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PRODUCT OVERVIEW

The Marvell® Alaska® M 88E2010/88E2040L is a family
of fully IEEE 802.3bz-compliant 1-port (88E2010) or
4-port (88E2040L) physical layer (PHY) devices. The
devices support a wide variety of host-side interfaces
including 5GBASE-R, 2500BASE-X, and SGMII to
support full backward-compatibility with lower speed
legacy Ethernet rates including: 1 Gbps, 100 Mbps, and
10 Mbps.

The flexibility of this device family enables extremely low
power across all structured wiring cable lengths,
enabling dense 5 Gbps applications. The device
supports Category 6- (screened or unscreened),
Category 6A- (Augmented), Category 7-type cables, and
Category 5e-type cables for distances up to 100 meters.
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Features

* 1- or 4-port, five-speed PHY. Operates at 10M,
100M, 1G, 2.5G, or 5G data rates on UTP copper
lines.

¢ Compliant with IEEE 802.3bz specifications for
2.5G and 5G modes

¢ 5GBASE-R, 2500BASE-X, and SGMII system-side
interfaces on all devices

¢ Allows dense multi-port 2.5G/5G applications

* BER better than 1E-15

* 100m reach on CAT 5e for 2.5G and 5G modes

¢ Clause 45 MDC/MDIO management interface

¢ Small 10 mm x 12 mm HFCBGA package for
88E2010 single-port applications;

23 mm x 23 mm HFCBGA package for 88E2040L
quad-port applications

* Available in commercial and industrial grades
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Figure 1: 88E2010 Top-level Block Diagram
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Product Overview

Features
Figure 2: 88E2040L Top-level Block Diagram
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General Chip Description

The 88E2010 and 88E2040L devices are a family of one- and four-port integrated multi-speed
copper Ethernet Transceivers.

The host interface to the MAC is via 5GBASE-R, 2500BASE-X, or SGMII interface.
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Figure 3: 88E2010 Device Functional Block Diagram
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Figure 4: 88E2040L Device Functional Block Diagram
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General Chip Description

The datasheet is divided as follows:

Section 1 describes the general function of the device.
Section 2 describes the pinout and pin definitions.

Section 3 describes the detailed device functions.

Section 4 describes the copper interface functions (T Unit).
Section 5 describes the MAC interface functions (H Unit).
Section 6 describes the electrical specifications.

Section 7 describes the package mechanical dimensions.
Section 8 describes the order information.

The conventions used in the datasheet are as follows.

All registers are specified per IEEE 802.3 section 45. The format is X.Y, X.Y.Z, or X.Y.Z1:Z2, where X
is the device address in decimal from 0 to 31, Y is the register address in hexadecimal from 0000 to
FFFF, and Z is the bit in decimal from 0 to 15.

T Unit — 10/100/1000/2.5G/5GBASE-T interface.
H Unit — SGMII/2500BASE-X/5GBASE-R host interface.

EI Unless otherwise noted, all descriptions apply to the one-, two-, and four-port devices.
Note
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Signal Description

Table 1:  Pin Type Definitions

Pin Type Definition

H Input with hysteresis
110 Input and output

| Input only

o Output only

PU Internal pull-up

PD Internal pull-down

Open drain output

Z Tri-state output
mA DC sink capability
Doc. No. MV-S111597-U0 Rev. B Copyright © 2018 Marvell
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Pin Maps
2.1 Pin Maps
211 88E2010 Device Pin Map

1 2 3 4 5 6 7 8 ) 10 1" 12
A VSS AVSS SOPf3] AVSS SOP12] AVSS SOP{1] AVSS SOP[0] AVSS SHSDACP AVSS A
B MDC TEST SON[3] AVSS SON[2] AVSS SON[1] AVSES SON[D] AVSS SHSDACN SIREF B
[ MDIO INTh AVSS SIF{3] AVSS SIP[2] AVSS SIF[1] AVSS SIP{0] AVSS STSTPT [+
D | CONFIG[1] | CONFIG[2] | CONFIGE) SIN[3] AVSS SIN[2) AVSS SN[1] AVDDS SIN[O] SPI_SSn RESETn D
E LED{O] CONFIG[3] AVDDS - AVES VDDRO2 AVSES VSEL_R SPLMOSI | SPLMISC E
F LED{1] LED(3] VSEL_M VSS DVDD VSs DVDD GPIC[0] VSS SPLCLK F
G LED{2] | CONFIG[4] | VDDOM vss DvDD vss DvDD Vss VDDOR GPIO[) RCLKA1 GPIOIS] | 6
H | CONFIG[0] | CONFIG[S] | CONFIG[T] VSS ovoD Vss ovoD VSS VSEL_T GPIC[2] GPIO[4] RCLKO H
J CLKN VODCTRL | VDDOL V§ss DVDD VEs DvDD VSS VDDOT VSS ™S TDO J
K CLKP | CLK_SEL[0]| WSEL_L E- AVSS GPIO[3] TDI TCK K
L XTALZ CLK_SEL[1] ATN AVSS AVDDH AVSS AVDDH AVSS AVDDH AVSS TEST_CLKP TRSTn L
M XTAL1 ATP AVDDT AVSS AVDDT AVSS AVDDT AVSS - TEST_CLKN| CTSTPT | M
N TSTCN AVSES MDIF{3] MDIN[Z] AVDDT CMN MDIF{1] MDIN[O] AVES CHSDACN CIREF N
4 AVSS TSTCP AVSS MDIN[3] MDIP(2] AVSS CMP MDIN[1] MDIPO] AVSS CHSDACP AVSS P
1 2 3 4 5 6 7 8 ) 10 1" 12
(Top View)
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2.1.2 88E2040L Device Pin Map

Due to the large number of pins, the package is depicted graphically over two pages.

1 2 3 4 5 G T 8 9 10 1
A AVSES PO_SOP[0] AVSES PO_SOP[1] AVSS P1_SOP[1] AVSS P1_SOP[0] AVSS MDIO[1] MDCI1] A
B AVSS PO_SON[O] AVSS PO_SON[1] AVSS P1_SON[1] AVSS P1_SON[O] AVSS V55 MDCIO] B
C PO_SIP[O] AVSS PO_SIP[1] AVSS AVSS AVSS P1_SIP[1] AVSS P1_SIP[0] AVSS MO0 0] C
D | PO_SINO] AVPEES PO_SIN[1] A\;F"ODES AVSS A\':;ES P1_SIN[1] AS;—D = P1_SINO] AVSS INTR ]
E AVSES PO AVSES AVSS Pl AVSS AVSS VDDOM E
VDDROS VDDRO9
F P3_LED[0] P3_LED[1] P3_LED[2] P3_LED[3] oVDD V55 oDvVDD V55 F
G | P?_LED[0] | P2_LED[1] Vi3S PZ_LED[3] | CONFIG[T] VS5 oVDD Vss ovDD V33 ovDD G
H | CONFIG[4] | P2Z_LED[?] | P1_LED[Z] | CONFIG[S] VDDOL VSS oVDD Vss ovDD vss ovDD H
J P1_LED([0] V55 P1_LED([1] P1_LED[3] CONFIG[E] V55 oVDD VS5 DvDD V55 ovDD J
K PO_LED([0] PO_LED[1] PO_LED([2] PO_LED[3] VDDOL V55 oVDD V55 oDvVDD V55 oDVDD K
L CONFIG[0] CONFIG[1] V55 CONFIG[3] WSEL_L VS5 DVDD V5SS DVDD V55 DVDD L
M AVSS CONFIG[2] | CLK_SEL[0] | CLK_SEL[1] AVSS AVES AVES AVES AVES AVES AVES M
M oo | oo | oo | avoon | A5 | avoon | avoos | avoor | avoes | AV |
P CLKP AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS P
R XTALZ2 AVSS R
T oot | Ger | avoor | avoor | avoor | AV | avoor | avoor | avoor | awor | AVSS | T
u AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS u
v TSTCHN PO_ATN[O] PO_ATN[1] | PO_ATN[2] | PO_ATN[3] AVSS P1_ATN[3] P1_ATHN[2] P1_ATHN[1] P1_ATNI[O] AVSS v
w TSTCP PO_ATR[D] | PO_ATP[1] | PO_ATRE | PO_ATR3] AVSS P1_ATP[3] | PI_ATR[Z) | P1_ATF[] | P1_ATR[D) AVSS w
Y AVES PO_CMN PO_CMP AVSS AVES AVES P1_CHP P1_CHKHN AVES AVES Y
AA AVSS PO_MDIN[O] [ PO_MDIN[T | PO_MDING2] | PO_MDIN[3] AVSS PA_MDINE3] [ PA_MDINEZT | P1_MDIN[1] | P1_MDIN[O] AVSS AA
AB AVSS PO_MDIP[D] | PO_MDIF[1] | PO_MDIPZ] | PO_MDIP3] AVSS P1_MOF[3] | PI_WMDIR] | P1_MDIPM] | P1_WMDIRQ] AVSS AB
1 2 3 4 5 (5] T 8 9 10 11
(Top View)
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Signal Description

Pin Maps
12 13 14 15 16 17 18 19 20 21 2
P2 P3
— 7 5 3 5 —
A Moc[2] MDIO[2] AVSS - AVSS P2_SOP[1] AVSS P3_SOP[] AVSS SOR[0] AVSS A
B MDC([3] V3S AVSS F2_ AVSS P2_SON[1] AVSS P3_SON[1] AVSS Pa AVSS B
' SON[O] = = SON[O]
[= MDIO[3] AVSS P2_SIP[0] AVSS P2_SIP[1] AVSS AVSS AVSS P3_SIP[1] AVSS P3_SPE] | €
D TEST AVSS PZ_SIN[0] PZ_ P2_SIN[1] P2_ AVSS P P3_SIN[1] P P3_SIN[O] | D
AVDDS AVDDS AVDDS AVDDS
E | WSELM P2 AVSS P3_ AVSS SIREF AVSS E
= VDDRO9 VDDRO9
F VDD VSS SHSDACP | SHSDACN STSTPT F
G V5SS VDD V5SS ovoD VSS ovOoD VSS VDDOR SP_MOSI | SPLSSn RESETn | G
H W3S VDD V3S oVOD WSS oVOD VSS WSEL_R | P1_GPIO[Z] Vss PO_GPIO[Z] | H
J V5SS VDD V5SS ovoD VSS ovOoD VSS VDDOR SP_MISD | P2_GPIO[Z] RCLKA J
K VSs VDD VSS DVOD VsS oVOD VSS VDDOT SPLCLK | P3_GPIO[Z] RCLKD K
L V35 ovVOD V35 oVOD V55 VoD V5S VSEL T | PO_GPIO[1] V5SS PO_GPIOM] | L
M AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS P1_GPIO[1] | P2_GPIO[] | P1_GPIO[] | M
N P P P P2_ AVSS Pa_ P2 P2 Pi_ P3_GPIO[1] | PZ_GPIO[0] | N
AVDDH AVDDH AVDDH AWDDH AWDDH AVDDH AVDDH AVDDH
P AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS vss P3_GPIOD] | P
R AVSS TCK TRSTn R
P2_ P2_ P2_ F2_ P3_ P3_ P3_ P3_ .
T | avoor AVDDT AVDDT AVDDT AVSS AVDDT AVDDT AVDDT AVDDT o TEST_CLKN T
U AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS AVSS TOO TEST_CLKP | U
W | P2Z_ATN[D] | PZ_ATN[1] | P2Z_ATN[Z] | P2_ATN[3] AVSS P3_ATN[3] | P3_ATN[Z] | P3_ATN[1] | P3_ATN[0] TMS AVSS v
W | P2_ATP[0] | P2Z_ATP[1] | P2_ATP[Z] | P2Z_ATF[3] AVSS P3_ATP[3] | P3_ATR2] | P3_ATP[H] | P3_ATP[D] CTSTPT | W
¥ AVSS P2_CMN PZ_CMP AVSS AVSS AVSS P3_CMP P3_CMN AVSS CIREF ¥
AA | P2_MDIN[O] | FZ_MDIN[] | P2_MDIN[2] | P2_MDIN[3] AVSS P3_MDIN[E] | P3_MDIN[Z] | P3_MDIN[1] | P3_MDIN[O] | CHSDACN AVSS | AA
AB | PZ_MOIP[0] | P2Z_MDIPM] | P2_MDIP2] | PZ_MDP[3] AVSS P3_MDIP[2] | P3_MDIP[2] | P3_MDIP[] | P3_MDIP[] | CHSDACP AVSS | AB
12 13 14 15 16 17 18 19 20 21 22
(Top View)
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2.2 Pin Description

EI 88E2010 device pin names are not prefixed with PO_.

Note

Table 2: Media Dependent Interface
88E2010Pin 88E2040L Pin Name

# Pin #
P9 AB2 PO_MDIP[0]
N9 AA2 PO_MDINIO]
N8 AB3 PO_MDIP[1]
P8 AA3 PO_MDIN[1]
P5 AB4 PO_MDIP[2]
N5 AA4 PO_MDIN[2]

Doc. No. MV-S111597-U0 Rev. B
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Pin
Type
/0

/0

/0

Description

Media Dependent Interface[0], Port 0.

In 2.5G/5GBASE-T and 1000BASE-T modes in MDI
configuration, MDIP/N[O] correspond to Bl_DAx+.

In MDIX configuration, MDIP/N[0] correspond to
Bl_DBx.

In 100BASE-TX and 10BASE-T modes in MDI
configuration, MDIP/N[0] are used for the transmit pair.
In MDIX configuration, MDIP/N[0] are used for the
receive pair.

MDIP/N[0] should be tied to ground if not used.

The device contains an internal 100Q resistor between
the MDIP/N[O] pins.

Media Dependent Interface[1], Port O.

In 2.5G/5GGBASE-T and 1000BASE-T modes in MDIX
configuration, MDIP/N[1] correspond to BI_DAx.

In MDI configuration, MDIP/N[1] correspond to BI_DBx+.
In 100BASE-TX and 10BASE-T modes in MDIX
configuration, MDIP/N[1] are used for the transmit pair.
In MDI configuration, MDIP/N[1] are used for the
receive pair.

MDIP/N[1] should be tied to ground if not used.

The device contains an internal 100Q resistor between
the MDIP/N[1] pins.

Media Dependent Interface[2], Port 0.

In 2.5G/5GGBASE-T and 1000BASE-T modes in MDI
configuration, MDIP/N[2] correspond to BI_DC+.

In MDIX configuration, MDIP/N[2] correspond to
BI_DD+.

In 100BASE-TX and 10BASE-T modes, these pins are
floating.

MDIP/N[2] should be tied to ground if not used.

The device contains an internal 100Q resistor between
the MDIP/N[2] pins.

Copyright © 2018 Marvell
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Table 2: Media Dependent Interface (Continued)

88E2010Pin 88E2040L
# Pin #

N4 AB5
P4 AAS5

-- AB10
-- AA10

- AB9
- AA9

-- AB8
-- AA8

-- AB7

- AB12
- AA12

-- AB13
-- AA13

- AB14
- AA14

- AB15
- AA15

-- AB20
-- AA20

- AB19
- AA19

- AB18
- AA18

-- AB17
-- AA17

P7 Y4
N7 Y3

- Y8
- Y9

- Y14
- Y13

-- Y18
-- Y19

Copyright © 2018 Marvell
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Pin Name

PO_MDIP[3]
PO_MDIN[3]

P1_MDIP[0]
P1_MDIN[O]
P1_MDIP[1]
P1_MDIN[1]
P1_MDIP[2]
P1_MDIN[2]
P1_MDIP[3]
P1_MDIN[3]
P2_MDIP[0]
P2_MDIN[O]
P2_MDIP[1]
P2_MDIN[1]
P2_MDIP[2]
P2_MDIN[2]
P2_MDIP[3]
P2_MDIN[3]
P3_MDIP[0]
P3_MDIN[O]
P3_MDIP[1]
P3_MDIN[1]
P3_MDIP[2]
P3_MDIN[2]
P3_MDIP[3]
P3_MDIN[3]
PO_CMP

PO_CMN

P1_CMP
P1_CMN

P2_CMP
P2_CMN

P3_CMP
P3_CMN

Pin
Type

110

110

/0

110

/10

/0

110

/0

/0

110

/0

/0

110

Signal Description
Pin Description

Description

Media Dependent Interface[3], Port 0.

In 2.5G/5GBASE-T and 1000BASE-T modes in MDIX
configuration, MDIP/N[3] correspond to Bl_DC+.

In MDI configuration, MDIP/N[3] correspond to
Bl_DD+.

In 100BASE-TX and 10BASE-T modes these pins are
floating.

MDIP/N[3] should be tied to ground if not used.

The device contains an internal 100Q resistor between
the MDIP/N[3] pins.

Media Dependent Interface[0], Port 1.
Media Dependent Interface[1], Port 1.
Media Dependent Interface[2], Port 1.
Media Dependent Interface[3], Port 1.
Media Dependent Interface[0], Port 2.
Media Dependent Interface[1], Port 2.
Media Dependent Interface[2], Port 2.
Media Dependent Interface[3], Port 2.
Media Dependent Interface[0], Port 3.
Media Dependent Interface[1], Port 3.
Media Dependent Interface[2], Port 3.
Media Dependent Interface[3], Port 3.
Media Dependent Interface, optional common mode

sense, Port 0

Media Dependent Interface, optional common mode
sense, Port 1

Media Dependent Interface, optional common mode
sense, Port 2

Media Dependent Interface, optional common mode
sense, Port 3
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Table 3: SERDES Interface

88E2010 88E2040L Pin Name Pin Description

Pin # Pin # Type

Cc10 C1 PO_SIP[0] | Host Interface Input Lane 0, Port 0

D10 D1 PO_SIN[O] 5GBASE-R, 2500BASE-X, SGMII

Cc8 C3 PO_SIP[1] Host Interface Input Lane 1 Port 0

D8 D3 PO_SIN[1]

C6 - SIP[2] Host Interface Input Lane 2 and 3.

D6 - SIN[2]

C4 -- SIP[3]

D4 - SIN[3]

-- C9 P1_SIP[0] Host Interface Input Lane 0, Port 1

-- D9 P1_SIN[0] 5GBASE-R, 2500BASE-X, SGMII

- Cc7 P1_SIP[1] Host Interface Input Lane 1, Port 1

- D7 P1_SIN[1]

-- C14 P2_SIP[0] Host Interface Input Lane 0, Port 2

- D14 P2_SIN[O] 5GBASE-R, 2500BASE-X, SGMII,

- c16 P2_SIP[1] Host Interface Input Lane 1, Port 2

- D16 P2_SIN[1]

-- C22 P3_SIP[0] Host Interface Input Lane 0, Port 3

-- D22 P3_SIN[0] 5GBASE-R, 2500BASE-X, SGMII

-- C20 P3_SIP[1] Host Interface Input Lane 1, Port 3

-- D20 P3_SIN[1]

A9 A2 PO_SOPI[0] (0] Host Interface Output Lane 0, Port 0

B9 B2 PO_SON[0] 5GBASE-R, 2500BASE-X, SGMII

A7 A4 PO_SOP[1] (0] Host Interface Output Lane 1 Port 0

B7 B4 PO_SON[1]

A5 -- SOP[2] (0] Host Interface Output Lane 2 and 3.

B5 -- SON[2]

A3 - SOPI[3]

B3 - SONJ[3]

-- A8 P1_SOPI[0] (0] Host Interface Output Lane 0, Port 1

- B8 P1_SON[0] 5GBASE-R, 2500BASE-X, SGMII

-- A6 P1_SOP[1] (6] Host Interface Output Lane 1, Port 1

-- B6 P1_SON[1]

-- A15 P2_SOPI[0] (0] Host Interface Output Lane 0, Port 2

- B15 P2_SON[0] 5GBASE-R, 2500BASE-X, SGMII, lane 0

-- A17 P2_SOP[1] (6] Host Interface Output Lane 1, Port 2

-- B17 P2_SON[1] These signals can be configured as lane 1 host

interface.

-- A21 P3_SOPI[0] (0] Host Interface Output Lane 0, Port 3

-- B21 P3_SON[O] 5GBASE-R, 2500BASE-X, SGMII, lane 0
Doc. No. MV-S111597-U0 Rev. B Copyright © 2018 Marvell
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Signal Description
Pin Description

Table 3: SERDES Interface (Continued)

88E2010 88E2040L Pin Name Pin Description
Pin # Pin # Type
-- A19 P3_SOP[1] (0] Host Interface Output Lane 1, Port 3
- B19 P3_SON[1] These signals can be configured as lane 1 host
interface.
Copyright © 2018 Marvell Doc. No. MV-S111597-U0 Rev. B
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Table 4: Clock/Reset/Reference

88E2010 Pin
#

N12

B12

K1

J1
M1

L1

H12
G11
D12

88E2040L
Pin #

Y22

E21

P1

N1
T1

R1

K22
J22
G22

Doc. No. MV-S111597-U0 Rev. B
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Pin Name

CIREF

SIREF

CLKP

CLKN
XTALA1

XTAL2

RCLKO
RCLK1
RESETn

Pin
Type

Description

Analog Reference, Copper. This pin should be
connected via a 4.99 kQ 1% resistor to VSS.

Analog Reference, SERDES. This pin should be
connected via a 4.99 kQ 1% resistor to VSS

156.25 MHz or 50 MHz Differential Reference Clock
Input. £50 ppm tolerance.

50 MHz crystal input
NOTE: 50 MHz crystal operation is only supported for
commercial-grade devices.

50 MHz crystal output
NOTE: 50 MHz crystal operation is only supported for
commercial-grade devices.

Recovered Clock Output 0 to 25 MHz
Recovered Clock Output 1 to 25 MHz

Reset
0 = Reset
1 = Normal

Copyright © 2018 Marvell
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Table 5: Management Interface

88E2010
Pin #

B1

C2

Copyright © 2018 Marvell
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88E2040L
Pin #

B11
AN
A12
B12

c1
A10
A13
C12

D11

Pin Name

MDCIO0]
MDC[1]
MDC[2]
MDC[3]

MDIO[0]
MDIO[1]
MDIO[2]
MDIO[3]

INTn

Pin
Type

I/0

oD

Signal Description
Pin Description

Description

Management Clock pin.

MDC is the management data clock reference for the
serial management interface. A continuous clock
stream is not expected. The maximum continuous
frequency supported is 12.5 MHz. A 30 MHz
non-continuous mode is also supported.

88E2040L:

If the device is configured to shared MDC/MDIO
mode, then MDC[2])/MDIO[2] is used to access all four
ports.

If the device is configured to dual MDC/MDIO mode,
then MDC[1])/MDIOI[1] is used to access Ports 0 and 1
while MDC[2])/MDIOI2] is used to access Ports 2 and
3.

If MDCIx] is unused, then it should be tied low.

Management Data pin.

MDIO is the management data. MDIO transfers
management data in and out of the device
synchronously to MDC.

