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Hardware Specifications
Datasheet DS1073

The following list provides an overview of the P2020 fea-
ture Set:

Dual High-performance Power Architecture® e500 Cores
36-bit Physical Addressing
— Double-precision Floating-point Support
— 32-Kbyte L1 instruction Cache and 32-Kbyte L1 Data
Cache for each Core
— 800-MHz to 1.33-GHz Clock Frequency
512 Kbyte L2 Cache with ECC. Also Configurable as
SRAM and Stashing Memory
Three 10/100/1000 Mbps Enhanced three-speed Ethernet
Controllers (eTSECs)
— TCPI/IP Acceleration, Quality of Service, and
Classification Capabilities
— IEEE Std 1588™ Support
— Lossless Flow Control
— R/G/MII, R/TBI, SGMII
High-speed Interfaces Supporting Various Multiplexing
Options:
— Four SerDes to 3.125 GHz Multiplexed Across
Controllers
— Three PCI Express Interfaces
— Two Serial RapidIO Interfaces
— Two SGMIl Interfaces
High-Speed USB Controller (USB 2.0)
— Host and Device Support
— Enhanced Host Controller Interface (EHCI)
— ULPI Interface to PHY
Enhanced Secure Digital Host Controller (SD/MMC)

Enhanced Serial Peripheral Interface (eSPI)

* Integrated Security Engine
— Protocol Support Includes SNOW, ARC4, 3DES, AES,
RSA/ECC, RNG, Single-pass SSL/TLS, Kasumi
— XOR Acceleration
* 64-bit DDR2/DDR3 SDRAM Memory Controller with ECC
Support
* Programmable Interrupt Controller (PIC) Compliant with
OpenPIC Standard
* Two Four-channel DMA Controllers
« Two IC Controllers, DUART, Timers
* Enhanced Local Bus Controller (eLBC)
* 16 General-purpose I/O Signals
* Operating Junction Temperature
* 31 x 31 mm 689-pin WB-TePBGA Il (Wire Bond Temperature-
enhanced Plastic BGA)

An Important Notice at the end of this datasheet addresses availability, warranty, changes, use in critical applications, intellectual property matters and other
important disclaimers
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P2020

Block Diagram
Figure 0-1 shows the major functional units within the device.

Figure 0-1. P2020 Block Diagram
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1. Pinout Assignments and Reset States

1.1  Ball Layout Diagrams
Figure 1-1 shows the top view of the P2020 689-pin BGA ball map diagram.

Figure 1-1. P2020 Top View Ballmap
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Figure 1-2. P2020 Ball Map—Detail A
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Figure 1-3. P2020 Ball Map—Detail B
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Figure 1-4. P2020 Ball Map-Detail C
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Figure 1-5. P2020 Ball Map—Detail D
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Table 1-1 provides the pinout listing for the device.

Table 1-1.  P2020 Pinout Listing!")

Signal Signal Name Package Pin Number PinType | Power Supply Notes

DDR SDRAM Memory Interface

MDQOO Data AJ8 10 GVoo -
MDQO1 Data AH8 10 GV -
MDQO2 Data AH5 10 GV -
MDQO3 Data AJ4 10 GVpp -
MDQO4 Data AJ9 10 GV -
MDQO5 Data AH9 10 GV -
MDQO6 Data AH6 10 GVpp -
MDQO7 Data AJ5 10 GV -
MDQO8 Data AF8 10 GV -
MDQO9 Data AE8 10 GVpp -
MDQ10 Data AF5 10 GV -
MDQ11 Data AG4 10 GV -
MDQ12 Data AG9 10 GVoo -
MDQ13 Data AF9 10 GVop -
MDQ14 Data AE6 10 GV -
MDQ15 Data AE5 10 GVpp -
MDQ16 Data AH3 10 GV -
MDQ17 Data AH2 10 GV -
MDQ18 Data AE1 10 GVpp -
MDQ19 Data AE2 10 GVop -
MDQ20 Data AH4 10 GV -
MDQ21 Data AJ3 10 GVoo -
MDQ22 Data AF2 10 GVop -
MDQ23 Data AF1 10 GV -
MDQ24 Data AD4 10 GVpp -
MDQ25 Data AC4 10 GVop -
MDQ26 Data Y5 10 GV -
MDQ27 Data W5 10 GVoo -
MDQ28 Data AF3 10 GVop -
MDQ29 Data AE4 10 GV -
MDQ30 Data AB5 10 GVpp -
MDQ31 Data Y4 10 GV -
MDQ32 Data G4 10 GV -
MDQ33 Data G3 10 GVoo -
MDQ34 Data E2 10 GV -

1073D-HIREL-11/19
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
MDQ35 Data E4 10 GVpp -
MDQ36 Data H5 10 GVop -
MDQ37 Data Ha4 10 GVio -
MDQ38 Data F2 10 GVpp -
MDQ39 Data E1 10 GVop -
MDQ40 Data ci 10 GVop -
MDQ41 Data c3 10 GVpp -
MDQ42 Data B4 10 GVop -
MDQ43 Data A4 10 GVop -
MDQ44 Data D1 10 GVpp -
MDQ45 Data D2 10 GVop -
MDQ46 Data B3 10 GV -
MDQ47 Data A3 10 GVpp -
MDQ48 Data cs5 10 GVop -
MDQ49 Data E6 10 GV -
MDQS50 Data D9 10 GVpp -
MDQ51 Data E9 10 GVop -
MDQ52 Data c4 10 GVop -
MDQ53 Data E5 10 GVpp -
MDQ54 Data ES 10 GVop -
MDQ55 Data D8 10 GVop -
MDQ56 Data A6 10 GVpp -
MDQ57 Data B7 10 GVop -
MDQ58 Data B10 10 GVop -
MDQS59 Data A11 10 GVpp -
MDQB0 Data A5 10 GVop -
MDQ61 Data B6 10 GV -
MDQ62 Data B9 10 GVpp -
MDQ63 Data A10 10 GVpp -
MECC[00] Error Correcting Code AD2 10 GVpp (36)
MECCI[01] Error Correcting Code AC2 10 GVpp (36)
MECC[02] Error Correcting Code W1 10 GV (36)
MECCI[03] Error Correcting Code V3 [o] GVpp (36)
MECC[04] Error Correcting Code AB2 10 GVgp (36)
MECC[05] Error Correcting Code AD1 10 GV (36)
MECC[06] Error Correcting Code Y1 10 GVpp (36)
MECCI[07] Error Correcting Code V6 10 GVgp (36)
MAPAR_ERR Address Parity Error N5 I GV @7

9
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
MAPAR_OUT Address Parity Error R5 (0] GVpp -
MDM[00] Data Mask AH7 o) GVpp -
MDM[01] Data Mask AE7 0 GVpp -
MDM[02] Data Mask AH1 o) GVpp -
MDM[03] Data Mask AC1 o) GVpp -
MDM[04] Data Mask G1 0o GVpp -
MDM[05] Data Mask C2 o) GVpp -
MDM[06] Data Mask F8 o) GVpp -
MDMI[07] Data Mask A7 0o GVpp -
MDM[08] Data Mask AA4 o) GVpp -
MDQS[00] Data Strobe AJ6 10 GVpp -
MDQS[01] Data Strobe AF6 10 GV -
MDQS[02] Data Strobe AG2 10 GVpp -
MDQS[03] Data Strobe AB3 10 GVpp -
MDQS[04] Data Strobe F3 10 GVpp -
MDQS[05] Data Strobe B2 10 GVpp -
MDQS[06] Data Strobe D7 10 GVpp -
MDQS[07] Data Strobe A9 10 GVpp -
MDQS[08] Data Strobe AA1 10 GVpp -
MDQS[00] Data Strobe AJ7 10 GVpp -
MDQSI[01] Data Strobe AF7 10 GV -
MDQSI[02] Data Strobe AG1 10 GVpp -
MDQS[03] Data Strobe AB4 10 GVpp -
MDQS[04] Data Strobe F4 10 GVpp -
MDQS|[05] Data Strobe B1 10 GVpp -
MDQS[06] Data Strobe D6 10 GVpp -
MDQS[07] Data Strobe A8 10 GVpp -
MDQS|[08] Data Strobe AB1 10 GVpp -
MBA[00] Bank Select K5 o) GVpp -
MBA[01] Bank Select L5 0 GVpp -
MBA[02] Bank Select T4 o) GVpp -
MA[00] Address L6 0 GVpp -
MAJ[01] Address M2 (0] GVpp -
MA[02] Address M1 o) GVpp -
MA[03] Address M5 o) GVpp -
MA[04] Address N1 (0] GVpp -
MA[05] Address P1 o) GVpp -
MA[06] Address N4 o) GVpp -
10
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
MA[07] Address P3 e} GVpp -
MA[08] Address P2 0o GVpp -
MA[09] Address R1 o GVpp -
MA[10] Address K6 O GVpp -
MA[11] Address R4 0} GVpp -
MA[12] Address T5 (0] GVpp -
MA[13] Address J5 ¢} GVpp -
MA[14] Address T3 0} GVpp -
MA[15] Address U4 (0] GVpp -
MWE Write Enable K2 (0] GVpp -
MRAS Row Address Strobe K1 (0] GVpp -
MCAS Column Address Strobe J3 (6] GVpp -
MCS[00] Chip Select J2 e} GVpp -
MCS[01] Chip Select J6 e} GVpp -
MCS[02] Chip Select J1 o GVpp -
MCS[03] Chip Select G2 (¢} GVpp -
MCKE[00] Clock Enable us 0} GVpp
MCKE[01] Clock Enable V1 0} GVpp
MCKE[02] Clock Enable ue o GVpp
MCKE[03] Clock Enable V2 o] GVpp ©)
MCK[00] Clock u2 O GVpp (32)
MCK[01] Clock AD8 o GVpp (2)
MCK[02] Clock D4 o) GVpp (©2)
MCK[03] Clock T2 O GVpp (32)
MCK[04] Clock AC6 o GVpp (2)
MCK[05] Clock F5 o) GVpp (©2)
MCK[00] Clock Complements U1 0 GVpp (32)
MCK[01] Clock Complements AD7 0 GVgp (2)
MCK[02] Clock Complements D5 o] GVpp (©2)
MCK][03] Clock Complements T o] GVpp (32)
MCK[04] Clock Complements AC5 0 GVgp (2)
MCK[05] Clock Complements F6 0 GV (©2)
MODT[00] On Die Termination H1 0} GVpp -
MODTI[01] On Die Termination H6 (0] GVpp -
MODT[02] On Die Termination J4 O GVpp -
MODT[03] On Die Termination F1 0] GVpp -
Driver Impedance
MDIC[00] Caliertion C10 10 GVpp 18

11
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
MDIC[01] D”"g;l'ig‘r‘::’iiince F10 10 GVpp (18)
SerDes
SD_TX[03] Transmit Data (positive) AD18 (0] XVpp -
SD_TX[02] Transmit Data (positive) AE17 (0] XVpp -
SD_TX[01] Transmit Data (positive) AE13 (0] XVpp -
SD_TX[00] Transmit Data (positive) AD12 (0] XVpp -
SD_TX[03] Transmit Data (negative) AE18 o XVpp -
SD_TX[02] Transmit Data (negative) AF17 o) XVpp -
SD_TX[01] Transmit Data (negative) AF13 o) XVop -
SD_TX[00] Transmit Data (negative) AE12 o XVpp -
SD_RX][03] Receive Data (positive) AH18 I XVpp -
SD_RX[02] Receive Data (positive) AH16 | XVpp -
SD_RX[01] Receive Data (positive) AH14 | XVpp -
SD_RX[00] Receive Data (positive) AH12 | XVpp -
SD_RX[03] Receive Data (negative) AJ18 | XVop -
SD_RX[02] Receive Data (negative) AJ16 | XVop -
SD_RX[01] Receive Data (negative) AJ14 | XVpp -
SD_RX[00] Receive Data (negative) AJ12 | XVop -
SD_REF_CLK PLL Reference Clock AG15 | XVpp -
SD_REF_CLK PLL gf:;fe”nizri'“k AF15 | XVip -
Enhanced Local Bus Controller Interface
LADI[00] Muxed Data/Address B18 10 BVoo #123)
LAD[01] Muxed Data/Address E20 10 BVoo @@
LAD[02] Muxed Data/Address A19 10 BVop (4)23)
LADI[03] Muxed Data/Address B20 10 BVoo #123)
LAD[04] Muxed Data/Address D19 10 BVoo @23
LAD[05] Muxed Data/Address A18 10 BVyp (4)23)
LADI[06] Muxed Data/Address B17 10 BVoo #)123)
LAD[07] Muxed Data/Address C20 10 BVoo @23
LAD[08] Muxed Data/Address F19 10 BVyp (4)23)
LADI[09] Muxed Data/Address E10 10 BVoo #123)
LAD[10] Muxed Data/Address B16 10 BVoo @23
LAD[11] Muxed Data/Address D14 10 BVyp (4)23)
LAD[12] Muxed Data/Address D17 10 BVoo #123)
LAD[13] Muxed Data/Address E11 10 BVoo @@
LAD[14] Muxed Data/Address A16 10 BVyp (4)23)

12
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
LAD[15] Muxed Data/Address c15 10 BVoo @3
LDP[00] Data Parity E18 10 BVoo -
LDP[01] Data Parity B19 10 BVoo -
LA[16] Address B21 o) BVoo 7(25)
LA[17] Address A22 0 BVyp (1%)
LA[18] Address c21 o BVoo “
LA[19] Address F21 o) BV @
LA[20] Address E12 o} BVoo @men
LA[21] Address A21 o] BVoo @X7)21)
LA[22] Address D11 o) BV @1
LA[23] Address E22 0 BVoo @
LA[24] Address F20 0 BVoo R
LA[25] Address E21 o) BVoo @
LA[26] Address B22 0 BVoo @
LA[27] Address F18 0 BVoo (7)(25)
LA[28] Address A23 o) BV @
LA[29] Address B23 0 BVoo e
LA[30] Address C23 0 BVoo (6)7)
LA[31] Address D23 o) BVoo ®)7)
LCSJ[00] Chip Selects D20 o} BVgp ®
LCS[01] Chip Selects A12 0 BV ®
LCS[02] Chip Selects E19 o) BVoo ®
LCS[03] Chip Selects D21 o} BVgp ®
LCS[04] Chip Selects F11 0 BV ®
LCS[05)/DMA2_DREQ[01] Chip Selects D15 o BVpp ®
LCS[06)/DMA2_DACK[01] Chip Selects D13 o} BVgp ®
LCS[07)/DMA2_DDONE[01] Chip Selects A17 o) BV ®
LWE[00]/LBS[00] Write Enable F12 o BVgp ©®))
LWE[01)/LBS[01] Write Enable D12 o) BVoo R
LBCTL Buffer Control E17 ¢} BVoo ©
LALE Address Latch Enable c17 0 BVop ®)
UPM General Purpose
LGPL[0O0)/LFCLE Line 0/Flash Command B12 o] BVoo @
Latch Enable
UPM General Purpose
LGPL[01)/LFALE Line 1/Flash Addr Latch c13 0 BVoo @
Enable
_ UPM General Purpose
LGPL[02)/LOE/LFRE Line 2/Output Enable/ Flash A20 o) BV ©
Read Enable
13
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
LoPLOYTT e e o | o | @
LGPLO4JLGTAILFRE/ Line 4/1an Tarmington 013 0 v |
Wait/Flash Ready-Busy

LorLos P Corer e o | ew | @

LCLKJ00] Local Bus Clock B15 (0] BVop -

LCLKJ01] Local Bus Clock A15 (0] BVyp -

LSYNC_IN Sl_;nc:r: r?)lriiszgtli_ol_n A3 I BVoo B

LSYNC_OUT S";n";'"%:iszg’t'i'o"n A14 o BVop -

DMA

DMA1_DREQ DMA1 Channel 0 Request Y28 [ OVpp -

DMA2_DREQ DMA2 Channel 0 Request w28 I OVpp -
DMA1_DDONE DMA1 Channel 0 Done T26 0 OVpp Qe
DMA2_DDONE DMA2 Channel 0 Done Y29 o OVpp @

Programmable Interrupt Controller
UDEO Unconditional Debug Event 127 ov,, _
Proc 0
UDET Unconditional Debug Event K28 | OVyy _
Proc 1

MCPO Machine Check Processor 0 AA27 | OVpp -

MCP1 Machine Check Processor 1 M25 | OVpp -

IRQ[00] External Interrupts L24 | OVpp -

IRQ[01] External Interrupts K26 | OVpp -
IRQ[02] External Interrupts K29 | OVpp -
IRQ[03] External Interrupts N25 | OVpp -
IRQ[04] External Interrupts L26 | OVpp -
IRQ[05] External Interrupts L29 | OVpp -
IRQ[06] External Interrupts K27 | OVpp -
IRQ_OUT Interrupt Output N29 o OVpp @)

Voltage Select

LVDD_VSEL Voltage Select M28 | OVyp @)
BVDD_VSELJ[00] Voltage Select M29 I OVpp @2)
BVDD_VSEL[01] Voltage Select m27 I OVpp @)

14
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
CVDD_VSEL[00] Voltage Select L28 | OVpp @)
CVDD_VSEL[01] Voltage Select L27 I OVpp 22)

1588
TSEC_1588_CLK_IN Clock In AG21 I RV -
TSEC_1588_TRIG_IN1 Trigger In 1 AH20 I Voo -
TSEC_1588_TRIG_IN2 Trigger In 2 AG20 I Voo -
TSEC_1588_ALARM_OUTO01 Trigger Out 1 AE20 0 Voo @
TSEC_1588_ALARM_OUT02 Trigger Out 2 AJ20 o Voo X0
TSEC_1588_CLK_OUT Clock Out AG22 o) RV @4
TSEC_1588_PULSE_OUT[01] Pulse Out 1 AH21 o Voo @4
TSEC_1588_PULSE_OUT[02] Pulse Out 2 AJ22 0 Voo (@4)
Ethernet Management Interface
EC_MDC Management Data Clock AD20 0 LVyp &
EC_MDIO Management Data In/Out AJ21 10 LVpp -
Gigabit Ethernet Reference Clock
EC_GTX_CLK125 Reference Clock AF24 LVpp (20)
Three Speed Ethernet Controller 1
TSEC1_TXD[07)/TSEC3_TXD [03] Transmit Data AF22 o} Voo N
TSEC1_TXD[06)/TSEC3_TXD [02] Transmit Data AD22 o} Voo @
TSEC1_TXD[05])/TSEC3_TXD [01] Transmit Data AD23 0 Voo )
TSEC1_TXD[04)/TSEC3_TXD [00] Transmit Data AE21 o} Voo N
TSEC1_TXD[03] Transmit Data AJ25 o} Voo @
TSEC1_TXD[02] Transmit Data AH28 0 Voo )7
TSEC1_TXD[01] Transmit Data AE25 o} Voo N
TSEC1_TXD[00] Transmit Data AD24 o} Voo @
TSEC1_TX_EN Transmit Enable AH24 0 Voo (16)
TSEC1_TX_ER Transmit Error AF23 ¢} Voo @
TSEC1_TX_CLK Transmit Clock AJ24 | Voo -
TSEC1_GTX_CLK Transmit Clock Out AG25 (0] LVpp -
TSEC1_CRS/TSEC3_RX_DV Carrier Sense AJ27 10 LVpp -
TSEC1_COL/TSEC3_RX_CLK Collision Detect AH26 | Voo -
TSEC1_RXD[07)/TSEC3_RXD [03] Receive Data AG23 I Voo -
TSEC1_RXD[06)/TSEC3_RXD [02] Receive Data AH22 I Voo -
TSEC1_RXD[05)/TSEC3_RXD [01] Receive Data AJ23 I Voo -
TSEC1_RXD[04)/TSEC3_RXD [00] Receive Data AE24 I Voo -
TSEC1_RXD[03] Receive Data AJ28 | LVpp -
TSEC1_RXD[02] Receive Data AE22 I Voo -
TSEC1_RXD[01] Receive Data AD21 I Voo -
15
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
TSEC1_RXD[00] Receive Data AH25 I Voo -
TSEC1_RX_DV Receive Data Valid AJ26 I Voo -
TSEC1_RX_ER Receive Error AH23 | LVpp -
TSEC1_RX_CLK Receive Clock AG26 | LVpp -

