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» Added sentence about the polarity of MDI signals in T332 8.4.6.5 ....ocvvviiiiiiiiieeee e 49
» Changed 'CRS' strap function from "Fast Link Detect" to "Fast Link Drop" in & 8-4 .........ccocceeevveiiieeeiieenne, 51
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L Vo Lo =Y 1 10 s 125
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* Added TDR registers 0X0190 t0 OXOTAZ ...ttt s e e e e e e e e et e e e e e nnbe e e e e ennee 112
* AddEd TDR FEUISTEIS. ...ceeeiiiieiiiei ittt et oo oottt e et e e et e e s e e b ettt e e e e e e e e e s e rreeeeeeeeeas 112
» Added footnote about voltage level for RGZ devices in [X] 10-1 .....cccoioieiiiiiie et 125
*  Added Comment for VDDATPS8 PINS iN X 10-1. ooiiiiiiiiiie it cieiee st ee et e et e e e s e e e e snnree e e s annnneeens 125
* Added footnote about Voltage level for RGZ devices in [X] 10-2 .......ocuiiiiiiiiiiiii e 125
» Added power down supply sequence SENtENCE IN T2 T2 T0 ..uuciiiiciieiei it 125
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Changes from Revision A (June 2015) to Revision B (August 2015) Page
o TH/N490MmW DT BB 112 2733 1] BITIE M 1
o B ar 3]OT7X AN DP83867 DiHE E J11%i>7 7> 565mW T9 175 DP83867 DIHE /1133 )
e 0T o\ A G I A OSSOSO 1
* Changed Pin RBIAS Description From: "A 10 kQ +/-1% resistor" To: "A 11 kQ £1% resistor".............c...ccue.... 10
» Changed Power consumption, 2 supplies TYP value From 565 mW To 530 mW inthe &2>=52-7.5 ........... 16

» Changed Power consumption, optional 3rd supply TYP value From 545 mW To 490 mW in the &=2>=52-7.5 .
16

* Changed Register address: From: "BICSR1 register (0x0039)" To: "BICSR2 register (0x0072)", and changed
From: "read from the BISCR register (0x0016h)" To: "read from the STS2 register (0x0017h)" in the &~ >392~

RSP PR 48
» Changed section =227 8.6.39 and 3 8-48 From: Address 0x0039 To: Address 0x0071..........cccceveennenne 95
» Changed section 2252~ 8.6.40 and # 8-49 From: Address 0x003A To: Address 0x0072............cccccuvennen. 95
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Changes from Revision * (February 2015) to Revision A (June 2015) Page
o RFa2AMDHA N ZE B R CIRIEERE ) 1O TER R TRED B T B e 1
o IAATAR TR TE a8 A IBZE T ettt bbbttt 1
T g N B R e A OSSO OO 1
o [T 2 3y B DT HAREL AT T NEZE T oottt 1
* Added storage temMPErature t0 72 T2 7.7 oottt e e et e e 15
* Added Tg fall time = 0.75 NS (MaX) iN TZF27 7.9 oottt s e et e e nee e enes 19
* Added T4, MDI to GMII Latency = 264 ns (NOM) {0 7272 7. 17, wooiiiee e 20
o Added SECHON 202/ F 7 8.3.2.7 ettt e n 36
* Moved text From the end of 28 8-Q TO T2 8.6.3 ...cc.eeeiueiceeecte ettt 62
« Changed format of loopback control bits in # 8-29 "BIST Control Register (BISCR)" .........cccooviieiiiiiiienens 80
« Changed BIT NAME (11:8) From: "LED_ACT_SEL To: LED_2_SEL in 2% 8-31 ...cccciiiiiiiiieiieceee e, 82
+ Changed BIT NAME (7:4) From: "LED_SPD_SEL To: LED_1_SEL in 2Z 8-31 ...ccciiiiiiiieceee e 82
+ Changed BIT NAME (3:0 From: "LED_LNK_SEL To: LED_0_SEL in 22 8-31 ....cciiiiiiiiieceeceeee e 82
LI Ve [0 =T I o e e A I G (=Y |1 (=) SRS PP PRPPTT 93
« Changed the title of % 8-47 from: Address OXO006FE to: Address OX006F ............ccocceiiieriiieneene e seenie s 95
LI Yo [0 (=Y B s g SR B =Y 1) (=Y OSSPSR 98
» Changed default of bits 12:8 t0 0 1100 iN 2Z 8-106 .......ceovieiiiiieiieecie ettt 106
* Deleted text "of the 64-HTQFP package" from the second paragraph in section ©2>.-9.2.1.1 ............. 119
* Deleted text "for MIl Mode" from the second paragraph in section Z72>5279.2.1.2 c...cccoovvciiiviiiiiiecen, 121
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5 Device Comparison

# 5-1. Device Features Comparison

DEVICE MAC TEMPERATURE RANGE TEMPERATURE GRADE
DP83867CRRGZ RGMII 0°C 70°C Commercial
DP83867IRRGZ RGMII —40°C 85°C Industrial
DP83867IRPAP MIl/GMII/RGMII —40°C 85°C Industrial

6 Pin Configuration and Functions

T g

i
0 Y o000
z o x <oz
& S 5. 9a8EECYG
T 9T VNELEQE O HEAE N8R
S 202 EDE 800 xx xR xx
S SddzZe>>S00aErEEa

/) 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 N\

RESERVED C—] 1 48 | RX_D4/GPIO
TDPAC—]2 47 —] RX_D3
TDM AC—3 46 |—] RX_D2

VDDA2P5 C—] 4 45 | RX_D1
TDPBLC—]5 44 |—— RX_DO
TD M BC_—]+6 43 —J RX_CLK

RESERVED 17 42 [— vDD1P1
VDD1P1 —] 8 41 [— vDDIO

RESERVED C—] 9 DP83867 40 7 GTX_CLK
TD P.cC—]10 39 —/] TX_ER
TD_M_c C—] 11 38 ——1 TX DO

VDDA2P5 ] 12 37 |— 1X Dt
TD P DC— 13 36 [— TX D2
TD_M_D [} 14 35 —] TX_D3

RBIAS C—] 15 34 1 TX_D4
RESERVED [C—] 16 33 —] TX_D5

\17181920 21 22 23 24 25 26 27 28 29 30 31 32/

AR DRI

VDD1P1 I:
TX_CLK C—

o - Z X n ~ ©
o O ><| 8 (5) ) 5 = 4 8 s E D O
z x S (@) N O = F 7
< = | O | IS I >< ><
)] ¥ = 006 6 - =
S 5 oEZgk
z~>58E7
|_
)
Ed 6-1. PAP Package 64-Pin HTQFP Top View
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T0_P_A [T ] (36} Rx b3
TD_MA |2 | | 35] RX_D2
VDDA2P5 | 3 | |34 RX_D1
TD_P. B | 4 | | 33] RX_DO
DP83867
TD_M B |5 | | 32] RX_CLK
TOP VIEW
VvDD1PO |6 | (not to scale) |31 VDD1PO
TD.PC|7 | 48-pin QFN Package |30 VDDIO
TD_M C]s8 | DAP = GND | 29] GTX_CLK
VDDA2P5 | 9 | | 28] TX_DO
TD_P_D |10 | | 27] TX_D1
TD_M_D |11 | | 26] TX D2
RBIAS |12 | | 25] TX_D3
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B 6-2. RGZ Package 48-Pin QFN Top View
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R 6-1. Pin Functions

PIN
NAME HTQFP VQFN
MAC INTERFACES RGMII

TYPE(") DESCRIPTION

MII TRANSMIT CLOCK: TX_CLK is a continuous clock signal driven by the
PHY during 10 Mbps or 100 Mbps MIl mode. TX_CLK clocks the data or error
TX_CLK 30 le) out of the MAC layer and into the PHY.

The TX_CLK clock frequency is 2.5 MHz in 10BASE-Te and 25 MHz in
100BASE-TX mode.

GMIlI TRANSMIT DATA Bit 7: This signal carries data from the MAC to the
PHY in GMII mode. It is synchronous to the transmit clock GTX_CLK.

GMIlI TRANSMIT DATA Bit 6: This signal carries data from the MAC to the
PHY in GMII mode. It is synchronous to the transmit clock GTX_CLK.

GMII TRANSMIT DATA Bit 5: This signal carries data from the MAC to the
PHY in GMII mode. It is synchronous to the transmit clock GTX_CLK.

GMII TRANSMIT DATA Bit 4: This signal carries data from the MAC to the
PHY in GMII mode. It is synchronous to the transmit clock GTX_CLK.

TRANSMIT DATA Bit 3: This signal carries data from the MAC to the PHY in
GMII, RGMII, and MIl modes. In GMIl and RGMII modes, it is synchronous to
the transmit clock GTX_CLK. In MIl mode, it is synchronous to the transmit
clock TX_CLK.

TRANSMIT DATA Bit 2: This signal carries data from the MAC to the PHY in
GMII, RGMII, and MIl modes. In GMII and RGMII modes, it is synchronous to
the transmit clock GTX_CLK. In MIl mode, it is synchronous to the transmit
clock TX_CLK.

TRANSMIT DATA Bit 1: This signal carries data from the MAC to the PHY in
GMII, RGMII, and MIl modes. In GMII and RGMII modes, it is synchronous to
the transmit clock GTX_CLK. In MIl mode, it is synchronous to the transmit
clock TX_CLK.

TRANSMIT DATA Bit O: This signal carries data from the MAC to the PHY in
GMIl, RGMII, and MII modes. In GMII and RGMII modes, it is synchronous to
the transmit clock GTX_CLK. In MIl mode, it is synchronous to the transmit
clock TX_CLK.