This pin requires a pull-up resistor in a range from
1.5 kQ to 10 kQ.

If MDIQO[x] is unused, then it should be left floating.

Interrupt pin. (Polarity programmable)

Doc. No. MV-S111597-U0 Rev. B
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Table 6: SPI Interface

88E2010 88E2040L
Pin # Pin #

D11 G21

F12 K20

E11 G20

E12 J20

Doc. No. MV-S111597-U0 Rev. B
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Pin Name Pin
Type
SPI_SSn o
SPI_CLK (o]
SPI_MOSI O
SPI_MISO I

Description

SPI device enable
SPI clock
SPI serial out

SPI serial in

Document Classification: Public
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Table 7: LED

88E2010
Pin #

E1
F1
G1
F2

Copyright © 2018 Marvell
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88E2040L
Pin #

K1
K2
K3
K4

J1

J3
H3
J4

G1
G2
H2
G4

F1
F2
F3
F4

L22
L20
H22

M22
M20
H20

N22
M21
J21

P22
N21
K21

Pin Name Pin Description

PO_LEDIO]
PO_LED[1]
PO_LED[2]
PO_LEDI[3]

P1_LED[0]
P1_LED[1]
P1_LED[2]
P1_LED[3]

P2_LED[0]
P2_LED[1]
P2_LED[2]
P2_LED[3]

P3_LED[0]
P3_LEDI[1]
P3_LED[2]
P3_LED[3]

Reserved
Reserved
Reserved

Reserved
Reserved
Reserved

Reserved
Reserved
Reserved

Reserved
Reserved
Reserved

Reserved
Reserved
Reserved

Type
1/0 LED Outputs, Port 0

/10 LED Outputs, Port 1

I/0 LED Outputs, Port 2

1/0 LED Outputs, Port 3

- Reserved

- Reserved

- Reserved

— Reserved

- Reserved

Document Classification: Public

Signal Description
Pin Description
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Table 8: Configuration

88E2010 88E2040L
Pin # Pin #
K2 M3
L2 M4
H1 L1

D1 L2
D2 M2
E2 L4
G2 H1
H2 H4
D3 J5
H3 G5
K3 L5
F3 E12
E10 H19
Ho L19

Table 9: JTAG Interface

88E2010 88E2040L
Pin # Pin #

K11 T21

J12 u21

JN" V21

K12 R21

L12 R22

Doc. No. MV-S111597-U0 Rev. B
Page 30

Pin Name Pin

Type

CLK_SEL[0] I, PD
CLK_SEL[1]

CONFIG[0]
CONFIG[1]
CONFIG[2]
CONFIG[3]
CONFIG[4]
CONFIG[5]
CONFIG[6]
CONFIG[7]

VSEL_L
VSEL_M

VSEL_R

VSEL T

Pin Name Pin

TDI
TDO
T™MS
TCK
TRSTn

Description

Reference clock selection

00 = 50 MHz XTAL1/2

01 =50 MHz CLKP/N

10 = 156.25 MHz CLKP/N

11 = Reserved

NOTE: 50 MHz crystal operation is only supported for
commercial-grade devices.

Hardware Configuration

VDDOL Voltage Level Select
VSS =2.5V/3.3V, VDDOL = 1.5V/1.8V

VDDOM Voltage Level Select
VSS =2.5V/3.3V, VDDOM = 1.2V/1.5V/1.8V

VDDOR Voltage Level Select
VSS =2.5V/3.3V, VDDOR = 1.5V/1.8V

VDDOT Voltage Level Select
VSS =2.5V/3.3V, VDDOT = 1.5V/1.8V

Description

JTAG Data Input
JTAG Data Output
JTAG Mode Select
JTAG Clock

JTAG Reset. TRSTn pin requires a 4.7 kQ pull-down
externally for normal operation.
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Table 10: Test Pins

88E2010 88E2040L
Pin # Pin #

M3 W2
L3 V2
- w3
- V3
- w4
~ V4
- W5
- V5

-- W10
-- V10
-- w9
-- V9
-- W8
-- V8
-- w7
-- V7

-- W12
-- V12
-- W13
- V13
-- w14
-- V14
-- W15
- V15

-- W20
-- V20
-- W19
-- V19
-- W18
-- V18
-- w17
-- V17

P11 AB21
N11 AA21

A1 F19
B11 F20

M12 W22
C12 F22

L11 u22
M11 T22

Copyright © 2018 Marvell
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Pin Name Pin

PO_ATPI[O]
PO_ATN[O]
PO_ATP[1]
PO_ATNI[1]
PO_ATP[2]
PO_ATN[2]
PO_ATP[3]
PO_ATNI[3]

P1_ATPI[O]
P1_ATNI[O]
P1_ATP[1]
P1_ATN[1]
P1_ATP[2]
P1_ATN[2]
P1_ATP[3]
P1_ATN[3]

P2_ATP[O]
P2_ATNI[O]
P2_ATP[1]
P2_ATN[1]
P2_ATP[2]
P2_ATN[2]
P2_ATP[3]
P2_ATNI[3]

P3_ATPI[O]
P3_ATN[O]
P3_ATP[1]
P3_ATN[1]
P3_ATP[2]
P3_ATNI[2]
P3_ATP[3]
P3_ATN[3]

CHSDACP
CHSDACN

SHSDACP
SHSDACN

CTSTPT
STSTPT

Type

TEST_CLKP |
TEST_CLKN

Description

Analog Test Port 0

Analog Test Port 1

Analog Test Port 2

Analog Test Port 3

Copper AC Test

SERDES AC Test

Copper DC Test
SERDES DC Test

Test clock input

Document Classification: Public

Signal Description
Pin Description
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Table 10: Test Pins (Continued)

88E2010 88E2040L Pin Name Pin Description

Pin # Pin # Type

P2 W1 TSTCP (0] Test clock output

N2 V1 TSTCN When using the 50 MHz XTAL option, the

(CLK_SEL[1:0] = 00), TSTCP/N output pins

must be AC coupled with a 0.1 uF capacitor
and connected to CLK_P/N input pins on the
board (88E2040L devices only).

B2 D12 TEST I, PD Test Enable. This pin should be left floating if not
used.
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Table 11: Power and Ground

88E2010
Pin #

F9

Copyright © 2018 Marvell
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88E2040L
Pin #

F5

F11
F12
F18

N2
N3
N4
N5

N7
N8
N9
N10

N12
N13
N14
N15

N17
N18
N19
N20

T2
T3
T4
T5

T7
T8
T9
T10

T12
T13
T14
T15

T17
T18
T19
T20

Signal Description
Pin Description

Pin Name Pin Description
Type
PO_VHV Power High Voltage Fuse Programming
P1_VHV
P2_VHV These pins must be left floating.
P3_VHV
PO_AVDDH Power 1.8V or 2.0V analog power
P1_AVDDH Power
P2_AVDDH Power
P3_AVDDH Power
PO_AVDDT Power 2.5V or 2.3V analog power and center-tap power.
P1_AvDDT Power
P2_AVDDT Power
P3_AVDDT Power
Doc. No. MV-S111597-U0 Rev. B
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Table 12: Power and Ground (Continued)

88E2010 88E2040L
Pin # Pin #

E9 F21
M2 W21
M10 Y1

- Y21

K4 R2
K6 R3
K8 R4
- RS

-- R7
-- R8
-- R9
-- R10

-- R12
-- R13
-- R14
-- R15

-- R17
-- R18
-- R19
-- R20

D9 D2
E3 D4

- D6
- D8

-- D15
-- D17

-- D19
-- D21

E4 E4
E8 E6
- E15
- E17

E6 E2
- E8
- E13
- E19

Doc. No. MV-S111597-U0 Rev. B
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Pin Name Pin Description

Type
AVDDC Power 1.5V analog power
PO_AvVDDL Power 1.5V analog power
P1_AvDDL Power
P2_AvDDL Power
P3_AvVDDL Power
PO_AVDDS Power 1.5V analog power
P1_AvDDS Power
P2_AvDDS Power
P3_AvVDDS Power
PO_AVDDR Power 1.5V analog power
P1_AVDDR
P2_AVDDR
P3_AVDDR
PO_VDDRO09 Power 0.9V internally regulated power. This pin must be tied
P1_VDDRO09 to a capacitor. Do not connect this pin to external
P2_VDDRO09 power.
P3_VDDRO09
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Table 12: Power and Ground (Continued)

88E2010
Pin #

F5
F7
G5
G7
H5
H7
J5

J7

J3

G3
G9

Jo

Copyright © 2018 Marvell
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88E2040L
Pin #

F7
Fo
F13
F15
F17
G7
G9
G11
G13
G15
G17
H7
H9
H11
H13
H15
H17
J7
Jo
JN
J13
J15
J17
K7
K9
K11
K13
K15
K17
L7
L9
L11
L13
L15
L17

H5
K5

EN

G19
J19

K19

Pin Name Pin
Type
DVDD Power
VDDOL Power
VDDOM Power
VDDOR Power
VDDOT Power

Signal Description
Pin Description

Description

Digital power
0.8V for C-grade
0.88V for I-grade

I/0 power - LED, CONFIG, CLK_SEL

I/O power - MDC, MDIO, INTn, TEST
I/O power - RESETn, SPI, RCLKO, RCLK1

I/O power - JTAG
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Table 12: Power and Ground (Continued)

88E2010
Pin #

A2
A4
A6
A8
A10
A12
B4
B6
B8
B10
C3
C5
C7
Cco
Cc11
D5
D7
E5
E7
K5
K7
K9
L4
L6
L8
L10
M5
M7
M9
N3
N10
P1
P3
P6
P10
P12

Doc. No. MV-S111597-U0 Rev. B
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88E2040L
Pin #

A1
A3
A5
A7
A9
A14
A16
A18
A20
A22
B1
B3
B5
B7
B9
B14
B16
B18
B20
B22
C2
Cc4
C5
C6
Cc8
C10
C13
C15
c17
Cc18
C19
C21
D5
D10
D13
D18
E1
E3
E5
E7
E9
E10
E14
E16
E18
E20
E22
M1
M5
M6
M7
M8

Pin Name Pin Description
Type
AVSS Power Analog Ground

Document Classification: Public

Copyright © 2018 Marvell
September 10, 2018



Signal Description
Pin Description

Table 12: Power and Ground (Continued)

88E2010 88E2040L Pin Name Pin Description
Pin # Pin # Type

- M9 AVSS (cont.) Power Analog Ground
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
N6
N11
N16
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
R6
R11
R16
T6
T
T16
u2
u3
u4
us
ueé
u7
us
U9
u1o
u11
u12
u13
u14
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Table 12: Power and Ground (Continued)

88E2010 88E2040L Pin Name Pin Description
Pin # Pin # Type

- u15 AVSS (cont.) Power Analog Ground
u16
u17
u18
u19
u20
V6
V11
V16
V22
W6
W11
W16
Y2
Y5
Y6
Y7
Y10
Y11
Y12
Y15
Y16
Y17
Y20
AA1
AAG
AA11
AA16
AA22
AB1
AB6
AB11
AB16
AB22
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Signal Description
Pin Description

Table 12: Power and Ground (Continued)

88E2010 88E2040L Pin Name Pin Description
Pin # Pin # Type

N1 U1 AVSSC Power Analog Ground
This must be isolated from AVSS.

A1 B10 VSS Power Ground
F4 B13
F6 F6
F8 F8
F11 F10
G4 F14
G6 F16
G8 G3
H4 G6
H6 G8
H8 G10
J4 G12
J6 G14
J8 G16
J10 G18
H6
H8
H10
H12
H14
H16
H18
H21
J2
J6
J8
J10
J12
J14
J16
J18
K6
K8
K10
K12
K14
K16
K18
L3
L6
L8
L10
L12
L14
L16
L18
L21
P21
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2.3 Pin Assignment Lists

2.31 88E2010 Device Pin Assignment List

Table 13: 88E2010 Pin List — Alphabetical by Signal Name
Pin Number Pin Name Pin Number Pin Name
L3 ATN B4 AVSS
M3 ATP B6 AVSS
K4 AVDDL B8 AVSS
K6 AVDDL B10 AVSS
K8 AVDDL c3 AVSS
L5 AVDDH C5 AVSS
L7 AVDDH c7 AVSS
L9 AVDDH c9 AVSS
M4 AVDDT c1 AVSS
M6 AVDDT D5 AVSS
M8 AVDDT b7 AVSS
NG AVDDT ES AVSS
E9 AVDDC E7 AVSS
M2 AVDDC KS AVSS
M10 AVDDC K7 AVSS
E4 AVDDR K9 AVSS
E8 AVDDR L4 AVSS
D9 AVDDS L6 AVSS
E3 AVDDS L8 AVSS
A2 AVSS L10 AVSS
Ad AVSS M5 AVSS
A6 AVSS M7 AVSS
A8 AVSS M9 AVSS
A10 AVSS N3 AVSS
A12 AVSS N10 AVSS
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Signal Description
Pin Assignment Lists

Pin Number Pin Name Pin Number Pin Name

P1 AVSS H5 DVDD

P3 AVSS H7 DVDD

P6 AVSS J5 DVDD

P10 AVSS J7 DVDD

P12 AVSS F10 -

N1 AVSSC G10 -

N11 CHSDACN H10 -

P11 CHSDACP K10 -

N12 CIREF H11 -

K2 CLK_SEL[0] G12 -

L2 CLK_SEL[1] c2 INTn

J1 CLKN E1 LEDI0]

K1 CLKP F1 LED[1]

N7 CMN G1 LED[2]

P7 CMP F2 LED[3]

H1 CONFIG[0] B1 MDC

D1 CONFIG[1] N9 MDIN[O]

D2 CONFIG[2] P8 MDIN[1]

E2 CONFIG[3] N5 MDIN[2]

G2 CONFIG[4] P4 MDIN[3]

H2 CONFIG[5] C1 MDIO

D3 CONFIG[6] P9 MDIP[0]

H3 CONFIG[7] N8 MDIP[1]

M12 CTSTPT P5 MDIP[2]

F5 DVDD N4 MDIP[3]

F7 DVDD H12 RCLKO

G5 DVDD G11 RCLK1

G7 DVDD D12 RESETn
Copyright © 2018 Marvell Doc. No. MV-S111597-U0 Rev. B
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Pin Number
B11
A11
D10
D8
D6
D4
Cc10
c8
(03]
c4
B12
B9
B7
B5
B3
A9
A7
A5
A3
F12
E12
E1N
D11
c12
K12
K11
J12

B2

Pin Name
SHSDACN
SHSDACP
SIN[0]
SIN[1]
SIN[2]
SIN[3]
SIP[0]
SIP[1]
SIP[2]
SIP[3]
SIREF
SONI[O0]
SON[1]
SON[2]
SON[3]
SOP[0]
SOP[1]
SOP[2]
SOP[3]
SPI_CLK
SPI_MISO
SPI_MOSI
SPI_SSn
STSTPT
TCK

TDI

TDO

TEST

Pin Number
M11
L11
J11
L12
N2
P2
J2
J3
G3
G9
J9
E6
F9
K3
F3
E10
H9
A1
F4
F6
F8
F11
G4
G6
G8
H4
H6

H8

Document Classification: Public

Pin Name
TEST_CLKN
TEST_CLKP
™S
TRSTn
TSTCN
TSTCP
VDDCTRL
VDDOL
VDDOM
VDDOR
VDDOT
VDDRO09
VHV
VSEL_L
VSEL_M
VSEL_R
VSEL_T
VSS

VSS

VSS

VSS

VSS

VSS

VSS

VSS

VSS

VSS

VSS
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Pin Number Pin Name

J4 VSS
J6 VSS
J8 VSS
J10 VSS
M1 XTAL1
L1 XTAL2
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2.3.2 88E2040L Device Pin Assignment List

Table 14: 88E2040L Pin List — Alphabetical by Signal Name
Pin Number Pin Name Pin Number Pin Name
F21 AVDDC C5 AVSS
W21 AVDDC cé AVSS
Y1 AVDDC c8 AVSS
Y21 AVDDC c10 AVSS
Al AVSS c13 AVSS
A3 AVSS C15 AVSS
A5 AVSS c17 AVSS
A7 AVSS c18 AVSS
A9 AVSS c19 AVSS
A4 AVSS c21 AVSS
A16 AVSS D5 AVSS
A18 AVSS D10 AVSS
A20 AVSS D13 AVSS
A22 AVSS D18 AVSS
B1 AVSS E1 AVSS
B3 AVSS E3 AVSS
B5 AVSS E5 AVSS
B7 AVSS E7 AVSS
B9 AVSS E9 AVSS
B14 AVSS E10 AVSS
B16 AVSS E14 AVSS
B18 AVSS E16 AVSS
B20 AVSS E18 AVSS
B22 AVSS E20 AVSS
c2 AVSS E22 AVSS
ca AVSS M1 AVSS
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Pin Number
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
N6
N1
N16
P2
P3
P4
P5
P6
P7
P8
P9
P10

P11

Copyright © 2018 Marvell
September 10, 2018

Pin Name
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS

AVSS

Pin Number
P12
P13
P14
P15
P16
P17
P18
P19
P20
R6
R11
R16
T6
T11
T16
u2
u3
U4
us
U6
u7
us
U9
u10
un
u12
u13

u14

Document Classification: Public

Signal Description
Pin Assignment Lists

Pin Name

AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS

AVSS
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Pin Number
u15
u16
u17
u18
u19
u20
V6
V11
V16
V22
W6
W11
W16
Y2
Y5
Y6
Y7
Y10
Y11
Y12
Y15
Y16
Y17

Y20
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Pin Name
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS
AVSS

AVSS

Pin Number
AA22
AB1
ABG6
AB11
AB16
AB22
U1
AA21
AB21
Y22
M3
M4
N1
P1
L1
L2
M2
L4
H1
H4
J5
G5
W22
F7
F9
F13
F15

F17
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Pin Name
AVSS
AVSS
AVSS

AVSS
AVSS
AVSS
AVSSC
CHSDACN
CHSDACP
CIREF
CLK_SELJ0]
CLK_SEL[1]
CLKN
CLKP
CONFIG[0]
CONFIG[1]
CONFIG[2]
CONFIG[3]
CONFIG[4]
CONFIG[5]
CONFIG[6]
CONFIG[7]
CTSTPT
DVDD
DVDD
DVDD
DVDD

DVDD
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Pin Assignment Lists

Pin Number Pin Name Pin Number Pin Name
G7 DVDD L15 DVDD
G9 DVDD L17 DVDD
G11 DVDD D11 INTn
G13 DVDD B11 MDCI0]
G15 DVDD A11 MDCI1]
G17 DVDD A12 MDCJ[2]
H7 DVDD B12 MDC[3]
H9 DVDD C11 MDIOI0]
H11 DVDD A10 MDIO[1]
H13 DVDD A13 MDIO[2]
H15 DVDD C12 MDIOJ[3]
H17 DVDD V2 PO_ATNI0]
J7 DVDD V3 PO_ATN[1]
J9 DVDD \Z) PO_ATN[2]
J11 DVDD V5 PO_ATN[3]
J13 DVDD w2 PO_ATPI0]
J15 DVDD w3 PO_ATP[1]
J17 DVDD W4 PO_ATP[2]
K7 DVDD W5 PO_ATP[3]
K9 DVDD R2 PO_AvVDDL
K11 DVDD R3 PO_AVDDL
K13 DVDD R4 PO_AVDDL
K15 DVDD R5 PO_AvVDDL
K17 DVDD N2 PO_AVDDH
L7 DVDD N3 PO_AVDDH
L9 DVDD N4 PO_AVDDH
L11 DVDD N5 PO_AVDDH
L13 DVDD T2 PO_AVDDT
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Pin Number Pin Name Pin Number Pin Name
T3 PO_AVDDT B4 PO_SONI1]
T4 PO_AVDDT A2 P0_SOP[0]
T5 PO_AVDDT A4 PO_SOP[1]
E4 PO_AVDDR E2 PO_VDDRO09
D2 PO_AVDDS F5 PO_VHV
D4 P0_AVDDS V10 P1_ATN[O]
Y3 PO_CMN V9 P1_ATN[1]
Y4 PO_CMP V8 P1_ATN[2]
L22 P0O_GPIOI0] V7 P1_ATN[3]
L20 PO_GPIO[1] W10 P1_ATP[0]
H22 P0_GPIO[2] w9 P1_ATP[1]
K1 PO_LEDI0] w8 P1_ATP[2]
K2 PO_LED[1] w7 P1_ATP[3]
K3 PO_LED[2] R7 P1_AvVDDL
K4 PO_LED[3] R8 P1_AVDDL
AA2 PO_MDIN[O0] R9 P1_AVDDL
AA3 PO_MDIN[1] R10 P1_AVDDL
AA4 PO_MDIN[2] N7 P1_AVDDH
AA5 PO_MDIN[3] N8 P1_AVDDH
AB2 PO_MDIP[0] N9 P1_AVDDH
AB3 PO_MDIP[1] N10 P1_AVDDH
AB4 PO_MDIP[2] T7 P1_AvVDDT
AB5 PO_MDIP[3] T8 P1_AVDDT
D1 PO_SIN[O] T9 P1_AVDDT
D3 PO_SIN[1] T10 P1_AvVDDT
C1 PO_SIP[0] E6 P1_AVDDR
c3 PO_SIP[1] D6 P1_AVDDS
B2 PO_SON[0] D8 P1_AVDDS
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Pin Number Pin Name Pin Number Pin Name
Y9 P1_CMN V13 P2_ATN[1]
Y8 P1_CMP V14 P2_ATN[2]
M22 P1_GPIO[0] V15 P2_ATNI[3]
M20 P1_GPIO[1] W12 P2_ATPI[O]
H20 P1_GPIO[2] W13 P2_ATP[1]
J1 P1_LEDI0] W14 P2_ATP[2]
J3 P1_LED[1] W15 P2 _ATP[3]
H3 P1_LED[2] R12 P2_AVDDL
J4 P1_LED[3] R13 P2_AvVDDL
AA10 P1_MDIN[O] R14 P2_AVDDL
AA9 P1_MDIN[1] R15 P2_AVDDL
AA8 P1_MDIN[2] N12 P2_AVDDH
AA7 P1_MDIN[3] N13 P2_AVDDH
AB10 P1_MDIPI[0] N14 P2_AVDDH
AB9 P1_MDIP[1] N15 P2_AVDDH
ABS P1_MDIP[2] T12 P2_AVDDT
AB7 P1_MDIPI[3] T13 P2_AvVvDDT
D9 P1_SIN[O] T14 P2_AvDDT
D7 P1_SIN[1] T15 P2_AVDDT
c9 P1_SIP[0] E15 P2_AVDDR
c7 P1_SIP[1] D15 P2_AvVDDS
B8 P1_SONI0] D17 P2_AvVDDS
B6 P1_SONI[1] Y13 P2_CMN
A8 P1_SOPI[0] Y14 P2_CMP
A6 P1_SOP[1] N22 P2_GPIOI[0]
ES8 P1_VDDRO09 M21 P2_GPIO[1]
F11 P1_VHV J21 P2_GPIO[2]
V12 P2_ATN[O] G1 P2_LED[0]
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Pin Number Pin Name Pin Number Pin Name
G2 P2_LED[1] W17 P3_ATP[3]
H2 P2_LED[2] R17 P3_AVDDL
G4 P2_LED[3] R18 P3_AVDDL
AA12 P2_MDIN[0] R19 P3_AVDDL
AA13 P2_MDIN[1] R20 P3_AvVDDL
AA14 P2_MDIN[2] N17 P3_AVDDH
AA15 P2_MDIN[3] N18 P3_AVDDH
AB12 P2_MDIP[0] N19 P3_AVDDH
AB13 P2_MDIP[1] N20 P3_AVDDH
AB14 P2_MDIP[2] T17 P3_AVDDT
AB15 P2_MDIP[3] T18 P3_AVDDT
D14 P2_SIN[0] T19 P3_AVDDT
D16 P2_SIN[1] T20 P3_AvVDDT
C14 P2_SIP[0] E17 P3_AVDDR
C16 P2 _SIP[1] D19 P3_AVDDS
B15 P2_SON[0] D21 P3_AVDDS
B17 P2_SON[1] Y19 P3_CMN
A15 P2_SOP[0] Y18 P3_CMP
A17 P2_SOP[1] P22 P3_GPIO[0]
E13 P2_VDDRO09 N21 P3_GPIO[1]
F12 P2_VHV K21 P3_GPIO[2]
V20 P3_ATN[0] F1 P3_LEDI0]
V19 P3_ATN[1] F2 P3_LED[1]
V18 P3_ATN[2] F3 P3_LED[2]
V17 P3_ATN[3] F4 P3_LED[3]
W20 P3_ATP[O] AA20 P3_MDIN[0]
w19 P3_ATP[1] AA19 P3_MDIN[1]
w18 P3_ATP[2] AA18 P3_MDIN[2]
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Pin Number Pin Name Pin Number Pin Name