Three Speed Ethernet Controller 2
TSEC2_TXD[07] Transmit Data AE26 o} Voo “m
TSEC2_TXD[06] Transmit Data AF26 0 Voo (%)
TSEC2_TXDI[05)/TSEC3_TX_EN Transmit Data AB24 o] Voo #)n16)
TSEC2_TXD[04)/TSEC3_GTX _CLK Transmit Data AB25 o} Voo “m
TSEC2_TXD[03] Transmit Data AG29 0 Voo @
TSEC2_TXD[02] Transmit Data AA25 0 Voo )
TSEC2_TXD[01] Transmit Data AF27 o} Voo @@an
TSEC2_TXD[00] Transmit Data Y24 o} Voo @
TSEC2_TX_EN Transmit Enable AA26 o] Voo (16)
TSEC2_TX_ER Transmit Error AE29 ¢} WVpp @
TSEC2_TX_CLK Transmit Clock In AA24 | Voo -
TSEC2_GTX_CLK Transmit Clock Out AG28 O LVpo -
TSEC2_CRS/TSE3_RX_ER Carrier Sense AD25 10 RV -
TSEC2_COL/TSEC3_TX_CLK Collision Detect AE27 | Voo -
TSEC2_RXD[07] Receive Data AD27 I Voo -
TSEC2_RXD[06] Receive Data AB26 | LVpp -
TSEC2_RXD[05] Receive Data AC26 I Voo -
TSEC2_RXD[04] Receive Data AD26 I Voo -
TSEC2_RXD[03] Receive Data AB27 | LVpp -
TSEC2_RXD[02] Receive Data AD28 I Voo -
TSEC2_RXD[01] Receive Data AF29 | Voo -
TSEC2_RXDI[00] Receive Data AF28 | LVpp -
TSEC2_RX_DV Receive Data Valid AD29 I Voo -
TSEC2_RX_ER Receive Error AE28 | LVpo -
TSEC2_RX_CLK Transmit Clock In AC29 | Voo -
DUART
UARTO_SOUT Transmit Data J26 o] OV @n
UART1_SOUT Transmit Data J25 o OVpp ®)
UARTO_SIN Receive Data H29 I OVpp -
UART1_SIN Receive Data G24 | OVpp -
UARTO_CTS Clear to Send J28 I OVpp -
UART1_CTS Clear to Send H24 | OVpp -
UARTO_RTS Ready to Send J29 o) OVpp @)

16
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
UART1_RTS Ready to Send J24 o) OVpp @
12C
lIC1_SDA Serial Data H28 10 OVpp G4
lIC1_SCL Serial Clock G27 10 OVpp @)14)
lIC2_SDA Serial Data H26 10 OVpp @4
lIC2_SCL Serial Clock H25 10 OVpp )4
eSDHC
SDHC_DATA[00] Data G28 10 CVop -
SDHC_DATA[01] Data F27 10 CVoo -
SDHC_DATA[02] Data G25 10 CVopp -
SDHC_DATA[03] Data G26 10 CVopp -
SDHC_CMD Command/Response F26 10 CVpp -
SDHC_CLK Host to Card Clock G29 10 CVpp -
eSPI
SPI_MISO Master In Slave Out F28 | CVpp -
SPI_MOSI Master Out Slave In F25 10 CVopp -
SPI_CS[00}/SDHC_DATA[04] eSPI chip select D28 10 CVopp -
SPI_CS[01)/SDHC_DATA[05] eSPI chip select E26 10 CVoo -
SPI_CS[02)/SDHC_DATA[06] €SPl chip select F29 10 CVopp -
SPI_CS[03])/SDHC_DATA[07] eSPI chip select E29 10 CVop -
SPI_CLK eSPI clock D29 0 CVoo -
usB
USB_NXT USB Next data B26 I CVop -
USB_DIR USB Data Direction A28 | CVoo -
USB_STP USB Stop B29 o) CVopp (15)
USB_PWRFAULT Power Fault C29 I CVop -
USB_CLK USB Bus Clock D27 | CVpp -
USB_D[07] USB Data Bits c28 e} CVopp -
USB_D[06] USB Data Bits C25 e} CVop -
USB_D[05] USB Data Bits B28 110 CVoo -
USB_D[04] USB Data Bits B25 e} CVopp -
USB_D[03] USB Data Bits D26 110 CVop -
USB_D[02] USB Data Bits A27 110 CVoo -
USB_D[01] USB Data Bits A26 110 CVop -
USB_D[00] USB Data Bits C26 110 CVop -
General-Purpose Input/Output
GPIO[00}/IRQ[07] Ge”era"gt:‘trppstse Input/ R28 10 OVop -
17
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
General-Purpose Input/
GPIO[01)/IRQ[08] Output R26 10 OVpp -
General-Purpose Input/
GPI0[02)/IRQ[09] Output P29 10 OVpp -
General-Purpose Input/
GPIO[03)/IRQ[10] Output N24 10 OVpp -
General-Purpose Input/
GPIO[04)/IRQ[11] Output u29 10 OVpp -
General-Purpose Input/
GPI0[05] Output R24 10 OVpp -
General-Purpose Input/
GPI0[06] Output R29 10 OVpp -
General-Purpose Input/
GPIO[07] Output R25 10 OVpp -
GPIO[08)/SDHC_CD General-Purpose Input/ F22 10 BVyp @1
Output
GPIO[09)/SDHC_WP General-Purpose Input/ A24 10 BV,, -
Output
GPIO[10}/USB_PCTLO General-Purpose Input/ A25 10 BVyp -
Output
GPIO[11J/USB_PCTL1 General-Purpose Input/ D24 10 BVyp -
Output
General-Purpose Input/
GPIO[12] Output F23 10 BVpp -
General-Purpose Input/
GPIO[13] Output E23 10 BVpp -
General-Purpose Input/
GPIO[14] Output F24 10 BVpp -
General-Purpose Input/
GPIO[15] Output E24 10 BVpp -
System Control
HRESET Hard Reset W25 | OVpp -
HRESET_REQ Reset Request u24 o] OVpp (19)
SRESET Soft Reset W24 | OVpp -
CKSTP_INO Checkstop In AA29 I OVpp @)
CKSTP_IN1 Checkstop In AB29 I OVpp @
CKSTP_OUT[00] Checkstop Out V25 (¢} OVpp @)
CKSTP_OUTI[01] Checkstop Out Y27 o] OV 2)3)
Debug
TRIG_IN Trigger In AB28 | OVpp -
TRIG_OUT Trigger Out u28 0 OVpp M
READY_P1 READY w26 0 OVpp ©m
MSRCID[00] Debug Source ID 0 P28 (¢} OVpp @)
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
MSRCID[01] Debug Source ID 1 R27 0 OVyp @n
MSRCID[02] Debug Source ID 2 P27 o} OVpp (1%)
MSRCID[03] Debug Source ID 3 P26 o OVpp (%)
MSRCID[04] Debug Source ID 4 N26 o] OVyp @n

MDVAL Debug Data Valid M24 0 OVpp (1%)

Clocks
CLK_OUT Clock Out T24 o OVpp -
RTC Real Time Clock K24 | OVpp -
DDRCLK DDR Clock AC9 | OVyp (19
SYSCLK System Clock W29 | OVpp -
DFT
SCAN_MODE Scan Mode w27 I OVpp ©3)
TEST_SEL Test Select AA28 | OVpp (29)
JTAG
TCK Test Clock V29 | OVpp -
TDI Test Data In T25 I OVqp (10)
TDO Test Data Out V28 o OVpp ©)
T™S Test Mode Select u26 I OVpp (10)
TRST Test Reset V26 | OVpp (10)
Power Management
ASLEEP Asleep u2s 0 OVpp (Mans)
No Connect
NC1 No Connection AE10 NC OVpp -
NC2 No Connection AF10 NC OVpp -
NC3 No Connection E13 NC OVpp -
NC4 No Connection E14 NC OVpp -
NC5 No Connection W6 NC OVpp -
NC6 No Connection Y14 NC OVpp -
NC7 No Connection Y15 NC OVpp -
NC8 No Connection Y16 NC OVpp -
NC9 No Connection G6 NC OVpp -
NC12 No Connection F13 NC - -
NC13 No Connection P6 NC - -
Power and Ground Signals
AGND_SRDS SerDes PLL GND AD15 - - -
AVDD_COREQ Core PLLO Supply F15 - AVpp_core0 (13)(26)
AVDD_CORE1 Core PLL1 Supply F16 - AV_corel (13)(26)
AVDD_DDR DDR PLL Supply Y10 - AV,, DDR (13)
19
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
AVDD_LBIU Local Bus PLL Supply F14 - AVpp_LBIU 3
AVDD_PLAT Platform PLL Supply V24 - AVyp PLAT (13)
AVDD_SRDS SerDes PLL Supply AD14 - AV, SRDS (13

BVDD Local Bus, GPIO Supply B24 - BVpp -

BVDD Local Bus, GPIO Supply C12 - BVop -

BVDD Local Bus, GPIO Supply C14 - BVyp -

BVDD Local Bus, GPIO Supply C16 - BVpp -

BVDD Local Bus, GPIO Supply C22 - BVop -

BVDD Local Bus, GPIO Supply D18 - BVyp -

BVDD Local Bus, GPIO Supply G20 - BVpp -

CVvDD SPI, eSDHC, USB Supply c27 - CVpp -

CVDD SPI, eSDHC, USB Supply E25 - CVpp -

CVvDD SPI, eSDHC, USB Supply E27 - CVpp -

GVDD DDR Supply A2 - GVpp -

GVDD DDR Supply B8 - GVpp -

GVDD DDR Supply B11 - GVpp -

GVDD DDR Supply Cc7 - GVpp -

GVDD DDR Supply C9 - GVpp -

GVDD DDR Supply D3 - GVpp -

GVDD DDR Supply E7 - GVpp -

GVDD DDR Supply F9 - GVpp -

GVDD DDR Supply G10 - GVpp -

GVDD DDR Supply H2 - GVpp -

GVDD DDR Supply K3 - GVpp -

GVDD DDR Supply K7 - GVpp -

GVDD DDR Supply L2 - GVpp -

GVDD DDR Supply L3 - GVpp -

GVDD DDR Supply L4 - GVpp -

GVDD DDR Supply N3 - GVpp -

GVDD DDR Supply N6 - GVpp -

GVDD DDR Supply P4 - GVpp -

GVDD DDR Supply R2 - GVpp -

GVDD DDR Supply u3 - GVpp -

GVDD DDR Supply V5 - GVpp -

GVDD DDR Supply W3 - GVpp -

GVDD DDR Supply Y2 - GVpp -

GVDD DDR Supply AA2 - GVpp -

GVDD DDR Supply AA3 - GVpp -
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Table 1-1.  P2020 Pinout Listing") (Continued)
Signal Signal Name Package Pin Number Pin Type Power Supply Notes
GVDD DDR Supply AA5 - GVpp -
GVDD DDR Supply AA7 - GVpp -
GVDD DDR Supply AB6 - GVpp -
GVDD DDR Supply AD5 - GVpp -
GVvVDD DDR Supply AD9 - GVpp -
GVDD DDR Supply AE3 - GVpp -
GVDD DDR Supply AF4 - GVpp -
GVDD DDR Supply AG6 - GVpp -
GVDD DDR Supply AG8 - GVpp -
GVDD DDR Supply AJ2 - GVpp -
LVDD TSEC 1/O Supply Y23 - LVpo -
LvVDD TSEC 1/0O Supply AC21 - LVpp -
LVDD TSEC 1/0O Supply AC25 - LVpo -
LVDD TSEC 1/O Supply AC27 - LVpo -
LvDD TSEC 1/O Supply AE23 - Voo -
LVDD TSEC 1/0O Supply AF21 - LVpo -
LVDD TSEC 1/O Supply AF25 - LVpo -
LvDD TSEC 1/O Supply AH27 - LVpp -
LVDD TSEC 1/0O Supply AH29 - LVpo -
SVDD_SRDS SerDes Core Logic Supply AG16 - SVpp_sros -
SVDD_SRDS SerDes Core Logic Supply AH13 - SVop_sros -
SVDD_SRDS SerDes Core Logic Supply AH17 - SVpo_sros -
SVDD_SRDS SerDes Core Logic Supply AJ11 - SVpp_sros -
SVDD_SRDS SerDes Core Logic Supply AJ15 - SVpp_sros -
SVDD_SRDS SerDes Core Logic Supply AJ19 - SVpp_sros -
SGND_SRDS SerDes Core Logic GND AG12 - - -
SGND_SRDS SerDes Core Logic GND AG13 - - -
SGND_SRDS SerDes Core Logic GND AG14 - - -
SGND_SRDS SerDes Core Logic GND AG17 - - -
SGND_SRDS SerDes Core Logic GND AG18 - - -
SGND_SRDS SerDes Core Logic GND AG19 - - -
SGND_SRDS SerDes Core Logic GND AH11 - - -
SGND_SRDS SerDes Core Logic GND AH15 - - -
SGND_SRDS SerDes Core Logic GND AH19 - - -
SGND_SRDS SerDes Core Logic GND AJ13 - - -
SGND_SRDS SerDes Core Logic GND AJ17 - - -
XVDD_SRDS SerDes Transceiver Supply AD13 - XVbp_sros -
XVDD_SRDS SerDes Transceiver Supply AD17 - XVipp_sros -
21
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal Signal Name Package Pin Number Pin Type Power Supply Notes
XVDD_SRDS SerDes Transceiver Supply AE11 - XVipp sros -
XVDD_SRDS SerDes Transceiver Supply AE19 - XVpp_sros -
XVDD_SRDS SerDes Transceiver Supply AF14 - XVpp sros -
XVDD_SRDS SerDes Transceiver Supply AF16 - XVipp sros -
XGND_SRDS SerDes Transceiver GND AD11 - - -
XGND_SRDS SerDes Transceiver GND AD19 - - -
XGND_SRDS SerDes Transceiver GND AE14 - - -
XGND_SRDS SerDes Transceiver GND AE16 - - -
XGND_SRDS SerDes Transceiver GND AF11 - - -
XGND_SRDS SerDes Transceiver GND AF12 - - -
XGND_SRDS SerDes Transceiver GND AF18 - - -
XGND_SRDS SerDes Transceiver GND AG10 - - -

ovDD General /0O Supply K23 - - -

ovDD General /O Supply L25 - - -

OvVDD General /O Supply N27 - - -

OovDD General I/O Supply P25 - - -

ovDD General /O Supply u27 - - -

OovDD General I/O Supply Y26 - - -

K11, K13, K15, K17, K19, L10,
K10, K12, K14, K16, L20, K18,
K20, N10, N20, M10, M20, R10,
vbD Core Supply R20, P10, P20, U10, U20, T10, - - -
T20, W10, V10, V20, W20,
Y11,Y12, Y19, Y18, Y20
A1, A29, B5, B14, B27, C6, C8,
C11, C18, C24, D16, D22, D25,
E3, E28, F7, G5, G9, G21, H3,
H27, J7, J23, K4,F17, L12,L14,
L16, L18, M11, K25, L1, L11, L13,
L15, L17, L19, M3, M4, M6, M19,
M12, M13, M14, M15, M16, M17,
M18, P11, M26, N2, N11, N12,
N13, N14, N15, N16, N17, N18,
N19, N28, P5, P19, P12, P13, P14,
P15, P16, P17, P18, T11, P24, R3,
R11, R12, R13, R14, R15, R16,
GND Ground R17,R18, R19, T6, T19, T12, T13, - - -
T14,T15,T16,T17,T18,V11,T27,
U11, U12, U13, U14, U15, U16,
U17,U18,U19, V4,V19,V12,V13,
V14, V15, V16, V17, V18, W12,
V27, W2, W4, W11, W13, W14,
W15, W16, W17, W19, Y3, Y6, Y7,
W18, Y13, Y17, Y25, AAB, AA23,
AC3, AC10, AC20, AC24, AC28,
AD3, AD6, AE9, AF20, AG3, AGS,
AG7, AG24, AG27, AJ1, AJ29,
AH10, AJ10, AD10
22
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Table 1-1.  P2020 Pinout Listing") (Continued)

Signal ‘ Signal Name ‘ Package Pin Number Pin Type Power Supply Notes
Analog
SD_IMP_CAL_RX SerDes Rx Impedance AGT1 XV @7)
- == Calibration
SD_IMP_CAL_TX SerDes Tx Impedance AF19 XVipp @7)
Calibration
SD PLL TPA SerDes PLL Test Point AD16 o XVgp (12)
- - Analog
SD_PLL_TPD SerDes PLL Test Point AE15 o) XVop (12)
Digital
MVREE SSTL_1.5/1.8 Reference R6 _ GV, + 2 _
Voltage
Temp_Anode Temp_Anode E16 I Internal Diode (35)
Temp_Cathode Temp_Cathode E15 0 Internal Diode (35)

Notes: 1. All multiplexed signals are listed only once and do not reoccur.

2. Itis recommended that a weak pull-up resistor (2—10 KQ) be placed on this pin to OVpp.
3. Open drain signal. GPIO pins may be programmed to operate as open-drain outputs.
4

. This pin is a reset configuration pin. It has a weak internal pull-up P-FET which is enabled only when the processor is in the
reset state. This pull-up is designed such that it can be overpowered by an external 4.7-kQ pull-down resistor. If the signal
is intended to be high after reset and if there is any device on the net which might pull down the value of the net at reset, a
pull-up or active driver is needed.

5. The value of LA[29:31] during reset sets the CCB clock to SYSCLK PLL ratio. These pins require 4.7-kQ pull-up or pull-
down resistors.

6. The value of LALE, LGPL[02], LBCTL, LWE[00], UART_SOUT[01], and READY_P1, at reset set the €500 core0 clocks to
CCB Clock PLL ratios. These pins require 4.7-kQ pull-up or pull-down resistors.

7. Functionally, this pin is an output, but structurally it is an I/O because it either samples configuration input during reset or
because it has other manufacturing test functions. This pin is therefore described as an 1/O for boundary scan.

8. If this pin is configured for local bus controller use, pull up with 2-10 KQ resistor to BV to ensure there is no random chip
select assertion due to possible noise or other causes.

9. This output is actively driven during reset rather than being three-stated during reset.
10. These JTAG pins have weak internal pull-up P-FETs that are always enabled.

11. If this pin is connected to a device that pulls down during reset, an external pull-up is required to drive this pin to a high state
during reset.

12. Do not connect.
13. Independent supply derived from board Vpp.
14. It is recommended that a pull-up resistor (~1 kQ) be placed on this pin to OVpp.

15. The following pins must NOT be pulled down during power-on reset: DMA1_DACK][00], LA[17], USB_STP,
TSEC2_TXD[06], HRESET_REQ, MSRCIDI[2:3], MDVAL, ASLEEP.

16. TSEC2_TXD[05] is a POR configuration pin for eSDHC card-detect (cfg_sdhc_cd_pol_sel), and it also has an alternate
function of TSEC3_TX_EN. When eTSEC1 or eTSEC2 or eTSEC3 are used as parallel interfaces, the TSECx_TX_EN pins
require an external 4.7-k pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is actively driven.
However, the pull-down resistor on TSEC3_TX_EN causes the eSDHC card-detect (cfg_sdhc_cd_sel) to be inverted; the
inversion should be overridden from the SDHCDCR[CD_INV] debug control register. If the device is configured to boot from
the eSDHC interface, the SDHC_CD should be inverted on the board.

17. TSEC2_TXD[01] is used as cfg_dram_type. It must be valid at powerup.
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18.

19.

20.

21.

22.
23.
24.
25.
26.
27.

20.
31.
32.
33.
34.

35.

36.
37.

For DDR2 MDIC[00] is grounded through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength mode) precision 1%
resistor and MDIC[01] is connected to GV through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength mode) precision
1% resistor. These pins are used for automatic calibration of the DDR |Os. The calibration resistor value for DDR3 must be
20-Q (full-strength mode), or 40.2-Q (half-strength mode).

DDRCLK input is only required when the P2020 DDR controller is running in asynchronous mode. See Section 4.2.2, “Clock
Signals”, Section 4.4.3.2, “DDR PLL Ratio” and Table 4-10, “DDR Complex Clock PLL Ratio,” in the P2020 QorlQ Integrated
Communications Host Processor Family Reference Manual.

EC_GTX_CLK125 is a 125-MHz input clock shared among all e TSEC ports in the following modes: GMII, TBI, RGMII and
RTBI. If none of the eTSEC ports is operating in these modes, the EC_GTX_CLK125 input can be tied off to GND. The
EC_GTX_CLK125 signal high level is nominally LVpp.

These POR configuration inputs may be used in the future to control functionality. It is advised that boards are built with the
ability to pull-down these pins.LA[20:22], UART_SOUT[00], MSRCID[01], MSRCID[04], and DMA1_DDONE[00] are
reserved for future reset configuration.

Incorrect settings can lead to irreversible device damage.

The value of LAD[0:15] during reset sets the upper 16 bits of the GPPORCR as a user option setting.
Used to set the DDR clock PLL settings; requires a 4.7-kQ pull-up or pull-down resistor.