GMIlI TRANSMIT ERROR: This signal is used in GMII mode to force the PHY
to transmit invalid symbols. The TX_ER signal is synchronous to the GMII
transmit clock GTX_CLK.

In MIl 4B nibble mode, assertion of Transmit Error by the controller causes
the PHY to issue invalid symbols followed by Halt (H) symbols until
deassertion occurs.

TX_D7 31 I, PD

TX_D6 30 I, PD

TX_D5 33 I, PD

TX_D4 34 I, PD

TX_D3 35 25 I, PD

TX_D2 36 26 I, PD

TX_D1 37 27 I, PD

TX_DO 38 28 I, PD

TX_ER 39 I, PD

In GMII mode, assertion causes the PHY to emit one or more code-groups
that are invalid data or delimiter in the transmitted frame.

GMIl and RGMIlI TRANSMIT CLOCK: This continuous clock signal is sourced
from the MAC layer to the PHY. Nominal frequency is 125 MHz.

RECEIVE CLOCK: Provides the recovered receive clocks for different modes
of operation:

GTX_CLK 40 29 I, PD

RX_CLK 43 32 le) 2.5 MHz in 10-Mbps mode.
25 MHz in 100-Mbps mode.
125 MHz in 1000-Mbps GMII and RGMII mode.

RECIEVE DATA Bit 0: This signal carries data from the PHY to the MAC in
GMIl, RGMII, and MII modes. It is synchronous to the receive clock RX_CLK.

RECIEVE DATA Bit 1: This signal carries data from the PHY to the MAC in
GMII, RGMII, and MIl modes. It is synchronous to the receive clock RX_CLK.

RECIEVE DATA Bit 2: This signal carries data from the PHY to the MAC in
GMIl, RGMII, and MII modes. It is synchronous to the receive clock RX_CLK.

RECIEVE DATA Bit 3: This signal carries data from the PHY to the MAC in
GMIl, RGMII, and MII modes. It is synchronous to the receive clock RX_CLK.

RX_DO 44 33 S, O, PD

RX_D1 45 34 O,PD

RX_D2 46 35 S,0,PD

RX_D3 47 36 O, PD
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# 6-1. Pin Functions (continued)

PIN

NAME

HTQFP

VQFN

TYPE()

DESCRIPTION

RX_D4

48

S,0,PD

RECIEVE DATA Bit 4: This signal carries data from the PHY to the MAC in
GMII mode. It is synchronous to the receive clock RX_CLK.

RX_D5

49

S, 0, PD

RECIEVE DATA Bit 5: This signal carries data from the PHY to the MAC in
GMII mode. It is synchronous to the receive clock RX_CLK.

RX_D6

50

S,0,PD

RECIEVE DATA Bit 6: This signal carries data from the PHY to the MAC in
GMII mode. It is synchronous to the receive clock RX_CLK.

RX_D7

51

S, O, PD

RECIEVE DATA Bit 7: This signal carries data from the PHY to the MAC in
GMII mode. It is synchronous to the receive clock RX_CLK.

TX_EN/TX_CTRL

52

37

TRANSMIT ENABLE or TRANSMIT CONTROL: In MIl or GMII mode,it is an
active high input sourced from MAC layer to indicate transmission data is
available on the TXD.

In RGMII mode, it combines the transmit enable and the transmit error signals
of GMII mode using both clock edges.

RX_DV / RX_CTRL

(Straps Required)

53

38

S,0,PD

RECEIVE DATA VALID or RECEIVE CONTROL: In MIl and GMII modes, it is
asserted high to indicate that valid data is present on the corresponding
RXD[3:0] in MIl mode and RXD[7:0] in GMII mode.

In RGMII mode, the receive data available and receive error are combined
(RXDV_ER) using both rising and falling edges of the receive clock
(RX_CLK).

RX_ER / GPIO

O, PD

RECEIVE ERROR: In 10 Mbps, 100 Mbps and 1000 Mbps mode this active
high output indicates that the PHY has detected a Receive Error. The RX_ER
signal is synchronous with the receive clock (RX_CLK).

In RGMII, the RX_ER pin is not used.

COL / GPIO

O, PD

COLLISION DETECT: Asserted high to indicate detection of a collision
condition (assertion of CRS due to simultaneous transmit and receive activity)
in Half-Duplex modes. This signal is not synchronous to either Ml clock
(GTX_CLK, TX_CLK or RX_CLK).

This signal is not defined and stays low for Full-Duplex modes.

In RGMII mode, COL is not used.

CRS

56

S,0,PD

CARRIER SENSE: CRS is asserted high to indicate the presence of a carrier
due to receive or transmit activity in Half-Duplex mode.

For 10BASE-Te and 100BASE-TX Full-Duplex operation CRS is asserted
when a received packet is detected. This signal is not defined for 1000BASE-
T Full-Duplex mode.

In RGMII mode, CRS is not used.
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# 6-1. Pin Functions (continued)

PIN
TYPE(™ DESCRIPTION
NAME HTQFP VQFN
GENERAL PURPOSE I/O
GPIO_0 39 S, 0, PD General Purpose I/O: This signal provides a multi-function configurable 1/0.

Please refer to the GPIO_MUX_CTRL register for details.

General Purpose I/O: This signal provides a multi-function configurable 1/0.
Please refer to the GPIO_MUX_CTRL register for details.

GPIO_1 40 S,0,PD

MANAGEMENT INTERFACE

MANAGEMENT DATA CLOCK: Synchronous clock to the MDIO serial
management input/output data. This clock may be asynchronous to the MAC

MDC 20 16 |, PD transmit and receive clocks. The maximum clock rate is 25MHz and no
minimum.
MANAGEMENT DATA 1/O: Bi-directional management instruction/data signal
MDIO 21 17 /0 that may be sourced by the management station or the PHY. This pin requires

pullup resistor. The IEEE specified resistor value is 1.5kQ, but a 2.2kQ is
acceptable.

INTERRUPT / POWER DOWN:
The default function of this pin is POWER DOWN.

POWER DOWN: Asserting this signal low enables the Power Down mode of
operation. In this mode, the device will power down and consume minimum
power. Register access will be available through the Management Interface to
INT / PWDN 60 44 10, PU configure and power up the device.

INTERRUPT: This pin may be programmed as an interrupt output instead of a
Power down input. In this mode, Interrupts will be asserted low using this pin.
When operating this pin as an interrupt, it is an open-drain architecture.
Register access is required for the pin to be used as an interrupt mechanism.
When operating this pin as an interrupt, an external 2.2kQ connected to the
VDDIO supply is recommended.

RESET

RESET: The active low RESET initializes or re-initializes the DP83867. All
RESET_N 59 43 I, PU internal registers will re-initialize to their default state upon assertion of
RESET. The RESET input must be held low for a minimum of 1us.

CLOCK INTERFACE
Xl 19 15 | CRYSTAL/OSCILLATOR INPUT: 25 MHz oscillator or crystal input (50 ppm)

CRYSTAL OUTPUT: Second terminal for 25 MHz crystal. Must be left floating
if a clock oscillator is used.

CLK_OUT 22 18 (6] CLOCK OUTPUT: Output clock
JTAG INTERFACE

X0 18 14 o

JTAG TEST CLOCK: IEEE 1149.1 Test Clock input, primary clock source for

JTAG_CLK 25 20 |, PU all test logic input and output controlled by the testing entity.

JTAG_TDO 26 21 o JTAG TEST DATA OUTPUT: IEEE 1149.1 Tes_t Da_ta Output pin, the most
recent test results are scanned out of the device via TDO.
JTAG TEST MODE SELECT: IEEE 1149.1 Test Mode Select pin, the TMS pin

JTAG_TMS 27 22 I, PU sequences the Tap Controller (16-state FSM) to select the desired test
instruction.

JTAG_TDI 28 23 L PU JTAG TEST DATA INPUT: IEEE 1149.1 Test Data Input pin, test data is

scanned into the device via TDI.

JTAG TEST RESET: IEEE 1149.1 Test Reset pin, active low reset provides for
JTAG_TRSTN 24 I, PU asynchronous reset of the Tap Controller. This reset has no effect on the
device registers.
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# 6-1. Pin Functions (continued)

PIN
TYPE(") DESCRIPTION
NAME HTQFP VQFN
LED INTERFACE
LED_1: By default, this pin indicates that 1000BASE-T link is established.
LED_1 62 46 S, /0, PD Additional functionality is configurable via LEDCR1[7:4] register bits.
LED_O0: By default, this pin indicates that link is established. Additional
LED_O 63 4 S, /0, PD functionality is configurable via LEDCR1[3:0] register bits.
MEDIA DEPENDENT INTERFACE
TD_P_A 2 1 A Differential Transmit and Receive Signals
TD_M_A 3 2 A Differential Transmit and Receive Signals
TD_P_B 5 4 A Differential Transmit and Receive Signals
TD_M_B 6 5 A Differential Transmit and Receive Signals
TD_P_C 10 7 A Differential Transmit and Receive Signals
TD_M_C 11 8 A Differential Transmit and Receive Signals
TD_P_D 13 10 A Differential Transmit and Receive Signals
TD_M_D 14 11 A Differential Transmit and Receive Signals
OTHER PINS
Reserved 1,7,9, 16 A Reserved
Bias Resistor Connection. A 11 kQ +/-1% resistor should be connected from
RBIAS 15 12 A RBIAS to GND.
POWER AND GROUND PINS
. 0, 0, 0, i i
VDDIO 23.41,57 |19, 30, 41 P I/0 Power: 1_.8V (£5%), 2.5V (5%) or 3.3V (+5%). Each pin requires a 1pF &
0.1uF capacitor to GND
1.8V Analog Supply (+/-5%).
No external supply is required for this pin. When unused, no connections
VDDA1P8 17, 64 13, 48 P should be made to this pin.
For additional power savings, an external 1.8V supply can be connected to
these pins. When using an external supply, each pin requires a 1uF & 0.1uF
capacitor to GND.
_59 i i i
VDDA2P5 412 3.9 p ég\E/)Analog Supply (+/-5%). Each pin requires a 1uF & 0.1uF capacitor to
o - - -
VDD1P1 8,29, 42, 58 p g;\éAnalog Supply (+/-5%). Each pin requires a 1uF & 0.1pF capacitor to
6, 24, 31, 1.0V Analog Supply (+15.5%,-5%). Each pin requires a 1uF & 0.1uF capacitor
VDD1PO P
42 to GND
Die Attach | Die Attach
GND Pad Pad P Ground

(1) The functionalities of the pins are defined below.