AA17 P3_MDIN[3] U21 TDO

AB20 P3_MDIP[0] D12 TEST

AB19 P3_MDIP[1] T22 TEST_CLKN

AB18 P3_MDIP[2] u22 TEST_CLKP

AB17 P3_MDIPI[3] V21 ™S

D22 P3_SIN[0] R22 TRSTn

D20 P3_SIN[1] V1 TSTCN

c22 P3_SIP[0] W1 TSTCP

C20 P3_SIP[1] H5 VDDOL

B21 P3_SONJ0] K5 VDDOL

B19 P3_SON[1] E11 VDDOM

A21 P3_SOPI0] G19 VDDOR

A19 P3_SOP[1] J19 VDDOR

E19 P3_VDDRO09 K19 VDDOT

F18 P3_VHV LS VSEL L

K22 RCLKO E12 VSEL_M

J22 RCLK1 H19 VSEL_R

G22 RESETn L19 VSEL_T

F20 SHSDACN B10 VSS

F19 SHSDACP B13 VSS

E21 SIREF F6 VSS

K20 SPI_CLK F8 VSS

J20 SPI_MISO F10 VSS

G20 SPI_MOSI F14 VSS

G21 SPI_SSn F16 VSS

F22 STSTPT G3 VSS

R21 TCK G6 VSS

T21 TDI G8 VSS
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Pin Number Pin Name Pin Number Pin Name
G10 VSS L3 VSS
G12 VSS L6 VSS
G14 VSS L8 VSS
G16 VSS L10 VSS
G18 VSS L12 VSS
H6 VSS L14 VSS
H8 VSS L16 VSS
H10 VSS L18 VSS
H12 VSS L21 VSS
H14 VSS P21 VSS
H16 VSS T XTAL1
H18 VSS R1 XTAL2
H21 VSS
J2 VSS
Jé VSS
J8 VSS
J10 VSS
J12 VSS
J14 VSS
J16 VSS
J18 VSS
K6 VSS
K8 VSS
K10 VSS
K12 VSS
K14 VSS
K16 VSS
K18 VSS
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3.1

Functional Description
Data Path

Functional Description

This section describes the chip-level functionality.

Data Path

The data path of the device flows through the copper interface (T Unit), and the host interface (H
Unit). These interfaces are discussed in detail in Section 4, and Section 5, respectively.
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Figure 5: Device Data Path (88E2040L)
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Data Path

Figure 6: Device Data Path (88E2010)
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3.2

3.21

3.3

Buffering

Packets may flow through some buffering as shown in Figure 5 in Section 3.1. Buffering will occur
for a variety of all the reasons described in this section.

EEE Buffering

EEE PHY functionality to operate correctly, an EEE-compliant MAC is required to control the PHY as
when to enter and exit the low power idle (LPI) state and buffer packets to allow the PHY adequate
time to exit the low power idle state. The PHY should beset to transparent (slave) EEE mode when
operating with an EEE-compliant MAC (register 1.C033.0 = 0).

The device is able to support non-EEE compliant MACs by enabling the internal EEE buffering by
setting register 1.C033.0 to 1. EEE buffering is automatically disabled when the device or its link
partner is not capable of EEE operation.

When the EEE buffer is empty for the amount of time specified by registers 1.C033.15:8,
31.F004.7:0, 31.F004.15:8 for 10 Gbps, 1000 Mbps, and 100 Mbps speeds, respectively (in units of
1 microsecond), the buffer will indicate to the PHY that it wishes to enter the LPI state.

When the EEE buffer is not empty it will indicate to the PHY that it must exit the LPI state. The EEE
buffer ensures that no packets are lost by the PHY during the transition from LPI state to normal
mode of operation. When the media interface exits the LPI state, the data in the buffer is then
released and transmitted to the line. The amount of time the packet is held in the buffer prior to
release can be programmed via registers 31.F005.15:8, 31.F006.7:0, and 31.F006.15:8 for

10 Gbps, 1000 Mbps, and 100 Mbps speeds, respectively. The unit is in microseconds. The
minimum IPG between packets as set in 31.F005.7:0 will be used to separate packets until the EEE
buffer is fully drained.

Link Interrupt

When the MACs are not bypassed, all local and remote faults received on the line or host will be
terminated by the MAC. For example, if a local fault is received on the line, then the MAC terminates
the local fault and never passes it upstream to the host. The MAC will transmit a remote fault back to
the line.
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3.4

Loopback

Functional Description
Loopback

The T, X, and H Units has the ability to perform MAC loopback and line loopback as shown in
Figure 7. Each unit can only be in MAC loopback or line loopback at any given time. If MAC
loopback is engaged, then loopback speed depends upon the media link speed. If the media link is
down, then the MAC interface speed is dependent upon the setting in 31.F000.7:6, Default MAC
Interface Speed. A deep line loopback must not be enabled at the same time as a MAC loopback or
a closed internal bus loop will be created.

Table 15: Loopback Control
Loopback Register
Point
A 3.0000.14
B 3.1000.14

3.2000.14
C 4.0000.14

4.1000.14

4.2000.14
D 3.8002.5
E 1.C000.11
F 3.F003.12
G 4.F003.12
- 31.F000.7:6
- 31.F0A8.1:0

Copyright © 2018 Marvell
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Function

T Unit Deep MAC Loopback

X Unit Deep MAC Loopback

H Unit Deep Line Loopback

T Unit Shallow Line Loopback
for 1000/100/10 mode

T Unit Shallow Line Loopback

for 5G/2.5G mode

X Unit Shallow Line Loopback

H Unit Shallow MAC Loopback

Default MAC Interface Speed

Device Max Speed Limit
Control

Document Classification: Public

Setting

1 = Loopback
0 = Normal operation

1 = Loopback
0 = Normal operation

1 = Loopback
0 = Normal operation

1 = Enable Line Loopback
0 = Normal operation

1 = Enable Line Loopback
0 = Normal operation

1 = Enable Line Loopback
0 = Normal operation

1 = Enable Line Loopback
0 = Normal operation

This is the MAC Interface
Speed during Link down.
00 = 10 Mbps

01 =100 Mbps

10 = 1000 Mbps

11 =10 Gbps

This controls the link down
max speed.

00 =10 Gbps

10 = 5 Gbps

11 =2.5 Gbps

Port soft reset should be
followed.
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3.41 MAC Loopback

MAC loopback is defined as taking data from the MAC interface and transmitting that data back
towards the MAC interface. For the loopback to occur, the unit must have control of the XGMII bus
that it is outputting on, that is, that unit must have control of the data path.

FPMD

PMA

!

Fiber {Line/Network)

Shallow Line Loopback

Deep MAC Loophack

If the link is down, then the loopback speed will be determined by register 31.F000.7:6 and
31.F0A8.1:0. Only host shallow MAC loopback is supported when the media link is down.
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Functional Description
Loopback

3.4.2 Line Loopback

Line loopback is defined to be looping the data that is received on the network interface and
transmitting that data back onto the network interface.

The speed of the loopback is determined by the active link speed.
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3.5

3.5.1

3.5.2

Configuration and Resets
The device can be configured in the following ways:
m  Hardware configuration strap options

m MDC/MDIO register access

All hardware configuration options can be overwritten via the other methods except PHYADR and
MDIO.

This section will discuss the hardware configuration.

Hardware and Software Resets

RESETNnN is the hardware reset pin for the entire chip. To ensure that the stopping of the hardware
configuration is correct, it is required that upon system power-up, a reset signal be applied to
RESETn or the RESETn pin be held low until all the power rails are settled down.

In addition to the hardware reset pin (RESETn), there are several software reset bits that reset
various parts of the chip.

m  Ahardware reset will reset the entire chip and initialize all the registers to their hardware reset
default.

m  Asoftware reset has a similar effect on the affected units as a hardware reset except all
Retain-type of will hold their value, and the Update-type registers will have the previously written
values take effect.

Register 31.F001.14 is a software bit that emulates the hardware reset. Setting the bit to 1 will reset
the entire chip (all ports) as if the RESETn pin is asserted. All ports have register 31.F001.14;
however, special care should be taken when selecting the specific port number to achieve entire
chip reset. The applicable register in Port 3 (88E2040L) and Port 0 (88E2010) should be
programmed. When triggered, registers are not accessible through the MDIO until the chip reset
completes.

Setting register 31.F001.15 to 1 software resets the entire port except for the T Unit. The T Unit will
briefly power down and Auto-Negotiation will restart.

Setting registers 31.F001.13, 1.0000.15, 3.0000.15, or 7.0000.15 to 1 software resets the T Unit
only.

Setting registers 4.0000.15, 4.1000.15, or 4.2000.15 to 1 software resets the H Unit only.

Hardware Configuration

After the deassertion of RESETn the device will be hardware configured through the CONFIG[7:0]
pins. Each pin is used to configure 3 bits. The 3-bit value is set depending on which LED pin or static
level is connected to the CONFIG pins at the deassertion of hardware reset.

The three configuration bits per pin mapping for the 88E2010 device is shown in Table 16.

The three bit mapping for the 88E2010 device during hardware configuration is shown in Table 17.

Table 16: 88E2010 Device Configuration Mapping
Pin Test Bit 2 Bit 1 Bit 2
CONFIGI0] PHYAD[4] PHYAD[3] PHYAD[2]
CONFIG[1] ANEG_MS PHYAD[1] PDSTATE
CONFIG[2] ANEG_SPD|2] ANEG_SPD[1] ANEG_SPD[0]
CONFIG[3] MACTYPE[2] MACTYPE[1] MACTYPE[0]
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Functional Description
Configuration and Resets

Table 16: 88E2010 Device Configuration Mapping (Continued)

Pin Test Bit 2 Bit 1 Bit 2
CONFIG[4] MEDIATYPE[2] MEDIATYPE[1] MEDIATYPE[0]
CONFIG[5] SPI_CONFIG RESERVED RESERVED
CONFIG[7] FACTORY_TEST RESERVED RESERVED

Table 17: 88E2010 Three Bit Mapping

Pin Bit 2
VSS 000
LEDIO] 001
LED[1] 010
LED[2] 011
LED[3] 100
Reserved 101
Reserved 110
VDDO 111

The three configuration bits per pin mapping for the 88E2040L device is shown in Table 18.
The three bit mapping for the 88E2040L device during hardware configuration is shown in Table 19.

Table 18: 88E2040L Device Configuration Mapping

Pin Bit 2 Bit 1 Bit 0
CONFIG[0] PHYAD[4] PHYAD[3] PHYAD[2]
CONFIG[1] ANEG_MS RESERVED PDSTATE
CONFIG[2] ANEG_SPD[2] ANEG_SPD[1] ANEG_SPDI0]
CONFIG[3] MACTYPE[2] MACTYPE[1] MACTYPEI0]
CONFIG[4] MEDIATYPE[2] MEDIATYPE[1] MEDIATYPE[0]
CONFIG[5] SPI_CONFIG RESERVED RESERVED
CONFIG[7] FACTORY_TEST MDIO[1] MDIO[0]

Table 19: 88E2040L Device Three Bit Mapping

Pin Bit 2:0
VSS 000
P3_LEDI[O] 001
P3_LED[1] 010
P2_LEDI[0] 011
P2_LED[1] 100
P1_LED[O] 101
P1_LED[1] 110
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Table 19: 88E2040L Device Three Bit Mapping (Continued)
Pin Bit 2:0
VDDO 111

The configuration bit definition is shown in Table 20.

Table 20: Configuration Bit Definition

Bits Definition Description

PHYADI4:0] PHY Address 88E2040L
PHYAD[1:0] is hardcoded as a function of
REV_PHYAD.

REV_PHYAD 88E2040L - Reverse PHYAD[1:0] order 88E2040L
88E2010 - N/A PHYAD[1:0] corresponds to the following:
0=00 - Port0
01 - Port 1
10 - Port 2
11 -Port 3
1=00-Port3
01 - Port 2
10 - Port 1
11 - Port 0

MDIO[1:0] This determines whether the four ports are None
(88E2040L) accessed from a 1 MDIO, 2 ports per MDIO, or
1 MDIO per port.
00 = MDCJ2)/MDIO[2] Access on all four ports
01 = MDCJ[1])/MDIO[1] Accesses Port 0 and
Port 1
MDCJ[2]/MDIO[2] Accesses Port 2 and
Port 3
10 = MDCJ[0]/MDIO[0] Accesses Port 0
MDC[1]/MDIO[1] Accesses Port 1
MDCJ[2]/MDIO[2] Accesses Port 2
MDCI[3]/MDIO[3] Accesses Port 3
11 = Reserved

MACTYPE[2:0] 000 = Reserved C Unit
(88E2040L) 001 = Reserved Host interface mode for 88E2040L
010 = Reserved
011 = Reserved
100 = 5GBASE-R/2500BASE-X/SGMII
Auto-Negotiation On
101 = 5GBASE-R/2500BASE-X/SGMII
Auto-Negotiation Off
110 = Reserved
111 = Reserved
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Table 20: Configuration Bit Definition (Continued)

Bits

MACTYPE[2:0]
(88E2010)

MEDIATYPE[2:0]

PDSTATE

ANEG_MS

FACTORY_TEST

ANEG_SPD[2:0]

SPI_CONFIG

Copyright © 2018 Marvell
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Definition

000 = Reserved

001 = Reserved

010 = Reserved

011 = 5GBASE-R/2500BASE-X/SGMII
Auto-Negotiation On

100 = 5GBASE-R/2500BASE-X/SGMII
Auto-Negotiation On

101 = 5GBASE-R/2500BASE-X/SGMII SGMII
Auto-Negotiation Off

110 = Reserved

111 = Reserved

000 = Copper Only
001-111 = RESERVED

0 = Start In Power Up State
1 = Start In Power Down State

0 = Prefer Slave
1 = Prefer Master

Factory Test Mode
0 = Normal mode (default)
1 = Test Mode (reserved for Marvell)

This sets the default for speed advertisement

during Auto-Negotiation.

000 = Reserved

001 = 5G, 2.5G, 1000 Mbps Full

010 =5G, 2.5G, 1000 Mbps Full, 100 Mbps Full

011 =5G, 2.5G, 1000 Mbps Full, 100 Mbps
Full, 10 Mbps Full

100 = 5G, 2.5G, 1000 Mbps Full, 100 Mbps
Full/Half

101 = 5G, 2.5G, 1000 Mbps Full, 100 Mbps
Full/Half, 10 Mbps Full/Half

110 = 5G, 2.5G, 1000 Mbps Full/Half, 100
Mbps Full/Half

111 =5G, 2.5G, 1000 Mbps Full/Half, 100 Mbps
Full/Half, 10 Mbps Full/Half

Document Classification: Public

Functional Description
Configuration and Resets

Description

C Unit
Host interface mode for 88E2010

C Unit
Line-side interface

T Unit
Copper power down state

T Unit
Master and slave configuration

None

C Unit

31.F008.5 <= SPI_CONFIG

This determines whether the embedded
processor loads the firmware image from flash
or waits for the image to be downloaded via
MDIO.

0 = Download code via SPI.

1 = Wait for download via MDIO.

To override this configuration, change
31.F008.5 and then perform a T Unit hardware
reset using 31.F001.12.
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3.5.3 Reference Clock Selection

CLK_SEL[1:0] selects which the type and speed of the reference clock input as shown in Table 21.
CLK_SEL must be stable and the selected clock toggling prior to de-assertion of RESETn.
CLK_SEL must not change value for the duration of device operation.

Table 21: CLK_SEL[1:0] Selection

CLK_SEL[1:0] XTAL1/XTAL2 CLKP/CLKN
00 50 MHz Floating

01 GND 50 MHz

10 GND 156.25 MHz
11 Reserved Reserved

EI 50 MHz crystal operation is only supported for commercial-grade devices.
Note
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Functional Description
MDC/MDIO Register Access

3.6 MDC/MDIO Register Access

The management interface provides access to the internal registers via the MDC and MDIO pins
and is compliant with IEEE 802.3 Clause 45. MDC is the management data clock input and it can run
from DC to a maximum continuous rate of 12.5 MHz. At high MDIO fanouts, the maximum rate may
be decreased depending on the output loading. MDIO is the management data input/output and is a
bi-directional signal that runs synchronously to MDC.

The MDIO does not require a pull-up resistor. If another open-drain device driving MDIO requires a
pull-up resistor, then it should drive or be pulled up to the same voltage value as the VDDOM rail.

The PHY address is configured during the hardware reset sequence. Refer to Section 3.5,
Configuration and Resets, on page 60 for information on how to configure PHY addresses.

Typical read and write operations on the management interface are shown in Figure 8 and Figure 9.
The MDIO interface supports preamble suppression operation by default. Between subsequence
MDIO access sequences, there must be at least 1 IDLE MDC cycle (MDIO driven high). So the
minimum MDC clock cycle for a MDIO operation will 33 cycles. The start of a MDIO operation is
marked by the insertion of two MDC cycle with MDIO driven to zero as this will mark the start of
frame (ST) pattern as defined in IEEE 802.3 standard. All the required serial management registers
are implemented as well as several optional registers. A description of the registers can be found in
the register description.

Figure 8: Typical MDC/MDIO Read Operation

MDC

MDIO

(STA}

s 0 forersforsforsforferofoe)oe o Yoo fos os oo Ko Koroe)

OPCODE

(Read) PHY Address ‘ Device Address ‘ TA ‘ Register Data ‘ IDLE

IDLE ‘ START ‘

Figure 9: Typical MDC/MDIO Write Operation

IDLE ‘ START ‘O(F\:EW?SE‘ PHY Address ‘ Device Address ‘ TA ‘ Register Data ‘ IDLE
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3.6.1 Clause 45 MDIO Framing

The extensions for Clause 45 MDIO indirect register accesses are specified in Table 22.

Table 22: Extensions for Management Frame Format for Indirect Access

Frame PRE ST OP PHYAD DEVADR TA ADDRESS/DATA Idle
Address 1.1 00 00 PPPPP DDDDD 10 AAAAAAAAAAAAAAAA z
Write 1.1 o0 o1 PPPPP DDDDD 10 DDDDDDDDDDDDDDDD  Z
Read 1.1 00 1 PPPPP DDDDD Z0 DDDDDDDDDDDDDDDD  Z
Read Increment = 1...1 00 10 PPPPP DDDDD Z0 DDDDDDDDDDDDDDDD  Z

The MDIO implements a 16-bit address register that stores the address of the register to be
accessed. For an address cycle, it contains the address of the register to be accessed on the next
cycle. For read, write, post-read-increment-address cycles, the field contains the data for the regis-
ter. At power up and reset, the contents of the register are undefined.

Write, read, and post-read-increment-address frames access the address register, though write and
read frames do not modify the contents of the address register.

3.6.2 30 MHz High-Speed MDC/MDIO Management Interface
Protocol

In addition to supporting the typical MDC/MDIO protocol, the device has the capability to run MDC
down to a clock period of 35 ns. The write operation can operate normally at this speed; however, for
the read operation, the MDC clock cycle must be slowed down for the TA period as shown in the
Figure 10.

During read operations, the MDC clock must slow down so that the PHY has sufficient time to
retrieve the data.

See Section 6.4.4, MDC/MDIO Management Interface Timing, on page 118 for timing details.

Figure 10: 30 MHz MDC/MDIO Read Operation

MDC
MDIO
(STA)
IDLE | START O{FI;%S(?]E| PHY Address | Device Address | TA | Register Data |IDLE
3.6.3 Independent MDC/MDIO Support

The 88E2040L device can be configured to operate with 1, 2, or 4 MDC/MDIO interfaces by setting
the MDIOI[1:0] configuration bits during hardware reset. The behavior is shown in Table 23.

Table 23: 88E2040L Device MDC/MDIO Interface Mapping

MDIO[1:0] 00 01 10
Configuration Bit
MDC[0]/MDIOI0] Pull-low/Do not connect Pull-low/Do not connect Port 0 MDC/MDIO
MDC[1)/MDIOI[1] Pull-low/Do not connect Port 0, 1 MDC/MDIO Port 1 MDC/MDIO
Doc. No. MV-S111597-U0 Rev. B Copyright © 2018 Marvell
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Table 23: 88E2040L Device MDC/MDIO Interface Mapping (Continued)

MDIO[1:0]

00 01

Configuration Bit

MDC[2)/MDIOJ[2]
MDC[3/MDIOJ[3]

Copyright © 2018 Marvell
September 10, 2018

Port 0, 1, 2, 3 MDC/MDIO Port 2, 3 MDC/MDIO

Pull-low/Do not connect Pull-low/Do not connect

Functional Description
MDC/MDIO Register Access

10

Port 2 MDC/MDIO
Port 3 MDC/MDIO

EI Ensure that unused MDC is pulled low and MDIO be left unconnected.

Note
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3.7
3.71

Firmware Loading

Flash Memory Interface

The device can download code from an external flash memory via the Serial Peripheral Interface
bus (SPI) into the processor memory. The SPI bus is a 4-wire serial communications interface used
by many microprocessor peripheral chips. When the hardware configuration SPI_CONFIG strap bit
is set to 0, the device will download code after the de-assertion of RESETn.