Used to determine CPU boot configuration; requires a 4.7-kQ pull-up or pull-down resistor.

Pin must be the same voltage as Vpp.

SD_IMP_CAL_RX is grounded through an 200-Q precision +1% resistor and SD_IMP_CAL_TX is grounded through an
100-Q precision +1% resistor.

Pull up with a 4.7 kQ resistor to OVpp

100K pull down needed if this signal is used as a CD pin for SD cards. The pull down is not needed for MMC cards.
All unused MCK pins must be disabled via DDRCLKDR register.

This pin requires a 1 kQ pull up to OVp.

For systems that boot from local bus (GPCM)-controlled NOR flash or (FCM)-controlled NAND flash, a pull-up on LGPL4 is
required.

These pins may be connected to a thermal diode monitoring device such as the ADT7461A. If a thermal diode monitoring
device is not connected, these pins may be connected to test point or left as a no connect.

This pin, if not used, must be pulled high or low via individual 2—10 kQ resistor.
This pin must be pulled high or low via a 2—10 kQ resistor.

2. Electrical Characteristics

2.1

24

This section provides the AC and DC electrical specifications for the device. The device is currently
targeted to these specifications. Some of these specifications are independent of the 1/0 cell, but are
included for a more complete reference. These are not purely I/O buffer design specifications.

Overall DC Electrical Characteristics

This section covers the DC ratings, conditions, and other characteristics.
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2141 Absolute Maximum Ratings
Table 2-1 provides the absolute maximum ratings.
Table 2-1.  Absolute Maximum Ratings("
Parameter Symbol Max Value Unit Notes
Core and platform supply voltage Vop —-0.3t0 1.1 \% -
AVpp_COREQ
AVpp_CORE1
AVpp_DDR, )
PLL supply voltage -0.3t0 1.1 \Y @
AVpp_LBIU,
AVpp_PLAT,
AVpp_SRDS
Core power supply for SerDes transceivers SVpp_SRDS -0.3t0 1.1 -
Pad power supply for SerDes transceivers XVpp_SRDS -0.3t0 1.1 -
-0.3t01.98
DDR2/3 DRAM 1/O voltage GVpp \ -
-0.3t01.65
-0.3t03.63
Three-speed Ethernet I/O, MIl management voltage LVpp (eTSEC \Y -
P 9 9 oo ) 0310275
DUART, system control and power management, I2C, GPIOx8, and JTAG /O voltage OVpp -0.31t03.63 \Y ®)
-0.3t03.63
USB, eSPI, eSDHC CVpp -0.3t02.75 v ®
-0.3t01.98
-0.3t03.63
Enhanced local bus I/0 and GPIOx8 voltage BVop -0.3t02.75 Y ®
-0.3t01.98
Input voltage DDR2/DDR3 DRAM signals MV )y —-0.3to (GVpp + 0.3) Y ®)
DDR2/DDR3 DRAM reference MVger —0.3to (GVpp, + 0.3) v ®
Three-speed Ethernet signals LViy —0.3 to (LVpp + 0.3) v )4
Enhanced local bus signals BV i\ —0.3 to (BVpp + 0.3) \ -
DUART, SYSCLK, system control and power management, 12C, @)
and JTAG signals OViy ~0.310 (OVpp *+0.3) v
SerDes XVin —0.3 to (XVpp + 0.3) \ -
Storage temperature range Ts1e -55to 150 °C -

Notes: 1.

Functional operating conditions are given in Table 2-2. Absolute maximum ratings are stress ratings only, and functional

operation at the maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause permanent

damage to the device.

2. AVpp is measured at the input to the filter and not at the pin of the device.

3. Caution: (B,M,L,0,C, X)V,y must not exceed (B,G,L,O, C,X)Vpy by more than 0.3V. This limit may be exceeded for a
maximum of 20 ms during power-on reset and power-down sequences.

4. (M,L,0)V,y and MVgge may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2-1.
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21.2 Recommended Operating Conditions

Table 2-2 provides the recommended operating conditions for this device. Note that the values in
Table 2-2 are the recommended and tested operating conditions. Proper device operation outside these

conditions is not guaranteed.

Table 2-2. Recommended Operating Conditions
Recommended
Parameter Symbol Value Unit Notes
Core and platform supply voltage Voo 1.05+ 50 mV \% U
AVpp_COREO
AVpp_CORE1
PLL supply vol AVop_DDR, 1.05 + 50 mV Vv
+ -
supply voltage AVgp LBIU, .05+£50m
AVpp_PLAT,
AVpp_SRDS
Core power supply for SerDes transceivers SVpp_SRDS 1.05 + 50 mV \% -
Pad power supply for SerDes transceivers and PCI Express XVpp_SRDS 1.05+50 mV \% -
DDR2 DRAM I/O voltage GVpp 1.8V £ 100 mV \ -
DDR3 DRAM I/O voltage GVpp 1.5V £ 75 mV \Y -
3.3V 165 mV
Three-speed Ethernet 1/0 voltage (eTSEC) LVpp Vv -
2.5V +£125 mV
DUART, system control and power management, 1°C, GPIOx8, and JTAG /O voltage OVpp 3.3Vt 165 mV \Y -
3.3V+165 mV
Enhanced local bus I/O and GPIOx8 voltage BVpp 2.5V £125mV \ -
1.8V £ 90 mV
3.3V 165 mV
USB, eSPI, eSDHC /O voltage CVop 2.5V +£125 mV \ )
1.8V £ 90 mV
Input voltage DDR2/3 DRAM signals MV |\ GND to GVpp \ -
DDR2 DRAM reference MVger GVpp/2 \ -
DDR3 DRAM reference MVger GVpp/2 \Y -
Three-speed Ethernet signals LV\ GND to LVpp \Y -
Enhanced local bus signals BVin GND to BVpp \ -
DUART, SYSCLK, system control and
power management, 1°C, and JTAG OV GND to OVpp \ -
signals
USB, eSPI, eSDHC CVi\ GND to CVpp \ -
SerDes signals XVn GND to XVpp \ -
o TA TA =-55 (m|n) to ° (3)
Military T, T, =125 (max) C
Operating Temperature range
. Ta Ta =—40 (min) to . 3)
Industrial T, T, = 125 (max) C

Notes: 1.

maximum of 20 ms during power-on reset and power-down sequences.

Caution: (B,M,L,0,C, X)VIN must not exceed (B,G,L,0, C,X)VDD by more than 0.3V. This limit may be exceeded for a

2. Caution: Until Vpp reaches its recommended operating voltage, if L/C/B/G/OVpp exceeds Vpp extra current may be drawn

by the device.
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3. Minimum temperature is specified with T,; maximum temperature is specified with T .
4. CVpp for eSDHC is limited for 3.3, 2.5, and 1.8V
Figure 2-1 shows the undershoot and overshoot voltages at the interfaces of the device.

Figure 2-1.  Overshoot/Undershoot Voltage for BVpp/CVpp/GVpp/LVpp/XVpp/OVpp

BIC/GIL/IX/OVpp + 20% — —y — — - _ o
B/CIGIL/XIOVpp + 5%

ViH B/CIG/L/XIOVpp - - -
GND
GND-03V - 4 —— — — — — — — — — —
Vie

GND -0.7V — |- - _
—> <« Not to Exceed 10%

I 1
of te ock

Note: 1. tg ock refers to the clock period associated with the respective interface:
For I°C and JTAG, to ook references SYSCLK.
For DDR, tg ock references MCLK.
For eTSEC, t; ock references EC_GTX_CLK125.
For eLBC, tc| ook references LCLK.
For SerDes XVpp, tc ock references SD_REF_CLK.

The core voltage must always be provided at nominal 1.05V (see Table 2-2 for actual recommended
core voltage.) Voltage to the processor interface I/Os are provided through separate sets of supply pins
and must be provided at the voltages shown in Table 2-2. The input voltage threshold scales with
respect to the associated I/O supply voltage. OV and LV, based receivers are simple CMOS 1/0O
circuits and satisfy appropriate LVCMOS type specifications. The SDRAM interface uses a differential
receiver referenced the externally supplied MVggg signal (nominally set to GVpp + 2). The DDR DQS
receivers cannot be operated in single-ended fashion. The complement signal must be properly driven
and cannot be grounded.
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21.3 Output Driver Characteristics
Table 2-3 provides information on the characteristics of the output driver strengths. The values are
preliminary estimates.

Table 2-3. Output Drive Capability

Driver Type Output Impedance () Supply Voltage Notes
Enh d local bus Interf 45 BVpp = 3.3V
nhanced local bus interface, _ :
GPIO[0:7] 45 BVpp = 2.5V
45 BVpp = 1.8V
. 18 (full-strength mode)
DDR2 I bl GV-n = 1.8V @
signal (programmable) 36 (half-strength mode) b
. 20 (full-strength mode)
DDR 3 | bl GVpp = 1.5V M
signal (programmable) 40 (half-strength mode) b
eTSEC signals 45 LVpp = 2.5/3.3V -
DUART, system control, JTAG 45 OVpp = 3.3V -
12Cc 45 OVpp = 3.3V -
CVpp =3.3V
USB, eSPI, eSDHC 45 CVpp =2.5V -
CVpp = 1.8V

Note: 1. The drive strength of the DDR2/3 interface in half-strength mode is at T; = 105°C and at GVpp (min).

2.2 Power Sequencing

The device requires its power rails to be applied in a specific sequence in order to ensure proper device
operation. These requirements are as follows for power up:

1 Voo, AVpp, BVpp, LVpp, CVpp, OVpp, SVpp sros, @nd XVpp sros
2 GV
All supplies must be at their stable values within 50 ms.

Iltems on the same line have no ordering requirement with respect to one another. Items on separate
lines must be ordered sequentially such that voltage rails on a previous step must reach 90% of their
value before the voltage rails on the current step reach 10% of theirs.

Note:  While Vpp is ramping, current may be supplied from Vp through the device to GVpp. Nevertheless, GVpp
from an external supply should follow the sequencing described above.
From a system standpoint, if any of the /0O power supplies ramp prior to the Vp core supply, the 1/Os
associated with that I/O supply may drive a logic one or zero during power up, and extra current may be
drawn by the device.

WARNING
Only 100,000 POR cycles are permitted per lifetime of a device.
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2.3 Power Characteristics

The estimated typical core power consumption for the core complex bus (CCB) versus the core
frequency for this family of QorlQ devices is shown in Table 2-4.

Table 2-4.  P2020 Core Power Consumption("
Core Frequency Platform Junction
Power Mode (MHz) Frequency (MHz) Vpp (V) Temperature (°C) | Power (W) Notes
Thermal 5.0 (2)3)
800 400 1.05 125
Maximum 6.1 @@
Thermal 53 @)
1000 500 1.05 125
Maximum 6.5 @)
Thermal 5.6 23
1200 600 1.05 125
Maximum 6.9 2)4)
Thermal 5.8 (2)3)
1333 667 1.05 125
Maximum 7.2 @@
Notes: 1. This table includes power numbers for the Vp, and AVpp_n rails.

2. These values specify the power consumption at nominal voltage and apply to all valid processor bus frequencies
andconfigurations. The values do not include power dissipation for I/0O supplies.

3. Thermal power is the maximum power measured at nominal core voltage (Vpp) and maximum operating junction
temperature (see Table 2-2) while running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz with one
core at 100% efficiency and the second core at 50% efficiency.

4. Maximum power is the maximum power measured at nominal core voltage (Vpp) and maximum operating junction
temperature (see Table 2-2) while running a test which includes an entirely L1-cache-resident, contrived sequence of
instructions which keep all the execution units busy at with one core at 100% efficiency and the second core at 50%

efficiency and a typical workload on platform interfaces.
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2.31 1/0 DC Power Supply Recommendation

Table 2-5 provides estimated I/O power numbers for each block: DDR, PCI Express, eLBC, eTSEC,
Serial RapidlO, SGMII, eSDHC, USB, eSPI, DUART, I°C and GPIO.

Table 2-5. I/O Power Supply Estimated Values
Interface Parameter Symbol Typical Maximum Unit Notes
400 MHz data rate GVpp (1.8V) 0.7 1.0 w MR)3)
DDR2 533 MHz data rate GVpp (1.8V) 0.9 1.25 w M2)3)
667 MHz data rate GVpp (1.8V) 1.1 1.6 w (M2
667 MHz data rate GVpp (1.5V) 0.7 1.1 w (H2)E)
PDR3 800 MHz data rate GVpp (1.5V) 0.8 1.2 W M@)E))
x1, 2.5 G-baud XVpp (1.05V) 0.15 0.15 w (1@)3)
PCI Express x2, 2.5 G-baud XVpp (1.05V) 0.21 0.21 w (12)3)
x4, 2.5 G-baud XVpp (1.05V) 0.32 0.32 w MR2)3)
Serial RapidlO x1, 2.5 G-baud XVpp (1.05V) 0.18 0.18 w M2)3)
x4, 2.5 G-baud XVpp (1.05V) 0.39 0.39 W (1)3)
SGMII x1, 1.25G-baud XVpp (1.05V) 0.1 0.2 W 1@2)3)
BVpp (1.8V) 0.05 0.09 W (1@)3)
elLBC 16-bit, 75 MHz BVpp (2.5V) 0.08 0.13 w MR)3)
BVpp (3.3V) 0.11 0.20 W (1@2)3)
MIl, GMII, RGMII,
RTBI, RMII, TBI, LVpp (2.5V) 0.07 0.15 w (H2)E)G)
eTSEC 1588
M'F'{’Mciﬂlégg . LVpp (3.3V) 0.11 0.20 W (NR)3)(6)
CVpp (3.3V) 0.03 0.04 W M2)3)
eSDHC - CVpp (2.5V) 0.02 0.03 W M2)3)
CVpp (1.8V) 0.01 0.02 W (N2)3)
CVpp (3.3V) 0.05 0.06 W (12)3)
usB - CVpp (2.5V) 0.04 0.05 W NG
CVpp (1.8V) 0.02 0.03 W (1@2)3)
CVpp (3.3V) 0.03 0.04 W (1@2)3)
eSPI - CVpp (2.5V) 0.02 0.03 W M2)3)
CVpp (1.8V) 0.01 0.02 w (1@E)
1’C - OVpp (3.3V) 0.01 0.02 W (1)(2)3)
DUART - OVpp (3.3V) 0.01 0.02 w (1@)3)
GPIO [0:7] x8 OVpp (3.3V) 0.01 0.02 W (1)(2)(3)(6)
BVpp (1.8V) 0.01 0.02 W (12)(3)(6)
GPIO [8:15] x8 BVpp (2.5V) 0.01 0.02 w (1)(2)(3)(6)
BVpp (3.3V) 0.01 0.02 W (1)(3)6)
30
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The maximum value is dependent on actual use case such as what application, external components used, environmental
conditions such as temperature voltage and frequency. This is not intended to be the maximum guaranteed current.
Depending on use case different result is expected.

The typical value are estimates based on simulations at nominal recommended core voltage (Vpp) and assuming 65 C
junction temperature.

The maximum value are estimates based on simulations at nominal recommended core voltage (Vp) and assuming 105 C
junction temperature.

800 Mbps data rate only supported on DDR3.
The current values are per each eTSEC used.
GPIO x8 support on OVpp and x8 on BV, rail supply.

Input Clocks

This section discusses the parameters for the input clocks.

System Clock Timing

Table 2-6 provides the system clock (SYSCLK) DC specifications for the device.

Table 2-6. SYSCLK DC Electrical Characteristics (OVpp = 3.3V £ 165 mV)
Parameter Symbol Min Typical Max Unit Notes
High-level input voltage Vi 2.0 - - v U
Low-level input voltage A - - 0.8 Y M
Input capacitance Cin - 7 15 pf -
Input current (V= 0V or V,y = Vpp) lin - - +50 pA @

Notes: 1.
2. The symbol V, in this case, represents the OV symbol referenced in Table 2-2.

The max V,, and min V,_ values can be found in Table 2-2.

Table 2-7 provides the system clock (SYSCLK) AC timing specifications for the device.

Table 2-7. SYSCLK AC Timing Specifications (At Recommended Operating Conditions, see Table 2-

2 with OV = 3.3V + 165 mV)

Parameter/Condition Symbol Min Typ Max Unit Notes
SYSCLK frequency fovsoLk 64.00 - 100 MHz M2
SYSCLK cycle time tsyscLk 10 - 15.6 ns (12
SYSCLK duty cycle tyn/tsyscLk 40 - 60 % @
SYSCLK slew rate - 1 - 4 Vins ®
SYSCLK peak period jitter - - - +150 ps -
SYSCLK jitter phase noise at —56 dBc - - - 500 KHz @)
AC input swing limits at 3.3V OVpp AVpc 1.9 - - \ -

Notes: 1. Caution: The CCB_clk to SYSCLK ratio and €500 core to CCB_clk ratio settings must be chosen such

that the resulting SYSCLK frequency, €500 core frequency, and CCB_clk frequency do not exceed their
respective maximum or minimum operating frequencies.

2. Measured at the rising edge and/or the falling edge at OV + 2.
3. Slew rate as measured from 0.3 AV, at center of peak-to-peak voltage at clock input.
4. Phase noise is calculated as FFT of TIE jitter.
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24.2 SYSCLK and Spread Spectrum Source Recommendations

Spread spectrum clock sources are an increasingly popular way to control electromagnetic interference
emissions (EMI) by spreading the emitted noise to a wider spectrum and reducing the peak noise
magnitude in order to meet industry and government requirements. These clock sources intentionally
add long-term jitter in order to diffuse the EMI spectral content. The jitter specification given in Table 2-7
considers short-term (cycle-to-cycle) jitter only and the clock generator’s cycle-to-cycle output jitter
should meet the device input cycle-to-cycle jitter requirement. Frequency modulation and spread are
separate concerns, and the device is compatible with spread spectrum sources if the recommendations
listed in Table 2-8 are observed.

Table 2-8. SYSCLK Spread Spectrum Clock Source Recommendations (At Recommended
Operating Conditions, see Table 2-2)
Parameter Min Max Unit Notes
Frequency modulation - 60 kHz -
Frequency spread - 1.0 % (1@

Notes: 1. SYSCLK frequencies resulting from frequency spreading, and the resulting core and VCO frequencies,
must meet the minimum and maximum specifications given in Table 2-7.

2. Maximum spread spectrum frequency may not result in exceeding any maximum operating frequency
of the device

CAUTION

The processor’s minimum and maximum SYSCLK, core, and VCO frequencies must not be exceeded
regardless of the type of clock source. Therefore, systems in which the processor is operated at its
maximum rated €500 core frequency should avoid violating the stated limits by using down-spreading
only.

243 Real Time Clock Timing

The RTC input is sampled by the platform clock (CCB clock). The output of the sampling latch is then
used as an input to the counters of the PIC and the TimeBase unit of the €500. There is no jitter
specification. The minimum pulse width of the RTC signal must be greater than 2x the period of the CCB
clock. That is, minimum clock high time is 2 x t;cg, and minimum clock low time is 2 x t;cg. There is no
minimum RTC frequency; RTC may be grounded if not needed.

244 eTSEC Gigabit Reference Clock Timing

32

Table 2-9 provides the eTSEC gigabit reference clocks DC electrical characteristics for RGMII, GMII at
LVpp = 2.5V

Table 2-9. eTSEC Gigabit Reference Clock DC Electrical Characteristics RGMII, GMII at
LVpp = 2.5V
Parameter Symbol Min Max Unit Notes
High-level input voltage Viy 1.70 - v M
Low-level input voltage Vi - 0.70 v M
Input current (V,y = 0V or Viy = Vpp) I - +40 WA @

Notes: 1. The max V,y, and min V,_values can be found in Table 2-2.
2. The symbol V, in this case, represents the LV,y symbol referenced in Table 2-2.
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LVpp = 3.3V.

Table 2-10. eTSEC Gigabit Reference Clock DC Electrical Characteristics GMII LV = 3.3V
Parameter Symbol Min Max Unit Notes
High-level input voltage Vin 1.90 - \Y; U
Low-level input voltage Vi - 0.90 Y M
Input current (V,y = 0V or Vi = Vpp) Iin - +40 HA @

Notes: 1.

The max V,, and min V,_values can be found in Table 2-2.

2. The symbol V, in this case, represents the LV, symbol referenced in Table 2-2.

Table 2-11 provides the eTSEC gigabit reference clocks (EC_GTX_CLK125) AC timing specifications for

the device.