* Type [: Input

+  Type O: Output

+  Type I/O: Input /Output
« Type PD or PU: Internal Pull-down or Pull-up
* Type S: Strap Configuration Pin
+ Type: A Analog pins
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6.1 Unused Pins

DP83867 has internal pullups or pulldowns on most pins. The data sheet details which pins have internal pullups
or pulldowns and which pins require external pull resistors.

Even though a device may have internal pullup or pulldown resistors, a good practice is to terminate unused
inputs rather than allowing them to float. Floating inputs could result in unstable conditions. This
recommendation does not apply to VDD1P8 pins. When unused, these pins should be left floating. It is
considered a safer practice to pull an unused input pin high or low with a pullup or pulldown resistor. It is also
possible to group together adjacent unused input pins, and as a group pull them up or down using a single
resistor.
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
VDDA2P5 -0.3 3
VDDA1P8 -0.3 2.1
(vDD1P1/VDD1PO0) -0.3 1.3
Supply voltage \%
3.3-V option -0.3 3.8
VDDIO 2.5-V option -0.3 3
1.8-V option -0.3 21
MDI -0.3 6.5
MAC interface, MDIO, MDC, GPIO -0.3 VDDIO + 0.3 v
Pins INT/PWDN, RESET -0.3 VDDIO + 0.3
JTAG -0.3 VDDIO + 0.3
XI (Oscillator Clock Input) -0.3 21 \%
Storage temperature, Tgig -60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
7.2 ESD Ratings

pins (CRRGZ)

Charged-device model (CDM), per JEDEC specification JESD22-C1016)

+1500 (RGZ)
+750 (PAP)

VALUE UNIT
All pins except Media
Dependent Interface pins +2500
Human-body model (HBM), per ANSI/ Media Dependent Interface +8000
v Electrostatic ESDA/JEDEC JS-001(" pins (IRPAP/IRRGZ) @) - v
(BSD)  discharge Media Dependent Interface +6000

(1) JEDEC document JEP 155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as +8 V and/or £ 2 V may actually have higher

performance.

(2) MDI Pins tested as per IEC 61000-4-2 standards.

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 250-V CDM is possible with the necessary precautions. Pins listed as £500 V may actually have higher performance.

7.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VDDA2P5 2.375 25 2.625
VDDA1P8 1.71 1.8 1.89
VDD1P1 (PAP) 1.045 1.1 1.155
Supply voltage VDD1PO0 (RGZ) 0.95 1 1.155 \
3.3-V option 3.15 3.3 3.45
VDDIO 2.5-V option 2.375 25 2.625
1.8-V option 1.71 1.8 1.89
Commercial (DP83867CRRGZ) 0 25 70 °C
Operating free air temperature
—-40 25 85 °C
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7.3 Recommended Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
Commercial (DP83867CRRGZ) 0 90 °C
Operating junction temperature Industrial (DP83867IRRGZ)
Industrial (DP83867IRPAP) 40 105 ©
7.4 Thermal Information
THERMAL METRIC(") DP83867IR DP83867IR,
DP83867CR
PAP (HTQFP) RGZ (QFN) LT
64 PINS 48 PINS
Rgya Junction-to-ambient thermal resistance 30.9 30.8 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 13.6 18.7 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 0.9 14 °C/W
Rgus Junction-to-board thermal resistance 15.6 7.5 °C/W
Wyt Junction-to-top characterization parameter 0.4 0.3 °C/W
Wi Junction-to-board characterization parameter 15.5 7.5 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

7.5 Electrical Characteristics

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containing it.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

3.3-V Vppio
Vou High level output voltage loy =—4 mA 2 \%
VoL Low level output voltage loL =4 mA 0.6 \%
Vi High level input voltage 1.7 \Y
Vi Low level input voltage 0.7 \Y
2.5-V Vyppio
VoH High level output voltage lon =—4 mA Vppio % 0.8 \%
VoL Low level output voltage loL =4 mA 0.6 \%
ViH High level input voltage 1.7 \%
Vi Low level input voltage 0.7 \%
1.8-V Vppio
VoH High level output voltage loy =-1mA Vppio — 0.2 \Y
VoL Low level output voltage loL =1 mA 0.2 \Y
Viy High level input voltage 0.7 x Vppio \Y
Vi Low level input voltage 0.2 x VDDIO \%
XI INPUT VOLTAGE
Vosc gs;’h;/;);trage for 25 MHz 15 19 Vpp
Viy High level input voltage 1.4 \%
Vi Low level input voltage 0.45 \%
DC CHARACTERISTICS
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7.5 Electrical Characteristics (continued)

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life

of the product containing it.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
iy Input high current VIN = VDD, Tp =—-40°C to
+85°C -10 10 pA
I Input low current VIN = GND, Tp =—-40°C to
+85°C -10 10 pA
loz TRI-STATE output current VOUT = VDD, VOUT = GND, ~10 10 A
Tp = —40°C to +85°C H
CiN Input capacitance See ® 5 pF
PMD OUTPUTS
IRPAP/IRRGZ 1.54 1.75 1.96| v Peak
Vob-10 MDI . )
CRRGZ 1.75 Differential
IRPAP/IRRGZ 0.95 1 1.05| v peak
Vob-100 MDI ) .
CRRGZ 1 Differential
IRPAP/IRRGZ 0.67 0.745 0.82| v peak
Vob-1000 MDI . :
CRRGZ 0.745 Differential
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7.5 Electrical Characteristics (continued)

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containing it.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
POWER CONSUMPTION
PAP
P1000 Powe_r co(T)s(Lgnpﬂon, 2 530 mw
supplies
P1000 Power consumption, optional
3rd supply(") () 490 mw
IDD25 Supply Current, 2 supplies 141 mA
IDD11 125 mA
IDDIO (1.8 V) 22 mA
IDD25 Supply Current, optional 3rd 90 mA
supply
IDD11 125 mA
IDD18 51 mA
IDDIO (1.8 V) 19 mA
RGZz
P1000 Powe_r co(?)s(gpptlon, 2 495 mw
supplies
P1000 Power consumption, optional
3rd supply() (2) 457 mw
IDD25 Supply Current, 2 supplies 137 mA
IDD10 108 mA
IDDIO (1.8 V) 24 mA
IDD25 Supply Current, optional 3rd 86 mA
supply
IDD10 108 mA
IDD18 50 mA
IDDIO (1.8 V) 24 mA
(1) Power consumption represents total operational power for 1000BASE-T.
(2) See &ZZ-z32-10 for details on 2-supply and 3-supply configuration.
(3) Ensured by production test, characterization, or design.
7.6 Power-Up Timing
See [X 7-13.
PARAMETER TEST CONDITIONS() MIN NOM MAX| UNIT
Post power-up stabilization time prior to MDC |MDIO is pulled high for 32-bit serial
T . TR 200 ms
preamble for register accesses management initialization.
Hardware configuration latch-in time from Hardware Configuration Pins are
T2 . . L 200 ms
power up described in ©22>52-8.5.1.
T Hardwar«_a configuration pins transition to 64 ns
output drivers
(1)  Ensured by production test, characterization, or design.
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7.7 Reset Timing

See [X] 7-14.
PARAMETER TEST CONDITIONS () MIN NOM MAX| UNIT
MDIO is pulled high for 32-bit serial
T Post RESET stabilization time prior to MDC management initialization. 195 s
preamble for register accesses MDC may toggle during this period when H
MDIO remains high.
T2 Hardware configuration latch-in time from the |Hardware Configuration Pins are 120 ns
deassertion of RESET (either soft or hard) described in £2252-8.5.1.
T3 Hardware configuration pins transition to 64
: ns
output drivers
T4 . X1 Clock must be stable for a minimum of
RESET pulse width 1 ys during RESET pulse low time 1 Hs
(1)  Ensured by production test, characterization, or design.
7.8 MIl Serial Management Timing
See [%] 7-15.
PARAMETER TEST CONDITIONS(" MIN NOM MAX| UNIT
T1 MDC to MDIO (output) delay time 0 10| ns
T2 MDIO (input) to MDC setup time 10 ns
T3 MDIO (input) to MDC hold time 10 ns
T4 MDC frequency 2.5 25| MHz
(1)  Ensured by production test, characterization, or design.
7.9 RGMII Timing
See [X] 7-16 and .[X| 7-17
PARAMETER TEST CONDITIONS(®) MIN NOM MAX| UNIT
Data to Clock output Skew ) _
Tekewr (at Transmitter) See 500 0 500|  ps
Data to Clock input Skew )
TskewR (at Receiver) See 1 1.8 26| ns
Data to Clock output Setup “)
Tsetwpt (at Transmitter — internal delay) See 12 2 ns
Clock to Data output Hold @)
ThotaT (at Transmitter — internal delay) See 12 2 ns
Data to Clock input Setup @)
TsetupR (at Reciever — internal delay) See ! 2 ns
Clock to Data input Hold @)
Tholar (at Receiver — internal delay) See ! 2 ns
Teye Clock Cycle Duration See (@ 7.2 8 88| ns
Duty G Duty Cycle for Gigabit See O (1) 45 50 55%
Duty_T Duty Cycle for 10/100T See O (7) 40 50 60%
TR Rise Time (20% to 80%) 0.75| ns
T Fall Time (20% to 80%) 0.75| ns
TTxLAT RGMII to MDI Latency See © 88 ns
TRXLAT MDI to RGMII Latency See © 288 ns

(1)  When operating without RGMII internal delay, the PCB design requires clocks to be routed such that an additional trace delay of

greater than 1.5 ns is added to the associated clock signal.