The SPI controller will issue a read array command starting from address 0x000000 as shown in
Figure 11. The number of bytes read will be determined by the values contained in the flash image
header.

Figure 11: SPI Read Array

sPLSSn  \ /o

SPI_CLK

o 1 2z 3 4 5 & T & 8 10 11 12 230 ¥ 32 33 M 35 W I I W 40

4 OFCODE ADDRESS BITS AZ3-A0

SPI_MOSI 0000000000000 ﬂﬂJ.‘M.M#.*.hhw.ﬁ*.‘.MM.MM.MMJMMAHM

SPI_MISO

3.7.2

3.8

f DATABYTE 1

1 \
R 3000000000
M3B MSE

The device is always the master and the flash is the slave. Chip select (output SPI_SSn) is driven
low by the device during every flash access.

Firmware Download to RAM

As an alternative to using a flash device for storing the firmware image, the image may be
downloaded directly to the microcontroller RAM by the host using the Serial Management Interface
(MDC/MDIOQ). In this case, the SPI_CONFIG strap bit must be set to 1 and the device will wait for the
firmware to be downloaded to RAM. Refer to the 88E2010/88E2040L Software AP| package for
instructions on downloading firmware to RAM via Serial Management Interface.

Power Management

This section discusses the general power down for the device. See the unit level sections for details
on advanced power management of each unit.

3.8.1 Manual Power Down
The device will automatically power down unused circuits without the need for the user to intervene.
The following registers can be set to force the units to power down.
Setting register 31.F001.11 to 1 powers down the entire port. Care should be used when setting this
bit. When this bit is set to 1, there is no way to clear this bit via processor instructions. Clear this bit
through a hardware reset or via an MDC/MDIO write.
Setting registers 1.0000.11 or 3.0000.11 to 1 powers down the T Unit only.
Setting registers 4.0000.11, 4.1000.11, or 4.2000.11 to 1 powers down the H Unit only.
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3.8.2

3.8.3

3.9

Functional Description
LED

MAC Interface Power Down

Register 31.F000.3 controls whether the H Unit is powered down while the link is down.
0 = Power down when the link is down.

1 = Always keep the H Unit powered up.

Controlling and Sensing
Register 31.F013 controls whether LED[3:0] pins are inputs or outputs. Each pin can be individually
controlled.

Register 31.F012 allows the pins to be controlled and sensed. When configured as input, a read to
register 31.F012 will return the real-time sampled state of the pin at the time of the read. A write will
write the output register, but it have no immediate effect on the pin since the pin is configured to be
an input. The input is sampled once every 38.4 ns.

When configured as output, a read to register 31.F012 will return the value in the output register. A
write will write the output register which will in turn drive the state of the pin.

LED

The LED[3:0] pins can be used to drive LED pins. Registers 31.F020 through 31.F027 control the
operation of the LED pins. LED[3:0] are used to configure the PHY per Section 3.5.2.

Figure 12 shows the general chaining of function for the LEDs. The various functions are described
in the following sections.

Figure 12: LED Chain

Media
Link

Status

Receive
Activity

Pulse
Stretch

Transmi

Activity

Pulse
Stretch

Logic

Blink

Logic Logic

= > Mix — Polarity

LED[3:0]

Manual
Qvermide

and
Contrel

3.91

LED[3:0] Function

LED Polarity

There are a variety of ways to hook up the LEDs. Some examples are shown in Figure 13. Registers
31.F023.1:0, 31.F022.1:0, 31.F021.1:0, and 31.F020.1:0 specify the output polarity for the LED[3:0]
function to accommodate a variety of installation options. The lower bit of each pair specified the on
(active) state of the LED, either high or low. The upper bit of each pair specifies whether the off state
of the LED should be driven to the opposite level of the on state or Hi-Z. The Hi-Z state is useful in
cases such the LOS and INIT function where the inactive state is Hi-Z.
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Figure 13: Various LED Hookup Configurations

3.9.2

3.9.3

Single LED-  Single LED-  Three terminal Three terminal

13y

_ _ . ' . Two terminal
High Active Low Active bi-color LED - bi-color LED - bi-color LED

High Active Low Active

Pulse Stretching and Blinking

Register 31.F027.14:12 specifies the pulse stretching duration of a particular activity. Only the
transmit activity, receive activity, collision activity, and (transmit or receive) activity are stretched. All
other statuses are not stretched since they are static in nature and no stretching is required.

Some status will require blinking state instead of a solid on state. Registers 31.F027.10:8 and
31.F027.6:4 specify the two blink rates. The pulse stretching is applied first and the blinking will
reflect the duration of the stretched pulse.

Registers 31.F020.2, 31.F021.2, 31.F022.2, and 31.F023.2 select which of the two blink rates to use
for LED[0] to LED[3], respectively.

m 0= Select Blink Rate 1.
m 1 = Select Blink Rate 2.

The stretched or blinked output will be mixed if needed (see Section 3.9.3) and then inverted/Hi-Z
according to the polarity described in Section 3.9.1.

Bi-Color LED Mixing

In the dual LED modes, the mixing function allows the 2 colors of the LED to be mixed to form a third
color. This is useful since the PHY supports 10/100 Mbps, 1G, and 5G/2.5G operation speeds.
Register 31.F026.7:4 controls the amount to mix in the LED[3], and LEDI[1] pins. Register
31.F026.3:0 controls the amount to mix in the LED[2] and LED[0] pins. Mixing is determined by the
percentage of time the LED is on during the active state. The percentage is selectable in 12.5%
increments.

There are two classes of bi-color LEDs: three-terminal type and two-terminal type. For example, the
third and fourth LED block from the left in Figure 13 illustrates three-terminal types and the block on
the far right is the two-terminal type. In the three-terminal type, both of the LEDs can be turned on at
the same time. So the sum of the percentage specified by 31.F026.7:4 and 31.F026.3:0 can exceed
100%. However, in the two-terminal type, the sum should never exceed 100% since only one LED
can be turned on at any given time.

Mixing only applies when register 31.F020.12:8 or 31.F022.12:8 are set to 11xxx. There is no mixing
in single LED modes.

The behavior for the various dual LED modes are described in Table 24.
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Table 24: Dual LED Mode Behavior

Dual Mode Blink Mix Solid Mix Speed

Description Type 1

31.F020, 11010 11011 11100

31.F022, bits

12:8

Current State LED3 LED2 LED3 LED2 LED3 LED2
LED1 LEDO LED1 LEDO LED1 LEDO

5/2.5 Gbps Blink Blink = Solid Solid Solid = Off
Mix Mix Mix Mix

1 Gbps Blink Blink = Solid Solid Solid = Solid
Mix Mix Mix Mix Mix Mix

100 Mbps Link = Blink Blink = Solid Solid Off Solid
Mix Mix Mix Mix

10 Mbps Link Blink Blink = Solid Solid Off Off
Mix Mix Mix Mix

Link Down Blink Blink = Solid Solid Off Off
Mix Mix Mix Mix

3.94 Modes of Operation

The LED pins relay various statuses of the PHY so that they can be displayed by the LEDs.

Speed
Type1

11101

LED3
LED1

Solid
Solid
Mix
Off

Off

Off

LED2
LEDO

Off

Solid

Mix

Solid

Off

Off

Speed Type 2

11110

LED3
LED1

Solid

Off

Solid

Mix

Off

Off

Functional Description

LED2
LEDO

Off

Solid

Solid

Mix

Off

Off

Speed
Type 2

11111

LED3
LED1

Solid

Solid
Mix

Off

Off

LED

LED2
LEDO

Off

Solid

Solid

Mix

Off

Off

The basic statuses are shown in Table 25. The compound statuses are formed with the basic status
plus the speed information as shown in Table 26. The status information is generated by the copper

(T Unit) interfaces.

Table 25: Basic LED Status

Status
Transmit
Receive
Link

Full Duplex

Master

Table 26: Compound LED Status

Compound Status

Transmit or Receive

Collision (Transmit and Receive)

10 Mbps Link

Copyright © 2018 Marvell
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Copper

Copper Transmit

Copper Receive

Copper Link
Copper Duplex

Master/Slave

Copper

Copper Transmit or Copper Receive

Copper Transmit and Copper Receive and Copper Half Duplex

Copper Speed = 10 Mbps and Copper Link
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Table 26: Compound LED Status (Continued)

Compound Status

100 Mbps Link
1 Gbps Link
5/2.5 Gbps Link
Link

Half Duplex

Slave

10 Mbps Link or 100 Mbps Link

10 Mbps Link or 100 Mbps Link or 1 Gbps Link

100 Mbps Link or 5/2.5 Gbps Link

1 Gbps or 5/2.5 Gbps Link

3.9.5

Copper

Copper Speed = 100 Mbps and Copper Link

Copper Speed = 1 Gbps and Copper Link

Copper Speed = 5/2.5 Gbps and Copper Link

Copper Link

Not Copper Full Duplex

Not Master

Copper 10 Mbps Link or Copper 100 Mbps Link

Copper 10 Mbps Link or Copper 100 Mbps Link or Copper 1 Gbps Link

Copper 100 Mbps or Copper 5/2.5 Gbps Link
Copper 1 Gbps or Copper 5/2.5 Gbps Link

The status that the LED displays is defined by registers 31.F020 to 31.F023 as shown in Table 25
and Table 26. For each LED if the condition selected by bits 12:8 is true the LED will blink. If the

condition selected by bits 7:3 is true, then the LED will be solid on. If both selected conditions are
true, then the blink will take precedence.

Speed Blink

When 31.F020.7:3 is set to 11111, the LED[0] pin assumes the following behavior:

LEDIO0] outputs the sequence shown in Table 27 depending on the status of the link. The
sequence consists of 10 segments.

For a 10 Gbps link, 4 pulses are output.

For a 1000 Mbps link, 3 pulses are output.
For a 100 Mbps link, 2 pulses are output.

For a 10 Mbps link, 1 pulse is output.
No link outputs 0 pulses.

The sequence repeats indefinitely.
The odd-numbered segment pulse duration is specified in 31.F027.1:0. The even-numbered

segment pulse duration is specified in 31.F027.3:2.

Table 27: Speed Blinking Sequence

Segment

1

2
3
4
5
6

On
Off
Off
Off
Off
Off
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On
Off
On
Off
Off
Off
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1 Gbps

On
Off
On
Off
On
Off

10 Gbps
On
Off
On
Off
On
Off

No Link Duration

Off
Off
Off
Off
Off
Off

31.F027.3:2
31.F027.1:0
31.F027.3:2
31.F027.1:0
31.F027.3:2
31.F027.1:0
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3.9.6

3.9.6.1

Table 27: Speed Blinking Sequence (Continued)

Segment 10 Mbps 100 Mbps 1 Gbps 10 Gbps
7 Off Off Off On
8 Off Off Off Off
9 Off Off Off Off
10 Off Off Off Off

Combo LED Modes

Combo LED mode is activated when register 31.F024.15 is set to 1.

Combo LED Mode Select

Functional Description

LED

No Link Duration

Off 31.F027.3:2
Off 31.F027.1:0
Off 31.F027.3:2
Off 31.F027.1:0

There are five Combo LED modes which are set by 31.F024.14:12 as described in Table 28.

Table 28: Combo LED Modes

Combo LED Mode

Combo LED Mode 1
(31.F02414:12 = 000)

LEDO

LED1

Combo LED Mode 2
(31.F02414:12 = 001)

LEDO
LED1

Combo LED Mode 3
(31.F02414:12 = 010)

LEDO
LED1

Combo LED Mode 4
(31.F02414:12 = 011)

LEDO
LED1

Combo LED Mode 5
(31.F02414:12 = 100)

Function
Link Link up and no activity Link up and activity Faulty link (including crc error,
Down alignment, runt and jabber errors)
Off Solid green Flashing green (rate When TIMER_Ais high, LEDO is on
determined by number of and green LED1 is off; when
packets) TIMER_Ais low, LEDO is off, LED1
is on and amber.
Off Off Off Default = TIMER_A on for 0.5s off
for 0.5s
CRC Error Alignment Runt Jabber

LEDO is green when TIMER_B is high, default = LEDO high for 168 ms, LED1 low for 168 ms.

LED1 amber is on when TIMER_B is low.

STP! blocked/disabled

Off

On (solid amber)

STP is blocked, but is it still receiving/sending data.

Off

On/Off as per TIMER_D (flashing amber),
default = 41 ms on and 41 ms off

10 Mbps 100 Mbps 1000 Mbps 2.5G 5G
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Table 28: Combo LED Modes (Continued)

Combo LED Mode Function

LEDO Off On On 5% On 10% (210 ms)  On 20%
(105 ms) Off 90% (1790 ms) (420 ms)
Off 95% Rate = Off 80%
(1895 ms) TIMER_2.5G (1580 ms)
Rate = Rate =
TIMER_1G TIMER_5G
LED1 Off Off Off Off Off

1. Spanning Tree Protocol

Table 29: Combo Mode Timer Control

Mode Rate Setting

1 When the link is up, the flashing rate is based on the Refer to Table 30 for flashing rate
number of frames received within 2 ms. setup.

1 Faulty Link TIMER_A = 31.F024.7:0

2 CRC, alignment, Runt, and Jabber Errors TIMER_B = 31.F029.15:8

4 STP is blocked, but it still receiving/sending data. TIMER_D = 31.F039.7:0

5 1G TIMER_1G = 31.F028.7:0
2.5G TIMER_2.5G = 31.F028.15:8
5G TIMER_5G = 31.F029.7:0
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Functional Description
LED

3.9.6.2 LED Activity Control

When the Combo LED Mode Selection bits (31.F024.14:12) are set to 000 and the link is up, the
flash/blink activity of LEDO indicates the number of frames received within the last 2.1 seconds.
Activity flashing of the LED is based on the transmitted and received frames on a link. Register
31.F026.11:10 is used to monitor transmit (31.F026.11:10 = 00) or receive (31.F026.11:10 = 01) or
both (31.F026.11:10 = 11) at the same time.

LEDO can flash in two different ways:

m When Combo LED flash bit is set to 0, the more packets received within the previous 2100 ms,
the longer LEDO stays on.

m When Combo LED flash bit is set to 1, the more packets received within the previous 2100 ms,
the faster LEDO blinks.

The Combo LED flash rate details are listed in Table 30.

Table 30: Combo LED Flash Mode

Combo LED Flash
(31.F024.11)

0

For example:

Flash Rate

<10: on for 31.F030[7:0], the remaining of 2.1s off;

<102: on for 31 .F030[15:8], the remaining of 2.1s off;

<5*102: on for 31.F031[7:0], the remaining of 2.1s off;

<103: on for 31 .F031[15:8], the remaining of 2.1s off;

<5*103: on for 31.F032[7:0], the remaining of 2.1s off;

<10%: on for 31 .F032[15:8], the remaining of 2.1s off;

<5*10%: on for 31.F033[7:0], the remaining of 2.1s off;

<10°: on for 31 .F033[15:8], the remaining of 2.1s off;

<5*10°: on for 31.F034[7:0], the remaining of 2.1s off;

<10%: on for 31 .F034[15:8], the remaining of 2.1s off;

<5*10°: on for 31.F035[7:0], the remaining of 2.1s off;

<10": on for 31 .F035[15:8], the remaining of 2.1s off

NOTE: For registers 31.F030, 31.F031, 31.F032, 31.F033, 31.F034, and 31.F035, the
unit of bit[7:0] and [15:8] is 21 ms. Any value greater than 8'd100 will be
ignored.

<10: LED on/off every 1/2 of 2.1s;
<102: LED on/off every 1/4 of 2.1s;
<5*10%: LED on/off every 1/8 of 2.1s;
<103: LED on/off every 1/16 of 2.1s;
<5*103; LED on/off 1/32 of 2.1s;
<10%: LED on/off 1/64 of 2.1s;
<5*10%: LED on/off 1/128 of 2.1s;
<105: LED on/off 1/256 of 2.1s;
<5*10%: LED on/off 1/512 of 2.1s;
<108: LED on/off 1/1024 of 2.1s;
<5*108: LED on/off 1/2048 of 2.1s;
<107: LED on/off 1/4096 of 2.1s

When the number of frames received within 2.1 seconds is 4000, in the following 2.1 seconds, the
LED will behave as follows:

m |f31.F024.11 = 0, then LEDO will be on for 31.F031[7:0] * 21 ms, and off for (100 - 31.F031[7:0])

*21 ms.

m If31.F024.11 =1, then LEDO will on for 1/32 * 2100 ms and off for 1/32 * 2100 ms repeatedly for
2.1 seconds.
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3.10 Interrupt
The T, H, and P Units and the GPIO function can generate interrupts.

The Unit Interrupt Status Register (see 31.F040) shows a summary of which unit is requesting the
interrupt.

Each bit of the Unit Interrupt Status Register will be masked with the Unit Interrupt Mask Register
(see 31.F043) respectively, and each masked output is ORed to form the aggregated unit interrupt.

The Port Interrupt Status (see 31.F042.0) is the result of logical OR of the aggregated unit interrupt
request along with register 31.F041.0 (see Force Interrupt bit) to form the port interrupt. When the bit
is 1, the INTn will be driven as an active interrupt exists. The INTn’s polarity is controlled by
31.F041.2:0.

In case of multiple port devices such as 88E2040L, INTn is active when one or more ports have the
active Port Interrupt. There is no aggregated interrupt register for all ports. So, the Port Interrupt bit
(see 31.F042.0) for all ports should be examined to determine which port or how many ports have
pending interrupt requests.

The Interrupt Polarity bits (see 31.F041.2:1) for the INTn pin are valid only from Port 0. Other port’s
Polarity control bit are not valid; however, setting register 31.F041.0 in any port will force the INTn
pin as active.
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3.1

3.11.1

Functional Description
IEEE 1149.1 and 1149.6 Controller

IEEE 1149.1 and 1149.6 Controller

The IEEE 1149.1 standard defines a test access port and boundary-scan architecture for digital
integrated circuits and for the digital portions of mixed analog/digital integrated circuits. The
IEEE 1149.6 standard defines a test access port and boundary-scan architecture for AC-coupled
signals.

This standard provides a solution for testing assembled printed circuit boards and other products
based on highly complex digital integrated circuits and high-density surface-mounting assembly
techniques.

The device implements the instructions shown in Table 31. Upon reset, ID_CODE instruction is
selected. The PROG_HYST is a proprietary command used to adjust the test receiver hysteresis
threshold. The instruction opcodes are shown in Table 31.

Table 32 and Table 34 list the 88E2010 and 88E2040L device boundary scan orders, respectively,
where:

TDI = PO_SON/P[0] (AC/DC) = ... = SPI_SSn(Output) 2 TDO

Table 31: TAP Controller Opcodes

Instruction OpCode
EXTEST 00000000
SAMPLE/PRELOAD 00000001
CLAMP 00000010
HIGH-Z 00000011
ID_CODE 00000100
EXTEST_PULSE 00000101
EXTEST_TRAIN 00000110
PROG_HYST 00001000
BYPASS 11111111

The device reserves five pins called the Test Access Port (TAP) to provide test access:

Test Mode Select Input (TMS)

Test Clock Input (TCK)

Test Data Input (TDI)

Test Data Output (TDO)

Test Reset Input (TRSTn)

To ensure race-free operation, all input and output data is synchronous with the test clock (TCK).
TAP input signals (TMS and TDI) are clocked into the test logic on the rising edge of TCK, while

output signal (TDO) is clocked on the falling edge. For additional details, refer to the IEEE 1149.1
Boundary Scan Architecture document.

BYPASS Instruction

The BYPASS instruction uses the bypass register. This register contains a single shift-register stage
and is used to provide a minimum length serial path between the TDI and TDO pins of the device
when test operation is not required. This arrangement allows rapid movement of test data to and
from other testable devices in the system.
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3.11.2 SAMPLE/PRELOAD Instruction

The SAMPLE/PRELOAD instruction enables scanning of the boundary-scan register without
causing interference to the normal operation of the device. Two functions are performed when this
instruction is selected: SAMPLE and PRELOAD.

SAMPLE allows a snapshot to be taken of the data flowing from the system pins to the on-chip test
logic or vice versa, without interfering with normal operation. The snapshot is taken on the rising
edge of TCK in the Capture-DR controller state, and the data can be viewed by shifting through the
component's TDO output.