Table 2-11. EC_GTX_CLK125 AC Timing Specifications
Parameter/Condition Symbol Min Typical Max Unit Notes
EC_GTX_CLK125 frequency te125 - 125 - MHz -
EC_GTX_CLK125 cycle time tg125 - 8 - ns -
EC_GTX_CLK rise and fall time | tgqsr/taiose - - ns M
LVpp = 2.5V 0.75
LVpp = 3.3V 1.0
EC_GTX_CLK125 duty cycle to1os/taros - % @
GMII, TBI 45 55
1000Base-T for RGMII, RTBI 47 53
EC_GTX_CLK125 jitter - - - +150 ps @

Notes: 1.

and 2.7V for LVpp = 3.3V.
2. EC_GTX_CLK125 is used to generate the GTX clock for the eTSEC transmitter with 2% degradation.
EC_GTX_CLK125 duty cycle can be loosened from 47%/53% as long as the PHY device can tolerate
the duty cycle generated by the eTSEC GTX_CLK. See Section 2.10.2.5 "RGMII and RTBI AC Timing
Specifications” on page 52, for duty cycle for 10Base-T and 100Base-T reference clock.

245 DDR Clock Timing

Table 2-12 provides the system clock (DDRCLK) DC specifications for the device.

Rise and fall times for EC_GTX_CLK125 are measured from 0.5 and 2.0V for LV = 2.5V, and from 0.6

Table 2-12. DDRCLK DC Electrical Characteristics (OVpp = 3.3V £ 165 mV)
Parameter Symbol Min Typical Max Unit Notes
High-level input voltage V4 2.0 - OVpp +0.3 \Y -
Low-level input voltage Vi -0.3 - 0.8 \ -
Input capacitance Cin - 7 15 pf -
Input current (V,y = OV or Viy = Vpp) N - - +50 A ™

Note: 1.

The symbol Vy, in this case, represents the OV, symbol referenced in Table 2-1 and Table 2-2.
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Table 2-13 provides the DDR clock (DDRCLK) AC timing specifications for the device.

Table 2-13. DDRCLK AC Timing Specifications (At Recommended Operating Conditions with OV, of

3.3V + 5%)

Parameter/Condition Symbol Min Typical Max Unit Notes
DDRCLK frequency fODRCLK 66.7 - 100 MHz (OIS
DDRCLK cycle time topRreLK 10 - 15 ns (1)
DDRCLK duty cycle tenk/topRreLK 40 - 60 % @
DDRCLK slew rate - 1 - 4 Vins ®
DDRCLK peak period jitter - - - +150 ps -
DDRCLK jitter phase noise at —56 dBc - - - 500 KHz @
AC Input Swing Limits at 3.3V OVpp AV 1.9 - - \Y -

Notes: 1. Caution: The DDR complex clock to DDRCLK ratio settings must be chosen such that the resulting
DDR complex clock frequency does not exceed the maximum or minimum operating frequencies.

2. Measured at the rising edge and/or the falling edge at OV + 2.
3. Slew rate as measured from 0.3 AV, at center of peak to peak voltage at clock input.
4. Phase noise is calculated as FFT of TIE jitter.

24.6 Other Input Clocks
For information on the input clocks of other functional blocks of the platform such as SerDes and eTSEC,
see their specific sections in this document.

2.5 RESET Initialization

This section describes the AC electrical specifications for the RESET initialization timing requirements of
the device. Table 2-14 provides the RESET initialization AC timing specifications for the DDR SDRAM
component(s).

Table 2-14. RESET Initialization Timing Specifications

Parameter Min Max Unit Notes
Required assertion time of HREST 100 - us -
Minimum assertion time for SRESET 3 - SYSCLKs M
PLL input setup time with stable SYSCLK before HRESET 100 B s B
negation H

Input setup time for POR configurations (other than PLL B )
configuration) with respect to negation of HRESET 4 SYSCLKs

Input hold time for all POR configurations (including PLL _ )
configuration) with respect to negation of HRESET 2 SYSCLKs

Maximum valid-to-high impedance time for actively driven B 5 SYSCLKs M@

POR configurations with respect to negation of HRESET

Notes: 1. SYSCLK is the primary clock input for the device.
2. HRESET should have a rise time of no more than one SYSCLK cycle.

34

1073D-HIREL-11/19
Teledyne e2v Semiconductors SAS 2019



Table 2-15 provides the PLL lock times.

P2020

Table 2-15. PLL Lock Times
Parameter Min Max Unit Notes
Core PLL lock times - 100 V& -
Platform PLL lock time - 100 us -
DDR PLL lock times - 100 V& -
Enhanced local bus PLL - 100 us -
2.6 Power-on Ramp Rate

This section describes the AC electrical specifications for the power-on ramp rate requirements.

Controlling the maximum Power-On Ramp Rate is required to avoid falsely triggering the ESD circuitry.

Table 2-16 provides the power supply ramp rate specifications.

Table 2-16. Power Supply Ramp Rate

Parameter Min Max Unit Notes
Required ramp rate for all voltage supplies (including

OVDD/CVDD/ GVDD/BVDD/SVDD/LVDD, All VDD supplies, - 36000 | Volts/Sec ()
MVREF and all AVDD supplies.)

Notes: 1. Ramp rate is specified as a linear ramp from 10 to 90%. If non-linear (e.g. exponential), the maximum
rate of change from200 to 500 mV is the most critical as this range might falsely trigger the ESD
circuitry.

2. Over full recommended operating temperature range Table 2-2.
2.7 DDR2 and DDR3 SDRAM

This section describes the DC and AC electrical specifications for the DDR SDRAM interface of the

device. DDR2 and DDR3 share the same AC timing specifications. Note that DDR2 SDRAM is

GVpp(typ) = 1.8V and DDR3 SDRAM is GVpp(typ) = 1.5V.

271 DDR2 and DDR3 SDRAM Interface DC Electrical Characteristics

Table 2-17 provides the recommended operating conditions for the DDR SDRAM controller when
interfacing to DDR2 SDRAM.

Table 2-17. DDR2 SDRAM DC Electrical Characteristics for GVpp(typ) = 1.8V("
Parameter Symbol Min Max Unit Notes
/0 reference voltage MV Rer 0.49 x GVpp 0.51 x GVpp Y @6
Input high voltage Vin MVger + 0.125 - \Y ®
Input low voltage Vi - MVgee — 0.125 \Y ®
Output high current (Vo7 = 1.370V) lon - -13.4 mA ®
Output low current (Vg = 0.330V) loL 13.4 - mA ®)
Output leakage current loz -50 50 pA )

Notes: 1. GVpp is expected to be within 50 mV of the DRAM GV, at all times. The DRAM'’s and memory

controller’s voltage supply may or may not be from the same source.
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MVger is expected to be equal to 0.5 x GVpp and to track GVpp DC variations as measured at the
receiver. Peak-to-peak noise on MVzgr may not exceed the MVgee DC level by more than £1% of GV
(for example, £18 mV).

V11 is not applied directly to the device. It is the supply to which far end signal termination is made and
is expected to be equal to MVzgr This rail should track variations in the DC level of MVggr

The voltage regulator for MVREFn must be able to supply up to 1500 pA.

Input capacitance load for DQ, DQS, and DQS are available in the IBIS models.
Refer to the IBIS model for the complete output IV curve characteristics.

Output leakage is measured with all outputs disabled, OV < Vo1 < GVpp.

Table 2-18 provides the recommended operating conditions for the DDR SDRAM controller when
interfacing to DDR3 SDRAM.

Table 2-18. DDR3 SDRAM Interface DC Electrical Characteristics for GVpp(typ) = 1.5V(")
Parameter/Condition Symbol Min Max Unit Notes
/0 reference voltage MV ger 0.49 x GVpp 0.51 x GVpp Y 23X
Input high voltage Viu MVger + 0.100 GVpp % ®
Input low voltage V) GND MVger — 0.100 Y ®)
/0 leakage current loz -50 50 HA ©

Notes:

1.

GVpp is expected to be within 50 mV of the DRAM’s voltage supply at all times. The DRAM'’s and
memory controller’s voltage supply may or may not be from the same source.

MVger is expected to be equal to 0.5 x GV and to track GVpp DC variations as measured at the
receiver. Peak-to-peak noise on MVggr may not exceed the MVger DC level by more than £1% of GVpp
(for example, £15 mV).

VTT is not applied directly to the device. It is the supply to which far end signal termination is made, and
it is expected to be equal to MVREFn with a min value of MVREFn — 0.04 and a max value of MVREFn
+ 0.04. VTT should track variations in the DC level of MVREFnN.

The voltage regulator for MVREFn must be able to supply up to125 pA current.
Input capacitance load for DQ, DQS, and DQS are available in the IBIS models.
Output leakage is measured with all outputs disabled, 0V < VOUT < GVpp,.

Table 2-19 provides the DDR Controller interface capacitance for DDR2 and DDRS3.

Table 2-19. DDR2 DDR3 SDRAM Capacitance for GVpp(typ) = 1.8V and 1.5V
Parameter/Condition Symbol Min Max Unit Notes
Input/output capacitance: DQ, DQS, DQS Co 6 8 pF (1)
Delta input/output capacitance: DQ, DQS, DQS Coio - 0.5 pF M@

Notes:

1.

This parameter is sampled. GVpp = 1.8V £ 0.1V (for DDR2), f = 1 MHz, T, =25°C, Vo1 = GVpp * 2,
Vour (peak-to-peak) = 0.2V.

This parameter is sampled. GVpp = 1.5V £ 0.075V (for DDRS3), f = 1 MHz, TA =25°C, Vo1 = GVpp + 2,
Vout (peak-to-peak) = 0.150V.
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Table 2-20 provides the current draw characteristics for MV ggp.

Table 2-20.  Current Draw Characteristics for MVgge

Parameter/Condition Symbol Min Max Unit Notes
Current draw for DDR2 SDRAM for MVger MVger - 1500 pA M
Current draw for DDR3 SDRAM for MVgee MVger - 1250 pA M

Note: 1. The voltage regulator for MVrgr must be able to supply up to 1500 pA current.

2.7.2 DDR2 and DDR3 SDRAM Interface AC Timing Specifications
This section provides the AC timing specifications for the DDR SDRAM controller interface. The DDR
controller supports both DDR2 and DDR3 memories. Note that the required GVyp(typ) voltage is 1.8V or
1.5V when interfacing to DDR2 or DDR3 SDRAM respectively.

2.7.2.1 DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications
Table 2-21, Table 2-22, and Table 2-23 provide the input AC timing specifications for the DDR controller.

Table 2-21. DDR2 SDRAM Input AC Timing Specifications for 1.8V Interface (At Recommended
Operating Conditions, see Table 2-2)

Parameter Symbol Min Max Unit Notes
> 533 Mbps data rate Viiac - MVgge — 0.20 \Y -
AC input low voltage
< 533 Mbps data _ MVpger — 0.25 _
rate
> 533 Mbps data rate ViHac MVgge +0.20 - \Y, -
AC input high voltage
< 533 :\:i)eps data MVier +0.25 _ _

Table 2-22. DDR3 SDRAM Input AC Timing Specifications for 1.5V Interface (At Recommended
Operating Conditions, see Table 2-2)

Parameter Symbol Min Max Unit Notes
AC input low voltage Vi - MVger—0.175 \ -
AC input high voltage Vg MVger +0.175 - \ -

37

1073D-HIREL-11/19
Teledyne e2v Semiconductors SAS 2019



38

P2020

Table 2-23. DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications (At Recommended
Operating Conditions, see Table 2-2)

Parameter/Condition Symbol Min Max Unit Notes
Controller Skew for MDQS-MDQ/MECC - - ps M@
800 Mbps data rate -350 -350 ps (M)
667 Mbps data rate toiskew -390 390 ps M@
533 Mbps data rate -450 450 ps (1)
400 Mbps data rate -515 515 ps (1)
Tolerated Skew for MDQS-MDQ/MECC - - ps M@
800 Mbps data rate -275 275 ps (12)
667 Mbps data rate toiskew -360 360 ps (1)
533 Mbps data rate —488 488 ps (1)
400 Mbps data rate -735 735 ps (M)

Notes: 1. tgskew represents the total amount of skew consumed by the controller between MDQS[n] and any
corresponding bit that is captured with MDQS[n]. This must be subtracted from the total timing budget.

2. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tp,gkew-
This can be determined by the following equation: tpgkew = £ (T + 4 — abs(tgskew)) Where T is the clock
period and abs(tcskew) is the absolute value of tggkew-

Figure 2-2 shows the DDR2 and DDR3 SDRAM interface input timing diagram.

Figure 2-2. DDR2 and DDR3 SDRAM Interface Input Timing Diagram

IDISKEW —>] |le—

MK V. VA /A—/A—/A—
e e e
MCK | | | | |

woosil ————\ £ kX N\
| | | | |

MDQIX] | | K Do) D1 | | |
| | —| |« ‘olskew | | |
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Table 2-24 contains the output AC timing targets for the DDR SDRAM interface.
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Table 2-24. DDR2 and DDR3 SDRAM Output AC Timing Specifications (At Recommended Operating Conditions, see

Table 2-2)
Parameter Symbol" Min Max Unit Notes
MCK]|n] cycle time tyek 2.5 5 ns @
ADDR/CMD output setup with respect to MCK tDDKHAS ns
800 Mbps data rate 0.767 - (3)7)
667 Mbps data rate .950 - ®)
533 Mbps data rate 1.33 - (3)4)
400 Mbps data rate 1.8 - (3)4)
ADDR/CMD output hold with respect to MCK tDDKHAX ns
800 Mbps data rate 0.767 - @)7)
667 Mbps data rate .950 - ®)
533 Mbps data rate 1.33 - (3)4)
400 Mbps data rate 1.8 — (3)4)
m[n] output setup with respect to MCK topkHCS ns
800 Mbps data rate 0.767 - (3)7)
667 Mbps data rate .950 - @)
533 Mbps data rate 1.33 - (3)4)
400 Mbps data rate 1.8 - (3)4)
m[n] output hold with respect to MCK tDDKHEX ns
800 Mbps data rate 0.767 - @)7)
667 Mbps data rate .950 - ®)
533 Mbps data rate 1.33 - (3)4)
400 Mbps data rate 1.8 - (3)4)
MCK to MDQS Skew tDDKHMH ns
800 Mbps data rate -0.525 0.525 6)7)
667 Mbps data rate -0.600 0.600 ®)
533 Mbps data rate -0.600 0.600 (4)5)
400 Mbps data rate —-0.600 0.600 (4)(5)
MDQ/MECC/MDM output setup with respect to MDQS tookrps, ps
tookips
800 Mbps data rate 225 - 6)(7)
667 Mbps data rate 300 - (6)
533 Mbps data rate 388 - (4)(6)
400 Mbps data rate 550 - (4)(6)
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Table 2-24. DDR2 and DDR3 SDRAM Output AC Timing Specifications (At Recommended Operating Conditions, see
Table 2-2) (Continued)

Parameter Symbol" Min Max Unit Notes
MDQ/MECC/MDM output hold with respect to MDQS tookHDX, ps

topkLox
800 Mbps data rate 225 - (6)(7)
667 Mbps data rate 300 - (6)
533 Mbps data rate 388 - (4)(6)
400 Mbps data rate 550 - (4)(6)
MDQS preamble topKHMP 0.9 % tycx - ns —
MDQS postamble tookHME 0.4 x tycx 0.6 * tyck ns -

Notes: 1. The symbols used for timing specifications follow the pattern of t st wo letters of functional block)(signal)(state)(reference)(state) fOT iNPULS
and t(ﬁrst two letters of functional block)(reference)(state)(signal)(state) for OUtpUtS' OUtpUt hold time can be read as DDR timing (DD) from the
rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example, tppkpas
symbolizes DDR timing (DD) for the time t,,cx memory clock reference (K) goes from the high (H) state until outputs (A) are
setup (S) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes
low (L) until data outputs (D) are invalid (X) or data output hold time.

All MCK/MCK and MDQS/MDQS referenced measurements are made from the crossing of the two signals.

ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MECC/MDM/MDQS.

Note that minimum data rate for DDR3 is 667 MHz.

topknmn follows the symbol conventions described in note 1. For example, topyvy describes the DDR timing (DD) from the
rising edge of the MCK(|n] clock (KH) until the MDQS signal is valid (MH). tppkumn €an be modified through control of the
MDQS override bits (called WR_DATA_DELAY) in the TIMING_CFG_2 register. This is typically set to the same delay as in
DDR_SDRAM_CLK_CNTL[CLK_ADJUST]. The timing parameters listed in the table assume that these two parameters

have been set to the same adjustment value. See the P2020 QorlQ Reference Manual for a description and understanding
of the timing modifications enabled by use of these bits.

6. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC
(MECC), or data mask (MDM). The data strobe must be centered inside of the data eye at the pins of the microprocessor.

7. DDRS3 only.

ok owbd

Note:  For the ADDR/CMD setup and hold specifications in Table 2-24, it is assumed that the clock control register
is set to adjust the memory clocks by 'z applied cycle.
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Figure 2-3 shows the DDR2 and DDR3 SDRAM output timing for the MCK to MDQS skew measurement
(tookHMH)-

Figure 2-3.  Timing Diagram for tppypvn

MCKIn] ﬁ,
MCKIn] tﬂ\
MCK >
tDDKHIMH(max)

A N

MDQS

{DDKHMH(min)
I

MDQS

Figure 2-4 shows the DDR SDRAM output timing diagram.

Figure 2-4. DDR2 and DD3 SDRAM Output Timing Diagram

McK \/ \/ \/ \/ \/ \/
ek A /AN S—" \ S—A W—
tvck | | | | |
| | | | | |
| | | | | | | |
| | | | | | | |
g l«<— tppKHAS: IDDKHCS ! ! ! ! !
—>1 14— tDDKHA‘Xv tDDKHCX‘ 1 1 1 1
ADDR/CMD m Write, AO ) NOOP| 1 1 | | 1
I T T | | | | | |
tDDKHMP | | <« | | | | |
| o e ook | | |
| | | | | | | |
| | | | | | | |
MDQSIn] — | v/ . | | |

1 - 7| [lookeos 1

' : : —|' |« lbokps ! ! !
MDQIX] / DO ) ( D1 >:8§<
{DDKHDX —> <—_>| < 'DDKLDX
Figure 2-5 provides the AC test load for the DDR bus.
Figure 2-5. DDR AC Test Load
Output ~© Zo = 50Q AN GVpp/2
R, = 50Q

IHCS
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2.8 eSPI

This section describes the DC and AC electrical specifications for the eSPI.

2.81 eSPI DC Electrical Characteristics
Table 2-25 provides the DC electrical characteristics for the eSPI interface operating at CVpp = 3.3V.

Table 2-25. SPI DC Electrical Characteristics (3.3V)

Parameter Symbol Min Max Unit Note
High-level input voltage Viy 2 - v M
Low-level input voltage V. - 0.8 Y M
Input current (V, = 0V or V,y = CVpp) N - £70 pA @
High-level output voltage (CVpp = min, lgy = -2 mA) Vo 24 - \Y -
Low-level output voltage (CVpp = min, 5. =2 mA) Voo - 0.4 \ -

Notes: 1. The min V,_and max V, values are based on the respective min and max CV, values found in Table
2-2.

2. The symbol V, in this case, represents the CV,y symbol referenced in Section 2.1.2 "TRecommended
Operating Conditions” on page 26.

Table 2-26 provides the DC electrical characteristics for the eSPI interface operating at CVpp = 2.5V.

Table 2-26. SPI DC Electrical Characteristics (2.5V)

Parameter Symbol Min Max Unit Note
High-level input voltage Vig 17 - \Y, U]
Low-level input voltage V. - 0.7 v M
Input current (V,y = 0V or V,y = CVpp) In - +70 HA @
High-level output voltage (CVpp = min, lgy = =1 mA) Vou 2.0 - \ -
Low-level output voltage (CVpp = min, Ig. = 1 mA) VoL - 0.4 \Y -

Notes: 1. The min V, and max V,, values are based on the respective min and max CVy values found in Table
2-2.

2. The symbol V), in this case, represents the CV|y symbol referenced in Section 2.1.2 on page 26.
Table 2-27 provides the DC electrical characteristics for the eSPI interface operating at CVpp = 1.8V.

Table 2-27.  SPI DC Electrical Characteristics (1.8V)

Parameter Symbol Min Max Unit Note
High-level input voltage Viy 1.25 - \Y U
Low-level input voltage V. - 0.6 v )
Input current (V,y = 0V or V| = CVpp) In - +70 pA @
High-level output voltage (CVpp = min, Igy = —0.5 mA) Von 1.35 - Vv -
Low-level output voltage (CVpp = min, I, = 0.5 mA) VoL - 0.4 \ -

Notes: 1. The minV, and maxV values are based on the respective min and max CV,y values found in
Table 2-2.

2. The symbol V, in this case, represents the CV,y symbol referenced in Section 2.1.2 on page 26.
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2.8.2 eSPI AC Timing Specifications
Table 2-28 provides the eSPI input and output AC timing specifications.