(2) For 10-Mbps and 100-Mbps, Tcyc will scale to 400 ns £ 40 ns and 40 ns £ 4 ns.

(3) Duty cycle may be stretched or shrunk during speed changes or while transitioning to a received packet’s clock domain as long as

minimum duty cycle is not violated and stretching occurs for no more that three Tcyc of the lowest speed transitioned between.

(4) Device may operate with or without internal delay.
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(5) Ensured by production test, characterization, or design.

(6) Operating in 1000Base-T .

(7) Duty cycle values are defined in percentages of the nominal clock speed. For example, the minimum Gigabit RGMII clock pulse
duration is 45 % of 8 ns.

7.10 GMII Transmit Timing®

See X 7-6.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T1 GTX_CLK Duty Cycle 40% 60%
T2 GTX_CLK Rise / Fall Time 1 ns
T3 Setup from valid TXD, TX_EN 2
and TX_ER to rising edge of ns
GTX_CLK
T4 Hold from rising edge of 0.5
GTX_CLK to invalid TXD, ns
TX_EN, and TX_ER
T5 GTX_CLK Stability -100 100| ppm
T6 GMII to MDI Latency See (1) 72 ns

(1) Operating in 1000Base-T .
(2) Ensured by production test, characterization, or design.

7.11 GMII Receive Timing®

See X 7-7.

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T e S . s s
T2 RX_CLK Duty Cycle 40% 60%
T3 RX_CLK Rise / Fall Time 1 ns
T4 MDI to GMII Latency See (1) 264 ns

(1) Operating in 1000Base-T.
(2) Ensured by production test, characterization, or design.

7.12 100-Mbps MIl Transmit Timing(!)

See [¥] 7-8.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T TX_CLK High/Low Time 16 20 24 ns
T2 TXD[3:0], TX_EN Data Setup to 10 ns
TX_CLK
T3 TXD[3:0], TX_EN Data Hold from 0 N
TX_CLK s

(1)  Ensured by production test, characterization, or design.

7.13 100-Mbps MIl Receive Timing®

See X 7-9.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T1 RX_CLK High/Low Time See (M 16 20 24| ns
T2 RX_CLK to RXD[3:0], RX_DV, 10 3| o
RX_ER Delay

(1) RX_CLK may be held low or high for a longer period of time during transition between reference and recovered clocks. Minimum high
and low times will not be violated.
(2) Ensured by production test, characterization, or design.
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7.14 10-Mbps MIl Transmit Timing®

See [%] 7-10.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T1 TX_CLK High/Low Time See (1) 190 200 210| ns
T2 TXD[3:0], TX_EN Data Setup to o5 s
TX_CLK falling edge
T3 TXD([3:0], TX_EN Data Hold from 0 s

TX_CLK rising edge

(1)  An attached MAC should drive the transmit signals using the positive edge of TX_CLK. As shown below, the Ml signals are sampled
on the falling edge of TX_CLK.
(2) Ensured by production test, characterization, or design.

7.15 10-Mbps MIl Receive Timing@

See [X] 7-11.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
T1 RX_CLK High/Low Time See (M 160 200 240| ns
T2 RXD[3:0], RX_DV transition delay
from RX_CLK rising edge 100 300| ns
T3 RX_CLK rising edge delay from 100

RXD[3:0], RX_DV valid data

(1) RX_CLK may be held low for a longer period of time during transition between reference and recovered clocks. Minimum high and low
times will not be violated.
(2) Ensured by production test, characterization, or design.

7.16 DP83867IR/CR Start of Frame Detection Timing

See [¥] 7-12.
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT

1000-Mb Master 0 0| ns

T1 Transmit SFD variation(!) (2) 1000-Mb Slave 0 0| ns
100-Mb 0 16 ns
1000-Mb Master -8 8| ns

T2 Receive SFD variation(!) (2) 1000-Mb Slave -8 8| ns
100-Mb 0 0| ns

(1)  Alarger variation may be seen on SFD pulses than the variation specified here. To achieve the determinism specification listed, see
the &=27>52-8.3.2.1 section for a method to compensate for variation in the SFD pulses.

(2) Variation of SFD pulses occurs from link-up to link-up. Packet to packet variation is fixed using the estimation method in =72~
8.3.2.1.
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8 Detailed Description
8.1 Overview

The DP83867 is a fully featured Physical Layer transceiver with integrated PMD sub-layers to support 10BASE-
Te, 100BASE-TX and 1000BASE-T Ethernet protocols.

The DP83867 is designed for easy implementation of 10/100/1000 Mbps Ethernet LANSs. It interfaces directly to
twisted pair media via an external transformer. This device interfaces directly to the MAC layer through the IEEE
802.3u Standard Media Independent Interface (MIl), the IEEE 802.3z Gigabit Media Independent Interface
(GMII), or Reduced GMII (RGMII).

The DP83867 provides precision clock synchronization, including a synchronous Ethernet clock output. It has
low jitter, low latency and provides IEEE 1588 Start of Frame Detection for time sensitive protocols.

The DP83867 offers innovative diagnostic features including dynamic link quality monitoring for fault prediction
during normal operation. It can support up to 130-m cable length.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 WolL (Wake-on-LAN) Packet Detection

Wake-on-LAN provides a mechanism for bringing the DP83867 out of a low-power state using a special Ethernet
packet called a Magic Packet. The DP83867 can be configured to generate an interrupt to wake up the MAC
when a qualifying packet is received. An option is also available to generate a signal on a GPIO when a
qualifying signal is received.

e
Please ensure that BMCR (register address 0x0000) bit[10] is disabled, when using the WoL feature.
This bit enables the MIl ISOLATE function used to disable the MAC interface of the PHY, also

disabling the WolL interrupt on this PHY. If the WoL feature is needed while MIl ISOLATE is enabled
please use Tl's DP83869HM PHY instead.

The Wake-on-LAN feature includes the following functionality:

» |dentification of magic packets in all supported speeds (1000BASE-T, 100BASE-TX, 10BASE-Te)
» Wakeup interrupt generation upon receiving a valid magic packet

» CRC checking of magic packets to prevent interrupt generation for invalid packets

In addition to the basic magic packet support, the DP83867 also supports:

* Magic packets that include secure-on password

» Pattern match — one configurable 64 byte pattern of that can wake up the MAC similar to magic packet
* Independent configuration for Wake on Broadcast and Unicast packet types.

8.3.1.1 Magic Packet Structure

When configured for Magic Packet mode, the DP83867 scans all incoming frames addressed to the node for a
specific data sequence. This sequence identifies the frame as a Magic Packet frame.

The Magic Packet should be byte aligned.

A Magic Packet frame must also meet the basic requirements for the LAN technology chosen, such as SOURCE
ADDRESS, DESTINATION ADDRESS (which may be the receiving station’s IEEE address or a BROADCAST
address), and CRC.

The specific Magic Packet sequence consists of 16 duplications of the IEEE address of this node, with no breaks
or interruptions, followed by secure-on password if security is enabled. This sequence can be located anywhere
within the packet, but must be preceded by a synchronization stream. The synchronization stream is defined as
6 bytes of FFh.
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DEST (6 bytes)

SRC (6 bytes)

MISC (X bytes, X >= 0)

FF... FF (6 bytes)

MAGIC pattern
DEST * 16

SecureOn Password (6 bytes) =  Only if Secure-On is enabled

MISC (Y bytes, Y >= 0)

CRC (4 bytes)

8-3. Magic Packet Structure

8.3.1.2 Magic Packet Example

The following is an example Magic Packet for a Destination Address of 11h 22h 33h 44h 55h 66h and a
SecureOn Password 2Ah 2Bh 2Ch 2Dh 2Eh 2Fh:

DESTINATION SOURCE MISC FF FF FF FF FF FF 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11
22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44
55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11 22 33 44 55 66 11
22 33 44 55 66 11 22 33 44 55 66 2A 2B 2C 2D 2E 2F MISC CRC

8.3.1.3 Wake-on-LAN Configuration and Status

Wake-on-LAN functionality is configured through the RXFCFG register (address 0x0134). Wake-on-LAN status
is reported in the RXFSTS register (address 0x0135).

8.3.2 Start of Frame Detect for IEEE 1588 Time Stamp

The DP83867 supports an IEEE 1588 indication pulse at the SFD (start frame delimiter) for the receive and
transmit paths. The pulse can be delivered to various pins. The pulse indicates the actual time the symbol is
presented on the lines (for transmit), or the first symbol received (for receive). The exact timing of the pulse can
be adjusted through register. Each increment of phase value is an 8-ns step.

Message Timestamp Point —»

Ethernet " .
First Octet followin
— — Preamble Octet —b’di Start-Of-Frame ————»4+—— Start-Of-Frame ? -
Delimiter

_1 H o L L LT e o—o—o—o— -

it o

time
B 8-4. IEEE 1588 Message Timestamp Point
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The SFD pulse output can be configured using the GPIO Mux Control registers, GPIO_MUX_CTRL1 (register
address 0x0171) and GPIO_MUX_CTRL2 (register address 0x0172). The RGZ devices support only register
GPIO_MUX_CTRL2 (address 0x172).