While sampling and shifting data out through TDO for observation, PRELOAD enables an initial data
pattern to be shifted in through TDI and to be placed at the latched parallel output of the
boundary-scan register cells that are connected to system output pins. This step ensures that known
data is driven through the system output pins upon entering the extest instruction. Without
PRELOAD, indeterminate data would be driven until the first scan sequence is complete. The
shifting of data for the sample and preload phases can occur simultaneously. While data capture is
being shifted out, the preload data can be shifted in.
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Table 32: 88X2010 Boundary Scan Chain

Order

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Copyright © 2018 Marvell
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Order
Pin
SPI_SSn
SPI_SSn
SPI_CLK
SPI_CLK
SPI_MOSI
SPI_MOSI
SPI_MISO
RESETn
RCLK1
RCLK1
RCLKO
RCLKO
CONFIG[7]
CONFIG[6]
CONFIG[5]
CONFIG[4]
CONFIG[3]
CONFIG[2]
CONFIG[1]
CONFIGI[0]
MDIO[0]
MDIO[0]
MDIO[0]
MDCI0]
PO_LEDI[3]
PO_LED[3]
PO_LED[3]
PO_LED[2]

PO_LED[2]

1/0

Output

Output Enable
Output

Output Enable
Output

Output Enable
Input

Input

Output

Output Enable
Output

Output Enable
Input

Input

Input

Input

Input

Input

Input

Input

Input

Output

Output Enable
Input

Input

Output

Output Enable
Input

Output

Table 32:

Order
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

49

50
51

52

53

54
55
56

57

Document Classification: Public

Functional Description

88X2010 Boundary Scan Chain
Order (Continued)

Pin 1/0

PO _LED[2] Output Enable
PO_LED[1] Input
PO_LED[1] Output
PO_LED[1] Output Enable
PO_LEDI0] Input
PO_LEDI0] Output
PO_LEDI[0] Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable

Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
INTn Output

INTn Output Enable
CLK_SEL[1] Input
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Table 32:

Order
58
59
60

61

62

63
64

65

66

67
68

69

70

71
72

73

74

Alaska M 88E2010/88E2040L
Preliminary Datasheet - Public

88X2010 Boundary Scan Chain
Order (Continued)

Pin
CLK_SELJ0]
PO_SIN[3]
PO_SIP[3]

PO_SON[3)/
PO_SOP[3]

PO_SON[3)/
PO_SOP[3]

PO_SIN[2]
PO_SIP[2]

PO_SON[2/
PO_SOP[2]

PO_SON[2/
PO_SOP[2]

PO_SIN[1]
PO_SIP[1]

PO_SON[1}/
PO_SOP[1]

PO_SON[1)/
PO_SOP[1]

PO_SIN[0]
PO_SIP[0]

PO_SONIOJ/
PO_SOPI[0]

PO_SONIOJ/
PO_SOPI0]
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1/0

Input
Input
Input

Output

AC/DC Select

Input
Input

Output

AC/DC Select

Input
Input

Output

AC/DC Select

Input
Input

Output

AC/DC Select
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Table 33: 88E2010 Boundary Scan
Exclusion List

Pin
MDIN[O]
MDIN[1]
MDINI[2]
MDIN[3]
MDIP[0]
MDIP[1]
MDIP[2]
MDIP[3]
TSTCP
TSTCN
TEST_CLKP
TEST_CLKN
CMN
CMP

ATN

ATP
CIREF
SIREF
CLKP
CLKN
XTALA1
XTAL2
CHSDACP
CHSDACN
SHSDACP
SHSDACN
CTSTPT
STSTPT

TEST

Copyright © 2018 Marvell
September 10, 2018

1/0

Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog

Analog

Pin
VDDCTRL
TDI

TDO
T™MS
TCK
TRSTn
VSEL_L
VSEL_M
VSEL_R
VSEL_ T
VHV
AVDDL
AVDDH
AVDDT
AVSSC
AVSS
VDDRO09
AVDDS
AVDDR
AvVDDC
DVDD
VDDOL
VDDOM
VDDOR
VDDOT

VSS

Document Classification: Public

F

unctional Description

Table 33: 88E2010 Boundary Scan

Exclusion List (Continued)

1/0
Analog
JTAG
JTAG
JTAG
JTAG
JTAG
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power
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Table 34: 88E2040L Boundary Scan Chain  Table 34: 88E2040L Boundary Scan Chain

Order Order (Continued)
Order  Pin 110 Order | Pin 1’0
1 SPl SSn Output 30 P3_LED[2] Output Enable
2 SPI_SSn Output Enable 31 P3_LED[] Input
3 SPI_CLK Output 32 P3_LED[1] Output
4 SP|_CLK Output Enable 33 P3_LED[1] Output Enable
5 SPI_MOSI Output 34 P3_LEDI0] Input
6 SPI_MOSI Output Enable 35 P3_LEDIO] Output
7 SPI MISO Input 36 P3_LED[O] Output Enable
8 RESETn Input 37 Reserved Input
9 RCLK1 Output 38 Reserved Output
10 RCLK1 Output Enable 39 Reserved Output Enable
1 RCLKO Output 40 Reserved Input
12 RCLKO Output Enable 4 Reserved Output
13 CONF|G[7] Input 42 Reserved Output Enable
14 CONFIG6] Input 43 Reserved Input
15 CONF|G[5] Input 44 Reserved Output
16 CONFIG[4] Input 45 Reserved Output Enable
17 CONFIG[3] Input 46 P3_SIN[1] Input
18 CONFIG[2] Input 47 P3_SIP[1] Input
19 CONF|G[1] Input 48 P3_SON[1]/ Output
P3_SOPI[1]
20 CONFIG[0] Input
49 P3_SON[1)/ AC/DC Select
21 MDIO[3] Input P3_SOP[1]
22 MDIO[3] Output 50 P3_SIN[0] Input
23 MDIOJ[3] Output Enable 51 P3_SIP[0] Input
24 MDC[3] Input 52 P3_SON[0Y)/ Output
P3_SOPI0]
25 P3_LED[3] Input
53 P3_SON[0)/ AC/DC Select
26 P3_LED[3] Output P3_SOPI[0]
27 P3_LED[3] Output Enable 54 MDIO[2] Input
28 P3_LED[2] Input 55 MDIO[2] Output
29 P3_LED[2] Output 56 MDIO[2] Output Enable
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Table 34: 88E2040L Boundary Scan Chain

Order
57
58
59
60

61

62

63
64

65

66

67
68

69

70

71
72

73

74

75
76
77
78
79
80

81

82

Copyright © 2018 Marvell
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Order (Continued)

Pin
MDC[2]
P2_LED[3]
P2_LED[3]
P2_LED[3]

P2_LED[2]

P2_LED[2]

P2_LED[2]
P2_LED[1]

P2_LED[1]

P2_LED[1]

P2_LEDI0]
P2_LEDI0]

P2_LEDIO0]

Reserved

Reserved
Reserved

Reserved

Reserved

Reserved
Reserved
Reserved
Reserved
P2_SIN[1]
P2 _SIP[1]

P2_SON[1)/
P2_SOPI[1]

P2_SON[1)/
P2_SOPI[1]

1/0

Input

Input

Output

Output Enable

Input

Output

Output Enable
Input

Output

Output Enable

Input
Output

Output Enable

Input

Output
Output Enable

Input

Output

Output Enable
Input

Output

Output Enable
Input

Input

Output

AC/DC Select

Functional Description

Table 34: 88E2040L Boundary Scan Chain

Order
83
84

85

86

87

88

89

90

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109

Document Classification: Public

Order (Continued)

Pin 1/10

P2_SIN[0] Input
P2_SIP[0] Input
P2_SONI0)/ Output
P2_SOP[0]

P2_SONI0Y/ AC/DC Select
P2_SOP[0]

MDIO[1] Input

MDIO[1] Output
MDIO[1] Output Enable
MDC[1] Input
P1_LED[3] Input
P1_LED[3] Output
P1_LED[3] Output Enable
P1_LED[2] Input
P1_LED[2] Output
P1_LED[2] Output Enable
P1_LED[1] Input
P1_LED[1] Output
P1_LED[1] Output Enable
P1_LED[O] Input
P1_LEDI[O] Output
P1_LED[0] Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
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Table 34:

Order

110

1M

112

113

114

115

116

17

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

Alaska M 88E2010/88E2040L
Preliminary Datasheet - Public

88E2040L Boundary Scan Chain

Order (Continued)

Table 34: 88E2040L Boundary Scan Chain

Order (Continued)

Pin 1/0

Reserved Output
Reserved Output Enable
P1_SIN[1] Input
P1_SIP[1] Input
P1_SON[1)/ Output
P1_SOP[1]

P1_SON[1)/ AC/DC Select
P1_SOP[1]

P1_SIN[0] Input
P1_SIP[0] Input
P1_SONI0Y/ Output
P1_SOP[0]

P1_SONI0Y/ AC/DC Select
P1_SOP[0]

MDIO[0] Input

MDIO[0] Output
MDIOI[0] Output Enable
MDCJ0] Input
PO_LED[3] Input
PO_LED[3] Output
PO_LEDI[3] Output Enable
PO_LED[2] Input
PO_LED[2] Output
PO_LED[2] Output Enable
PO_LED[1] Input
PO_LED[1] Output
PO_LED[1] Output Enable
PO_LEDI0] Input
PO_LEDI0] Output
PO_LEDI[O] Output Enable
Reserved Input
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Order

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

Document Classification: Public

Pin 1/0

Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
Reserved Input
Reserved Output
Reserved Output Enable
INTn Output

INTn Output Enable
CLK_SEL[1] Input
CLK_SELJ0] Input
PO_SIN[1] Input
PO_SIP[1] Input
PO_SONI1Y/ Output
PO_SOP[1]

PO_SONI1Y/ AC/DC Select
PO_SOP[1]

PO_SINI[O] Input
PO_SIP[0] Input
P0O_SONI0Y/ Output
P0O_SOP[0]

P0O_SONI0)/ AC/DC Select
P0O_SOP[0]
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Table 35: 88E2040L Boundary Scan
Exclusion List

Pin

PO_MDINI0]
PO_MDIN[1]
PO_MDIN[2]
PO_MDINI[3]
PO_MDIP[0]
PO_MDIP[1]
PO_MDIP[2]
PO_MDIP[3]
P1_MDINI0]
P1_MDIN[1]
P1_MDIN[2]
P1_MDIN[3]
P1_MDIP[0]
P1_MDIP[1]
P1_MDIP[2]
P1_MDIP[3]
P2_MDINI0]
P2_MDIN[1]
P2_MDIN[2]
P2_MDINJ[3]
P2_MDIP[0]
P2_MDIP[1]
P2_MDIP[2]
P2_MDIP[3]
P3_MDINI0]
P3_MDIN[1]
P3_MDIN[2]
P3_MDINJ[3]

P3_MDIP[0]
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1/0

Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog
Analog

Analog

Functional Description

Table 35: 88E2040L Boundary Scan

Exclusion List (Continued)

Pin
P3_MDIP[1]
P3_MDIP[2]
P3_MDIP[3]
TSTCP
TSTCN
TEST_CLKN

TEST_CLKP

PO_CMN

PO_CMP
P1_CMN

P1_CMP

P2_CMN

P2_CMP
P3_CMN

P3_CMP

PO_ATN[1]

PO_ATN[1]
PO_ATN[2]

PO_ATN[3]

PO_ATP[O]

PO_ATP[1]
PO_ATP[2]
PO_ATP[3]
P1_ATN[O]
P1_ATN[1]

P1_ATN[2]

Document Classification: Public

1/0

Analog
Analog
Analog
Analog
Analog
Analog

Analog

Analog

Analog
Analog

Analog

Analog

Analog
Analog

Analog

Analog

Analog
Analog

Analog

Analog

Analog
Analog
Analog
Analog
Analog

Analog
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Table 35: 88E2040L Boundary Scan Table 35: 88E2040L Boundary Scan
Exclusion List (Continued) Exclusion List (Continued)

Pin 1/0 Pin 1/0
P1_ATNI[3] Analog CHSDACP Analog
P1_ATP[O] Analog CHSDACN Analog

SHSDACP Analog
P1_ATP[1] Analog

SHSDACN Analog
P1_ATP[2] Analog

CTSTPT Analog
P1_ATP[3] Analog

STSTPT Analog
P2_ATNIO] Analog TEST Analog
P2_ATN[1] Analog DI JTAG
P2_ATN[2] Analog DO JTAG
P2_ATN[3] Analog ™S JTAG

TCK JTAG
P2_ATP[O] Analog

TRSTn JTAG
P2_ATP[1] Analog VSEL_L Power
P2_ATP[2] Analog VSEL_M Power
P2_ATP[3] Analog VSEL_R Power
P3_ATNIO0] Analog

VSEL T Power
P3_ATNI[1] Analog
P3_ATN[2] Analog PO_VHV Power
P3_ATN[3] Analog P1_VHV Power
P3_ATP[0] Analog P2_VHV Power
P3_ATP[1] Analog P3_VHV Power
P3_ATP[2] Analog PO_AVDDL Power
P3_ATP[3] Analog P1_AvDDL Power
CIREF Analog P2_AvDDL Power
SIREF Analog P3_AVDDL Power
CLKP Analog PO_AVDDH Power
CLKN Analog P1_AVDDH Power
XTALA Analog P2_AVDDH Power
XTAL2 Analog P3_AVDDH Power

Doc. No. MV-S111597-U0 Rev. B Copyright © 2018 Marvell

Page 86 Document Classification: Public September 10, 2018



Table 35: 88E2040L Boundary Scan
Exclusion List (Continued)

Pin
PO_AVDDT
P1_AVDDT
P2_AVDDT
P3_AVDDT
AVSSC
AVSS
PO_VDDRO09
P1_VDDRO09
P2_VDDRO09
P3_VDDRO09
PO_AVDDS
P1_AVDDS
P2_AVDDS
P3_AVDDS
PO_AVDDR
P1_AVDDR
P2_AVDDR
P3_AVDDR
AVDDC
DVDD
VDDOL
VDDOM
VDDOR
VDDOT

VSS

Copyright © 2018 Marvell
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1/0

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power

Document Classification: Public

Functional Description
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3.11.3

3.11.4

3.11.5

3.11.6

Table 36:

Device

88E2010
88E2040L

3.11.7

EXTEST Instruction

The EXTEST instruction enables circuitry external to the device (typically the board
interconnections) to be tested. Prior to executing the EXTEST instruction, the first test stimulus to be
applied is shifted into the boundary-scan registers using the SAMPLE/PRELOAD instruction. So,
when the change to the extest instruction occurs, known data is driven immediately from the device
to its external connections. The SOP/N[1:0] pins will be driven to static levels. The positive and
negative legs of the SOP/N[1:0] pins are controlled via a single boundary scan cell.The positive leg
outputs the level specified by the boundary scan cell while the negative leg outputs the opposite
level.

CLAMRP Instruction

The CLAMP instruction enables the state of the signals driven from component pins to be
determined from the boundary-scan register while the bypass register is selected as the serial path
between TDI and TDO. The signals driven from the component pins do not change while the clamp
instruction is selected.

HIGH-Z Instruction

The HIGH-Z instruction places all of the digital component system logic outputs in an inactive
high-impedance drive state. In this state, an in-circuit test system may drive signals onto the
connections normally driven by a component output without incurring the risk of damage to the
component.

ID CODE Instruction

The ID CODE instruction contains the manufacturer identity, part and version.

ID CODE Instruction

Version Part Number Manufacturer
Identity

Bit 31 to 28 Bit 27 to 12 Bit 11 to 1 Bit 0
0000 0000000000011001 00111101110 1
0000 0000000000011011 00111101110 1

EXTEST_PULSE Instruction

The AC- or DC-JTAG test modes can be selected for each port individually by scanning in the
desired bit value into AC/DC select scan registers shown in the scan chain (Table 32, 88X2010
Boundary Scan Chain Order, on page 79 or Table 34, 88E2040L Boundary Scan Chain Order, on
page 82). When the AC/DC select is set to DC the EXTEST_PULSE instruction has the same
behavior as the EXTEST instruction.

When the AC/DC select is set to AC, the EXTEST_PULSE instruction has the same behavior as the
EXTEST instruction except for the behavior of the SOP/N[1:0] pins.

As in the EXTEST instruction, the test stimulus must first be shifted into the boundary-scan registers.
Upon the execution of the EXTEST_PULSE instruction the SOP[1:0] pins output the level specified
by the test stimulus and SON[1:0] pins output the opposite level.

However, if the TAP controller enters into the Run-Test/Idle state, then the SON[1:0] pins output the
level specified by the test stimulus and SOP[1:0] pins output the opposite level.

When the TAP controller exits the Run-Test/Idle state, the SOP[1:0] pins again output the level
specified by the test stimulus and SON[1:0] pins output the opposite level.
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Functional Description

3.11.71 EXTEST_TRAIN Instruction
When the AC/DC select is set to DC, the EXTEST_TRAIN instruction has the same behavior as the
EXTEST instruction.
When the AC/DC select is set to AC, the EXTEST_TRAIN instruction has the same behavior as the
EXTEST instruction except for the behavior of the SOP/N[1:0] pins.
As in the EXTEST instruction, the test stimulus must first be shifted into the boundary-scan registers.
Upon the execution of the EXTEST_PULSE instruction the SOP[1:0] pins output the level specified
by the test stimulus and SON[1:0] pins output the opposite level.
However, if the TAP controller enters into the Run-Test/Idle state the SOP/N[1:0] will toggle between
inverted and non-inverted levels on the falling edge of TCK. This toggling will continue for as long as
the TAP controller remains in the Run-Test/Idle state.
When the TAP controller exits the Run-Test/Idle state, the SOP[1:0] pins again output the level
specified by the test stimulus and SON[1:0] pins output the opposite level.
3.11.8 PROG_HYST Instruction
The test receivers connected to the XIP/N[3:0] and MIP/N[3:0] pins require the hysteresis level to be
set according to the application that the SERDES is used in. The amount of hysteresis required is a
function of the expected voltage swing on the input. The proprietary command PROG_HYST will
program three registers in the TAP controller which will set the value of the hysteresis.
When the PROG_HYST opcode is in the instruction register, the following actions occur in the TAP
controller states:
Capture-DR state: Load the value in HYST[2:0] into SR_HYSTJ[2:0].
Shift-DR state: Shift TDI into SR_HYST[0], SR_HYST[1:0] into SR_HYST[2:1], and
SR_HYSTI[2] to TDO. Three bits should be loaded to set the new test receiver hysteresis value.
m  Update-DR state: Load the value in SR_HYST[2:0] into HYST[2:0].
m  HYST[2:0] is the register that sets the hysteresis in the test receiver.
m  SR_HYST[2:0] is the 3-bit shift register used to shift the values in and out.
The hysteresis mapping is shown in Table 37. 70 mV is the default setting. When the TAP controller
is in the Test-Logic-Reset state or when TRSTn is forced low, the HYST[2:0] is reset to the default
state
Table 37: Test Receiver Hysteresis Setting
HYST[2:0] Hysteresis
000 12mV
001 25 mV
010 50 mV
011 70 mV
100 90 mV
101 105 mV
110 135 mV
111 150 mV
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AC-JTAG Fault Detection

The fault detection across AC-coupled connections can be detected with a combination of (DC)
EXTEST and any one of the AC-JTAG commands. The AC-coupled connection is shown in
Figure 14. The fault signature is shown in Table 38. Column 1 lists the fault type.

Columns 2 to 5 lists the behavior when both the transmitter and receiver are running the
EXTEST_TRAIN and EXTEST_PULSE commands. Column 2 shows the expected value captured
by the boundary scan cell that is connected to the test receiver, which is connected to the positive
input when a negative differential pulse is transmitted. Column 3 is the same as column 2 except for
the negative input. Columns 4 and 5 are similar to columns 2 and 3 except a positive differential
pulse is transmitted.

Columns 6 to 9 is similar to columns 2 to 5 except both the transmitter and receiver are running the
(DC) EXTEST command.

While it is not possible to identify precisely which fault is occurring based on the fault signature, the
signature to the no fault condition is unique when the (DC) EXTEST command is run with at least

one of the EXTEST_TRAIN or EXTEST_PULSE commands. Running only AC-JTAG commands is
not sufficient since the no fault condition signature is not distinguishable from the Tx to Rx short (see
shaded cells in Table 38).

Figure 14: AC-Coupled Connection

Table 38: AC-Coupled Connection Fault Signature

DC-Coupled
Fault

TX+ Open
TX- Open
RX+ Open
RX- Open

TX+ short to
power

TX- short to
power

RX+ short to
power

RX- short to
power

TX+ short to
ground
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AC Testing
Sample 0

Positive Negative
Leg Leg
0 X
X 0
0 X
X 0
0/Note 2 X
X 0/Note 2
0/Note 2 X
X 0/Note 2
0 X

+

™>

TX+

RX+

S

I§+

AC Testing
Sample 1
Positive Negative
Leg Leg
0 X
X 0
0 X
X 0
0/Note 2 X
X 0/Note 2
0/Note 2 X
X 0/Note 2
0 X

(DC) EXTEST Sample

0

Positive
Leg

1

X
1
X
1
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Negative
Leg

X

1
X
1

X

(DC) EXTEST Sample

1

Positive Negative
Leg Leg
1 X

X 1

1 X

X 1

1 X

X 1

1 X

X 1

1 X
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Functional Description

Table 38: AC-Coupled Connection Fault Signature (Continued)

DC-Coupled AC Testing AC Testing (DC) EXTEST Sample (DC) EXTEST Sample
Fault Sample 0 Sample 1 0 1
Positive Negative Positive Negative Positive Negative Positive Negative
Leg Leg Leg Leg Leg Leg Leg Leg
TX- short to X 0 X 0 X 1 X 1
ground
RX+ short to 0 X 0 X 0 X 0 X
ground
RX- short to X 0 X 0 X 0 X 0
ground
TX+ short to Note 1 Note 1 Note 1 Note 1 1 1 1 1
TX-
RX+ short to Note 1 Note 1 Note 1 Note 1 1 1 1 1
RX-
TX+ short to X 0 X 1 X 0 X 1
RX-
TX- short to 1 X 0 X 1 X 0 X
RX+
TX+ short to 0 X 1 X 0 X 1 X
RX+
TX-shorttoRX- | X 1 X 0 X 1 X 0
No Fault 0 1 1 0 1 1 1 1
Note 1 Short on positive and negative leg can have several behavior on the test receiver. If both drivers cancel each other out,

then output on both legs is 0. If one driver dominates the other driver, then both legs are either both 1 or both 0. In any
case, the result is that both legs will have the same value.

Note 2 A solid short to power is assumed. If the short has high inductance, then a pulse may still be sent at the receiver and will
be mistaken as a good connection.

The fault detection across DC-coupled connections can be detected with any one of the AC-JTAG or
(DC) EXTEST commands.The DC-coupled connection is shown in Figure 15. The fault signature is
shown in Table 39.

Figure 15: DC-Coupled Connection

RX+
+ +

TX RX
RX-
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Table 39: DC-Coupled Connection Fault Signature

DC-Coupled AC Testing AC Testing (DC) EXTEST Sample (DC) EXTEST Sample
Fault Sample 0 Sample 1 0 1

Positive Negative Positive Negative Positive Negative Positive Negative
Leg Leg Leg Leg Leg Leg Leg Leg

RX+ Open 0 X 0 X 1 X 1 X

RX- Open X 0 X 0 X 1 X 1

RX+ short to 0/Note 2 X 0/Note 2 X 1 X 1 X

power

RX- short to X 0/Note 2 X 0/Note 2 X 1 X 1

power

RX+ short to 0 X 0 X 0 X 0 X

ground

RX- short to X 0 X 0 X 0 X 0

ground

RX+ short to Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1

RX-

No Fault 0 1 1 0 0 1 1 0

Note 1 Short on positive and negative leg can have several behaviors on the test receiver. If both drivers cancel each other out,
then output on both legs is 0. If one driver dominates the other driver, then both legs are either both 1 or both 0. In any
case, the result is that both legs will have the same value.

Note 2 A solid short to power is assumed. If the short has high inductance, then a pulse may still be sent at the receiver and will
be mistaken as a good connection.
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3.12 Reference Clock

The 88E2010/88E2040L device can use a 50 MHz or 156.25 MHz differential clock into CLKP/N or a
50 MHz crystal as the reference clock.

The device can use one of three clocking options as shown in Table 40. CLK_SEL must be stable
and the selected clock toggling prior to de-assertion of RESETn. CLK_SEL must not change value
for the duration of device operation.

Table 40: Reference Clock Options

CLK_SEL[1:0] XTAL1/XTAL2 CLKP/CLKN
00 50 MHz Floating

01 GND 50 MHz

10 GND 156.25 MHz
11 Reserved Reserved

EI 50 MHz crystal operation is only supported for commercial-grade devices.
Note
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3.13 Power Supplies
The 88E2010/88E2040L device requires the following power supplies: AVDDT, AVDDL, AVDDH,
DVDD. and VDDO.