Table 2-28. eSPI AC Timing Specifications(")

Characteristic Symbol Min Max Unit Note
0.5 -
SPI_MOSI output—Master data (internal clock) hold time thikHOX ns (1@E)
tnikHox 3.0 -
6.0
SPI_MOSI output—Master data (internal clock) delay thiktov - ns (1@E)
tikrov 10
SPI_CS outputs—Master data (internal clock) hold time taikHOX2 0 - ns )
SPI_CS outputs—Master data (internal clock) delay taiKHOV2 - 6.0 ns )
SPI inputs—Master data (internal clock) input setup time tNIVKH 5.75 - ns “
SPI inputs—Master data (internal clock) input hold time tiIxKH 0 - ns @

Notes: 1. Output specifications are measured from the 50% level of the CLK to the 50% level of the signal.
Timings are measured at the pin.

2. The symbols used for timing specifications follow the pattern of st wo letters of functional block)(signal)(state)

(reference)(state) for inpUtS and t(ﬁrst two letters of functional block)(reference)(state)(signal)(state) for OUtpUtS- For example,
tniknov Symbolizes the NMSI outputs internal timing (NI) for the time tgp memory clock reference (K)

goes from the high state (H) until outputs (O) are valid (V).

3. The greater of the two output timings for tyknox and tyiknov are used when the SPCOM[RxDelay] bit
of eSPI Command Register is set. For example, the tykuox is 3.0ns and ty oy is 10ns if
SPCOM[RxDelay] is set.

4. For Windbond Flash dual-output mode both SPI_MOSI and SPI_MISO are inputs.

Figure 2-6 provides the AC test load for the eSPI.

Figure 2-6. eSPI AC Test Load

Output {) Zp =50Q

A CDVpp/2
R, =50Q

! ‘—\/

Figure 2-7 represents the AC timing from Table 2-28. Note that although the specifications generally
reference the rising edge of the clock, these AC timing diagrams also apply when the falling edge is the
active edge.
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Figure 2-7 shows the eSPI timing in master mode (internal clock).

Figure 2-7. eSPI AC Timing in Master Mode (Internal Clock) Diagram

SPICLK (output)

*VI

| < tNIXKH !
. < > INIVKH
Input Signals:

SPIMISO - -

(See Note) .
|

|

|

|

i le— INIKHOV——> |

Output Signals: I ;
SPIMOSI - -------- Lo : ____________

|

|

|

|

(See Note)

Output Signals:
SPI_CS[0:3]  --------- P > __________________
(See Note) .

Note:  The clock edge is selectable on eSPI.

29 DUART

This section describes the DC and AC electrical specifications for the DUART interface of the device.

291 DUART DC Electrical Characteristics
Table 2-29 provides the DC electrical characteristics for the DUART interface.

Table 2-29. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit Note
High-level input voltage Viy 2 - v M
Low-level input voltage V) - 0.8 v M
Input current (OV,y = GND or OV, = OVpp) I - +40 pA @
High-level output voltage (OVpp = min, lgy = -2 mA) Vou 24 - \Y

Low-level output voltage (OVpp = min, Ig. =2 mA) VoL - 0.4 V

Notes: 1. The min V, and max V, values are based on the respective min and max OV, values found in Table
2-2.
2. The symbol OV represents the input voltage of the supply. It is referenced in Table 2-1 and Table 2-2.

29.2 DUART AC Electrical Specifications
Table 2-30 provides the AC timing parameters for the DUART interface.

Table 2-30. DUART AC Timing Specifications

Parameter Value Unit Notes
Minimum baud rate CCB clock/1,048,576 baud )
Maximum baud rate CCB clock/16 baud (1)

Notes: 1. CCB clock refers to the platform clock.
2. The actual attainable baud rate is limited by the latency of interrupt processing.
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2.10 Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

This section provides the AC and DC electrical characteristics for enhanced three-speed Ethernet
controller, and MIl management.

2101 Enhanced Three-Speed Ethernet Controller (eTSEC) (10/100/1000 Mbps) —
GMII/SGMII/MII/TBI/RGMII/RTBI/RMII Electrical Characteristics

The electrical characteristics specified here apply to the following interfaces:
+ All gigabit media independent interface (GMII)
+ Serial gigabit media independent interface (SGMII)
* Media independent interface (Mll)
+ Ten-bit interface (TBI)
* Reduced gigabit media independent interface (RGMII)
* Reduced ten-bit interface (RTBI)

* Reduced media independent interface (RMII) signals except management data input/output (MDIO)
and management data clock (MDC).

The RGMII and RTBI interfaces are defined for 2.5V, while the GMII, MIl, RMII, and TBI interfaces can
be operated at 3.3 or 2.5V. Whether the GMII, MII, or TBI interface is operated at 3.3 or 2.5V, the timing
is compliant with IEEE Std 802.3™.

The interfaces conform to specifications, as follows:

» SGMII interfaces conform (with exceptions) to the Serial Gigabit Media-Independent Interface
(SGMII) Specification, Version 1.8.

* RGMII and RTBI interfaces conform to the Reduced Gigabit Media-Independent Interface (RGMII)
Specification, Version 1.3 (12/10/2000).

» The RMII interface conforms to the RMII Consortium RMII Specification, Version 1.2 (3/20/1998).

The electrical characteristics for MDIO and MDC are specified in Section 2.10.7 "Ethernet Management
Interface Electrical Characteristics” on page 60.
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2.10.1.1 GMII, MIl, TBI, RGMII, RMII, and RTBI DC Electrical Characteristics
All GMII, MIl, TBI, RGMII, RMII, and RTBI drivers and receivers comply with the DC parametric attributes
specified in Table 2-31 and Table 2-32. The RGMII and RTBI signals are based on a 2.5-V CMOS
interface voltage as defined by JEDEC EIA/JESD8-5.

Table 2-31.  |[EEE 1588, GMII, Mll, RMII, and TBI DC Electrical Characteristics at LVpp = 3.3V

Parameter Symbol Min Max Unit Notes
Output high voltage (LVpp = min, loy = —4.0 mA) Vou 2.40 - \ -
Output low voltage (LVpp = min, Ig, =4.0 mA) Voo - 0.40 \Y -
Input high voltage (IEEE 1588, MIl, RMIl and TBI) Vi 2.0 - \ -
Input high voltage (GMII) Viu 1.90 - \Y -
Input low voltage Vi - 0.90 \% -
Input high current (V;y = LVpp) i - 40 A M
Input low current (V, = GND) I -40 - pA M

Note: 1. The symbol V, in this case, represents the LV symbols referenced in Table 2-1 and Table 2-2.

Table 2-32.  |EEE 1588, GMII, MIl, RMII, RGMII, RTBI, and TBI DC Electrical Characteristics at LVpp

=2.5V
Parameter Symbol Min Max Unit Notes
Output high voltage (LVpp = min, lgy =—1.0 mA) Vou 2.00 - V -
Output low voltage (LVpp = min, I, = 1.0 mA) VoL - 0.40 \Y -
Input high voltage A 1.70 - Vv -
Input low voltage Vi - 0.70 V -
Input high current (V,y = LVpp) [ - 40 MA -
Input low current (V,y = GND) I -40 - HA M

Note: 1. The symbol V, in this case, represents the LV symbols referenced in Table 2-1 and Table 2-2.
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2.10.2 GMII,MIl, TBI, RGMII, RMII, and RTBI AC Timing Specifications
The AC timing specifications for GMII, MIl, TBI, RGMII, RMIIl, and RTBI are presented in this section.

2.10.2.1 GMII AC Timing Specifications
This section describes the GMII transmit and receive AC timing specifications.

1. GMII Transmit AC Timing Specifications
Table 2-33 provides the GMII transmit AC timing specifications.

Table 2-33. GMII Transmit AC Timing Specifications

Parameter Symbol Min Typ Max Unit Note
GTX_CLK clock period terx - 8.0 - ns -
GMIl data TXD[7:0], TX_ER, TX_EN setup time teTkHDV 25 - - ns -
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_EN delay tsTKHDX 0.5 - 55 ns ()
GTX_CLK data clock rise time (20%—80%) teTxR - - 1.0 ns -
GTX_CLK data clock fall time (80%—20%) terxr - - 1.0 ns -

Note: 1. Data valid minimum setup time, tyq,, is @ function of clock and maximum hold time (min setup = cycle time — max delay).

Figure 2-8. GMII Transmit AC Timing Diagram

«— lgTx ———
GTX_CLK
<« lgTXH
TXD[7:0]
TX_EN
TX ER
- <«——UlGTKHDX
tGTKHDY —> <«

2. GMIl Receive AC Timing Specifications
Table 2-34 provides the GMII receive AC timing specifications.

Table 2-34. GMII Receive AC Timing Specifications

Parameter Symbol Min Typ Max Unit Note
RX_CLK clock period torx 7.5 - - ns (1)
RX_CLK duty cycle torxi/torx 35 - 65 % @
RXD[7:0], RX_DV, RX_ER setup time to RX_CLK teRDVKH 2.0 - - ns -
RXD[7:0], RX_DV, RX_ER hold time to RX_CLK toRDXKH 0 - - ns -
RX_CLK clock rise (20%—80%) torxr - - 1.0 ns @
RX_CLK clock fall time (80%—20%) terxr - - 1.0 ns @

Notes: 1. The frequency of RX_CLK should not exceed frequency of gigabit Ethernet reference clock by more than 300 ppm.

2. System/board must be designed to ensure the input requirement to the device is achieved. Proper device operation is
guaranteed for inputs meeting this requirement by design, simulation, characterization, or functional testing.
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Figure 2-9 provides the AC test load for e TSEC.

Figure 2-9. eTSEC AC Test Load

Output {) Zy =50Q

LVpp/2
R, = 50Q

D
:

Figure 2-10 shows the GMII receive AC timing diagram.

Figure 2-10. GMII Receive AC Timing Diagram

tGRX - > tGRXR —>
RX_CLK 4
tGRXH" tGRXF —>
RXD[7:0]
RX_DV
RX_ER
B <« IGRDXKH —>
{GRDVKH —» «

2.10.2.2 MIlI AC Timing Specifications
This section describes the MIl transmit and receive AC timing specifications.

1. MIl Transmit AC Timing Specifications
Table 2-35 provides the MII transmit AC timing specifications.

Table 2-35. MII Transmit AC Timing Specifications

Parameter Symbol Min Typ Max Unit
TX_CLK clock period 10 Mbps tmrx - 400 - ns
TX_CLK clock period 100 Mbps tmTx - 40 - ns
TX_CLK duty cycle trxH/trx 35 - 65 %
TX_CLK to Mll data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 1 5 15 ns
TX_CLK data clock rise (20%—80%) turxr 1.0 - 4.0 ns
TX_CLK data clock fall (80%—20%) tmrxe 1.0 - 4.0 ns

Figure 2-11 shows the MII transmit AC timing diagram.

Figure 2-11. MIl Transmit AC Timing Diagram

X —

TX_CLK -
tMTXH —>]
TXD[3:0]
TX_EN ><
TX_ER

—>| IMTKHDX |«
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Table 2-36 provides the MIl receive AC timing specifications.

P2020

Table 2-36. MII Receive AC Timing Specifications
Parameter/Condition Symbol Min Typ Max Unit Note
RX_CLK clock period 10 Mbps turx - 400 - ns M
RX_CLK clock period 100 Mbps tyrx - 40 - ns U]
RX_CLK duty cycle tirxi/tvrx 35 - 65 % @
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 - - ns -
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tyRDXKH 10.0 - - ns -
RX_CLK clock rise (20%—80%) tyrxR 1.0 - 4.0 ns @
RX_CLK clock fall time (80%—20%) tirxe 1.0 - 4.0 ns @

Notes: 1.

The frequency of RX_CLK should not exceed the frequency of TX_CLK by more than 300 ppm.

2. System/board must be designed to ensure the input requirement to the device is achieved. Proper device operation is

guaranteed for inputs meeting this requirement by design, simulation, characterization, or functional testing.

Figure 2-12 provides the AC test load for eTSEC.

Figure 2-12. eTSEC AC Test Load

Output «{) Zo = 50Q <\ VWY
| K R, = 50Q
Figure 2-13 shows the Ml receive AC timing diagram.
Figure 2-13. MII Receive AC Timing Diagram
< tvrx > tMRXR
RX_CLK
tMRXH tvMRxF
RXD[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH —> <
—> tMRDXKL
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2.10.2.3 TBI AC Timing Specifications
This section describes the TBI transmit and receive AC timing specifications.

1. TBI Transmit AC Timing Specifications
Table 2-37 provides the TBI transmit AC timing specifications.

Table 2-37. TBI Transmit AC Timing Specifications

Parameter Symbol Min Typ Max Unit Note
GTX_CLK clock period terx - 8.0 - ns -
TCG[9:0] setup time GTX_CLK going high trTkHDY 2.0 - - ns -
GTX_CLK to TCG[9:0] delay time trTKHDX 1.0 - 5.0 ns M
GTX_CLK rise (20%—-80%) trrxz 0.7 - 1.0 ns -
GTX_CLK fall time (80%—20%) trrxe 0.7 - 1.0 ns -

Note: 1. Data valid tyryppy to GTX_CLK minimum setup time is a function of clock and maximum hold time (min
setup = cycle time — max delay).

Figure 2-14 shows the TBI transmit AC timing diagram.

Figure 2-14. TBI Transmit AC Timing Diagram

X ——— xR —>| |«—
GTX_CLK

<« trrxu ;

TTXF
LT TXF —>«—
TCG[9:0]
trTkHDY —> < — | < tTxR
— <— trTKHDX

2. TBI Receive AC Timing Specifications
Table 2-38 provides the TBI receive AC timing specifications.

Table 2-38. TBI Receive AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit Note
TSECn_RX_CLK][0:1] clock period trrx - 16.0 - ns )
TSECn_RX_CLK][0:1] skew tskTRX 75 - 8.5 ns -
TSECn_RX_CLK[0:1] duty cycle trrx/trrx 40 - 60 % @
RCGI9:0] setup time to rising PMA_RX_CLK trROVKH 25 - - ns -
RCGI9:0] hold time to rising PMA_RX_CLK trROXKH 1.5 - - ns -
TSECn_RX_CLK][0:1] clock rise time (20%—80%) trrxR 0.7 - 2.4 ns @
TSECn_RX_CLK[0:1] clock fall time (80%—20%) trrxE 0.7 - 2.4 ns @

Notes: 1. The frequency of RX_CLK should not exceed the frequency of TX_CLK by more than 300 ppm.

2. System/board must be designed to ensure the input requirement to the device is achieved. Proper device operation is
guaranteed for inputs meeting this requirement by design, simulation, characterization, or functional testing.
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Figure 2-15 shows the TBI receive AC timing diagram.

Figure 2-15. TBI Receive AC Timing Diagram

TSECn_RX_CLKL

|
RCG[9:0] Valid Data Valid Data>

YrROVKH —>

< trRDXKH

TSECn_RX_CLKO  \ _\—/_

<— YTRDXKH
<— tTRDVKH

2.10.2.4 TBI Single-Clock Mode AC Specifications
When the eTSEC is configured for TBI modes, all clocks are supplied from external sources to the
relevant eTSEC interface. In single-clock TBI mode, when a 125-MHz TBI receive clock is supplied on
the TSECnh pin (no receive clock is used in this mode, whereas for the dual-clock mode this is the PMA1
receive clock). The 125-MHz transmit clock is applied in all TBI modes.

A summary of the single-clock TBI mode AC specifications for receive is shown in Table 2-39.

Table 2-39. TBI Single-Clock Mode Receive AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit Note
RX_CLK clock period trrr 7.5 8.0 8.5 ns M
RX_CLK duty cycle trrrH 40 50 60 % @
Rise time RX_CLK (20%—-80%) trrr] - - 1.0 ns -
Fall time RX_CLK (80%—20%) trrre - - 1.0 ns -
RCGI9:0] setup time to RX_CLK rising edge | trrrpy 2.0 - - ns @)
RCG[9:0] hold time to RX_CLK rising edge trrRRDX 1.0 - - ns @)

Notes: 1. The frequency of RX_CLK should not exceed the frequency of TX_CLK by more than 300 ppm.

2. System/board must be designed to ensure the input requirement to the device is achieved. Proper
device operation is guaranteed for inputs meeting this requirement by design, simulation,
characterization, or functional testing.
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A timing diagram for TBI receive appears in Figure 2-16.

Figure 2-16. TBI Single-Clock Mode Receive AC Timing Diagram

< trrRR >

RX_CLK

<«—— TRRH——>|

RCGJ[9:0] Valid Data

< ITRRDV >

2.10.2.5 RGMII and RTBI AC Timing Specifications

rRRDX

Table 2-39 presents the RGMII and RTBI AC timing specifications.

Table 2-40. RGMII and RTBI AC Timing Specifications

Parameter Symbol Min Typ Max Unit Note
Data to clock output skew (at transmitter) tskraT TX -500 0 500 ps ®
Data to clock input skew (at receiver) tskraT RX 1.0 - 2.8 ns M
Clock period duration trat 7.2 8.0 8.8 ns @
Duty cycle for 10BASE-T and 100BASE-TX trar/traT 40 50 60 % @)
Duty cycle for Gigabit tretr/treT 45 50 55 % -
Rise time (20%—80%) traTR - - 0.75 ns @
Fall time (20%-80%) traTF - - 0.75 ns @

Notes: 1. This implies that PC board 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 and 100 Mbps, trgr scales to 400 ns + 40 ns and 40 ns * 4 ns, respectively.

Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's

clock domain as long as the minimum duty cycle is not violated and stretching occurs for no more than

three tggr Of the lowest speed transitioned between.

4. System/board must be designed to ensure the input requirement to the device is achieved. Proper

device operation is guaranteed for inputs meeting this requirement by design, simulation,

characterization, or functional testing.

5. The frequency of RX_CLK should not exceed the frequency of gigabit Ethernet reference clock by more

than 300 ppm.
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Figure 2-17 shows the RGMII and RTBI AC timing and multiplexing diagrams.

Figure 2-17. RGMII and RTBI AC Timing and Multiplexing Diagrams
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2.10.2.6

P2020

< tRGT

tRGTH—% <
/

ISKRGT TX —> [<—
Xoosaxpelad X K K X
XBROEBE_ X K X X

—> ISKRGT_TX

Y

RGTH _y|

<« [RGT

JRosaxgelra X K K X
{SKRGT RX —>| |<—
EEEY D G S S

—> ISKRGT_RX

RMII AC Timing Specifications

This section describes the RMII transmit and receive AC timing specifications.

1. RMII Transmit AC Timing Specifications
The RMII transmit AC timing specifications are in Table 2-41.

Table 2-41. RMII Transmit AC Timing Specifications
Parameter/Condition Symbol Min Typ Max Unit
TSECn_TX_CLK (reference clock) clock period trmT 15.0 20.0 25.0 ns
TSECn_TX_CLK duty cycle tRMTH 35 50 65 %
Rise time TSECn_TX_CLK (20%-80%) trMTR 1.0 - 2.0 ns
Fall time TSECn_TX_CLK (80%—20%) trmTE 1.0 - 2.0 ns
TSECn_TX_CLK to RMII data TXD[1:0], TX_EN delay | tgmrox 2.0 - 10.0 ns
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Figure 2-18 shows the RMII transmit AC timing diagram.

Figure 2-18. RMII Transmit AC Timing Diagram

< tRvT
REF_CLK
<—IRMTH—>
TXD[1:0]
TX_EN ><
TX_ER
—>| trRmTDX [<—

2. RMIl Receive AC Timing Specifications

Table 2-42 lists the RMII receive AC timing specifications.

Table 2-42. RMII Receive AC Timing Specifications

Parameter Symbol Min Typ Max Unit Note
TSECNn_TX_CLK (reference clock) clock period trRvmR 15.0 20.0 25.0 ns -
TSECn_TX_CLK duty cycle trmrn 35 50 65 % @
Rise time TSECn_TX_CLK (20%-80%) trvRrR 1.0 - 4.0 ns @
Fall time TSECn_TX_CLK (80%—20%) trMRE 1.0 - 4.0 ns @
RXD[1:0], CRS_DV, RX_ER setup time to TSECn_TX_CLK

rising edge

RXD[1:0], CRS_DV, RX_ER hold time to TSECn_TX_CLK

rising edge

Notes: 1. The frequency of RX_CLK should not exceed the frequency of gigabit Ethernet reference clock by more than 300 ppm.

2. System/board must be designed to ensure the input requirement to the device is achieved. Proper device operation is
guaranteed for inputs meeting this requirement by design, simulation, characterization, or functional testing.

