Setup 1

TolCompole Messages  SenaliO Links Sl 4O $ea

Qa F 0%

a0 I P T g e o ey i~ Mo~ oo
Found 13 MGT_EV4TX UGT JOVZ25RX 23000 Gops 1254813 0€0 536604 Reset PRES 3100 v PRES3tODR v O1IB@EOUWY) v S1908(10010) v BEMV(11000) ’ ed Rasel Reset | Lock
Founa 14 UGT OV UGT XOV26RN 28000G2ps 138413 o 536614 Roset PRES 124 v PRESITeR v AAEE0Y) v E1EB(I00N) v BAmY(11000) v v e | [ Reset Reset | oo
Feund 15 MGT_XONZITX UGT_XOY2TRX 28,000 Gops  1OMENY o0 s3Ew [ Reset | PRESI:IM v PRESIMDE v 116aB(0101) v £190B(10010) ~ BMEMW(11000) v " wped Rasel Reset | Lok
Found 16 UGT_XOYZUTX MGT_X 188E1Y €0 suew | Reset PRES 3104 v PRESItoE v 116GB00101) v S194B10010) v BEMY(19000) v / v | [ Reset | [ Reset Lok
Foun 17 UGT_JOY2HTX UGT_X 1855613 60 536614 [ Rewt PRESItSM v PRESILN v 11660(00101) v 5196B06010) ¥ BEMW(1I000) v s e Reset Lock
Found 18 GT_XOYIOTX MGT_XOYXORX 20010Gops 1855613 o0 536614 Resst PRES 3124 v PRES3ItoE v O1IB@OO0Y v SHE01) v v v wea Rozet Loch
Foung 19 MGT_XOV3UTX MGT_XOY3URX 230000208 1384E1) = 53614 [ Roset PRES 2120 v PRESILLR v 118EO01 v S190B(10010) v v v vea | [ Reset Lach
Founa20 1emes om0 sMEw [ Reit | PRESMat v PRESItOR v 1168001 v 5194800010 v v v . ) e
Founa 21 1964613 o€ 54E-14 Reset PRES 3ot v PRES3NLE v 1160001 v A19EB(10010) v - 7 et [ Reset Loch
Feunaz2 UGT_NOVEUTK UGT_XOYIARX 28.000Gogs 1884613 €0 53661 Resat PRES 3124 v PRESINLE v I6EB001) v B19GB(100I0) v BAEMW{II000) v / e Resel Locn
Founa 2 MGT_XOVISTH MGT_XOYISRX 27007 Gigs 1 884E13 €0 s3Ew [ Rt | PRESII v PRESItHN v 116ER00101) v S1RAB0OID) v BERW(IN000) v / nea Reset| [ Lockh

Figure 9 — Channel Results for Test Setup 1
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7 Conclusions

FPGA carrier card developers require easy-to-use options to confirm the operation of the VITA 57.1 FMC
or VITA 57.4 FMC+ expansion connector typically found on these platforms. In some cases, the mating
height of the standard FMC/FMC+ connectors may prevent fully leveraging the connectivity options of all
FMC/FMC+ modules.

The VITA 57.1 FMC+ Extender Card (REF-228680-01) and the VITA 57.4 FMC+ Extender Card (REF-
212564-01) have been designed for placement between FPGA Carrier Cards and FMC/FMC+ Modules.
This increased space can be used for additional 1/0 expansion during development. The FMC Extender
card and the FMC+ Extender Card also provide cost-effective options for extending the life of the FPGA
Carrier Card HPC and/or HSPC connectors used as test platforms. It is ideal for benchtop testing, system
debugging, probing, or FPGA development.

The card provides FPGA designers an easy-to-use option for testing low-speed interfaces and high-speed
MGTs on any FPGA development board or FPGA carrier card. It can run system data or BER testing on all
channels in parallel. This makes evaluation and development with an FPGA much easier.

The FMC Extender Cards and the FMC+ Extender Cards have been tested on numerous, popular FPGA
evaluation kits and carrier cards. Data rates on the MGTs have been confirmed to 28 Gbps and beyond.

Additional details on can be found at www.samtec.com/Kits.
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samtec.com/FMC
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