3.13.1 AVDDL
AVDDL is the copper transmitter and receiver 1.5V analog supply.

3.13.2 AVDDH
AVDDH is the copper transmitter and receiver 1.8V or 2.0V analog supply.

3.13.3 AVDDT
AVDDT is the copper transmitter 2.3V or 2.5V analog supply.

3.134 AVDDC
AVDDC is the common analog supply of 1.5V.

3.13.5 AVDDS
AVDDS is the SERDES analog supply of 1.5V.

3.13.6 AVDDR
AVDDR is the regulator supply and should be tied to 1.5V.

3.13.7 DVDD
DVDD is the core logic 0.8V or 0.88V digital supply. (0.88V for I-grade only)

3.13.8 vVDDO
There are four separate VDDO segments (VDDOT, VDDOR, VDDOL, and VDDOM). Each segment
can be independently set to one for the following voltages: 1.5V, 1.8V, 2.5V, or 3.3V, except VDDOM
that can also support 1.2V. Each VDDO segment has a corresponding voltage select configuration
pin (VSEL_T, VSEL_R, VSEL_L, and VSEL_M). Table 41 lists the signals under each of the VDDO
segments.
If the VDDO* segment is set to 1.2V, 1.5V, or 1.8V, then its corresponding VSEL_* should tied to
VDDO*.
If the VDDO* segment is set to 2.5V, or 3.3V, then its corresponding VSEL_* should tied to VSS.
The input pins are not high voltage tolerant. For example, if VDDOR is tied to 2.5V, then RESETn
should not be driven to 3.3V.
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Table 41: Signal Power Segment

Power Segment VDDOT VDDOR VDDOL VDDOM
Voltage Select VSEL_T VSEL_R VSEL_L VSEL_M
Signals TCK GPIO[x:0] CLK_SEL[1:0] INTn
TDI RCLKO CONFIG[7:0] MDC[x:0]
TDO RCLK1 LEDO[3:0] MDIO[x:0]
T™MS RESETn TEST
TRST SPI_CLK
SPI_MOSO0
SPI_MOS1
SPI_SSn
3.13.9 VHV
The VHV pin is a test pin and should be left floating during normal operation.
3.13.10 VDDO09

VDDO09 is the 0.9V internally generated regulated output and these pins should be tied to an external
0.22 puF capacitor to VSS.
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Copper Unit (T Unit)

This section describes the copper unit (T Unit) interface functions.

Media Interface

The copper interface consists of the MDIP/N[3:0] pins that connect to the physical media for
5GBASE-T, 2.5GBASE-T, 1000BASE-T, 100BASE-TX, and 10BASE-T modes of operation.

The device integrates MDI interface termination resistors. The IEEE 802.3 specification requires that
both sides of a link have termination resistors to prevent reflections. Traditionally, these resistors and
additional capacitors are placed on the board between a PHY device and the magnetics. The
resistors must be very accurate to meet the strict IEEE return loss requirements. Typically, +1%
accuracy resistors are used on the board. These additional components between the PHY and the
magnetics complicate board layout. Integrating the resistors has many advantages including
component cost savings, better ICT yield, board reliability improvements, board area savings,
improved layout, and signal integrity improvements. See the Benefits of Integrating Termination
Resistors for Ethernet Application Note for details.

The transmitter can be shut down in all operational speeds by setting register 3.8109.0 to 1 in
10M/100M/1G operation and register 1.0009.0 to 1 for 2.5G/5G operation.

Each channel’s transmitter’s polarity can be reversed by setting the corresponding bit in register
3.8001.3:0 to 1 in 10M/100M/1G operation. Channel transmitter polarity reversal is not supported for
2.5G/5G operation. The devices support Auto-MDI/MDIX to automatically switch to the proper
configuration when a cable is connected.

2.5GBASE-T and 5GBASE-T

Figure 16: 2.5GBASE-T and 5GBASE-T Data Path

64/65 LDPC
—)| Encoder/ —_— : - 5 »
Sc’ﬁﬁ‘,’nbﬁ; ‘ Encoder THP DAC |_ »
8] )
'_Y
XGMII Echo/
NEXT |/ <» MDI
65/64 LDPC R ; Az fa—
Decoder/ .
— — . L]
De- Decoder FFEFEXT ||| =1 ’;‘['Eg . ADC/
scrambler [H F Hybrid
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The device performs all the physical layer functions of 2.5GBASE-T and 5GBASE-T over a CAT 5e,
6A, and 7 cable system. The device performs scrambling, LDPC coding, PAM16 mapping, and THP
pre-coding on the transmit side with adaptive equalization, full echo cancellation, decoding and
de-scrambling on the receive side. It is fully compliant to the IEEE 802.3 standard, including the
PMA and PCS sublayers for full physical layer functionality.
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41.2 1000BASE-T

Figure 17: 1000BASE-T Data Path
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The device performs all the physical layer functions of 1000BASE-T full or half duplex on twisted pair
CAT 5, 6, and 7 cable. It is fully compliant to the IEEE 802.3 standard, including the PMD, PMA, and
PCS sublayers. The device, for 1000BASE-T, performs scrambling, Trellis coding, PAM5 mapping
functions on the transmit side with adaptive equalization, echo cancellation, viterbi decoding and
de-scrambling on the receive side.

41.3 100BASE-TX

Figure 18: 100BASE-TX Data Path
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The device performs all the physical layer functions of 100BASE-TX full or half duplex on twisted
pair CAT 5, 6, and 7 cable. It is fully compliant to the IEEE 802.3 standard, including the PMD, PMA,
and PCS sublayers. The device supports Auto-MDI/MDIX to automatically switch to the proper
configuration once a cable is connected. As mentioned, the device also integrates the PHY

termination resistors enabling BOM material and cost savings, ease of board layout, and bettered
signal integrity.
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41.4

10BASE-T

Figure 19: 10BASE-T Data Path
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The device additionally performs all the physical layer functions of 10BASE-T full or half duplex on
twisted pair cable. It is compliant to the IEEE 802.3 standard, including the PMD, PMA, and PCS
sublayers.

Taking Down the Link
Taking Down the Link in 5GBASE-T/2.5GBASE-T Modes

When the link is established, the link monitor algorithm will detect conditions where a retrain is
required, such as the link partner has dropped the link or the link quality has dropped below
acceptable levels.

The PHY supports fast retrain defined for 2.5G/5GBASE-T in IEEE 802.3bz-2016. The PHY also
supports a Negotiated Fast Retrain defined for pre-standard devices. If the local device and the link
partner have negotiated fast retrain support and the link quality has dropped below operating
conditions, then the PHY will enter fast retrain in coordination with the link partner and return to
normal operation within the defined fast retrain duration. If the PHY fails to achieve acceptable link
quality or the fast retrain process fails, then the PHY will drop the link and return to normal training.

When fast retrain is not negotiated and the link quality has dropped below operating conditions, the
PHY will perform a retrain as defined in IEEE Std. 802.3an-2006. Upon a failure to retrain, the PHY
will return to Auto-Negotiation.

Taking Down the Link in 1000BASE-T Mode

The link is established when both sides so indicate. Each side continues sending idle symbols
whenever it has no data to transmit. The link is maintained as long as valid idle, data, or carrier
extension symbols are received.

Taking Down the Link in 100BASE-TX Mode

For 100BASE-TX links, the PHY devices and its link partner begin transmitting idle symbols after
completion of the Auto-Negotiation process. Each side continues sending idle symbols whenever it
has no data to transmit. The link is maintained as long as valid idle symbols or data are received.

The PHY devices take down an established link when the required conditions are no longer met.
When a link is down, data transmission stops.

For 100BASE-TX and 1000BASE-T links, taking down a link occurs after valid idle codes are no
longer received. After the link is down, if Auto-Negotiation is enabled, then the PHY devices reenter
the Auto-Negotiation phase and begin transmitting FLPs.
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Loopback

Loopback

The T Unit implements multiple loopback paths.

MAC Loopback

The T Unit can loop back data from the internal XGMII/GMII/MII bus by setting register 3.0000.14 to
1 for all modes. In 10/100/1000 loopback mode, the data received from the internal GMII/MII bus is
not transmitted on the media interface and the link will be dropped. In 2.5G/5G loopback mode, the
link will remain active and data from the internal XGMII bus will be transmitted on to the media

interface.

If Auto-Negotiation and loopback are enabled, then FLP Auto-Negotiation codes will be transmitted.
If the T Unit is in forced 10BASE-T mode and loopback is enabled, then 10BASE-T idle link pulses
will be transmitted on the media interface. If the T Unit is in forced 100BASE-T mode and loopback
is enabled, then 100BASE-T idles will be transmitted on the media interface.

When MAC loopback is enabled, the loopback speed will be the active link speed of the T Unit. If the
link is down, then the loopback speed will be determined by register 31.F000.7:6.

Figure 20: MAC Interface Loopback Diagram — Copper Media Interface

4.2.2
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Line Loopback

Line loopback allows a link partner to send frames into the media interface to test the transmit and
receive data paths. Frames from a link partner into the PHY bus are looped back and sent out on the
line before reaching the internal XGMII/GMII/MII. They are also sent to the internal XGMII/GMII/MII
bus. The packets received from the internal XGMII/GMII/MII bus are ignored during line loopback.
This allows the link partner to receive its own frames.

Before enabling the line loopback feature, the PHY must first establish link to another PHY link
partner. If Auto-Negotiation is enabled, then both link partners should advertise the same speed and
full duplex. If Auto-Negotiation is disabled, then both link partners must be forced to the same speed
and full duplex. When link is established, the line loopback mode can be enabled setting register
3.8002.5 to 1 for 10M/100M/1G modes and 1.C000.11 to 1 for 2.5G/5G mode.

If MAC loopback 3.0000.14 is set to 1, then the line loopback registers 3.8002.5 and 1.C000.11 are
ignored.
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Figure 21: Line Loopback Diagram — Copper Media Interface
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Power Management

The T Unit supports several advanced power management modes that conserve power.

Manual Power Down

The T Unit can be manually powered down by setting register 1.0000.11 or 3.0000.11 to 1. In
general, this bit should not be set unless there is a need to only power down the T Unit.

When the device is operating in modes that does not require the T Unit to be operational, the T Unit
will be powered down automatically regardless of the setting in register 1.0000.11 or 3.0000.11.

Energy Detect

The T Unit can be placed in energy detect power down modes by selecting either of the two Energy
Detect modes. Both modes enable the PHY to wake up on its own by detecting activity on the media
interface. The status of the Energy Detect is reported in register 3.8008.4 and the Energy Detect
changes are reported in register 3.8011.4.

Energy Detect (Mode 1)
Energy Detect (Mode 1) is entered by setting register 3.8000.9:8 to 10.

In Mode 1, only the signal detection circuitry and register are active. If the PHY detects energy on
the line, then it starts to Auto-Negotiate sending FLPs for 5 seconds. If at the end of 5 seconds the
Auto-Negotiation is not completed, then the PHY stops sending FLPs and goes back to monitoring
receive energy. If Auto-Negotiation is completed, then the PHY goes into normal operation. If during
normal operation the link is lost, the PHY will restart Auto-Negotiation. If no energy is detected after
5 seconds, then the PHY resumes monitoring receive energy.
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43.2.2 Energy Detect +™ (Mode 2)
Energy Detect (Mode 2) is entered by setting register 3.8000.9:8 to 11.
In Mode 2, the PHY sends out a single 10 Mbps Normal Link Pulse (NLP) every one second. Except
for this difference, Mode 2 is identical to Mode 1 operation. If the T Unit is in Mode 1, then it cannot

wake up a connected device; so, the connected device must be transmitting NLPs or either device
must be woken up through register access. If the T Unit is in Mode 2, then it can wake a connected

device.
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4.4

441

Auto-Negotiation

The PHY supports IEEE 802.3 Clauses 28, 40, and 55 Auto-Negotiation. The PHY also supports
proprietary extensions to the Auto-Negotiation protocol.

802.3 Clause 28, 40, and 55 Auto-Negotiation

The 10/100/1000/2.5G/5GBASE-T Auto-Negotiation (AN) is based on Clauses 28, 40, 55, and 126
of the IEEE 802.3 specification. It is also based on the NBASE-T Physical Layer Specification. It is
used to negotiate speed, duplex, and flow control. When Auto-Negotiation is initiated, the PHY
determines whether the remote device has Auto-Negotiation capability: if so, the PHY and the
remote device negotiate the speed and duplex with which to operate.

If the remote device does not have Auto-Negotiation capability, then the PHY uses the parallel detect
function to determine the speed of the remote device for 100BASE-TX and 10BASE-T modes. If link
is established based on the parallel detect function, then it is required to establish link at half-duplex
mode only. Refer to IEEE 802.3 Clauses 28, 40, 55, and 126 for a full description of
Auto-Negotiation.

The 10/100/1000/2.5G/5GBASE-T Auto-Negotiation can be enabled and disabled via register
7.0000.12. Auto-Negotiation must be enabled if the PHY is intended to operate in 1000BASE-T,
2.5GBASE-T, or 5GBASE-T. Furthermore, the extended next page control bit (7.0000.13) must also
be set to 1 if the PHY is intended to operate in 2.5GBASE-T and 5GBASE-T.

Auto MDI/MDIX and Auto-Negotiation may be disabled and enabled independently.

When Auto-Negotiation is disabled, the speed and duplex can be set via registers 1.0000.13,
1.0000.6, and 7.8000.4, respectively. Changes to any of these bits will take effect immediately when
Auto-Negotiation is disabled.

When Auto-Negotiation is enabled the abilities that are advertised can be changed via registers
7.0010, 7.0020, and 7.8000.9:8. Changes to these registers do not take effect upon a copper link
drop, changes take effect only after one of the following occurs:

Software reset (1.0000.15, 3.0000.15, or 7.0000.15).

Restart Auto-Negotiation (7.0000.9).

Transition from power down to power up (1.0000.11 or 3.0000.11).

Auto-Negotiation Enable bit toggles (7.0000.12).

Extended Next Page Enable bit toggles (7.0000.13).

Speed and Duplex toggles while Auto-Negotiation is disabled (1.0000.13, 1.0000.6, and
7.8000.4).

Registers 7.0010, 7.0020, and 7.8000.9:8 are internally latched once every time the
Auto-Negotiation enters the Ability Detect state in the arbitration state machine only following one of
the previously listed events. So a write into registers 7.0010, 7.0020, and 7.8000.9:8 has no effect
when the PHY begins to transmit Fast Link Pulses (FLPs). This guarantees that sequences of FLPs
transmitted are consistent with one another.

If 1000BASE-T, 2.5GBASE-T, or 5GBASE-T modes are advertised, then the PHY automatically
sends the appropriate next pages or extended next page to advertise the capability and negotiate
master/slave mode of operation. If the user does not select to transmit additional next pages or
extended next pages, then the next page bit (7.0010.15) can be set to zero (default) and no further
action is required from the user.

If either next pages or extended next pages are required in addition to those selected, or
1000BASE-T, 2.5GBASE-T, or 5GBASE-T, then the user can set register 7.0010.15 to one.
Additional next pages can be transmitted and received via registers 7.0016 and 7.0019, respectively.
Additional extended next pages can be transmitted and received via registers 7.0016, 7.0017,
7.0018 and 7.0019, 7.001A, and 7.001B, respectively.
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1000BASE-T next page exchanges 2.5GBASE-T and 5GBASE-T extended next page exchanges
are automatically handled by the PHY without user intervention, regardless of whether additional
next pages are sent.

When the PHY completes Auto-Negotiation, it updates the various status in registers 7.0001,
7.0013, 7.8000, and 7.8001. Various Auto-Negotiation statuses such as speed, duplex, page
received, and so on are also available in registers 3.8008 and 3.8011.

Clause 45 defines a 16-bit address space and protocol for 10G PHY management registers. The
device supports the Clause 45 protocol and address space. Some of the 10M/100M/1G
management register bits have an equivalent defined by IEEE 802.3 within the Clause 45 address
space. However, there are also 10M/100M/1G management registers that are not defined by IEEE
802.3 within the Clause 45 address space. In the device these management register bits are
mapped into 7.8000, 7.8001, and 7.8002.

The changes in Auto-Negotiation settings via MDIO registers will not take into effect (including a link
down event) until Auto-Negotiation restart is initiated.

Exchange Complete — No Link Indicator

Sometimes when link does not come up, it is difficult to determine whether the failure is due to the
Auto-Negotiation FLP not completing or from the 10/100/1000/2.5G/5GBASE-T link not being able
to come up.

Register 3.8011.3 is a latched high bit that gets set to 1 whenever the FLP exchange is completed
but the link cannot be established for some reason. When the bit is set, it can be cleared only by
reading the register.

This bit will not be set if the FLP exchange is not completed or if link is established.

Auto Downshift

The auto downshift feature will downshift to the next highest available speed when a link fails to be
established after several attempts to link. Failure to link can be caused by cabling issues such as
using long CAT 5 cabling for 5GBASE-T or using cable with two twisted pairs instead of four twisted
pairs. In either of the case, the Auto-Negotiation will repeatedly negotiate to the higher speed but fail
to link.

With the NBASE-T downshift feature enabled, the T Unit is able to Auto-Negotiate with another link
partner using cable pairs 1, 2 and 3, 6 to downshift, and link to the next highest advertised speed
common between the two PHYs.

By default, the downshift feature is enabled. Setting register 1.C034.4 to 0 will disable the auto
downshift feature.

Registers 1.C034 and 1.C035 specify the amount of attempts to link to 5GBASE-T, 2.5GBASE-T,
and 1000BASE-T, respectively before down shifting to the next highest available speed. The number
of attempts before downshift is (1.C034.[3:0]+1). So the default setting of 2 means NBASE-T
downshift occurs after 3 link failures at current resolved speed. During the process of NBASE-T
downshift, the number of attempts already performed is shown in the status register 1.C035.[12:9]
which gets reset at next link up. Downshift for 100BASE-T and 10BASE-T are not supported.

When the lowest available speed fails to link after the programmed number of attempts, the PHY will
restart the algorithm and attempt to link at the highest available speed.
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The T Unit automatically determines whether it must cross over between pairs as shown in Table 42
so that an external crossover cable is not required. If the T Unit interoperates with a device that
cannot automatically correct for crossover, the T Unit makes the necessary adjustment prior to
commencing Auto-Negotiation. If the T Unit interoperates with a device that implements MDI/MDIX
crossover, then a random algorithm as described in IEEE 802.3 Clause 40.4.4 determines which
device performs the crossover.

When the T Unit interoperates with legacy 10BASE-T devices that do not implement
Auto-Negotiation, the T Unit follows the same algorithm as previously described since link pulses
are present. However, when interoperating with legacy 100BASE-TX devices that do not implement
Auto-Negotiation (such as when link pulses are not present), the T Unit uses signal detect to
determine whether to crossover.

The auto MDI/MDIX crossover function can be disabled via register 3.8000.6:5.

The pin mapping in MDI and MDIX modes is shown in Table 42.

Table 42: Media Dependent Interface Pin Mapping

Pin

MDIP/N[O]
MDIP/N[1]
MDIP/N[2]
MDIP/N[3]

MDI

1000/2.5G/
5GBASE-T

BI_DA+
BI_DBz
BI_DC+
BI_DD+

100BASE-TX 10BASE-T

TX+
RX+
unused

unused

TX+
RX#+
unused

unused

MDIX

1000/2.5G/
5GBASE-T

BI_DB%
BI_DA+
BI_DD+
BI_DCt

El Table 42 assumes no crossover on PCB.

Note

100BASE-TX 10BASE-T

RX+
TX+
unused

unused

RX+
TX+
unused

unused

The MDI/MDIX status is indicated by register 3.8008.6. This bit indicates whether the signal pairs
(3, 6) and (1, 2) are crossed over. In 5GBASE-T, 2.5GBASE-T, and 1000BASE-T operation, the
device can also correct for crossover between pairs (4, 5) and (7, 8). However, this is not indicated
by register 3.8008.6.
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4.7

Copper Unit (T Unit)
Auto Polarity Correction

Auto Polarity Correction

The T Unit automatically corrects polarity errors on the receive pairs in 5GBASE-T, 2.5GBASE-T,
1000BASE-T and 10BASE-T modes. In 100BASE-TX mode, the polarity does not matter.

In 5GBASE-T, 2.5GBASE-T, and 1000BASE-T modes, auto polarity correction is always enabled,
receive polarity errors are automatically corrected based on the startup training sequence. When the
training is complete the polarity is locked on all pairs. The polarity becomes unlocked only when the
receiver loses lock.

If a 1000BASE-T, 2.5GBASE-T, or 5GBASE-T link is established, register 1.0082.11:8 (2.5G/5G)
and 3.8182.11:8 (1G) report the polarity on all 4 pairs.

In 10BASE-T mode, auto polarity correction is enabled when register 3.8000.1 is set to 0. If register
3.8000.1 is set to 1, then the polarity will be forced to normal. When enabled, polarity errors are
corrected based on the detection of validly spaced link pulses. The detection begins during the MDI
crossover detection phase and locks when the 10BASE-T link is up. The polarity becomes unlocked
when link is down.

The 10BASE-T polarity correction status is indicated by register 3.8008.1. This bit indicates whether
the receive pair (3, 6) is polarity reversed in MDI mode of operation. In the MDIX mode of operation,
the receive pair is (1, 2) and register 3.8008.1 indicates whether this pair is polarity reversed.
Although all pairs are corrected for receive polarity reversal, register 3.8008.1 only indicates polarity
reversal on the pairs described above.

The 10BASE-T receive polarity can be forced to negative by setting register 3.8001.9 to 1. This is
useful for debugging and should not be used during normal operation.
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5.1

Host Interface Unit (H Unit)

The host side interface comprises two differential input lanes SIP[1:0])/SIN[1:0] and two differential
output lanes SOP[1:0]/SONJ[1:0]. They are designed to operate over short backplanes to the host
device.

These lanes can be arranged to form SGMII, 1000BASE-X, 2500BASE-X, and 5GBASE-R.

Host Electrical Interface

The input and output buffers of the SERDES interface are internally terminated by 50Q impedance
(100¢ differential). No external terminations are required.

The SERDES transmitter has a three-tap (1 pre-tap and 1 post-tap) FIR filter for channel
equalization. The FIR tap can be manually adjusted to optimize the transmit eye over a particular
channel.

The receiver performs clock and data recovery and de-serializes the data.
The polarity of the H Unit inputs and outputs can be inverted.

4.F004.15 inverts Lane3 input polarity: 0 = Normal, 1 = Invert

4.F004.14 inverts Lane2 input polarity: 0 = Normal, 1 = Invert

4.F004.13 inverts Lane 1 input polarity: 0 = Normal, 1 = Invert

4.F004.12 inverts Lane 0 input polarity: 0 = Normal, 1 = Invert

4.F004.11 inverts Lane3 output polarity: 0 = Normal, 1= Invert

4.F004.10 inverts Lane2 output polarity: 0 = Normal, 1= Invert

4.F004.9 inverts Lane 1 output polarity: 0 = Normal, 1 = Invert

4.F004.8 inverts Lane 0 output polarity: 0 = Normal, 1 = Invert

|§ | | Lane 1 is only applicable when MACTYPE[2:0] = 000, 001, 010, or 011. See
Section 3.5, Configuration and Resets, on page 60 for MACTYPE[2:0] configuration
Note details.
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5.2 PCS

The Host Interface supports several different PCS. Register 31.F001.2:0 determines the behavior of
the host interface as shown in Table 43 and Table 44.