Figure 2-19 provides the AC test load for eTSEC.

Figure 2-19. eTSEC AC Test Load

Output 46) Zy = 50Q

AN LV pp/2
R, = 50Q

IHCD

Figure 2-20 shows the RMII receive AC timing diagram.
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Figure 2-20. RMII Receive AC Timing Diagram
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2.10.3 SGMiIl Interface Electrical Characteristics
Each SGMII port features a 4-wire AC-Coupled serial link from the SerDes interface of device, as shown
in Figure 2-21, where Cy is the external (on board) AC-Coupled capacitor. Each output pin of the
SerDes transmitter differential pair features 50Q output impedance. Each input of the SerDes receiver
differential pair features 50Q on-die termination to SGND_SRDS2 (xcorevss). The reference circuit of
the SerDes transmitter and receiver is shown in Figure 2-51.

2.10.3.1 DC Requirements for SGMII SD_REF_CLK and SD_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clock are described in Sec-
tion 2.18.2.3 "DC Level Requirement for SerDes Reference Clocks” on page 85.

2.10.3.2 AC Requirements for SGMIl SD_REF_CLK and SD_REF_CLK
Note that the SGMII clock requirements for SD_REF_CLK and SD_REF_CLK are intended to be used
within the clocking guidelines specified by Section 2.18.3 "AC Requirements for PCI Express SerDes
Reference Clocks” on page 87.
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2.10.4 SGMII Transmitter Electrical Characteristics

2.10.4.1 SGMII Transmit DC Timing Specifications
Table 2-43 and Table 2-44 describe the SGMII SerDes transmitter and receiver AC-Coupled DC
electrical characteristics. Transmitter DC characteristics are measured at the transmitter outputs
(SD_TX[n] and SD_TX|n]) as shown in Figure 2-22.

Table 2-43. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes
Output high voltage Vou - - XVDI\D/—SR|DS'T§5/2 * mvV U
ODl-max’
Output low voltage 7 XV'T{’/—SRlDS'Tg/Z B - - mv )
ODI-max
342 525 756 Equalization setting: 1.0%
313 481 693 Equalization setting: 1.09%
285 437 630 Equalization setting: 1.2x
Output differential L -
voltage(z)(s)(4)(XVDD_Typ at 1.05V) 257 394 568 Equalization setting: 1.33%
228 350 504 Equalization setting: 1.5x
Vool 200 307 442 mV Equalization setting: 1.71x
171 262 378 Equalization setting: 2.0%
Output impedance (single-ended) Ro 40 50 60 Q -

Notes: 1. This does not align to DC-coupled SGMII. XVpp srpsz-1yp = 1-09V.
2. |Vob| = |Vsbn_TXn - Vg 7xnl- [VOD| is also referred to as output differential peak voltage. Vrx. prrpp = 2 * C|Vop|.

3. The |Vop] value shown in the table assumes the following transmit equalization setting in the TXEQO/1 (for SerDes lanes 0
and 1) or TXEQ2/3 (for SerDes lanes 2 and 3) bit field of device’s SerDes Control Register:
- The MSB (bit 0) of the above bit field is cleared (selecting the full Vpp pjee ., amplitude — power up default).
- The LSB (bit [1:3]) of the above bit field is set based on the equalization setting shown in table.

4. The |Vob| value shown in the Typ column is based on the condition of XVpp srps.1yp = 1-05V, no common mode offset
variation (Vos = 500 mV), SerDes transmitter is terminated with 100Q differential load between SD_TX[n] and SD_TX|n].
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Figure 2-21. 4-Wire AC-Coupled SGMII Serial Link Connection Example
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2.10.4.2 SGMII DC Receiver Timing Specification
Table 2-44 lists the SGMII DC receiver electrical characteristics. Source synchronous clocking is not
supported. Clock is recovered from the data.

Table 2-44. SGMIl DC Receiver Electrical Characteristics

Parameter Symbol Min ‘ Typ | Max Unit Notes
DC Input voltage range - N/A - M
Input diff I vol LSTS 001 |, 199 — 1200 Y @)
nput differential voltage y m

LSTS=100 | PP | 475 -

LSTS =001 30 - 100 Sl
Loss of signal threshold VLOS mV

LSTS =100 65 - 175
Receiver differential input impedance ZRx_DIFF 80 - 120 Q -

Notes: 1. Input must be externally AC-coupled.
2. Vrx_pirrp-p IS also referred to as peak-to-peak input differential voltage.

3. The LSTS shown in the table refers to the LSTS2 or LSTS3 bit field of device’s SerDes Control Register
SRDSCRA4.

4. The concept of this parameter is equivalent to the Electrical Idle Detect Threshold parameter in PCI
Express. Refer to PCI Express Differential Receiver (Rx) Input Specifications section for further
explanation.

2.10.5 SGMII AC Timing Specifications
This section discusses the AC timing specifications for the SGMI!I interface.

2.105.1 SGMII Transmit AC Timing Specifications
Table 2-45 provides the SGMII transmit AC timing specifications. A source synchronous clock is not
supported. The AC timing specifications do not include RefCIk jitter.

Table 2-45. SGMII Transmit AC Timing Specifications (At Recommended Operating Conditions with

Parameter Symbol Min Typ Max Unit Notes
Deterministic Jitter JD - - 0.17 Ul p-p -
Total Jitter JT - - 0.35 Ul p-p U
Unit Interval ul 799.92 800 800.08 ps @
AC coupling capacitor Crx 10 100 200 nF @)

Notes: 1. See Figure 2-54 for single frequency sinusoidal jitter limits.
2. Each Ulis 800 ps £ 100 ppm.

3. The external AC coupling capacitor is required. It is recommended that it be placed near the device
transmitter outputs.
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2.10.6 SGMIlI AC Measurement Details

Transmitter and receiver AC characteristics are measured at the transmitter outputs (SD_TX[n] and
SD_TX|n]) or at the receiver inputs (SD_RX[n] and SD_RX|n]) as depicted in Figure 2-23, respectively.

Figure 2-23. SGMII AC Test/Measurement Load
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2.10.6.1 SGMII Receiver AC Timing Specification
Table 2-46 provides the SGMII receiver AC timing specifications. The AC timing specifications do not
include RefClk jitter.

Table 2-46. SGMII Receive AC Timing Specifications (At Recommended Operating Conditions with
XVpp_srps2 = 1.1V £ 5%)

Parameter Symbol Min Typ Max Unit Notes
Deterministic Jitter Tolerance JD 0.37 - - Ul p-p (M2
_(?;22:1:: Deterministic and Random Jitter JDR 055 _ _ Ul p-p )
Total Jitter Tolerance JT 0.65 - — Ul p-p (1)(2)
Bit Error Ratio BER - - 1072 - -
Unit Interval ul 799.92 | 800.00 | 800.08 ps @

Notes: 1. Measured at receiver.
2. Refer to RapidlO™ 1x/4x LP Serial Physical Layer Specification for interpretation of jitter specifications.
3. Each Ulis 800 ps £ 100 ppm.
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The sinusoidal jitter in the total jitter tolerance may have any amplitude and frequency in the unshaded
region of Figure 2-24.

Figure 2-24. Single Frequency Sinusoidal Jitter Limits

8.5 Ul p-p

Sinusoidal
Jitter
Amplitude

owoUlpp + —F+————— — — — — — — — — —

22.1 kHz Frequency 1.875 MHz 20 MHz

2.10.7 Ethernet Management Interface Electrical Characteristics
The electrical characteristics specified here apply to MIl management interface signals MDIO
(management data input/output) and MDC (management data clock). The electrical characteristics for
GMIIl, RGMII, RMII, TBI, and RTBI are specified in Section 2.10.1 "Enhanced Three-Speed Ethernet
Controller (eTSEC) (10/100/1000 Mbps) —GMII/SGMII/MII/TBI/RGMII/RTBI/RMII Electrical
Characteristics” on page 45.
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2.10.7.1 MIl Management DC Electrical Characteristics
The MDC and MDIO are defined to operate at a supply voltage of 3.3V or 2.5V. The DC electrical
characteristics for MDIO and MDC are provided in Table 2-47 and Table 2-48.
Table 2-47 provides the electrical characteristics at 3.3V.

Table 2-47. MIl Management DC Electrical Characteristics (LVpp = 3.3V)

Parameter Symbol Min Max Unit Notes
Input high voltage Viy 2.0 - \% U
Input low voltage V) - 0.90 Y U
Input high current (LVpp = Max, V) = 2.1V) Iy - 40 WA @
Input low current (LVpp = Max, V,y = 0.5V) I —40 - MA -
Output high voltage (LVpp = min, lgy =—1.0 mA) Vou 2.10 - \Y -
Output low voltage (LVpp = min, I, = 1.0 mA) VoL - 0.50 \ -

Notes: 1. The min V, and max V, values are based on the respective min and max LV values found in Table
2-2.
2. The symbol V, in this case, represents the LV, symbol referenced in Table 2-1.

Table 2-48 shows the electrical characteristics at 2.5V.

Table 2-48. MII Management DC Electrical Characteristics (LVpp = 2.5V)

Parameter Symbol Min Max Unit Notes
Input high voltage Viy 1.70 - \Y 0
Input low voltage V) - 0.70 v 0
Input high current (V= LVpp) Iy - 40 WA @
Input low current (V,y = GND) I —40 - HA -
Output high voltage (LVpp = min, lgy =—1.0 mA) Vor 2.00 - \ -
Output low voltage (LVpp = min, g, = 1.0 mA) VoL - 0.40 \ -

Notes: 1. The min V,_and max V values are based on the respective min and max LV, values found in Table
2-2.
2. The symbol V, in this case, represents the LV,y symbol referenced in Table 2-1.
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2.10.7.2 MIl Management AC Electrical Specifications
Table 2-49 provides the MIl management AC timing specifications.
Table 2-49. MIl Management AC Timing Specifications
Parameter/Condition Symbol Min Typ Max Unit Notes
MDC frequency fybc - 25 - MHz M
MDC period tvoc - 400 - ns -
MDC clock pulse width high tvocH 160 - - ns -
MDC to MDIO valid tMDKHDY 2 % (ty ok * 8) - - ns @
MDC to MDIO delay tMDKHDX (16 %ty ai) — 3 - (16 xtyp i) +3 ns @0E)4)
MDIO to MDC setup time tmpDVKH 5 - - ns -
MDIO to MDC hold time tMDDXKH 0 - - ns -
MDC rise time tvber - - 10 ns -
MDC fall time tvonE - - 10 ns -
Notes: 1. This parameter is dependent on the system clock speed. (The maximum frequency is the maximum
platform frequency divided by 64).
2. tpb_clk is the platform (CCB) clock.
3. This parameter is dependent on the platform clock frequency. The delay is equal to 16 platform clock
periods 3 ns. For example, with a platform clock of 333 MHz, the min/max delay is 48 ns + 3 ns.
Similarly, if the platform clock is 400 MHz, the min/max delay is 40 ns + 3 ns).
4. MDC to MDIO Data valid ty;pkppy is @ function of clock period and max delay time (typknpx)- (Min setup
= cycle time — max delay).
Figure 2-25 shows the MIl management interface timing diagram.
Figure 2-25. MII Management Interface Timing Diagram
tMpc ———> tvMper —>
MDC
tmpcH tMpcr —>
N\ E/7///ZN\\
(Input)
tMDDVKH %‘ <
—> <— tMDDXKH
MDIO \
(Output) \
tMDKHDX —> -
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2.10.8 eTSEC IEEE Std 1588 AC Specifications
Table 2-50 provides the IEEE 1588 AC timing specifications.

Table 2-50. eTSEC IEEE 1588 AC Timing Specifications
Parameter/Condition Symbol Min Typ Max Unit Notes
TSEC_1588_CLK clock period tr1s880LK 3.3 - Trx_cLk X 7 ns O
TSEC_1588_CLK duty cycle t?SSSCLKH’ 40 50 60 % ®)

T1588CLK
TSEC_1588_CLK peak-to-peak jitter t1588CLKING - - 250 ps -
Rise time eTSEC_1588_CLK (20%—80%) t1588CLKINR 1.0 - 2.0 ns -
Fall time eTSEC_1588_CLK (80%—20%) tr1588CLKINE 1.0 - 2.0 ns -
TSEC_1588 CLK_OUT clock period tr1s88cLKOUT 2 x t145880LK — - ns —
TSEC_1588_CLK_OUT duty cycle trissscLkorH/ 30 50 70 % -
tT1588CLKOUT

TSEC_1588_PULSE_OUT tr1s880v 0.5 - 3.0 ns -
TSEC_1588_TRIG_IN pulse width tr1588TRIGH 2 % tr15886LK_MAX - - ns @

Notes: 1.

Integrated Processor Reference Manual, for a description of TMR_CTRL registers.

Trx_cLk is the maximum clock period of eTSEC receiving clock selected by TMR_CTRL[CKSEL]. See the P2020QorlQ

2. The maximum value of tr45g5c « is Not only defined by the value of Tgy ¢k, but also defined by the recovered clock. For
example, for 10/100/1000 Mbps modes, the maximum value of ty45ggc k Will be 2800, 280, and 56 ns, respectively.

3. It needs to be at least two times the clock period of the clock selected by TMR_CTRL[CKSEL]. See the P2020 QorlQ
Integrated Processor Reference Manual, for a description of TMR_CTRL registers.

Figure 2-26 shows the data and command output AC timing diagram.

Figure 2-26. eTSEC IEEE 1588 Input AC Timing
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tT1588CLKOUTH
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X

eTSEC IEEE 1588 Output AC timing: The output delay is counted starting at the rising edge if t14sgscikouT

is noninverting. Otherwise, it is counted starting at the falling edge.

Figure 2-27 shows the data and command input AC timing diagram.

Figure 2-27. eTSEC IEEE 1588 Input AC Timing
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211 USB

This section provides the AC and DC electrical specifications for the USB interface of the device.

2111 USB DC Electrical Characteristics
Table 2-51, Table 2-52 and Table 2-53 provides the DC electrical characteristics for the USB interface.

Table 2-51. USB DC Electrical Characteristics (CVpp = 3.3V)

Parameter Symbol Min Max Unit Notes
High-level input voltage!" Viu 2.0 - v M
Low-level input voltage Vi - 0.8 \ M
Input current (Vy = OV or V,y = CVpp) I - +70 pA @
High-level output voltage (CVpp = min, oy = -2 mA) Vou 2.8 - v ®
Low-level output voltage (CVpp = min, I5; =2 mA) VoL - 0.3 \ -

Notes: 1. The minV_and max V, values are based on the respective min and max CVy values found in Table
2-2.

2. The symbol V, in this case, represents the CV,\ symbol referenced in Section 2.1.2 "Recommended
Operating Conditions” on page 26.

3. Not applicable for open drain signals.

Table 2-52. USB DC Electrical Characteristics (CVpp = 2.5V)

Parameter Symbol Min Max Unit Notes
High-level input voltage(") Vig 1.7 - v ™
Low-level input voltage V. - 0.7 Y M
Input current (V,y = OV or V,y = CVpp) N - £70 A @
High-level output voltage (CVpp = min, gy = =1 mA) Vou 2.0 - v @
Low-level output voltage (CVpp = min, I, = 1mA) VoL - 0.4 \Y -

Notes: 1. The min V_and max V, values are based on the respective min and max CVy values found in Table
2-2.

2. The symbol V, in this case, represents the CV,\ symbol referenced in Section 2.1.2 on page 26.
Not applicable for open drain signals.

Table 2-53. USB DC Electrical Characteristics (CVpp = 1.8V)

Parameter Symbol Min Max Unit Notes
High-level input voltage(") Vig 1.25 - v U
Low-level input voltage A - 0.6 Y v
Input current (V,y = OV or V,y = CVpp) In - £70 A @
High-level output voltage (CVpp = min, gy = —0.5 mA) Vou 1.35 - \% ®
Low-level output voltage (CVpp = min, I, = 0.5 mA) VoL - 0.4 \Y -

Notes: 1. The min V,_and max V, values are based on the respective min and max CVy values found in Table
2-2.

2. The symbol V, in this case, represents the CV,\ symbol referenced in Section 2.1.2 on page 26.
Not applicable for open drain signals.
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2.11.2 USB AC Electrical Specifications
Table 2-54 describes the general timing parameters of the USB interface of the device.

Table 2-54. USB General Timing Parameters® (ULPI Mode Only)

Parameter Symbol() Min Max Unit Note

USB clock cycle time tusck 15 - ns (2)(3)(4)(5)

Input setup to USB clock—all inputs tusivkn 4 - ns (2)(3)4)(5)

input hold to USB clock—all inputs tUsIXKH 1 - ns (2)3))(5)

USB clock to output valid—all outputs tuskHov - 7 ns (2)E)A)(E)

Output hold from USB clock—all outputs tuskHox 2 - ns (2)E)A)(E)
Notes: 1. The symbols for timing specifications follow the pattern of s wo letters of functional block)(signal)(state)

(reference)(state) for inpUtS and t(ﬁr’st two letters of functional block)(reference)(state)(signal)(state) for OUtp'JtS' For exampler
tusixkn Symbolizes USB timing (US) for the input (1) to go invalid (X) with respect to the time the USB

clock reference (K) goes high (H). Also, tskHox symbolizes USB timing (US) for the USB clock
reference (K) to go high (H) with respect to the output (O) going invalid (X) or output hold time.

All timings are in reference to USB clock.

. All signals are measured from CVpp + 2 of the rising edge of the USB clock to 0.4 x CVp of the signal

in question for 3.3V signaling levels.
Input timings are measured at the pin.

For active/float timing measurements, the high impedance or off state is defined to be when the total
current delivered through the component pin is less than or equal to that of the leakage current
specification.

When switching the data pins from outputs to inputs using the USB_DIR pin, the output timings is
violated on that cycle because the output buffers are tristated asynchronously. This should not be a
problem, because the PHY should not be functionally looking at these signals on that cycle as per ULPI
specifications.

Figure 2-28 and Figure 2-29 provide the AC test load and signals for the USB, respectively.

Figure 2-28. USB AC Test Load

RL =50Q

Output *@ Zo = 50Q ) AN~ CVpp/2
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Figure 2-29. USB Signals
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Table 2-55 provides the USB clock input (USB_CLK _IN) AC timing specifications.

Table 2-55. USB_CLK_IN AC Timing Specifications

Parameter Condition Symbol Min Typ Max Unit
Frequency range Steady state fuse cik N | 99.97 60 60.03 MHz
Clock frequency tolerance - toik_ToL -0.05 0 0.05 %
Reference clock duty cycle Measured at 1.6V toik_puty 40 50 60 %

. . L Peak-to-peak value measured with a second-
Total input jitter/time interval error order, high-pass filter of 500-kHz bandwidth toik py - - 200 ps

2.12 Enhanced Local Bus

This section describes the DC and AC electrical specifications for the enhanced local bus interface.

2121 Enhanced Local Bus DC Electrical Characteristics
Table 2-56 provides the DC electrical characteristics for the enhanced local bus interface operating at
BVpp = 3.3V DC.

Table 2-56. Enhanced Local Bus DC Electrical Characteristics (3.3V DC) (For Recommended
Operating Conditions, see Table 2-2)

Parameter Symbol Min Max Unit Note
High-level input voltage Vig 2 - Y M
Low-level input voltage Vi - 0.8 Y M
Input current (V,y (" = OV or V= BVpp) In - +40 pA @
High-level output voltage (BVpp = min, gy = -2 mA) Vou 24 - \Y -
Low-level output voltage (BVpp = min, 5. =2 mA) VoL - 0.4 \Y -

Notes: 1. The min V| and max V|4 values are based on the respective min and max BV values found in Table
2-2.

2. The symbol V, in this case, represents the BV symbol referenced in Section 2.1.2 "Recommended
Operating Conditions” on page 26.
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Table 2-57 provides the DC electrical characteristics for the enhanced local bus interface operating at
BVpp = 2.5V DC.

Table 2-57. Enhanced Local Bus DC Electrical Characteristics (2.5V DC) (For Recommended
Operating Conditions, see Table 2-2)

Parameter Symbol Min Max Unit Note
High-level input voltage Viy 1.70 - v M
Low-level input voltage V. - 0.7 Y M
Input current (V= OV or V,y = BVpp) I - +40 pA @
High-level output voltage (BVpp = min, lgy =—1 mA) Von 2.0 - \Y

Low-level output voltage (BVpp = min, 1o, = 1 mA) VoL - 0.4 \Y -

Notes: 1. The min V,_and max V,, values are based on the respective min and max BV values found in Table
2-2.
2. The symbol V, in this case, represents the BV symbol referenced in Section 2.1.2 "Recommended
Operating Conditions” on page 26.