For more information about configuring the DP83867's SFD feature, see the How to Configure DP83867 Start of
Frame application report (SNLA242).

8.3.2.1 SFD Latency Variation and Determinism

Time stamping packet transmission and reception using the RX_CTRL and TX_CTRL signals of RGMII is not
accurate enough for latency sensitive protocols. SFD pulses offers system designers a method to improve the
accuracy of packet time stamping. The SFD pulse, while varying less than RGMII signals inherently, still exhibits
latency variation due to the defined architecture of 1000BASE-T. This section provides a method to determine
when an SFD latency variation has occurred and how to compensate for the variation in system software to
improve timestamp accuracy.

In the following section the terms baseline latency and SFD variation are used. Baseline latency is the time
measured between the TX_SFD pulse to the RX_SFD pulse of a connected link partner, assuming an Ethernet
cable with all 4 pairs perfectly matched in propagation time. In the scenario where all 4 pairs being perfectly
matched, a 1000BASE-T PHY will not have to align the 4 received symbols on the wire and will not introduce
extra latency due to alignment.

|
TX SFD _/
|

I
l«—————Baseline Latency———————»

|
[
! g
i/
RX SFD | 1
|
I
I

|
SFD Variation —>: -~

B 8-5. Baseline Latency and SFD Variation in Latency Measurement

SFD variation is additional time added to the baseline latency before the RX_SFD pulse when the PHY must
introduce latency to align the 4 symbols from the Ethernet cable. Variation can occur when a new link is
established either by cable connection, auto-negotiation restart, PHY reset, or other external system effects.
During a single, uninterrupted link, the SFD variation will remain constant.

The DP83867 can limit and report the variation applied to the SFD pulse while in the 1000-Mb operating mode.
Before a link is established in 1000-Mb mode, the Sync FIFO Control Register (register address 0x00E9) must
be set to value OxDF22. The below SFD variation compensation method can only be applied after the Sync FIFO
Control Register has been initialized and a new link has been established. It is acceptable to set the Sync FIFO
Control register value and then perform a software restart by setting the SW_RESTART bit[14] in the Control
Register (register address 0x001F) if a link is already present.

8.3.2.1.1 1000-Mb SFD Variation in Master Mode

When the DP83867 is operating in 1000-Mb master mode, variation of the RX_SFD pulse can be estimated
using the Skew FIFO Status register (register address 0x0055) bit[7:4]. The value read from the Skew FIFO
Status register bit[7:4] must be multiplied by 8 ns to estimate the RX_SFD variation added to the baseline
latency.

Example: While operating in master 1000-Mb mode, a value of 0x2 is read from the Skew FIFO register bit[7:4].
2 x 8 ns = 16 ns is subtracted from the TX_SFD to RX_SFD measurement to determine the baseline latency.

8.3.2.1.2 1000-Mb SFD Variation in Slave Mode

When the DP83867 is operating in 1000-Mb slave mode, the variation of the RX_SFD pulse can be determined
using the Skew FIFO Status register (register address 0x0055) bit[3:0].The value read from the Skew FIFO
Status register bit[3:0] should be multiplied by 8ns to estimate the RX_SFD variation added to the baseline
latency.
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Example: While operating in slave 1000-Mb mode, a value of 0x1 is read from the Skew FIFO register bit[3:0].
1 x 8 ns = 8 ns is subtracted from the TX_SFD to RX_SFD measurement to determine the baseline latency.

8.3.2.1.3 100-Mb SFD Variation

The latency variation in 100-Mb mode of operation is determined by random process and does not require any
register readout or system level compensation of SFD pulses.

8.3.3 Clock Output

The DP83867 has several internal clocks, including the local reference clock, the Ethernet transmit clock, and
the Ethernet receive clock. An external crystal or oscillator provides the stimulus for the local reference clock.
The local reference clock acts as the central source for all clocking in the device.

The local reference clock is embedded into the transmit network packet traffic and is recovered from the network
packet traffic at the receiver node. The receive clock is recovered from the received Ethernet packet data stream
and is locked to the transmit clock in the partner.

Using the 1/0 Configuration register (address 0x0170), the DP83867 can be configured to output these internal
clocks through the CLK_OUT pin. By default, the output clock is synchronous to the Xl oscillator / crystal input.
Through registers, the output clock can be configured to be synchronous to the receive data at the 125-MHz
data rate or at the divide by 5 rate of 25 MHz. It can also be configured to output the line driver transmit clock.
When operating in 1000Base-T mode, the output clock can be configured for any of the four transmit or receive
channels.

The output clock can be disabled using the CLK_O_DISABLE bit of the I1/0 Configuration register. It can also be
disabled by default using the Clock Out Disable strap. This strap is only available for the PAP devices. For more
information, see =~ =7.-8.5.1.

8.4 Device Functional Modes
8.4.1 MAC Interfaces
The DP83867 supports connection to an Ethernet MAC via the following interfaces: RGMII, GMII, and Mil.

The RGMII Disable strap (RX_D6) determines the default state of the MAC interface. The RGMII Disable strap
corresponds to the RGMII Enable (bit 7) in the RGMIICTL register (address 0x0032). When RGMII mode is
disabled, the DP83867 operates in GMII mode.

RGMII ENABLE (Register 0x0032, bit 7) DEVICE FUNCTIONAL MODE
0x1 RGMII
0x0 GMIl

The initial strap value for the RGMII disable is also available in the Strap Configuration Status Register 1
(STRAP_STS1).

8.4.1.1 Reduced GMII (RGMII)

The Reduced Gigabit Media Independent Interface (RGMII) is designed to reduce the number of pins required to
interconnect the MAC and PHY (12 pins for RGMII relative to 24 pins for GMII). To accomplish this goal, the data
paths and all associated control signals are reduced and are multiplexed. Both rising and trailing edges of the
clock are used. For Gigabit operation the GTX_CLK and RX_CLK clocks are 125 MHz, and for 10- and 100-
Mbps operation, the clock frequencies are 2.5 MHz and 25 MHz, respectively.

For more information about RGMIIl timing, see the RGMII Interface Timing Budgets application report
(SNLA243).

8.4.1.1.1 1000-Mbps Mode Operation

All RGMII signals are positive logic. The 8-bit data is multiplexed by taking advantage of both clock edges. The
lower 4 bits are latched on the positive clock edge and the upper 4 bits are latched on trailing clock edge. The
control signals are multiplexed into a single clock cycle using the same technique.
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To reduce power consumption of RGMII interface, TXEN_ER and RXDV_ER are encoded in a manner that
minimizes transitions during normal network operation. This is done by following encoding method. Note that the
value of GMII_TX_ER and GMII_TX_EN are valid at the rising edge of the clock. In RGMII mode, GMII_TX_ER
is presented on TX_CTRL at the falling edge of the GTX_CLK clock. RX_CTRL coding is implemented the same
fashion.

When receiving a valid frame with no error, RX_CTRL = True is generated as a logic high on the rising edge of
RX_CLK and RX_CTRL = False is generated as a logic high at the falling edge of RX_CLK. When no frame is
being received, RX_CTRL = False is generated as a logic low on the rising edge of RX_CLK and RX_CTRL =
False is generated as a logic low on the falling edge of RX_CLK.

TX_CTRL is treated in a similar manner. During normal frame transmission, the signal stays at a logic high for
both edges of GTX_CLK and during the period between frames where no error is indicated, the signal stays low
for both edges.

8.4.1.1.2 1000-Mbps Mode Timing

The DP83867 provides configurable clock skew for the GTX_CLK and RX_CLK to optimize timing across the
interface. The transmit and receive paths can be optimized independently. Both the transmit and receive path
support 16 programmable RGMII delay modes via register configuration.

The timing paths can either be configured for Aligned mode or Shift mode. In Aligned mode, no clock skew is
introduced. In Shift mode, the clock skew can be introduced in 0.25 ns increments (via register configuration).
Configuration of the Aligned mode or Shift mode is accomplished via the RGMII Control Register (RGMIICTL),
address 0x0032. In Shift mode, the clock skew can be adjusted using the RGMII Delay Control Register
(RGMIIDCTL), address 0x0086.

8.4.1.1.3 10- and 100-Mbps Mode

When the RGMII interface is operating in the 100-Mbps mode, the Ethernet Media Independent Interface (Mll) is
implemented by reducing the clock rate to 25 MHz. For 10-Mbps operation, the clock is further reduced to 2.5
MHz. In the RGMII 10/100 mode, the transmit clock RGMII TX_CLK is generated by the MAC and the receive
clock RGMII RX_CLK is generated by the PHY. During the packet receiving operation, the RGMII RX_CLK may
be stretched on either the positive or negative pulse to accommodate the transition from the free-running clock to
a data synchronous clock domain. When the speed of the PHY changes, a similar stretching of the positive or
negative pulses is allowed. No glitch is allowed on the clock signals during clock speed transitions.

This interface operates at 10- and 100-Mbps speeds the same way it does at 1000-Mbps mode with the
exception that the data may be duplicated on the falling edge of the appropriate clock.

The MAC holds the RGMII TX_CLK low until it has ensured that it is operating at the same speed as the PHY.

PHY MAC
TX_CTRL [«
GTX_CLK |«
TX_D [3:0] [*
RX_CTRL >
RX_CLK >
RX_D [3:0] >

&l 8-6. RGMII Connections
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8.4.1.2 Gigabit Mil (GMII)

The Gigabit Media Independent Interface (GMII) is the IEEE defined interface for use between an Ethernet PHY
and an Ethernet MAC. GMII is available on the PAP devices only. The purpose of GMII is to make various
physical media transparent to the MAC layer. The GMII Interface accepts either GMII or MIl data, control and
status signals and routes them either to the 1000BASE-T, 100BASE-TX, or 10BASE-Te modules, respectively.