Table 43: 88E2010 Host Interface Configuration

Host Interface Unit (H Unit)
PCS

Line Rate

31.F001.2:0 5 Gbps 2.5 Gbps 1 Gbps 100 Mbps 10 Mbps
000 5GBASE-R 2500BASE-X SGMII Auto-Negotiation On
- Reserved
- Reserved
011 5GBASE-R 2500BASE-X SGMII Auto-Negotiation On
100 5GBASE-R 2500BASE-X SGMII Auto-Negotiation On
101 5GBASE-R 2500BASE-X SGMII Auto-Negotiation Off
110 5GBASE-R/2500BASE-X
111 Reserved

Table 44: 88E2040L Host Interface Configuration

Line Rate

31.F001.2:0 5 Gbps 2.5 Gbps 1 Gbps 100 Mbps 10 Mbps
000 5GBASE-R 2500BASE-X SGMII Auto-Negotiation On
001 5GBASE-R 2500BASE-X SGMII Auto-Negotiation Off
010 Reserved
oM Reserved
100 5GBASE-R 2500BASE-X SGMII Auto-Negotiation On
101 5GBASE-R 2500BASE-X SGMII Auto-Negotiation Off
110 5GBASE-R/2500BASE-X
111 Reserved

5.2.1 5GBASE-R/2500BASE-X

The 5GBASE-R/2500BASE-X PCS is enabled by setting register 31.F001.2:0 = 001 (88E2010 only),
010, 110, or 111.

The 5GBASE-R/2500BASE-X PCS operates according to Clause 49 of the IEEE 802.3ae
specification. The PCS uses a 64B/66B coding and scrambling to improve the transmission
characteristics of the serial data and ease clock recovery at the receiver. The synchronization
headers for 64B/66B code enable the receiver to achieve block alignment on the receive data. For
further details, refer to the IEEE 802.3 specification.
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5.2.2 5GBASE-R
For the 88E2040L devices, the 5GBASE-R PCS is enabled by setting register 31.F001.2:0 = 000,
001, 100, 101, and the line rate is 5 Gbps.
For the 88E2010 device, the 5GBASE-R PCS is enabled by setting register 31.F001.2:0 = 000, 011,
100, 101, and the line rate is 5 Gbps.
5GBASE-R is identical to 5GBASE-R/2500BASE-X as described in Section 5.2.1,
5GBASE-R/2500BASE-X except at 50% speed.

5.2.3 2500BASE-X
For the 88E2040L device the 2500BASE-X PCS is enabled by setting register 31.F001.2:0 = 000,
001, 100, 101, and the line rate is 2.5 Gbps.
For the 88E2010 device, the 2500BASE-X PCS is enabled by setting register 31.F001.2:0 = 000,
011, 100, 101, and the line rate is 2.5 Gbps.
2500BASE-X is identical to 1000GBASE-X operation as described in Section 5.2.4.1, PCS except
at 2.5 times the speed. Auto-Negotiation is not supported in 2500BASE-X.

5.2.4 SGMII (Media)
For the 88E2040L device, the SGMII is enabled by setting register 31.F001.2:0 = 000, 001, 100,
101, and the line rate is 10/100/1000 Mbps. SGMII Auto-Negotiation is enabled with the 000 and 100
settings.
For the 88E2010 device, the SGMII is enabled by setting register 31.F001.2:0 = 000, 011, 100, 101,
and the line rate is 10/100/1000 Mbps. SGMII Auto-Negotiation is enabled with the 000, 011 and 100
settings.

5.241 PCS
The 1000BASE-X PCS operates according to Clause 36 of the IEEE 802.3 specification. The PCS
uses a 8/10 bit coding for DC line balancing. For further details, refer to the IEEE 802.3 specification.
The SGMII protocol is also supported over 1000BASE-X. The SGMII allows 10 Mbps, 100 Mbps,
and 1000 Mbps throughput over 1000BASE-X line coding.
When SGMII Auto-Negotiation is turned off (4.2000.12 = 0), the speed setting is programmed via
register 4.2000 bits 13 and 6. Link is established when the underlying 1000BASE-X establishes link.
When SGMII Auto-Negotiation is turned on (4.2000.12 = 1), the SGMlI is set to the speed of the line
interface. This speed capability is advertised and Auto-Negotiation has to complete prior to link
being established.
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Host Interface Unit (H Unit)
PCS

5.24.2 SGMiIl Auto-Negotiation

SGMIl is a de-facto standard designed by Cisco. SGMII uses 1000BASE-X coding to send data as
well as Auto-Negotiation information between the PHY and the MAC. However, the contents of the
SGMII Auto-Negotiation are different than the 1000BASE-X Auto-Negotiation. See the Cisco SGMII
Specification and the MAC Interfaces and Auto-Negotiation Application Note for further details.

The device supports SGMII interface with and without Auto-Negotiation. Auto-Negotiation can be
enabled or disabled by writing to register 4.2000.12. If SGMII Auto-Negotiation is disabled, then the
MAC interface link, speed, and duplex status (determined by the media side) cannot be conveyed to
the MAC from the PHY. The user must program the MAC with this information in some other way (for
example, by reading PHY registers for link, speed, and duplex status).
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5.3 Loopback
The host-side SERDES support two loopback paths.
If register 4.F003.12 = 1, then data from the host will loopback to the host as shown in Figure 22.

Figure 22: Shallow Host Loopback

TX PMA/
SOPIN <« oD € TXPCS «—— FFO i«

RX PMA/ _ To
SIPIN ———» oo™ > RXPCS > Core

Registers 4.0000.14, 4.1000.14, and 4.2000.14 are physically the same bit. If any of these bits are
set to 1, then data from the core will loopback to the core as shown in Figure 23 and Figure 24. If
register 4.F003.6, then the ingress path will not be blocked as shown in Figure 23. If register
4.F003.6 = 1, then the ingress path will be blocked as shown in Figure 24.

Figure 23: Deep Line Loopback, No Ingress Blocking

TX PMA/ From
SOP/N « | PMD <«——— TXPCS « - FIFO -« " Core

RX PMA/ . To
SIPIN ——» PMD —» RXPCS > Core

Figure 24: Deep Line Loopback, Ingress Blocking

TX PMA/ From
SOP/N <« PMD TXPCS « FIFO « " Core

RX PMA/ . To
SIPIN ——» PMD —» RXPCS > Core
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Host Interface Unit (H Unit)
Power Management

54 Power Management
The device will automatically power down unused circuits. The host side can be forced into a power
down state by setting 4.0000.11, 4.1000.11, or 4.2000.11. These power down registers are
physically the same bit even though they reside in different locations.

To soft reset the host side only, set registers 4.0000.15, 4.1000.15, or 4.2000.15. These software
reset registers are physically the same bit even though they reside in different locations.
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Electrical Specifications

6.1 Absolute Maximum Ratings

Table 45: Absolute Maximum Rating

Stresses above those listed in Absolute Maximum Ratings may cause permanent device failure. Functionality at or above these limits is not implied.
Exposure to absolute maximum ratings for extended periods may affect device reliability.

Symbol Parameter Min Typ Max Units
Vbpac Power Supply Voltage on AVDDC with respect to VSS -0.5 - 2.5 \Y
VppaL Power Supply Voltage on AVDDL with respect to VSS -0.5 - 25 Y
VppaH Power Supply Voltage on AVDDH with respect to VSS -0.5 - 25 \
VppaT Power Supply Voltage on AVDDT with respect to VSS -0.5 - 3.0 \%
VbpAR Power Supply Voltage on AVDDR with respect to VSS -0.5 - 25 \Y
Vppas Power Supply Voltage on AVDDS with respect to VSS -0.5 - 25 Y
Vpp Power Supply Voltage on DVDD with respect to VSS -0.5 - 1.2 \%
Vppo Power Supply Voltage on VDDOL, VDDOM, VDDOR, -0.5 - 3.6 \%
VDDOT with respect to VSS

Vhy Power Supply Voltage on VHV with respect to VSS -0.5 - 1.2 \%
VeIN Voltage Applied to Any Digital Input Pin -0.5 - 3.6 Vv
Tstorace | Storage Temperature -55 - +125" °C

1. 125°C is only used as bake temperature for not more than 24 hours. Long-term storage (for example, weeks or longer) should be kept at
85°C or lower.
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6.2

Recommended Operating Conditions

Table 46: Recommended Operating Conditions

Symbol
1,2

Vbpac
1,2

VDAL

1,2

VbDAH
1,2

VDDAT

1,2
VbDAR
1,2
Vbpas
1,2
Vbp

1,2
Vbbo

Parameter

AVDDC Supply
AVDDL Supply
AVDDH Supply

AVDDT Supply

AVDDR Supply
AVDDS Supply
DVDD Supply

VDDOL, VDDOM, VDDOR,
VDDOT Supply

VHV Supply

Internal Bias Reference
CIREF, SIREF

Commercial Ambient
Operating Temperature

Maximum Junction
Temperature

Condition
For AVDDC
For AVvDDL
For AVDDH

For AVDDT

For AVDDR

For AVDDS

For DVDD (C-temp)
For DVDD (I-temp)
For VDDOM at 1.2V
For VDDO* at 1.5V
For VDDO* at 1.8V
For VDDO* at 2.5V
For VDDO* at 3.3V
Leave floating

Resistor connected to
Vss
Commercial Parts®

Industrial Parts*

1. Maximum noise allowed on supplies is 25 mV peak-peak.

2. The recommended operating conditions assume that the ripple is included. DC operating conditions with the ripple should never exceed
the recommended operating levels. For example, on a system: DVDD supply - 12.5 mV (ripple peak) should be less than 0.776V.

3. Commercial operating temperatures are typically below 70°C, for example, 45°C~55°C. The 70°C maximum is the Marvell specification

limit.

Min

1.455
1.455
1.940
1.746
2.425
2.231
1.455
1.455
0.776
0.854
1.14

1.425
1.71

2.375
3.135

Electrical Specifications

Recommended Operating Conditions

Typ Max Units
1.5 1.545 Vv
1.5 1.545 \Y
2.0 2.060 \
1.8 1.854 Vv
25 2.575 \Y,
2.3 2.396 \
1.5 1.545 \Y%
1.5 1.545 \
0.8 0.824 Vv
0.88 0.906 \Y
1.2 1.26 Vv
1.5 1.575 \Y,
1.8 1.89 \Y
25 2.625 \Y%
3.3 3.465 \
- - \Y
4.99K+1% | - Q
Tolerance

- 70 °C
- 85 °C
- 105° °C

4. Industrial part numbers have an | following the commercial part numbers. For details, see Section 8.1, Part Order Numbering,
on page 142.
5. Refer to the white paper on T; Thermal Calculations for detailed information.

Copyright © 2018 Marvell

September 10, 2018

Document Classification: Public

Doc. No. MV-S111597-U0 Rev. B
Page 113



®
I;% Alaska M 88E2010/88E2040L

M ARV ELL® Preliminary Datasheet - Public

6.3 Package Thermal Information

6.3.1 Thermal Conditions for 88E2010, 168-pin, HFCBGA
Package
Table 47: Thermal Conditions for 88E2010, 168-pin, HFCBGA Package
Symbol Parameter Condition Min Typ Max Units
0 Thermal Resistance’ - JEDEC 3in. x 4.5in.
Junction to Ambient for the 4-layer PCB with no air flow = — 19.56 - °C/W
168-pin, HFCBGA Package
JEDEC 3in. x4.51in.
4-layer PCB with 1 - 16.90 - °C/W
meter/sec air flow
0ya = (Ty-TaA)P : :
P = Total Power Dissipation ~ JEDEC 3in.x4.5in.
4-layer PCB with 2 - 15.42 - °C/W
meter/sec air flow
JEDEC 3in. x 4.5in.
4-layer PCB with 3 - 14.35 - °C/W
meter/sec air flow
wT Thermal Characteristic JEDEC 3in. x4.5in.
Parameter? - Junction to the 4-layer PCB with no air flow = — 0.21 - °C/W
Top Center of the 168-pin,
HFCBGA Package JEDEC 3in. x 4.5 in.
B 4-layer PCB with 1 - 0.24 - °C/W
Yot = (Ty - Tigp)/ P'. o meter/sec air flow
P = Total Power Dissipation, - -
Tiop: Temperature on the Top | JEDEC 3in.x 4.5 in.
Center of the Package 4-layer PCB with 2 - 0.26 - °C/W
meter/sec air flow
JEDEC 3in. x 4.5 in.
4-layer PCB with 3 - 0.28 - °C/W
meter/sec air flow
0,c Thermal Resistance® JEDEC with no air flow
-Junction to the Case for the
168-pin, HFCBGA Package
- 0.66 - °C/W
0yc = (Ty-Tc)/Prop
Piop = Power Dissipation
from the Top of the Package
0,8 Thermal Resistance? - JEDEC with no air flow
Junction to the Board for the
168-pin, HFCBGA Package
- 8.18 - °C/W

848 = (T, - Tg)/Pbottom
Ppottom = Power Dissipation
from the Bottom of the
Package to the PCB Surface

1. Refer to the white paper on T; Thermal Calculations for detailed information.
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6.3.2

Electrical Specifications

Package Thermal Information

Thermal Conditions for 88E2040L, 484-pin, HFCBGA

Package

Table 48: Thermal Conditions for 88E2040L, 484-pin, HFCBGA Package

Symbol

CAY

T

8¢

88

Parameter

Thermal Resistance! -
Junction to Ambient for the
484-pin, HFCBGA Package

0ya = (Ty- TA)P
P = Total Power Dissipation

Thermal Characteristic
Parameter® - Junction to the
Top Center of the 484-pin,
HFCBGA Package

yut = (T - Tiop)/P

P = Total Power Dissipation,
Tiop: Temperature on the Top
Center of the Package

Thermal Resistance? -
Junction to the Case for the
484-pin, HFCBGA Package

0yc = (Ty- Tc)/Prop
Piop = Power Dissipation
from the Top of the Package

Thermal Resistance? -
Junction to the Board for the
484-pin, HFCBGA Package

048 = (Ty - Tg)/Pootiom
Ppottom = Power Dissipation
from the Bottom of the
Package to the PCB Surface

Condition

JEDEC 3in. x4.5in.
4-layer PCB with no air flow

JEDEC 3in. x4.5in.
4-layer PCB with 1
meter/sec air flow

JEDEC 3in. x4.5in.
4-layer PCB with 2
meter/sec air flow

JEDEC 3in.x4.5in.
4-layer PCB with 3
meter/sec air flow

JEDEC 3in.x4.5in.
4-layer PCB with no air flow

JEDEC 3in. x4.5in.
4-layer PCB with 1
meter/sec air flow

JEDEC 3in.x4.5in.
4-layer PCB with 2
meter/sec air flow

JEDEC 3in.x4.5in.
4-layer PCB with 3
meter/sec air flow

JEDEC with no air flow

JEDEC with no air flow

1. Refer to the white paper on T; Thermal Calculations for information.
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Typ
9.09

7.85

7.27

6.88

0.16

0.25

0.28

0.30

0.30

2.60

Max Units
- °C/W

- °C/W

- °C/W

- °C/W

- °C/W

- °C/W

- °C/W

- °C/W

- °C/W

- °C/W
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6.4 Digital 1/O Electrical Specifications

6.4.1 DC Operating Conditions
Table 49: DC Operating Conditions

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Pins Condition Min Typ Max Units
VIH Input High All digital inputs VDDO = 3.3V 2.0 - VDDO+ |V
Voltage 0.3V
VDDO = 2.5V 1.75 - VDDO + |V
0.3V
VDDO = 1.8V 1.26 - VDDO + |V
0.3V
VDDO = 1.5V 1.05 - VDDO + |V
0.3V
VDDO = 1.2V 0.84 - VDDO + |V
0.3V
VIL Input Low All digital inputs VDDO = 3.3V -0.3 - 0.8 Y
Voltage
VDDO = 2.5V -0.3 - 0.75 \Y
VDDO = 1.8V -0.3 - 0.54 \%
VDDO =1.5V -0.3 - 0.45 \Y
VDDO =1.2V -0.3 - 0.36 \Y
VOH High-level All digital outputs | IOH =-4 mA VDDO - - \%
Output -0.4V
Voltage
VOL Low-level All digital outputs | IOL =4 mA - - 0.4 \Y
Output
Voltage
Ik Input With internal - 10 - 70 pA
Leakage pull-up/pull-down
Current resistor
All others - - - 10 HA
without resistor
1) Max Current All LED pins - - - 8 mA
per LED Pin
CIN Input All pins - - - 5 pF
Capacitance
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Digital I/O Electrical Specifications

6.4.2 Reset Timing

Table 50: Reset Timing

(Over Full range of values listed in the Recommended Operating Conditions unless otherwise specified)
Symbol Parameter Condition Min Typ Max Units

TPU_RESET Valid Power to RESET - 10 - - ms
De-asserted

TSU_REFCLK Number of Valid REFCLK 10 - -
Cycles Prior to RESET clks
De-asserted

TRESET Minimum Reset Pulse - 10 B _ e
Width During Normal
Operation

Figure 25: Reset Timing

- Teu_rEse L

Power - Tsu_rercLi -

- N\ S\

RESET - g p— >
6.4.3 LED to CONFIG Timing
Table 51: LED to CONFIG Timing
Symbol Parameter Condition Min Typ Max Units
TDLY_CONFlG LED to CONFIG Delay - 0 - 25 ns

Figure 26: LED to CONFIG Timing

LED

CONFIG

<)

TDLY_CONFIG
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6.4.4 MDC/MDIO Management Interface Timing

Table 52: MDC/MDIO Management Interface Timing

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Min Typ Max Units
TpLy_mpio MDC-to-MDIO (Output) Delay Time 2 - 16 ns
Tsu_mpio MDIO- (Input) to-MDC Setup Time 3 - - ns
Thp_mpIO MDIO- (Input) to-MDC Hold Time 3 - - ns
Te_mpC MDC Period 35 - - ns
TH_mMDC MDC High 17 - - ns

T mpc MDC Low 17 - - ns
Vyyst VDDO Input Hysteresis - 360 - mV
Tp_mpDC MDC Period 35 - - ns
Tread_dly Read Delay 160 - - ns

Figure 27: MDC/MDIO Management Interface Timing

TH_MDC —— TL_MDC —b:

MDC . ! 1
,"_ TP_MDC _’E ?_TDLY_MDIO

MDIO (Output) >< X ><
—»

T : ' ;‘_TH D_MDIO
SU_MDIO  —pi —

Walid Data

MDIO (Input)

----....-.>|<.--
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Figure 28: MDC/MDIO Input Hysteresis
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6.4.5 JTAG Timing
Table 53: JTAG Timing

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Condition Min Typ Max Units

Tp TcK TCK Period - 60 - - ns

TH_TCK TCK ngh - 12 - — ns

TL_TCK TCK Low - 12 - — ns

TSU_TDI TDI, TMS-to-TCK Setup - 10 - - ns
Time

Thp_TDI TDI, TMS-to-TCK Hold - 10 - - ns
Time

TDLYﬁTDO TCK-to-TDO Delay - 0 - 15 ns

Figure 30: JTAG Timing
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6.4.6 SPI Interface Timing

Table 54: SPI Interface Timing

Electrical Specifications
Digital I/O Electrical Specifications

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Condition Min Typ Max Units
Tsck_PER SCK Period - - 204.8 - ns
SCK Duty Cycle - 48 50 52 %
To_minto To_max MOSI Valid from SCK Low | — - 20 ns
ToH MISO Hold Time from SCK | — 0 - - ns
High
Tps MISO Setup Time to SCK - 50 - - ns
High
Figure 31: SPI Interface Timing
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6.5 Analog Electrical Specifications
6.5.1 SGMII Electrical Summary

Table 55: SGMII Electrical Summary

Test Parameters Specification Units
Transmitter Tests
Min Mean Max
Output Voltage High - - 1525 mV
Output Voltage Low 875 - - mV
Output Ringing - - 10 %
Output Differential Voltage 150 - 400 mV
Output Offset Voltage 1.075 - - \%
Single-ended Output Impedance 40 - - Q
Output Current On Short to Gnd - - 40 mA
Output Current When P and N are Shorted - - 12 mA
Power Off Leakage Current - - 10 mA
Skew Between P and N - - 20 ps
Total Output Jitter - - 300 ps
Receiver Tests
Sensitivity - - 100 mVpp
Single-ended Termination - 50 - Q
Jitter Tolerance 500 - - ps
Figure 32: Transmitter Eye Mask
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6.5.2

Table 56: 1000BASE-KX/SGMII Electrical Summary

Test Parameter

Signaling Speed
Eye Diagram
Impedance

Differential Peak-to-Peak Output
Voltage

Differential Peak-to-Peak Output
Voltage (Max.) with Tx Disabled

DC Common-Mode Voltage Limits

Common-Mode Voltage Deviation
(Max.) During LPI

Differential Output Return Loss (Min.)

Transition Timer (20 to 80%)
Deterministic Jitter

Random Jitter

Total Output Jitter @ 10712

Signaling Speed
Impedance

Differential Input Peak-to-Peak
Amplitude

Differential Input Return Loss (Min.)

Amplitude of Broadband Noise
(Min. RMS)

Applied Transition Time
(20 to 80%, Min.)
Applied Sinusoidal Jitter
(Min. Peak-to-Peak)

Applied Random Jitter
(Min. Peak-to-Peak) @ 10712

Applied Duty Cycle Distortion
(Min. Peak-to-Peak)

Copyright © 2018 Marvell
September 10, 2018
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1000BASE-KX/SGMII Electrical Summary

Specification

Transmitter Tests at Test Point 1

Min
1.249875
See Figure 33.

800

-0.4
-150

f) = 10 for 50 MHz < f < 625 MHz;
F) = 10 - 10 x log(f/625) for 625 MHz
1

RL(
RL(
<f< 1250 MHz

<
60

Mean
1.25

100

See
Figure 34.

Transmitter Tests at Test Point 4

1.249875

RL(f) > 10 for 50 MHz < f < 625 MHz;
RL(F) = 10 - 10 x log(f/625) for 625 MHz
< <1250 MHz

<
6

o]

320

0.1

0.15

Document Classification: Public

1.25
100
1600

See
Figure 34.