Table 2-58 provides the DC electrical characteristics for the enhanced local bus interface operating at
BVpp = 1.8V DC.

Table 2-58. Enhanced Local Bus DC Electrical Characteristics (1.8V DC) (For Recommended
Operating Conditions, see Table 2-2)

Parameter Symbol Min Max Unit Note
High-level input voltage Viu 1.25 - \Y; 0
Low-level input voltage Vi - 0.6 v M
Input current (V= OV or V,y = BVpp) I - +40 pA @
High-level output voltage (BVpp = min, lgy = -0.5 mA) Von 1.35 - \ -
Low-level output voltage (BVpp = min, I, = 0.5 mA) VoL - 0.4 \Y -

Notes: 1. The min V,_and max V,, values are based on the respective min and max BV values found in Table
2-2.
2. The symbol V, in this case, represents the BV symbol referenced in Section 2.1.2 on page 26.

212.2 Enhanced Local Bus AC Electrical Specifications
This section describes the AC timing specifications for the enhanced local bus interface.

2.12.2.1 Test Condition

Figure 2-30 provides the AC test load for the enhanced local bus.

Figure 2-30. Enhanced Local Bus AC Test Load

Output *{) Zp = 50Q O AN BVpp/2
RL =50Q
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2.12.2.2 Local Bus AC Timing Specifications for PLL Enable Mode
For PLL enable mode, all timings are relative to the rising edge of LSYNC_IN.

Table 2-59 describes the general timing parameters of the enhanced local bus interface.

Table 2-59. Enhanced Local Bus Timing Specifications (BVpp = 3.3V, 2.5V, and 1.8V)-PLL Enabled Mode("

Parameter Symbol Min Max Unit Notes
Local bus cycle time ek 6.67 12 ns -
Local bus duty cycle t ekn/tLek 45 55 % -
LCLKIn] skew to LCLK[m] or LSYNC_OUT t BKsKEW - 150 ps @
Input setup tLBIVKH 2 - ns -
Input hold L BIXKH 0.5 - ns -
Output delay (Except LALE) t BKHOV - 3.8 ns -
Output hold (Except LALE) t BkHOX 0.7 - ns -
Local bus clock to output high impedance for t _ 38 ns 3)
LAD/LDP LBKHOZ

LALE output negation to LAD/LDP output i 1 (LBCR[AHD] = 0) B eLBC controller clock cycle @
transition (LATCH hold time) LBONOT 1/2 (LBCR[AHD] = 1) (=1 platform clock cycles)

Notes: 1. All signals are measured from BV + 2 of the rising edge of LSYNC_IN to BV + 2 of the signal in question.
2. Skew measured between different LCLK signals at BVpp + 2.

3. For purposes of active/float timing measurements, the high impedance or off state is defined to be when the total current
delivered through the component pin is less than or equal to the leakage current specification.

4. tgonot is @ measurement of the minimum time between the negation of LALE and any change in LAD. t, gonor iS determined
by LBCR[AHD]. The unit is the eLBC controller clock cycle. The eLBC controller clock refers to the internal clock that runs
the local bus controller, not the external LCLK. LCLK cycle = eLBC controller clock cycle x LCRR[CLKDIV]. After power on
reset, LBCR[AHD] defaults to 0 and eLBC runs at maximum hold time.
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Figure 2-31 shows the AC timing diagram for PLL-enabled mode.

Figure 2-31. Local Bus AC Timing Diagram (PLL Enabled)
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(address phase)

LAD/LDP . _ . __ R Lo .. AN . 1
(data phase)

Figure 2-31 applies to all three controllers that eLBC supports: GPCM, UPM, and FCM.
For input signals, the AC timing data is used directly for all three controllers.

For output signals, each type of controller provides its own unique method to control the signal timing.
The final signal delay value for output signals is the programmed delay plus the AC timing delay. For
example, for GPCM, LCS can be programmed to delay by t,. (0, ¥4, 72, 1, 1 + V4, 1 + 2, 2, 3 cycles), so
the final delay is t,.s * t gkHoV-
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Figure 2-32 shows how the AC timing diagram applies to GPCM. The same principle applies to UPM and

FCM.

Figure 2-32. GPCM Output Timing diagram (PLL Enabled)
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LADJ[0:31] <address : read data : {address :\ : write data C
: '<— f gonoT ' : <t goNnoT :
LALE ' o : Z Lo .
: tarcs + 1LBKHOV LT < taes * ligkHoy
: t| BkHOX D '
. < : Lo :
: : Lo >;
: ! \L«tawe*' fLBkHOV
X toen :

< read >|<

Notes: 1. t,4q is programmable and determined by LCRR[EADC] and ORx[EAD].
2. tyee b taoer trer foens tawes twer twen @re determined by ORx. See the P2020 reference manual.
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2.12.2.3 Local Bus AC Timing Specifications for PLL Bypass Mode
All output signal timings are relative to the falling edge of any LCLKs. The external circuit must use the
rising edge of the LCLKSs to latch the data.

All input timings except LGTA/LUPWAIT/LFRB are relative to the rising edge of LCLKs.
LGTA/LUPWAIT/LFRB are relative to the falling edge of LCLKs.

Table 2-60 describes the timing specifications of the local bus interface.

Table 2-60. Enhanced Local Bus Timing Specifications (BVpp = 3.3V, 2.5V, and 1.8V) — PLL Bypassed
(For Recommended Operating Conditions, see Table 2-2)

Parameter Symbol™ Min Max Unit Notes
Local bus cycle time t Bk 12 - ns -
Local bus duty cycle t ekn/tiek 45 55 % -
LCLK[n] skew to LCLK[m] t BKsKEW - 150 ps @)
Input setup (except LGTA/LUPWAIT/LFRB) t BIVKH 6 - ns -
Input hold (except LGTA/LUPWAIT/LFRB) L BIXKH 1 - ns -
Input setup (for LGTA/LUPWAIT/LFRB) tLBIvKL 6 - ns -
Input hold (for LGTA/LUPWAIT/LFRB) L BIXKL 1 - ns -
Output delay (Except LALE) t BkLoOV - 1.5 ns -
Output hold (Except LALE) t BrLox -35 - ns ®)
Local bus clock to output high impedance for t _ 2 ns “)
LAD/LDP LBKLOZ
LALE output negation to LAD/LDP output Caonor 1 (LBCRIAHD] = 0) ~ C;C"Igfzfglt;‘t’f'fr:n?gzk ©
transition (LATCH hold time) 1/2 (LBCR[AHD] = 1) cycles)

Notes: All signals are measured from BVp/2 of rising/falling edge of LCLK to BVp/2 of the signal in question.

1.
2. Skew measured between different LCLK signals at BVp/2.

3. Output hold is negative. This means that output transition happens earlier than the falling edge of LCLK.
4

For purposes of active/float timing measurements, the high impedance or off state is defined to be when the total current
delivered through the component pin is less than or equal to the leakage current specification.

5. t sonoT iS @ measurement of the minimum time between the negation of LALE and any change in LAD. t, gonot is determined
by LBCR[AHD]. The unit is the eLBC controller clock cycle, which is the internal clock that runs the local bus controller, not
the external LCLK. LCLK cycle = eLBC controller clock cycle x LCRR[CLKDIV]. After power on reset, LBCR[AHD] defaults
to 0 and eLBC runs at maximum hold time.
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Figure 2-33 shows the enhanced local bus signals in PLL-bypass mode.

Figure 2-33. Enhanced Local Bus Signals (PLL Bypass Mode)

b BIXKL
L

LCLK[m]
| | —>l <« tLB|XKH | |
: : t glvKH — :H : :
Input Signals C VN C I
(Except LGTA/LUPWAIT/LFRB) I I |
: : b BrvkL : :
I I — I I
Input Signal —____ " . L b !
(LGTA/LUPWAIT/LFRB) .
|
|
|
t

Output Signals
(Except LALE)

LAD
(address phase). - - - . _ .

LALE

LAD/LDP
(data phase). - - - - _ -

Figure 2-33 applies to all three controllers that eLBC supports: GPCM, UPM, and FCM.
For input signals, the AC timing data is used directly for all three controllers.

For output signals, each type of controller provides its own unique method to control the signal timing.
The final signal delay value for output signals is the programmed delay plus the AC timing delay. For
example, for GPCM, LCS can be programmed to delay by t,. (0, ¥4, 72, 1, 1 + Y4, 1 + 2, 2, 3 cycles), so
the final delay is t,.s * t gkHoV-

72

1073D-HIREL-11/19
Teledyne e2v Semiconductors SAS 2019



P2020

Figure 2-34 shows how the AC timing diagram applies to GPCM. The same principle applies to UPM and
FCM.

Figure 2-34. GPCM Output Timing Diagram

| ' ' |

'

—> —
' |

— > ladar -—

LAD[0:31] I<addreSS\l : read data : address .\ : write data

. —>| =—leonor : ; ‘—‘tLBONOT Lo
LALE | L ! E
Lcs B —\L HH fares + tLekHOV —> t*awcs”LBKHov

v ~| tBkHOX

\ , , —): <—
LGPL2/LOE_B — +——lace + tigkHOV
- . < : | . >

: A te > L <tawe * tLBkHOV |

LWE_ B —: — l i '
: b toen ' '
| Co < —> ! :
' ' X . < twe >,

LBCTL . T / . —
|« read >l< write >

1. t,qqr IS programmable and determined by LCRR[EADC] and ORX[EAD].
2. e tawes tacer tror toens tawer twer twen @re determined by ORXx. See the P2020 reference manual.

2.13 Enhanced Secure Digital Host Controller (¢eSDHC)
This section describes the DC and AC electrical specifications for the eSDHC (SDIO) interface.

2131 eSDHC DC Electrical Characteristics
Table 2-61 provides the DC electrical characteristics for the eSDHC (SDIO) interface.

Table 2-61. eSDHC Interface DC Electrical Characteristics (CVpp = 3.3V)

Parameter Symbol Condition Min Max Unit Note
Input high voltage Vin - 0.625 x CVpp - v M
Input low voltage Vi - - 0.25 x CVpp v M
Output high voltage Von lon =—100 pA at OVppmin 0.75 x CVpp - \ -
Output low voltage VoL loL = 100 pA at OVppmin - 0.125 x CVpp \ -
Output high voltage Vou lopy = =100 pA CVpp-0.2 - \Y @
Output low voltage VoL lo. =2 MA - 0.3 v @
Input leakage current In - -70 70 MA -

Notes: 1. Note that the min V| and max V|, values are based on the respective min and max OV, values found in Table 2-2.
2. Open drain mode for MMC cards only.
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213.2 eSDHC AC Timing Specifications
This section describes the AC electrical specifications for the eSDHC (SDIO) interface.
Table 2-62 provides the eSDHC AC timing specifications for full speed mode as defined in Figure 2-35
and Figure 2-36.

Table 2-62. eSDHC AC Timing Specifications

Parameter Symbol(") Min Max Unit Notes
SD_CLK clock frequency

SD Full-speed/High-speed mode fsnsck 0 25/50 MHz @X3)

MMC Full-speed/High-speed mode 20/52
SD_CLK clock low time—Full-speed mode/High-speed mode tshscKL 10/7 - ns ®
SD_CLK clock high time—Full-speed mode/High-speed mode tshsckh 10/7 - ns ®
SD_CLK clock rise and fall times tsscxr/ - 3 ns ®)
tshscke

Input setup times: SD_CMD, SD_DATX, SD_CD to SD_CLK tshsiviH 3.7 - ns @)X
Input hold times: SD_CMD, SD_DATX, SD_CD to SD_CLK tSHsIXKH 25 - ns ®
Output delay time: SD_CLK to SD_CMD, SD_DATx valid teHsKHOY -3 3 ns 3)8)

Notes: 1. The symbols used for timing specifications herein follow the pattern of t iree letters of functional block)(signal)(state) (reference)(state) FOT
inpUtS and t(ﬁrst three letters of functional block)(reference)(state)(signal)(state) for OUtpUtS- For example, tFHSKHOV symbolizes eSDHC high
speed mode device timing (SHS) clock reference (K) going to the high (H) state, with respect to the output (O) reaching the
invalid state (X) or output hold time. Note that, in general, the clock reference symbol representation is based on five letters
representing the clock of a particular functional. For rise and fall times, the latter convention is used with the appropriate
letter: R (rise) or F (fall).

2. In full speed mode, clock frequency value can be 0-25 MHz for a SD/SDIO card and 0—20 MHz for a MMC card. In high
speed mode, clock frequency value can be 0-50 MHz for a SD/SDIO card and 0-52 MHz for a MMC card.

3. Ccarp < 10 pF, (1 card), and C = Cgyg + Cpost + Cearp < 40 pF

4. To satisfy setup timing, one way board routing delay between Host and Card, on SD_CLK, SD_CMD, and SD_DATx should
not exceed 0.65 ns.

5. The parameter values apply to both full speed and high speed modes.

Figure 2-35 provides the eSDHC clock input timing diagram.
Figure 2-35. eSDHC Clock Input Timing Diagram

eSDCH
External Clock
operational mode

tsHscKL

<« tsHsck ——>
—>

tSHSCKR tsHscKF
VM = Midpoint Voltage (CVpp/2)
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Figure 2-36 provides the data and command input/output timing diagram.

Figure 2-36. eSDHC Data and Command Input/Output Timing Diagram Referenced to Clock

SD_CK VM / A VM Vhﬂ_ﬁL

External Clock k
tSHSIVKH < > <> tSHSIXKH

SD_DAT/CMD > ><

Inputs
SD_DAT/CMD
Outputs ><

<> ISHSKHOV

VM = Midpoint Voltage (CVpp/2)

2.14 Programmable Interrupt Controller
In IRQ edge trigger mode, when an external interrupt signal is asserted (according to the programmed
polarity), it must remain the assertion for at least 3 system clocks (SYSCLK periods).

2141 PIC DC Electrical Characteristics
Table 2-63 provides the DC electrical characteristics for the PIC interface.

Table 2-63. PIC DC Electrical Characteristics
Parameter Symbol(" Min Max Unit Note
High-level input voltage Viu 2 - \Y, )
Low-level input voltage V) - 0.8 \Y M
Input current (OV, = OV or OV, = OVpp) In - +40 pA @
:ig;w-level output voltage (OVpp = min, lgy =-2 Vo 24 B Vv B
Low-level output voltage (OVpp = min, g, =2 mA) VoL - 0.4 \ -

Notes: 1. Note that the min V,_and max V,, values are based on the respective min and max OV, values found
in Table 2-2.
2. Note that the symbol OV represents the input voltage of the supply. It is referenced in Table 2-2.

PIC AC Electrical Characteristics
Table 2-64 shows the PIC AC timing specifications.

2.14.2

Table 2-64. PIC Input AC Timing Specifications
Parameter Symbol Min Max Unit Notes
PIC inputs—minimum pulse width teivin 3 - SYSCLK M

Note: 1. PIC inputs and outputs are asynchronous to any visible clock. PIC outputs must be synchronized before
use by any external synchronous logic. PIC inputs are required to be valid for at least tpyp Ns to ensure
proper operation when working in edge-triggered mode.
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215 JTAG

This section discusses the JTAG interface.

2151 JTAG DC Electrical Characteristics
Table 2-65 provides the DC electrical characteristics for the JTAG interface.

Table 2-65. JTAG DC Electrical Characteristics

Parameter Symbol(" Min Max Unit Note
High-level input voltage Viy 2 - Y M
Low-level input voltage Vi - 0.8 Y M
Input current (V,y 1= 0V or V;y = OVpp) I - +40 pA @
High-level output voltage (OVpp = min, Iy = -2 mA) Von 24 - \ -
Low-level output voltage (OVpp = min, lg. =2 mA) VoL - 0.4 \Y -

Notes: 1. Note that the min V,_ and max V|, values are based on the respective min and max OV, values found in Table 2-2.
2. Note that the symbol Vy, in this case, represents the OV, symbol found in Table 2-2

2.15.2 JTAG AC Electrical Specifications
This section describes the AC electrical specifications for the IEEE Std 1149.1™ (JTAG) interface of the
device. Table 2-66 provides the JTAG AC timing specifications as defined in Figure 2-38 through Figure

2-40.
Table 2-66. JTAG AC Timing Specifications (Independent of SYSCLK) (At Recommended Operating Conditions, See
Table 2-2)

Parameter Symbol( Min Max Unit Notes
JTAG external clock frequency of operation firg 0 33.3 MHz -
JTAG external clock cycle time t e 30 - ns -
JTAG external clock pulse width measured at OVpp/2 tTkHKL 15 - ns -
JTAG external clock rise and fall times tirer & tytar 0 2 ns -
TRST assert time trrsT 25 - ns @
Input setup times tTDVKH 4 - ns -
Input hold times tTOXKH 10 - ns —
Output valid times trkiDy 0 10 ns ®)
Output hold times tyTKLDxX 0 — ns @)

Notes: 1. The symbols used for timing specifications follow the pattern t . wo letters of functional block)(signal)(state)(reference)(state) fOF inputs and
t(first two letters of functional block)(reference)(state)(signal)(state) for OUtpUtS' For example, t.JTDVKH symbolizes JTAG device timing (JT) with
respect to the time data input signals (D) reaching the valid state (V) relative to the t;;¢ clock reference (K) going to the high
(H) state or setup time. Also, t;rpx«y Symbolizes JTAG timing (JT) with respect to the time data input signals (D) reaching the
invalid state (X) relative to the t ;g clock reference (K) going to the high (H) state. Note that in general, the clock reference
symbol representation is based on three letters representing the clock of a particular functional. For rise and fall times, the
latter convention is used with the appropriate letter: R (rise) or F (fall).

2. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.

3. All outputs are measured from the midpoint voltage of the falling/rising edge of t;¢ « to the midpoint of the signal in question.
The output timings are measured at the pins. All output timings assume a purely resistive 50Q load. Time-of-flight delays
must be added for trace lengths, vias, and connectors in the system.
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Figure 2-37 provides the AC test load for TDO and the boundary-scan outputs.

Figure 2-37. AC Test Load for the JTAG Interface

Output —{) Zp =50Q () v\/\é OVpp/2
R, = 50Q

Figure 2-38 provides the JTAG clock input timing diagram.

Figure 2-38. JTAG Clock Input Timing Diagram

JTAG
External Clock

< tre >| tTeE —>

VM = Midpoint Voltage (OVpp/2)

Figure 2-39 provides the TRST timing diagram.

Figure 2-39. TRST Timing Diagram

TRST VM VM
trrsT

VM = Midpoint Voltage (OVpp/2)

Figure 2-40 provides the boundary-scan timing diagram.

Figure 2-40. Boundary-Scan Timing Diagram
JTAG 5( VM VM

External Clock N
UTOVKH —>  |[<—

<—U3TDXKH

Boundary N < >< Input >< >7
Data Inputs Data Valid

< ty7KLDV
tTKLDX —> <

Boundary

Data Outputs Output Data Valid

VM = Midpoint Voltage (OVpp/2)
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216 IC

This section describes the DC and AC electrical characteristics for the 1°C interfaces of the device.

2.16.1 IC DC Electrical Characteristics
Table 2-67 provides the DC electrical characteristics for the 1°C interfaces.

Table 2-67. |1°C DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes
Input high voltage level Vi 2 - v M
Input low voltage level Vi - 0.8 Y M
Output Low voltage (OVpp = min, I, = 2 mA) VoL 0 0.4 v @
Pulse width of spikes which must be I 0 50 ns @)
suppressed by the input filter

Input current each 1/O pin (input voltage is @)
between 0.1 x OVpp and 0.9 x OVpp(max) ! —40 40 WA

Capacitance for each I/O pin C, - 10 pF -

Notes: 1. Note that the min V,_and max V,, values are based on the respective min and max OV, values found in
Table 2-2.

2. Output voltage (open drain or open collector) condition = 3 mA sink current.

3. See the P2020 QorlQ Integrated Communications Host Processor Family Reference Manual for
information on the digital filter used.

I/0 pins obstruct the SDA and SCL lines if OVpp is switched off.