The GMII interface has the following characteristics:

» Supports 10/100/1000 Mbps operation

» Data and delimiters are synchronous to clock references

* Provides independent 8-bit wide transmit and receive data paths
* Provides a simple management interface

» Provides for Full-Duplex operation

The GMII interface is defined in IEEE 802.3 Clause 35. In each direction of data transfer, there are Data (an
eight-bit bundle), Delimiter, Error, and Clock signals. GMII signals are defined such that an implementation may
multiplex most GMII signals with the similar PCS service interface defined in IEEE 802.3 Clause 22. Two media
status signals are provided. One indicates the presence of carrier (CRS), and the other indicates the occurrence
of a collision (COL). The MII signal names have been retained and the functions of most signals are the same,
but additional valid combinations of signals have been defined for 1000 Mbps operation.
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The connection diagram for GMII is shown in [X| 8-7.

PHY MALC

TX _EMW -+

TX_ER -+

GTH_CLK

TH_D[T:0] =

R_OW -

R¥_ER -

RX_CLK -

D70 -

CRE -

CoL -

8-7. GMII Connections

8.4.1.3 Media Independent Interface (Mll)

MII connections are used for 10/100 data. Mll is compatible with GMII and will be used for 10/100 data when the
device is configured for GMII. Mll is available on PAP devices only.

The DP83867 incorporates the Media Independent Interface (MIl) as specified in Clause 22 of the IEEE 802.3
standard. This interface may be used to connect PHY devices to a MAC in 10/100 Mbps systems. This section
describes the nibble wide MII data interface.

The nibble wide MII data interface consists of a receive bus and a transmit bus each with control signals to
facilitate data transfer between the PHY and the upper layer (MAC).

8.4.1.3.1 Nibble-wide MIl Data Interface

Clause 22 of the IEEE 802.3 specification defines the Media Independent Interface. This interface includes a
dedicated receive bus and a dedicated transmit bus. These two data buses, along with various control and
status signals, allow for the simultaneous exchange of data between the DP83867 and the upper layer agent
(MAC).

The receive interface consists of a nibble wide data bus RXD[3:0], a receive error signal RX_ER, a receive data
valid flag RX_DV, and a receive clock RX_CLK for synchronous transfer of the data. The receive clock operates
at either 2.5 MHz to support 10 Mbps operation modes or at 25 MHz to support 100 Mbps operational modes.

The transmit interface consists of a nibble wide data bus TXD[3:0], a transmit enable control signal TX_EN, and
a transmit clock TX_CLK which runs at either 2.5 MHz or 25 MHz. Additionally, the MIl includes the carrier sense
signal CRS, as well as a collision detect signal COL. The CRS signal asserts to indicate the reception of data
from the network or as a function of transmit data in Half-Duplex mode. The COL signal asserts as an indication
of a collision which can occur during Half-Duplex operation when both a transmit and receive operation occur
simultaneously.
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8.4.1.3.2 Collision Detect

When in Half-Duplex mode, a 10BASE-Te or 100BASE-TX collision is detected when the receive and transmit
channels are active simultaneously. Collisions are reported by the COL signal on the MII.

The COL signal remains set for the duration of the collision. If the PHY is receiving when a collision is detected,
it is reported immediately (through the COL pin).

Collision is not indicated during Full-Duplex operation.
8.4.1.3.3 Carrier Sense

In 10 Mbps operation, Carrier Sense (CRS) is asserted due to receive activity once valid data is detected via the
squelch function. During 100 Mbps operation CRS is asserted when a valid link (SD) and two non-contiguous
zeros are detected on the line.

For 10 or 100 Mbps Half-Duplex operation, CRS is asserted during either packet transmission or reception.
For 10 or 100 Mbps Full-Duplex operation, CRS is asserted only due to receive activity.
CRS is deasserted following an end of packet.

The connection diagram for Mll is shown in [X] 8-8.

PHY MALC

TX_EN

TX ER -+

TH_CLK *

TH_D[3:0] (=

RX_CLK -

R¥_OW -

R¥_ER -

R_C[3:0] -

CRE =

CoL

& 8-8. MIl Connections

8.4.2 Serial Management Interface

The Serial Management Interface (SMI), provides access to the DP83867 internal register space for status
information and configuration. The SMI is compatible with IEEE 802.3-2002 clause 22. The implemented register
set consists of the registers required by the IEEE 802.3, plus several others to provide additional visibility and
controllability of the DP83867 device.

The SMI includes the MDC management clock input and the management MDIO data pin. The MDC clock is
sourced by the external management entity, also called Station (STA), and can run at a maximum clock rate of
25 MHz. MDC is not expected to be continuous, and can be turned off by the external management entity when
the bus is idle.
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The MDIO is sourced by the external management entity and by the PHY. The data on the MDIO pin is latched
on the rising edge of the MDC clock. The MDIO pin requires a pullup resistor (2.2 kQ) which, during IDLE and
turnaround, pulls MDIO high.

Up to 16 PHYs can share a common SMI bus. To distinguish between the PHYs, a 4-bit address is used. During
power-up reset, the DP83867 latches the PHY_ADD configuration pins to determine its address. The
DP83867IRPAP 64-pin variant can support up to 32 PHY's and uses a 5-bit address.

The management entity must not start an SMI transaction in the first cycle after power-up reset. To maintain valid
operation, the SMI bus must remain inactive at least one MDC cycle after hard reset is deasserted. In normal
MDIO transactions, the register address is taken directly from the management-frame reg_addr field, thus
allowing direct access to 32 16-bit registers (including those defined in IEEE 802.3 and vendor specific). The
data field is used for both reading and writing. The Start code is indicated by a <01> pattern. This pattern makes
sure that the MDIO line transitions from the default idle line state. Turnaround is defined as an idle bit time
inserted between the Register Address field and the Data field. To avoid contention during a read transaction, no
device may actively drive the MDIO signal during the first bit of turnaround. The addressed DP83867 drives the
MDIO with a zero for the second bit of turnaround and follows this with the required data. 8-9 shows the
timing relationship between MDC and the MDIO as driven and received by the Station (STA) and the DP83867
(PHY) for a typical register read access.

For write transactions, the station-management entity writes data to the addressed DP83867, thus eliminating
the requirement for MDIO turnaround. The turnaround time is filled by the management entity by inserting <10>.
8-9 shows the timing relationship for a typical Mll register write access. The frame structure and general read
and write transactions are shown in % 8-1, [X| 8-9, and [¥] 8-10.

% 8-1. Typical MDIO Frame Format

TYPICAL MDIO FRAME FORMAT <idle><start><op code><device addr><reg addr><turnaround><data<<idle>
Read Operation <idle><01><10><AAAA><RRRR><Z0><xXXX XXXX XXXX XXXx><idle>
Write Operation <idle><01<01><AAAA><RRRR><10><xxxX XXXX XXXX XXxx><idle>
MDC
MDIO =& l [ l = i
(STA)
z Z
MDIO \ [
PHY) |

zjof1]1]oJof1f1]ojolofojojojolzoofojrjrjojofof1joJojojofofojojo]z

Idle | Start |Opoode| PHY Address | Register Address l TA | Register Data |Idle
{Read) {PHY AD =0Ch) {00h = BCMR)

8-9. Typical MDC/MDIO Read Operation

MDC

oo | L L L
(BTA HEEEEEEEEEEEEEEEEEEE .

zJoj1]of1]oft]4fjofofojoJojojof1]ojojojofofofojojofofofojojofofojo]z

idie | Start IOpmdel PHY Address | Register Address ' TA I Register Data lldie
(Write)' (PHY AD = 0Ch) ° (00h =BCMR)

8-10. Typical MDC/MDIO Write Operation
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8.4.2.1 Extended Address Space Access

The DP83867 SMI function supports read or write access to the extended register set using registers REGCR
(0Ox000Dh) and ADDAR (0x000Eh) and the MDIO Manageable Device (MMD) indirect method defined in IEEE
802.3ah Draft for clause 22 for accessing the clause 45 extended register set.

The standard register set, MDIO registers 0 to 31, is accessed using the normal direct-MDIO access or the
indirect method, except for register REGCR (0x000Dh) and ADDAR (0x000Eh) which is accessed only using the
normal MDIO transaction. The SMI function ignores indirect accesses to these registers.

REGCR (0x000Dh) is the MDIO Manageable MMD access control. In general, register REGCR(4:0) is the
device address DEVAD that directs any accesses of ADDAR (0x000Eh) register to the appropriate MMD.

The DP83867 supports one MMD device address. The vendor-specific device address DEVAD[4:0] = 11111 is
used for general MMD register accesses.

All accesses through registers REGCR and ADDAR must use the correct DEVAD. Transactions with other
DEVAD are ignored. REGCR[15:14] holds the access function: address (00), data with no post increment (01),
data with post increment on read and writes (10) and data with post increment on writes only (11).

* ADDAR is the address and data MMD register. ADDAR is used in conjunction with REGCR to provide the
access to the extended register set. If register REGCR[15:1] is 00, then ADDAR holds the address of the
extended address space register. Otherwise, ADDAR holds the data as indicated by the contents of its
address register. When REGCR[15:14] is set to 00, accesses to register ADDAR modify the extended
register set address register. This address register must always be initialized to access any of the registers
within the extended register set.

* When REGCR[15:14] is set to 01, accesses to register ADDAR access the register within the extended
register set selected by the value in the address register.

 When REGCR[15:14] is set to 10, access to register ADDAR access the register within the extended register
set selected by the value in the address register. After that access is complete, for both reads and writes, the
value in the address register is incremented.