Max
1.250125

1600

30

1.9
150

320
0.1
0.15
0.25

1.250125

Units

GBaud

mV

mV

mV
dB
ps
Ul

ul
ul

GBaud

mV

dB

mV (RMS)

ps

ps

ul

ul
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Figure 33: Transmitter Eye Mask — 1000BASE-KX/SGMII
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Figure 34: 1000BASE-KX/SGMII Return Loss Mask
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6.5.3 2500BASE-X Electrical Summary

Table 57: 2500BASE-X Electrical Summary

Test Parameters

Signaling Rate

Nominal Unit Interval

Differential Output
Deterministic Jitter
Random Jitter

Total Output Jitter

Signaling Rate

Nominal Unit Interval

Differential Input Peak-to-Peak Amplitude
Applied Sinusoidal Jitter (Min. Peak-to-Peak)
Applied Random Jitter (Min. Peak-to-Peak)

Copyright © 2018 Marvell

September 10, 2018

Min
-100 ppm

800

Specification

Mean
3.125
320
1000

Receiver Tests

-100 ppm

0.17
0.18

Document Classification: Public

3.125
320

Electrical Specifications
Analog Electrical Specifications

Transmitter Tests

Max
+100 ppm
1200
0.17
0.27
0.35

+100 ppm

1600

Units

GBaud
ps
mVpp
ul

ul

GBaud
ps
mVpp
Ul

Ul
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6.5.4 5GBASE-R Electrical Summary

Table 58: 5GBASE-R Electrical Summary

Test Parameters Specification Units

Transmitter Tests

Min Mean Max
Signaling Rate -100 ppm 3.125 +100 ppm GBaud
Nominal Unit Interval - 193.9 - ps
Differential Output - - 1200 mVpp
Deterministic Jitter - - 0.12 Ul
Random Jitter - - 0.15 ul
Total Output Jitter - - 0.27 ul
Receiver Tests
Signaling Rate -100 ppm 3.125 +100 ppm GBaud
Nominal Unit Interval - 193.9 - ps
Applied Random Jitter (Min. Peak-to-Peak)  0.15 - - Ul
5Ul@0.02MHz - - N/A
0.15Ul@4 MHz - -
Applied Sinusoidal Jitter (Min. Peak-to-Peak) 0.15Ul @ 20 MHz - -
Doc. No. MV-S111597-U0 Rev. B Copyright © 2018 Marvell
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6.5.5 10BASE-Te, 100BASE-TX, and 1000BASE-T Electrical
Parameters

IEEE tests are typically based on template and cannot simply be specified by a number. For an exact description of the
template and the test conditions, refer to the IEEE specifications.

m  10BASE-Te IEEE 802.3 Clause 14

m 100BASE-TX ANSI X3.263-1995

m  1000BASE-T IEEE Clause 40

Table 59: IEEE DC Transceiver Parameters
(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Pins Condition Min Typ Max Units
VoDIFF Absolute Peak MDIP/N[1:0] 10BASE-Te no cable 1.54 - 1.96 \
Differential
Output MDIP/N[1:0] = 10BASE-Te cable model = 585! | — - mv
Voltage
MDIP/N[1:0] 100BASE-TX mode 0.950 | — 1.050 'V
MDIP/N[3:0] 1000BASE-T? 0.67 - 0.82 \Y
Overshoot? MDIP/N[1:0] 100BASE-TX mode 0 - 5 %
Amplitude MDIP/N[1:0] 100BASE-TX mode 98 - 102 V+/V-
Symmetry
(Positive/
Negative)
ViDIFF Peak MDIP/N[1:0] 10BASE-Te mode 5853 - - mV
Differential
Input
Voltage
Signal Detect MDIP/N[1:0] 100BASE-TX mode 1000 460* - mV
Assertion peak-peak
Signal Detect MDIP/N[1:0] 100BASE-TX mode 200 360° - mV
De-assertion peak-peak

1. |EEE 802.3 Clause 14, Figure 14.9 shows the template for the far-end wave form. This template allows as little as 495 mV peak differen-

tial voltage at the far end receiver.

IEEE 802.3ab Figure 40 -19 points A&B.

The input test is actually a template test; IEEE 802.3 Clause 14, Figure 14.17 shows the template for the receive waveform.

The ANSI TP-PMD specification requires that any received signal with peak-to-peak differential amplitude greater than 1000 mV should

turn on signal detect (internal signal in 100BASE-TX mode). The device accepts signals typically with 460 mV peak-to-peak differential

amplitude.

5. The ANSI-PMD specification requires that any received signal with peak-to-peak differential amplitide less than 200 mV should de-assert
signal detect (internal signal in 100BASE-TX mode). The device will reject signals typically with peak-to-peak differential amplitude less
than 360 mV.

Rl
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6.5.6 SERDES Receiver Input
Table 60: SERDES Receiver Input
Symbol Parameter Condition Min Typ Max Units
SDD11 Input Return Loss Differential, 100Q - - - dB
f<2.5GHz - - -9
25t07.5GHz - - -9+12log(f/2.5G)
Acm CM Ripple - - - 20 mV,
pk-pk
SCD11 Input Return Loss Reference 25Q - - - dB
f<25GHz - -6
25t07.5GHz - - -6+12log(f/2.5G)
X1 Tx Eye Mask - - - 0.325 Ul
Y1 Tx Eye Mask - 0.055 - - V pk, diff
Y2 Tx Eye Mask - - - 0.5 V pk, diff
Vicm Input CM Rx can be DC 0.1 - 1.4 Vv
coupled.
RC2 Receiver Interference AsperlEEE 802.3, - - - -
Tolerance at 10 Gbps section 72
Figure 35: Receiver Eye Mask
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6.5.7 SERDES Transmitter Output
Table 61: SERDES Transmitter Output
Symbol Parameter Condition Min Typ Max Units
SDD11 Input Return Loss Differential, 100Q - - - dB
f<2.5GHz - - -9
25t07.5GHz - - -9+12log(f/2.5G)
tr, tf Rise, Fall Time 20 to 80% of swing = 25 - 47 ps
Acm CM Ripple - - - 20 mV,
pk-pk
SCDM1 Input Return Loss Reference 25Q - - - dB
f<25GHz - - -6
25t07.5GHz - - -6+12log(f/2.5G)
X1 Tx Eye Mask - - - 0.15 ul
X2 Tx Eye Mask - - - 0.4 Ul
Y1 Tx Eye Mask - 0.185 - - V pk, diff
Y2 Tx Eye Mask - - - 0.4 V pk, diff
TJ Total Jitter - - - 0.3 ul
Figure 36: Transmitter Eye Mask
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6.5.8

IEEE DC Transceiver Parameters

IEEE tests are typically based on template and cannot simply be specified by a number. For an exact description of the
template and the test conditions, refer to the IEEE specifications.

-10BASE-T IEEE 802.3 Clause 14

-100BASE-TX ANSI X3.263-1995

Table 62:

IEEE DC Transceiver Parameters

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol

VobiFr

VipIFF

Parameter

Absolute
Peak
Differential
Output
Voltage

Overshoot?

Amplitude
Symmetry
(Positive/
Negative)
Peak
Differential
Input
Voltage

Signal Detect
Assertion

Signal Detect
De-assertion

Pins
MDIP/N[1:0]

MDIP/N[1:0]

MDIP/N[1:0]
MDIP/N[3:0]
MDIP/N[1:0]
MDIP/N[1:0]

MDIP/N[1:0]

MDIP/N[1:0]

MDIP/N[1:0]

Condition
10BASE-T no cable

10BASE-T cable model

100BASE-TX mode
1000BASE-T2

100BASE-TX mode
100BASE-TX mode

10BASE-T mode

100BASE-TX mode

100BASE-TX mode

Min
0.950

585"

0.950
0.67
0
0.98x

5853

100

200

Typ
1.0

1.0
0.75

460*

360°

Max
1.050

1.050
0.82
5%
1.02x

Units

mV

V+/V-

mV

mV
peak-peak

mV
peak-peak

1. IEEE 802.3 Clause 14, Figure 14.9 shows the template for the far-end waveform. This template allows as little as 495 mV peak differential
voltage at the far end receiver.

HWN

. IEEE 802.3ab Figure 40 -19 points A&B.
. The input test is actually a template test; IEEE 802.3 Clause 14, Figure 14.17 shows the template for the receive wave form.
. The ANSI TP-PMD specification requires that any received signal with peak-to-peak differential amplitude greater than 1000 mV should

turn on signal detect (internal signal in 100BASE-TX mode).
5. The ANSI-PMD specification requires that any received signal with peak-to-peak differential amplitide less than 200 mV should de-assert
signal detect (internal signal in 100BASE-TX mode). The device will reject signals typically with peak-to-peak differential amplitude less

than 360 mV.
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6.6 Reference Clock
6.6.1 CLKP/N Timing — 156.25 MHz
Table 63: CLKP/N Timing — 156.25 MHz
Symbol Parameter Condition Min Typ Max Units
Fclk Frequency - -50 ppm 156.25 +50 ppm MHz
tr, tf Rise, Fall Time 20 to 80% of swing 0.3 0.5 0.8 ns
A Amplitude Differential pk 04 0.75 0.9 \%
Tduty Duty Cycle - 0.45 0.5 0.55 -
Tj Jitter Integrated from - - 0.5 ps,
1 to 30 MHz (RMS)
Zin Input Impedance Differential 90 100 110 Q
Vicm Input CM CLK can be DC 0.1 - AVDDC- V
coupled. 0.1V
SDDM1 Input Return Loss Differential, 100Q - - -12 db

| gl | When the transmitter or the receiver is in LPI transmit mode or switching to and from

Not the LPI mode, a short-term rate of frequency variation will be less than 0.1 ppm/second.
ote
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6.6.2 CLKP/N Timing — 50 MHz
Table 64: CLKP/N Timing — 50 MHz
Symbol Parameter Condition Min Typ
Fclk Frequency - -50 ppm 50
tr, tf Rise, Fall Time 20 to 80% of swing = 0.3 0.5
A Amplitude Differential pk-pk 0.4 0.75
Tduty Duty Cycle - 0.45 0.5
Tj Jitter Integrated from - -
1 to 30 MHz
Zin Input Impedance Differential 90 100
Vicm Input CM CLK can be DC 0.1 -
coupled.
SDD11 Input Return Loss Differential, 100Q - -
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Max
+50 ppm
0.8

0.9

0.55

0.5

110

AVDDC -
0.1V

-12
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6.6.3 XTAL Timing' Data

Table 65: XTAL Timing

(Over full range of values listed in the Recommended Operating Conditions unless otherwise specified)

Symbol Parameter Condition Min
Tp_x7AL XTAL Period - 20
-50 ppm

TH_xTAL XTAL High Time _ 65

T xTAL XTAL Low Time _ 65

TR XTAL XTAL Rise 10 to 90% -
TF_xTAL XTAL Fall 90 to 10% -

Ty XTAL XTAL Total Jitter? - _

Typ
20

10
10
2.0
2.0

Electrical Specifications
Reference Clock

Max Units
20 ns
+50 ppm

13.5 ns
13.5 ns

- ns

- ns
200 ps

1. If the crystal option is used, then ensure that the frequency is 50 MHz 50 ppm. Capacitors must be chosen carefully - see the application

note supplied by the crystal vendor.
2. PLL-generated clocks are not recommended as input to XTAL since they can have excessive jitter. Zero delay buffers are also not

recommended for the same reason.

Note

Figure 37: XTAL Timing

EI 50 MHz crystal operation is only supported for commercial-grade devices.
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6.7 Latency

The total latency in the egress direction is Tegress + Tegress HL * Tcore- The total latency in the
ingress direction is T\ygress T Tcore: If the high latency mode is not used, then the TCORE and

Tecress HL are 0, respectively.

Table 66: Egress Path Latency?! 2 3 4 Data

Symbol Condition (per Port, Line to Host) Min Typ
TEGRESS Reserved to 5GBASE-T 1,698 1,713
Reserved to 2.5GBASE-T 2,727 2,753
Reserved to 1000BASE-T 358 385
Reserved to 1000BASE-X/SGMII-1000 318 367
Reserved to 100BASE-T 2,381 2,552
Reserved to 10BASE-T 19,542 21,157
5GBASE-R to 5GBASE-T 1,716 1,731
2500BASE-X to 2.5GBASE-T 2,746 2,765
1000BASE-X/SGMII-1000 to 1000BASE-T 271 302
1000BASE-X/SGMII-1000 to 1000BASE-X 231 284
SGMIl to 100BASE-TX 1,143 1,174
SGMII to 10BASE-T 6,192 6,290
1. Latency numbers are based on default ppm FIFO depth = 01 in both egress and ingress direction.
2. The packet size used for ingress side RM FIFO simulation is 1512+4 (CRC) bytes per packet.
3. Low latency enabled
4. Tecress HL @5G =625 ns, Tegress HL @2.5G = 1,875 ns, and others = 0 ns

Table 67: Ingress Path Latency1 234 pata

Symbol Condition (per Port, Line to Host) Min Typ

TiNGrRess  BGBASE-T to Reserved 1,394 1,415
2.5GBASE-T to Reserved 2,625 2,664
1000BASE-T to Reserved 521 556
1000BASE-X/SGMII-1000 to Reserved 412 461
100BASE-TX to Reserved 2,990 3,241
5GBASE-R/2500BASE-X to Reserved 125 135
5GBASE-T to 5GBASE-R 1,367 1,384
2500BASE-T to 2.5GBASE-X 2,541 2,587
1000BASE-T to 1000BASE-X/SGMII-1000 340 379
1000BASE-X to 1000BASE-X/SGMII-1000 231 284
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Max Unit
1,740 ns
2,802 ns
423 ns
428 ns
2,814 ns
23,593 ns
1,752 ns
2,804 ns
332 ns
337 ns
1,298 ns
6,428 ns
Max Unit
1,449 ns
2,726 ns
602 ns
522 ns
3,583 ns
150 ns
1,405 ns
2,626 ns
417 ns
337 ns
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Electrical Specifications

Latency
Table 67: Ingress Path Latency' 2 3 4 Data (Continued)

Symbol Condition (per Port, Line to Host) Min Typ Max Unit
100BASE-TX to SGMII 1,242 1,352 1,391 ns
10BASE-T to SGMII 11,358 12,193 12,245 ns

1. Latency numbers are based on default ppm FIFO depth = 01 in both egress and ingress direction.
2. The packet size used for ingress side RM FIFO simulation is 1512+4 (CRC) bytes per packet.
3. Low latency enabled.
4. Tecress HL @5G =625 ns, Tegress HL @2.5G = 1,875 ns, and others = 0 ns
Copyright © 2018 Marvell Doc. No. MV-S111597-U0 Rev. B
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Mechanical Drawing

7.1 168-pin 10 mm x 12 mm HFCBGA Package
Mechanical Drawings

Figure 38: 168-pin 10 mm x 12 mm HFCBGA Top and Side View
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Mechanical Drawing

168-pin 10 mm x 12 mm HFCBGA Package Mechanical Drawings

Figure 39: 168-pin 10 mm x 12 mm HFCBGA Bottom View
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Table 68: 168-pin 10 mm x 12 mm HFCBGA Package Dimensions

SYMBOL

TOTAL THICKNESS A
STAND OFF A1
SUBSTRATE THICKNESS A2
THICKNESS FROM SUBSTRATE SURFACE TO A3
DIE BACKSIDE

D
BODY SIZE

E
BALL DIAMETER
BALL WIDTH b
BALL PITCH e
BALL COUNT n

D1
EDGE BALL CENTER TO CENTER

E1

D2
EXPOSE DIE SIZE

E2
PACKAGE EDGE TOLERANCE aaa
SUBSTRATE PARALLELISM bbb
TOP PARALLELISM cce
COPLANARITY ddd
BALL OFFSET (PACKAGE) eee
BALL OFFSET (BALL) fff

Doc. No. MV-S111597-U0 Rev. B
Page 138

Document Classification: Public

COMMON DIMENSIONS

MIN. NOM. MAX.

2.407 2.527 2.647

0.360 - 0.460
0.670 REF

0.887 REF

10.000 BSC
12.000 BSC
0.500
0.440 - 0.640
0.800 BSC
168
8.800 BSC

10.400 BSCC

0.200
0.150
0.150

0.80
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Mechanical Drawing

484-pin 23 mm x 23 mm HFCBGA Package Mechanical Drawings

7.2
Mechanical Drawings

Figure 40: 484-pin 23 mm x 23 mm HFCBGA Top and Side View
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Figure 41: 484-pin 23 mm x 23 mm HFCBGA Bottom View
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Mechanical Drawing

484-pin 23 mm x 23 mm HFCBGA Package Mechanical Drawings

Table 69: 484-pin 23 mm x 23 mm HFCBGA Package Dimensions

SYMBOL

TOTAL THICKNESS A
STAND OFF A1
SUBSTRATE THICKNESS A2
THICKNESS FROM SUBSTRATE SURFACE TO A3
DIE BACKSIDE

D
BODY SIZE

E
BALL DIAMETER
BALL WIDTH b
BALL PITCH e
BALL COUNT n

D1
EDGE BALL CENTER TO CENTER

E1

D2
EXPOSE DIE SIZE

E2
PACKAGE EDGE TOLERANCE aaa
SUBSTRATE PARALLELISM bbb
TOP PARALLELISM cce
COPLANARITY ddd
BALL OFFSET (PACKAGE) eee
BALL OFFSET (BALL) fff
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COMMON DIMENSIONS

MIN. NOM. MAX.

2.580 2.700 2.820

0.400 - 0.600
0.800 REF

- REF

23.000 BSC
23.000 BSC
0.600
0.500 - 0.700
1.000 BSC
484
21.000 BSC

21.000 BSCC

0.200
0.150
0.150

0.100
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Part Order Numbering/Package Marking

This section includes information on the following topics:

m  Section 8.1, Part Order Numbering
m  Section 8.2, Package Marking

8.1 Part Order Numbering

Figure 42 shows the ordering part numbering scheme for the 88E2010/88E2040L devices. Contact
Marvell FAEs or sales representatives for complete ordering information.

Figure 42: Sample Part Number

88E20xx—xx — xxx 4 C000 - T123

Part Number —— Custom (optional)

88E2040L
88E2010

Custom Code

NOTE: For the 88E20xxL device
ordering part numbers, the “L”

character replaces the “-” character.

Temperature Range
C = Commercial
| = Industrial

Custom Code

Package Code
BUS = 168-pin HFCBGA
BUT = 484-pin HFCBGA

Environmental
4 = Green, RoHS 6/6 +
Halogen-free + Lead-free

solder bump-compliant
package

Table 70: 88E2010/88E2040L Commercial Part Order Options

Part Number Package Type Part Order Number

88E2010 168-pin 10 mm x 12 mm HFCBGA- Commercial, Green, RoHS 6/6 = 88E2010-XX-BUS4C000
+ Halogen-free + Lead-free solder bump-compliant
88E2040L 484-pin 23 mm x 23 mm HFCBGA - Commercial, Green, RoHS 6/6 = 88E2040LXX-BUT4C000

+ Halogen-free + Lead-free solder bump-compliant

Copyright © 2018 Marvell
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Part Order Numbering/Package Marking
Part Order Numbering

Table 71: 88E2010/88E2040L Industrial Part Order Options

Part Number Package Type Part Order Number

88E2010 168-pin 10 mm x 12 mm HFCBGA- Commercial, Green, RoHS 6/6  88E2010-XX-BUS41000
+ Halogen-free + Lead-free solder bump-compliant

88E2040L 484-pin 23 mm x 23 mm HFCBGA - Commercial, Green, RoHS 6/6 = 88E2040LXX-BUT41000

+ Halogen-free + Lead-free solder bump-compliant

Copyright © 2018 Marvell Doc. No. MV-S111597-U0 Rev. B
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8.2 Package Marking

8.2.1 Commercial Marking Examples
Figure 43 is an example of the package marking and pin 1 location for the 88E2010 package.

Figure 43: 88E2010 Commercial Package Marking and Pin 1 Location

-]
——1— Marvell Logo
—

[——]
| —=1

M ARVELL®

88E2010-BUS4 ———Part Number, Package Code, Environmental Code
Environmental Code - 4 = Green, RoHS 6/6 +
Lot Number .
Country of Origin YYWW Halogen-free + Lead-free solder bump-compliant
. . xx@ package

(Contained in the mold ID or Country

marked as the last line on ® Date Code, Custom Code, Assembly Plant Code
the package.) YYWW = Date code (YY = year, WW = Work Week)

xx = Custom Code/Die Revision
@ = Assembly Plant Code

Pin 1 Location

Note: The above example is not drawn to scale. Location of markings is approximate.
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Part Order Numbering/Package Marking

Package Marking

Figure 44 is an example of the package marking and pin 1 location for the 88E2040L package.

Figure 44: 88E2040L Commercial Package Marking and Pin 1 Location

Country of Origin

(Contained in the mold ID or
marked as the last line on
the package.)

Pin 1 Location

Note: The above example is not drawn to scale. Location of markings is approximate.

Copyright © 2018 Marvell
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MARVELL®
88E2040L-BUT4 —

&

——1— Marvell Logo

(——]
[—1
| —=1

— Part Number, Package Code, Environmental Code
Environmental Code - 4 = Green, RoHS 6/6 +

Lot Number .
YYWW xx@ —— Halogen-free + Lead-free solder bump-compliant
package
Country -|_
Date Code, Custom Code, Assembly Plant Code

YYWW = Date code (YY = year, WW = Work Week)

xx = Custom Code/Die Revision

@ = Assembly Plant Code
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8.2.2 Industrial Marking Examples

Figure 45 is an example of the package marking and pin 1 location for the 88E2010 package.

Figure 45: 88E2010 Industrial Package Marking and Pin 1 Location

&
——1— Marvell Logo
—

[—1
| —=1

M ARVELL®

88E2010-BUS4 ——— Part Number, Package Code, Environmental Code
Environmental Code - 4 = Green, RoHS 6/6 +

Lot Number .
Country of Origin YYWW xx@ Halogen-free + Lead-free solder bump-compliant
(Contained in the mold ID or Country 1 package
marked as the last line on [ J Date Code, Custom Code, Assembly Plant Code
the package.) YYWW = Date code (YY = year, WW = Work Week)

xx = Custom Code/Die Revision
@ = Assembly Plant Code

Pin 1 Location

Temperature Code
| = Industrial-grade package

Note: The above example is not drawn to scale. Location of markings is approximate.
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Part Order Numbering/Package Marking
Package Marking

Figure 46 is an example of the package marking and pin 1 location for the 88E2040L package.

Figure 46: 88E2040L Industrial Package Marking and Pin 1 Location

L]
L | — Marvell Logo
=
MARVELL®
88E2040L-BUT4 ——— Part Number, Package Code, Environmental Code
Lot Number Environmental Code - 4 = Green, RoHS 6/6 +
Country of Origin YYWW xx@ Halogen-free + Lead-free solder bump-compliant
(Contained in the mold ID or Country 1 package
marked as the last line on ] Date Code, Custom Code, Assembly Plant Code
the package.) YYWW = Date code (YY = year, WW = Work Week)

xx = Custom Code/Die Revision
@ = Assembly Plant Code

Pin 1 Location

Temperature Code
| = Industrial-grade package

Note: The above example is not drawn to scale. Location of markings is approximate.
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OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);
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