 When REGCR[15:14] is set to 11, access to register ADDAR access the register within the extended register
set selected by the value in the address register. After that access is complete, for write accesses only, the
value in the address register is incremented. For read accesses, the value of the address register remains
unchanged.

The following sections describe how to perform operations on the extended register set using register REGCR
and ADDAR. The descriptions use the device address for general MMD register accesses (DEVAD[4:0] = 11111).

8.4.2.1.1 Write Address Operation

1. Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.
2. Write the desired register address to register ADDAR.

Subsequent writes to register ADDAR (step 2) continue to write the address register.
8.4.2.1.2 Read Address Operation
To read the address register:

1. Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.
2. Read the register address from register ADDAR.

8.4.2.1.3 Write (No Post Increment) Operation
To write a register in the extended register set:

1. Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.

2. Write the desired register address to register ADDAR.

3. Write the value 0x401F (data, no post increment function field = 01, DEVAD = 31) to register REGCR.
4. Write the content of the desired extended register set register to register ADDAR.

Subsequent writes to register ADDAR (step 4) continue to rewrite the register selected by the value in the
address register.
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Note: steps (1) and (2) can be skipped if the address register was previously configured.
8.4.2.1.4 Read (No Post Increment) Operation
To read a register in the extended register set:

1.  Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.

2. Write the desired register address to register ADDAR.

3. Write the value 0x401F (data, no post increment function field = 01, DEVAD = 31) to register REGCR.
4. Read the content of the desired extended register set register to register ADDAR.

Subsequent reads from register ADDAR (step 4) continue reading the register selected by the value in the
address register.

Note: steps (1) and (2) can be skipped if the address register was previously configured.
8.4.2.1.5 Write (Post Increment) Operation

1.  Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.

2. Write the register address from register ADDAR.

3. Write the value 0x801F (data, post increment on reads and writes function field = 10, DEVAD = 31) or the
value 0xCO1F (data, post increment on writes function field = 11. DEVAD = 31) to register REGCR.

4. Write the content of the desired extended register set register to register ADDAR.

Subsequent writes to register ADDAR (step 4) write the next higher addressed data register selected by the
value of the address register; the address register is incremented after each access.

8.4.2.1.6 Read (Post Increment) Operation

To read a register in the extended register set and automatically increment the address register to the next
higher value following the write operation:

1. Write the value 0x001F (address function field = 00, DEVAD = 31) to register REGCR.

2. Write the desired register address to register ADDAR.

3. Write the value 0x801F (data, post increment on reads and writes function field = 10, DEVAD = 31) to
register REGCR.

4. Read the content of the desired extended register set register to register ADDAR.

Subsequent reads to register ADDAR (step 4) read the next higher addressed data register selected by the
value of the address register; the address register is incremented after each access.

8.4.2.1.7 Example of Read Operation Using Indirect Register Access
Read register 0x0170.

1. Write register 0x0D to value 0x001F.
2. Write register OxOE to value 0x0170
3. Write register 0x0D to value 0x401F.
4. Read register OxOE.

The expected default value is 0x0C10.
8.4.2.1.8 Example of Write Operation Using Indirect Register Access
Write register 0x0170 to value 0x0C50.

1. Write register 0x0D to value 0x001F.
2. Write register OxOE to value 0x0170

3. Write register 0x0D to value 0x401F.
4. Write register OxOE to value 0x0C50.

This write disables the output clock on the CLK_OUT pin.
8.4.3 Auto-Negotiation

All 1000BASE-T PHYs are required to support Auto-Negotiation. The Auto-Negotiation function in 1000BASE-T
has three primary purposes:
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* Auto-Negotiation of Speed and Duplex Selection
» Auto-Negotiation of Master or Slave Resolution
» Auto-Negotiation of Pause or Asymetrical Pause Resolution

8.4.3.1 Speed and Duplex Selection - Priority Resolution

The Auto-Negotiation function provides a mechanism for exchanging configuration information between the two
ends of a link segment. This mechanism is implemented by exchanging Fast Link Pulses (FLP). FLPs are burst
pulses that provide the signalling used to communicate the abilities between two devices at each end of a link
segment. For further details regarding Auto-Negotiation, refer to Clause 28 of the IEEE 802.3 specification. The
DP83867 supports 1000BASE-T, 100BASE-TX, and 1000BASE-T modes of operation. The process of Auto-
Negotiation ensures that the highest performance protocol is selected (that is, priority resolution) based on the
advertised abilities of the Link Partner and the local device.

8.4.3.2 Master and Slave Resolution

If 1000BASE-T mode is selected during the priority resolution, the second goal of Auto-Negotiation is to resolve
Master or Slave configuration. The Master mode priority is given to the device that supports multiport nodes,
such as switches and repeaters. Single node devices such as DTE or NIC card takes lower Master mode priority.

8.4.3.3 Pause and Asymmetrical Pause Resolution

When Full-Duplex operation is selected during priority resolution, the Auto-Negotiation also determines the Flow
Control capabilities of the two link partners. Flow control was originally introduced to force a busy station’s Link
Partner to stop transmitting data in Full-Duplex operation. Unlike Half-Duplex mode of operation where a link
partner could be forced to back off by simply generating collisions, the Full-Duplex operation needed a
mechanism to slow down transmission from a link partner in the event that the receiving station’s buffers are
becoming full. A new MAC control layer was added to handle the generation and reception of Pause Frames.
Each MAC Controller has to advertise whether it is capable of processing Pause Frames. In addition, the MAC
Controller advertises if Pause frames can be handled in both directions, that is, receive and transmit. If the MAC
Controller only generates Pause frames but does not respond to Pause frames generated by a link partner, it is
called Asymmetrical Pause. The advertisement of Pause and Asymmetrical Pause capabilities is enabled by
writing 1 to bits 10 and 11 of ANAR (register address 0x0004). The link partner’s Pause capabilities is stored in
ANLPAR (register address 0x0005) bits 10 and 11. The MAC Controller has to read from ANLPAR to determine
which Pause mode to operate. The PHY layer is not involved in Pause resolution other than simply advertising
and reporting of Pause capabilities.

8.4.3.4 Next Page Support

The DP83867 supports the Auto-Negotiation Next Page protocol as required by IEEE 802.3 clause 28.2.4.1.7.
The ANNPTR 0x07 allows for the configuration and transmission of the Next Page. Refer to clause 28 of the
IEEE 802.3 standard for detailed information regarding the Auto-Negotiation Next Page function.

8.4.3.5 Parallel Detection

The DP83867 supports the Parallel Detection function as defined in the IEEE 802.3 specification. Parallel
Detection requires the 10/100-Mbps receivers to monitor the receive signal and report link status to the Auto-
Negotiation function. Auto-Negotiation uses this information to configure the correct technology in the event that
the Link Partner does not support Auto-Negotiation, yet is transmitting link signals that the 10BASE-Te or
100BASE-X PMA recognize as valid link signals.

If the DP83867 completes Auto-Negotiation as a result of Parallel Detection, without Next Page operation, bits 5
and 7 of ANLPAR (register address 0x0005) are set to reflect the mode of operation present in the Link Partner.
Note that bits 4:0 of the ANLPAR are also set to 00001 based on a successful parallel detection to indicate a
valid 802.3 selector field. Software may determine that the negotiation is completed through Parallel Detection
by reading 0 in bit 0 of ANER (register address 0x006) after Auto-Negotiation Complete, bit 5 of BMSR (register
address 0x0001), is set. If the PHY is configured for parallel detect mode and any condition other than a good
link occurs, the parallel detect fault, bit 4 of ANER (register address 0x06), sets.
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8.4.3.6 Restart Auto-Negotiation

If a link is established by successful Auto-Negotiation and then lost, the Auto-Negotiation process resumes to
determine the configuration for the link. This function ensures that a link can be re-established if the cable
becomes disconnected and reconnected. After Auto-Negotiation is completed, it may be restarted at any time by
writing 1 to bit 9 of the BMCR (register address 0x0000). A restart Auto-Negotiation request from any entity, such
as a management agent, causes DP83867 to halt data transmission or link pulse activity until the
break_link_timer expires. Consequently, the Link Partner goes into link fail mode and the resume Auto-
Negotiation. The DP83867 resumes Auto-Negotiation after the break_link_timer has expired by transmitting FLP
(Fast Link Pulse) bursts.

8.4.3.7 Enabling Auto-Negotiation Through Software

If Auto-Negotiation is disabled by MDIO access, and the user desires to restart Auto-Negotiation, this could be
accomplished by software access. Bit 12 of BMCR (register address 0x00) should be cleared and then set for
Auto-Negotiation operation to take place.

If Auto-Negotiation is disabled by strap option, Auto-Negotiation can not be reenabled.
8.4.3.8 Auto-Negotiation Complete Time

Parallel detection and Auto-Negotiation typically take 2-3 seconds to complete. In addition, Auto-Negotiation with
next page exchange takes approximately 2-3 seconds to complete, depending on the number of next pages
exchanged. Refer to Clause 28 of the IEEE 802.3 standard for a full description of the individual timers related to
Auto-Negotiation

8.4.3.9 Auto-MDIX Resolution

The DP83867 can determine if a straight or crossover cable is used to connect to the link partner. It can
automatically re-assign channel A and B to establish link with the link partner, (and channel C and D in
1000BASE-T mode). Auto-MDIX resolution precedes the actual Auto-Negotiation process that involves
exchange of FLPs to advertise capabilities. Automatic MDI/MDIX is described in IEEE 802.3 Clause 40, section
40.8.2. It is not a required implementation for 10BASE-Te and 100BASE-TX. DP83867 devices manufactured
after August, 2022, have an increased random seed value that now includes 255 different seed values to
expedite Auto-MDIX resolution with a link partner.

For 10/100, Auto-MDIX is independent of Auto-Negotiation. Auto-MDIX works in both Auto-Negotiation mode
and manual forced speed mode.

8.4.4 Loopback Mode

There are several options for Loopback that test and verify various functional blocks within the PHY. Enabling
loopback mode allows in-circuit testing of the digital and analog data paths. Generally, the DP83867 may be
configured to one of the Near-end loopback modes or to the Far-end (reverse) loopback. MIl Loopback is
configured using the BMCR (register address 0x0000). All other loopback modes are enabled using the BISCR
(register address 0x16). Except where otherwise noted, loopback modes are supported for all speeds
(10/100/1000) and all MAC interfaces (RGMII and GMII).
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The availability of Loopback depends on the operational mode of the PHY. The Link Status in these loopback
modes is also affected by the operational mode. # 8-2 lists out the availability of Loopback Modes and their
corresponding Link Status indication.

# 8-2. Loopback Availability

1000M 100M 10M
LoﬁzBDIECK MAC INTERFACE | AVAILABILIT LINK | AVAILABILIT LINK  [AVAILABILIT| |\ coroiio
Y STATUS Y STATUS Y

Mil GMII/RGMII Yes No Yes No Yes No
PCS GMII/RGMII Yes No Yes Yes No No
Digital GMII/RGMII Yes Yes Yes Yes Yes Yes
Analog GMII/RGMII Yes Yes Yes Yes Yes Yes
External GMII/RGMII No No Yes Yes Yes Yes

8.4.4.1 Near-End Loopback

Near-end loopback provides the ability to loop the transmitted data back to the receiver through the digital or
analog circuitry. The point at which the signal is looped back is selected using loopback control bits with several
options being provided.

When configuring loopback modes, the Loopback Configuration Register (LOOPCR), address 0x00FE, should
be set to OXE720.

To maintain the desired operating mode, Auto-Negotiation should be disabled before selecting the Near-End
Loopback mode. This constraint does not apply for external-loopback mode.

Auto-MDIX should be disabled before selecting the Near-End Loopback mode. MDI or MDIX configuration
should be manually configured.

8.4.4.1.1 Mll Loopback

MIl Loopback is the shallowest loop through the PHY. It is a useful test mode to validate communications
between the MAC and the PHY. While in MIl Loopback mode the data is looped back, and can also be
configured through register to transmit onto the media.

8.4.4.1.2 PCS Loopback

PCS Loopback occurs in the PCS layer of the PHY. No signal processing is performed when using PCS
Loopback.

8.4.4.1.3 Digital Loopback

Digital Loopback includes the entire digital transmit — receive path. Data is looped back prior to the analog
circuitry.

8.4.4.1.4 Analog Loopback
Analog Loopback includes the entire analog transmit-receive path.
8.4.4.2 External Loopback

When operating in 10BASE-Te or 100Base-T mode, signals can be looped back at the RJ-45 connector by
wiring the transmit pins to the receive pins. Due to the nature of the signaling in 1000Base-T mode, this type of
external loopback is not supported. Analog loopback provides a way to loop data back in the analog circuitry
when operating in 1000Base-T mode. For proper operation in Analog Loopback mode, attach 100-Q
terminations to the RJ45 connector.

8.4.4.3 Far-End (Reverse) Loopback

Far-end (Reverse) Loopback is a special test mode to allow testing the PHY from the link-partner side. In this
mode, data that is received from the link partner passes through the PHY's receiver, is looped back at the MAC
interface and is transmitted back to the link partner. While in Reverse Loopback mode, all data signals that come
from the MAC are ignored. Through register configuration, data can also be transmitted onto the MAC Interface.
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8.4.5 BIST Configuration

The device incorporates an internal PRBS Built-in Self Test (BIST) circuit to accommodate in-circuit testing or
diagnostics. The BIST circuit can be used to test the integrity of the transmit and receive data paths. The BIST
can be performed using both internal loopback (digital or analog) or external loopback using a cable fixture. The
BIST simulates pseudo-random data transfer scenarios in format of real packets and Inter-Packet Gap (IPG) on
the lines.

The BIST is implemented with independent transmit and receive paths, with the transmit block generating a
continuous stream of a pseudo-random sequence. The device generates a 15-bit pseudo-random sequence for
the BIST. The received data is compared to the generated pseudo-random data by the BIST Linear Feedback
Shift Register (LFSR) to determine the BIST pass or fail status. The number of error bytes that the PRBS
checker received is stored in the BICSR2 register (0x0072). The status of whether the PRBS checker is locked
to the incoming receive bit stream, whether the PRBS has lost sync, and whether the packet generator is busy,
can be read from the STS2 register (0x0017h). While the lock and sync indications are required to identify the
beginning of proper data reception, for any link failures or data corruption, the best indication is the contents of
the error counter in the BICSR2 register (0x0072). The number of received bytes are stored in BICSR1 (0x0071).

The PRBS test can be put in a continuous mode by using bit 14 of the BISCR register (0x0016h). In continuous
mode, when one of the PRBS counters reaches the maximum value, the counter starts counting from zero
again. Packet transmission can be configured for one of two types, 64 and 1518 bytes, through register bit 13 of
the BISCR register (0x0016).

8.4.6 Cable Diagnostics

With the vast deployment of Ethernet devices, the need for reliable, comprehensive and user-friendly cable
diagnostic tool is more important than ever. The wide variety of cables, topologies, and connectors deployed
results in the need to non-intrusively identify and report cable faults. The Tl cable-diagnostic unit provides
extensive information about cable integrity. The DP83867 offers, Time Domain Reflectometry (TDR) capability in
its Cable Diagnostic tools kit.

8.4.6.1 TDR

The DP83867 uses Time Domain Reflectometry (TDR) to determine the quality of the cables, connectors, and
terminations in addition to estimating the cable length. Some of the possible problems that can be diagnosed
include opens, shorts, cable impedance mismatch, bad connectors, termination mismatches, cross faults, cross
shorts, and any other discontinuities along the cable.

The DP83867 transmits a test pulse of known amplitude (1 V or 2.5 V) down each of the two pairs of an attached
cable. The transmitted signal continues down the cable and reflects from each cable imperfection, fault, bad
connector, and from the end of the cable itself. After the pulse transmission, the DP83867 measures the return
time and amplitude of all these reflected pulses. This technique enables measuring the distance and magnitude
(impedance) of non-terminated cables (open or short), discontinuities (bad connectors), improperly-terminated
cables, and crossed pairs wires with +1-m accuracy.

The DP83867 also uses data averaging to reduce noise and improve accuracy. The DP83867 can record up to
five reflections within the tested pair. If more than 5 reflections are recorded, the DP83867 saves the first 5 of
them. If a cross fault is detected, the TDR saves the first location of the cross fault and up to 4 reflections in the
tested channel. The DP83867 TDR can measure cables beyond 100 m in length.

For all TDR measurements, the transformation between time of arrival and physical distance is done by the
external host using minor computations (such as multiplication, addition, and lookup tables). The host must know
the expected propagation delay of the cable, which depends, among other things, on the cable category (for
example, CAT5, CAT5e, or CAT6).

TDR measurement is allowed in the DP83867 in the following scenarios:

* While Link partner is disconnected — cable is unplugged at the other side

» Link partner is connected but remains quiet (for example, in power-down mode)

» TDR could be automatically activated when the link fails or is dropped by setting bit 7 of register 0x0009
(CFG1). The results of the TDR run after the link fails are saved in the TDR registers.
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Software could read these registers at any time to apply post processing on the TDR results. This mode is
designed for cases when the link dropped due to cable disconnections; after link failure, for instance, the line is
quiet to allow a proper function of the TDR.

8.4.6.2 Energy Detect

The energy-detector module provides signal-strength indication in various scenarios. Because it is based on an
[IR filter, this robust energy detector has excellent reaction time and reliability. The filter output is compared to
predefined thresholds to decide the presence or absence of an incoming signal. The energy detector also
implements hysteresis to avoid jittering in signal-detect indication. Additionally, it has fully-programmable
thresholds and listening-time periods, enabling shortening of the reaction time if required.

8.4.6.3 Fast Link Detect

Several advanced modes are available for fast link establishment. Unlike the Auto-Negotiation and Auto-MDIX
mechanisms defined by the IEEE 802.3 specification, these modes are specific to the DP83867. Take care when
implementing these modes. For best operation, T| recommends implementing these modes with a DP83867 on
both ends of the link.

These advanced link and crossover modes depend on the speed selected for the link. Some modes are
intended for use in 1000Base-T operation. Others are intended for use in 100Base-TX operation.

Fast Link Detect functionality can be configured using the Configuration Register 3 (CFG3), address 0x001E.
8.4.6.4 Speed Optimization

Speed optimization, also known as link downshift, enables fallback to 100-M operation after multiple consecutive
failed attempts at Gigabit link establishment. Such a case could occur if cabling with only four wires (two twisted
pairs) were connected instead of the standard cabling with eight wires (four twisted pairs).

The number of failed link attempts before falling back to 100-M operation is configurable. By default, four failed
link attempts are required before falling back to 100 M.

In enhanced mode, fallback to 100 M can occur after one failed link attempt if energy is not detected on the C
and D channels. Speed optimization also supports fallback to 10 M if link establishment fails in Gigabit and in
100-M mode.

Speed optimization can be enabled via strap or through register configuration.
8.4.6.5 Mirror Mode

In some multiport applications, RJ-45 ports may be mirrored relative to one another. This mirroring can require
crossing board traces. The DP83867 can resolve this issue by implementing mirroring of the ports inside the
device.

In 10/100 operation, the mapping of the