&
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2.16.2 I’C AC Electrical Specifications
Table 2-68 provides the AC timing parameters for the 1°C interfaces.
Table 2-68.  1°C AC Electrical Specifications (At Recommended Operating Conditions with OV, of 3.3V + 5%. All Values
Refer to V|, (min) and V,_ (max) Levels, See Table 2-67)
Parameter Symbol(") Min Max Unit Note
SCL clock frequency fioe 0 400 kHz) @
Low period of the SCL clock tocL 1.3 - us -
High period of the SCL clock tiocH 0.6 - V] -
Setup time for a repeated START condition tiosvkH 0.6 - us -
Hold time (repeated) START condition (after this period, ¢ 06 _ s _
the first clock pulse is generated) 12SXKL : M
Data setup time topvkH 100 - ns -
Data input hold time:
CBUS compatible masters toDxKL - - us ®)
I°C bus devices 0 -
Data output delay time tioovkL - 0.9 us “)
Set-up time for STOP condition topvkn 0.6 - us -
Bus free time between a STOP and START condition tiokHDX 1.3 - V] -
Nmse margin at thg LOW level for each connected device Vi 0.1 x OVpp _ Vv _
(including hysteresis)
Noise margin at the HIGH level for each connected device
(including hysteresis) Vi 0.2 > OVip B v B
Capacitive load for each bus line Cb - 400 pF -
Notes: 1. The symbols used for timing specifications herein follow the pattern i wo letters of functional block)(signal)(state)(rsference)(state) for .
inputs and st wo letters of functional block)(reference)(state)(signal)(state) fOI OUtpUts. For example, tiopyk sSymbolizes 1°C timing (12) with
respect to the time data input signals (D) reaching the valid state (V) relative to the t,¢ clock reference (K) going to the high
(H) state or setup time. Also, t,sy« symbolizes I2C timing (12) for the time that the data with respect to the START condition
(S) went invalid (X) relative to the t,,¢ clock reference (K) going to the low (L) state or hold time. Also, t,p\ky Symbolizes 1’c
timing (12) for the time that the data with respect to the STOP condition (P) reaches the valid state (V) relative to the t,,¢ clock
reference (K) going to the high (H) state or setup time.

2. The requirements for I°C frequency calculation must be followed. Refer to Freescale application note AN2919, “Determining
the I1°C Frequency Divider Ratio for SCL.”

3. As a transmitter, the device provides a delay time of at least 300 ns for the SDA signal (referred to as the V., of the SCL
signal) to bridge the undefined region of the falling edge of SCL to avoid unintended generation of a START or STOP
condition. When the device acts as the I°C bus master while transmitting, it drives both SCL and SDA. As long as the load
on SCL and SDA are balanced, the device does not generate an unintended START or STOP condition. Therefore, the 300
ns SDA output delay time is not a concern. If under some rare condition, the 300 ns SDA output delay time is required for the
device as transmitter, application note AN2919, referred to in note 2 above, is recommended.

4. The maximum ti20vKL must be met only if the device does not stretch the LOW period (t,,¢, ) of the SCL signal.
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Figure 2-41 provides the AC test load for the I°C.

Figure 2-41. 12C AC Test Load

Output {) Zo = 50Q () VAN OVpp/2
R, = 50Q

Figure 2-42 shows the AC timing diagram for the I°C bus.

Figure 2-42. [2C Bus AC Timing Diagram

SDA _\ /

4/ < tj2KkHDX

§
H
‘- tocL tosxKL3 |
SCL \
> | f<—l2sxKL —>| | |«3-ti2svkH <t
S l<—ti2DXxKL t20vKL Sr p S
217 GPIO

This section describes the DC and AC electrical specifications for the GPOUT and GPIN interface of the
device.

21741 GPIO DC Electrical Characteristics
Table 2-69 provides the DC electrical characteristics for the GPIO interface.

Table 2-69. PIO[0:7] DC Electrical Characteristics (3.3V)

Parameter Symbol Min Max Unit Notes
High-level input voltage Viu 2 - \Y; (1)
Low-level input voltage Vi - 0.8 v M2
Input current (V,y (V= 0V or V,y = Vpp) Iin - +40 pA -
High-level output voltage (OVpp = min, lgy = —2 mA) Vou 24 - \Y -
Low-level output voltage (OVpp = min, I, = 2mA) VoL - 0.4 \Y -

Notes: 1. The min V,_and max V, values are based on the min and max OV, respective values found in Table
2-1.

2. The symbol OV y represents the input voltage of the supply. It is referenced in Table 2-1.
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Table 2-70.  GPIO[8:15] DC Electrical Characteristics (3.3V)

Parameter Symbol Min Max Unit Notes
High-level input voltage Viu 2 - \Y, (1@
Low-level input voltage V. - 0.8 \Y (M2
Input current (V,y ("= 0V or V,\ = Vpp) N - +40 pA -
High-level output voltage (BVpp = min, lgy = -2 mA) Vou 24 - \Y -
Low-level output voltage (BVpp = min, I, = 2mA) VoL - 0.4 \Y -

Notes: 1. The min V, and max V, values are based on the min and max OV, respective values found in Table
2-1.

2. The symbol OV represents the input voltage of the supply. It is referenced in Table 2-1.

Table 2-71. GPIO[8:15] DC Electrical Characteristics (2.5V)

Parameter Symbol Min Max Unit Notes
High-level input voltage Viu 1.7 - V @
Low-level input voltage V. - 0.7 Y M2
Input current (V,y (V= 0V or V,y = Vpp) Iin - +40 pA -
High-level output voltage (BVpp = min, oy = -1 mA) Vou 1.7 - \% -
Low-level output voltage (BVpp = min, Ig, =1 mA) VoL - 0.7 \Y -

Notes: 1. The min V,_and max V|, values are based on the min and max OV, respective values found in Table
2-1.

2. The symbol OV y represents the input voltage of the supply. It is referenced in Table 2-1.

Table 2-72. GPIO[8:15] DC Electrical Characteristics (1.8V)

Parameter Symbol Min Max Unit Notes
High-level input voltage Viy 1.2 - v 1@
Low-level input voltage v, - 0.6 v 1@
Input current (V,y ("= 0V or V,\ = Vpp) Iin - +40 WA -
High-level output voltage (BVpp = min, Iy =—0.5 mA) Vou 1.35 - \Y -
Low-level output voltage (BVpp = min, I, = 0.5 mA) VoL - 0.4 \Y -

Notes: 1. The min V,_and max V, values are based on the min and max OV, respective values found in Table
2-1.

2. The symbol OV y represents the input voltage of the supply. It is referenced in Table 2-1.
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2.17.2 GPIO AC Electrical Specifications
Table 2-73 provides the GPIO input and output AC timing specifications.
Table 2-73.  GPIO Input and Output AC Timing Specifications"

Characteristic Symbol Min Unit Notes

GPIO inputs—minimum pulse width towin 1.5 x plat + 2 ns M

Note: 1. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs must be synchronized
before use by any external synchronous logic. GPIO inputs are required to be valid for at least tp)yp NS
to ensure proper operation.

Figure 2-43 provides the AC test load for the GPIO.

Figure 2-43. GPIO AC Test Load
Output {) Zo = 50Q () VNV OVpp/2
R, = 50Q

2.18 High-Speed Serial Interfaces (HSSI)

The device features one Serializer/Deserializer (SerDes) interfaces to be used for high-speed serial

interconnect applications. The SerDes interface can be used for PCl Express SGMII and/or Serial
RapidlO data transfers.

This section describes the common portion of SerDes DC electrical specifications, which is the DC
requirement for SerDes Reference Clocks. The SerDes data lane’s transmitter and receiver reference
circuits are also shown.

2.18.1 Signal Terms Definition
The SerDes utilizes differential signaling to transfer data across the serial link. This section defines terms
used in the description and specification of differential signals.

Figure 2-44 shows how the signals are defined. For illustration purposes, only one SerDes lane is used
for description. Figure 2-44 shows the waveform for either a transmitter output (SD_TX and SD_TX) or a
receiver input (SD_RX and SD_RX). Each signal swings between A Volts and B Volts where A > B.

Figure 2-44. Differential Voltage Definitions for Transmitter or Receiver

SD_TXor
SD_RX
AVolts — — —
————————————— - Vem=(A+B)/2
SD_TX or
SD_RX
BVolts - — -

Differential Swing, V|p or Vop =A-B
Differential Peak Voltage, Vpjrrp = |A - B|
Differential Peak-Peak Voltage, Vp|rrpp = 2 % Vp)rFp (N0t shown)
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Using this waveform, the definitions are as follows. To simplify the illustration, the following definitions
assume that the SerDes transmitter and receiver operate in a fully symmetrical differential signaling
environment:

» Single-Ended Swing
The transmitter output signals and the receiver input signals SD_TX, SD_TX, SD_RX and SD_RX
each have a peak-to-peak swing of A — B Volts. This is also referred as each signal wire’s Single-
Ended Swing.

Differential Output Voltage, V (or Differential Output Swing)

The Differential Output Voltage (or Swing) of the transmitter, V5, is defined as the difference of the
two complimentary output voltages: Vgp, 1x — Vapn 7x- The Vgp value can be either positive or
negative.

Differential Input Voltage, V ; (or Differential Input Swing)
The Differential Input Voltage (or Swing) of the receiver, V,p, is defined as the difference of the two
complimentary input voltages: Vgp, rx — Vapn rx- The V|p value can be either positive or negative.

Differential Peak Voltage, Vp ¢,
The peak value of the differential transmitter output signal or the differential receiver input signal is
defined as Differential Peak Voltage, Vper, = |A — B| Volts.

Differential Peak-to-Peak, Vpee,,

Since the differential output signal of the transmitter and the differential input signal of the receiver
each range from A — B to —(A — B) Volts, the peak-to-peak value of the differential transmitter

output signal or the differential receiver input signal is defined as Differential Peak-to-Peak Voltage,
Voirrpp = 2 * Vpirrp = 2 % |(A - B)| Volts, which is twice of differential swing in amplitude, or twice of
the differential peak. For example, the output differential peak-peak voltage can also be calculated as

Vixoirrpp = 2 * [Vopl-

Differential Waveform

The differential waveform is constructed by subtracting the inverting signal (SD_TX, for example)
from the non-inverting signal (SD_TX, for example) within a differential pair. There is only one signal
trace curve in a differential waveform. The voltage represented in the differential waveform is not
referenced to ground. Refer to Figure 2-44 as an example for differential waveform.

Common Mode Voltage, V.,

The Common Mode Voltage is equal to one half of the sum of the voltages between each conductor
of a balanced interchange circuit and ground. In this example, for SerDes output, V., out =(Vspn 7> *+
Vsgr7x) + 2 = (A + B) + 2, which is the arithmetic mean of the two complimentary output voltages
within a differential pair. In a system, the common mode voltage may often differ from one
component’s output to the other’s input. It may be different between the receiver input and driver
output circuits within the same component. It is also referred to as the DC offset on some occasions.

To illustrate these definitions using real values, consider the case of a current mode logic (CML)
transmitter that has a common mode voltage of 2.25V and each of its outputs, TD and ﬁ, has a swing
that goes between 2.5V and 2.0V. Using these values, the peak-to-peak voltage swing of each signal
(TDor ﬁ) is 500 mV p-p, which is referred to as the single-ended swing for each signal. In this example,
because the differential signaling environment is fully symmetrical, the transmitter output’s differential
swing (Vgp) has the same amplitude as each signal’s single-ended swing. The differential output signal
ranges between 500 mV and —500 mV. In other words, Vg is 500 mV in one phase and —-500 mV in the
other phase. The peak differential voltage (Vpeg,) is 500 mV. The peak-to-peak differential voltage
(VDiegp-p) is 1000 mV p-p.
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2.18.2

2.18.2.1

2.18.2.2

84

SerDes Reference Clocks

The SerDes reference clock inputs are applied to an internal PLL whose output creates the clock used
by the corresponding SerDes lanes. The SerDes reference clocks inputs are SD_REF_CLK and
SD_REF_CLK for PCI Express and Serial RapidlO, or SD_REF_CLK and SD_REF_CLK for the SGMII
interface respectively.

The following sections describe the SerDes reference clock requirements and some application
information.

SerDes Spread Spectrum Clock Source Recommendations

SD_REF_CLK/SD_REF_CLK are designed to work with spread spectrum clock for PCI Express protocol
only with the spreading specification defined in Table 2-74. When using spread spectrum clocking for
PCI Express, both ends of the link partners should use the same reference clock. For best results, a
source without significant unintended modulation should be used.

The spread spectrum clocking cannot be used if the same SerDes reference clock is shared with other
non-spread spectrum supported protocols. For example, if the spread spectrum clocking is desired on a
SerDes reference clock for PCI Express and the same reference clock is used for any other protocol
such as SGMII/SRIO due to the SerDes lane usage mapping option, spread spectrum clocking cannot
be used at all.

Table 2-74. SerDes Spread Spectrum Clock Source Recommendations (At Recommended Operating
Conditions, see Table 2-2)
Parameter Min Max Unit Notes
Frequency modulation 30 33 kHz -
Frequency spread +0 -0.5 % U

Note: 1. Only down spreading is allowed.

SerDes Reference Clock Receiver Characteristics

Figure 2-45 shows a receiver reference diagram of the SerDes reference clocks.

Figure 2-45. Receiver of SerDes Reference Clocks
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The characteristics are as follows:

* The supply voltage requirements for XV srps are specified in Table 2-1 and Table 2-2.
» The SerDes reference clock receiver reference circuit structure is as follows:

— The SD_REF_CLK and SD_REF_CLK are internally AC-coupled differential inputs as shown
in Figure 2-45. Each differential clock input (SD_REF_CLK or SD_REF_CLK) has on-chip
50Q termination to SGND_SRDSnh (xcorevss) followed by on-chip AC-coupling.

— The external reference clock driver must be able to drive this termination.

— The SerDes reference clock input can be either differential or single-ended. Refer to the
Differential Mode and Single-ended Mode description below for further detailed
requirements.

» The maximum average current requirement that also determines the common mode voltage range is
the following:

— When the SerDes reference clock differential inputs are DC coupled externally with the clock
driver chip, the maximum average current allowed for each input pin is 8 mA. In this case,
the exact common mode input voltage is not critical as long as it is within the range allowed
by the maximum average current of 8 mA (refer to the following bullet for more detail),
because the input is AC-coupled on-chip.

— This current limitation sets the maximum common mode input voltage to be less than 0.4V
(0.4V/50 = 8 mA) while the minimum common mode input level is 0.1V above
SGND_SRDSn (xcorevss). For example, a clock with a 50/50 duty cycle can be produced by
a clock driver with output driven by its current source from 0 mA to 16 mA (0-0.8V), such that
each phase of the differential input has a single-ended swing from 0V to 800 mV with the
common mode voltage at 400 mV.

— If the device driving the SD_REF_CLK and SD_REF_CLK inputs cannot drive 50Q to
SGND_SRDSn (xcorevss) DC, or it exceeds the maximum input current limitations, then it
must be AC-coupled off-chip.

* The input amplitude requirement is as follows:
— This requirement is described in detail in the following sections.

2.18.2.3 DC Level Requirement for SerDes Reference Clocks
The DC level requirement for the device SerDes reference clock inputs is different depending on the
signaling mode used to connect the clock driver chip and SerDes reference clock inputs as described
below:

« Differential Mode

— The input amplitude of the differential clock must be between 400 mV and 1600 mV
differential peak-peak (or between 200 mV and 800 mV differential peak). In other words,
each signal wire of the differential pair must have a single-ended swing less than 800 mV
and greater than 200 mV. This requirement is the same for both external DC-coupled or AC-
coupled connection.

— For external DC-coupled connection, as described in Section 2.18.2.2 "SerDes Reference
Clock Receiver Characteristics” on page 84, the maximum average current requirements
sets the requirement for average voltage (common mode voltage) to be between 100 mV
and 400 mV. Figure 2-46 shows the SerDes reference clock input requirement for DC-
coupled connection scheme.
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Figure 2-46. Differential Reference Clock Input DC Requirements (External DC-Coupled)

200 mV < Input Amplitude or Differential Peak < 800 mV
SD_REF_CLK | Vmax < 800 mV

100 mV < Vcm < 400 mV

T in >
SD_REF_CLK Vmin 20V

— For external AC-coupled connection, there is no common mode voltage requirement for the
clock driver. Since the external AC-coupling capacitor blocks the DC level, the clock driver
and the SerDes reference clock receiver operate in different command mode voltages. The
SerDes reference clock receiver in this connection scheme has its common mode voltage
set to SGND_SRDSn. Each signal wire of the differential inputs is allowed to swing below
and above the command mode voltage (SGND_SRDSn). Figure 2-47 shows the SerDes
reference clock input requirement for AC-coupled connection scheme.

Figure 2-47. Differential Reference Clock Input DC Requirements (External AC-Coupled)
200 mV < Input Amplitude or Differential Peak < 800 mV
SD_REF_CLK / Vmax < Vcm + 400 mV

SD_REF_CLK Vmin > Vem — 400 mV

* Single-ended Mode

— The reference clock can also be single-ended. The SD_REF_CLK input amplitude (single-
ended swing) must be between 400 mV and 800 mV peak-peak (from Vy\ to Vyax) with
SD_REF_CLK either left unconnected or tied to ground.

— The SD_REF_CLK input average voltage must be between 200 and 400 mV. Figure 2-48
shows the SerDes reference clock input requirement for single-ended signaling mode.

— To meet the input amplitude requirement, the reference clock inputs might need to be DC or
AC-coupled externally. For the best noise performance, the reference of the clock could be
DC or AC-coupled into the unused phase (SD_REF_CLK) through the same source
impedance as the clock input (SD_REF_CLK) in use.
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Figure 2-48. Single-Ended Reference Clock Input DC Requirements

400 mV < SD_REF_CLK Input Amplitude < 800 mV
_____ |

D_REF_CLK ‘/
SD_| - C ~
oV
SD_REF_CLK -~
2.18.3 AC Requirements for PCI Express SerDes Reference Clocks
Table 2-75 lists AC requirements for the PCI Express, SGMII, and SRIO SerDes reference clocks to be
guaranteed by the customer’s application design.

Table 2-75. SD REF_CLK and SD_REF_CLK Input Clock Requirements
Parameter Symbol Min Typical Max Unit Notes
SD_REF_CLK/ SD_REF_CLK frequency — B 100/125 B MHz o)
range -
SD_REF_CLK/ SD_REF_CLK clock
frequency tolerance feuk_to 350 B +350 ppm B
SD_REF_CLK/ SD_REF_CLK reference o )
clock duty cycle teLk_outy 40 50 60 %
SD_REF_CLK/ SD_REF_CLK max ) ~ ~ 42 < ©)
deterministic peak-peak Jitter @ 107 BER CLK_DJ P
SD_REF_CLK/SD_REF_CLK total reference
clock jitter @ 10~° BER (Peak-to-peak jitter at tork Ty - - 86 ps 2)6)
refClk input)
SD_REF_CLK/SD_REF_CLK rising/fallin
edg_e rate - - J 9 toikrr/toLkrr 1 - 4 Vins ©X8)
Differential input high voltage Viu 200 - - mV ®)
Differential input low voltage V. - - -200 mV ®
Rising edge rate (SDn_REF_CLK) to falling e . _ _ o (4)(5)(6)
edge rate (SDn_REF_CLK) matching Rise-Fall Matching 20 o

Notes:

1.
2.
3.

Caution: Only 100 and 125 have been tested. In-between values do not work correctly with the rest of the system.
Limits from PCI Express CEM Rev 2.0

Measured from —200 mV to +200 mV on the differential waveform (derived from SD_REF_CLK minus SD_REF_CLK). The
signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is
centered on the differential zero crossing. See Figure 2-49.

Measurement taken from single-ended waveform

Matching applies to rising edge for SD_REF_CLK and falling edge rate for SD_REF_CLK. It is measured using a 200 mV
window centered on the median cross point where SD_REF_CLK rising meets SD_REF_CLK falling. The median cross
point is used to calculate the voltage thresholds that the oscilloscope uses for the edge rate calculations. The rise edge rate
of SD_REF_CLK must be compared to the fall edge rate of SD_REF_CLK, the maximum allowed difference should not
exceed 20% of the slowest edge rate. See Figure 2-50.

System/board must be designed to ensure the input requirement to the device is achieved. Proper device operation is
guaranteed for inputs meeting this requirement by design, simulation, characterization, or functional testing.

Measurement taken from the differential waveform.
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Figure 2-49 shows the differential measurement points for rise and fall time.

Figure 2-49. Differential Measurement Points for Rise and Fall Time
Rise Edge Rate Fall Edge Rate

[————>»| |[€——»|
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0.0V ———|— —————————————————————————
V||_=—200mV - = - = - — — - - — — — — — — — _ — — -

SDn_REF_CLK —
SDn_REF_CLK | | | |

Figure 2-50 shows the single-ended measurement points for rise and fall time matching.

Figure 2-50. Single-Ended Measurement Points for Rise and Fall Time Matching
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2.18.4 SerDes Transmitter and Receiver Reference Circuits
Figure 2-51 shows the reference circuits for SerDes data lane’s transmitter and receiver.

Figure 2-51. SerDes Transmitter and Receiver Reference Circuits

SD_TXn SD_RXn

50Q

Transmitter Receiver

The DC and AC specification of SerDes data lanes are defined in each interface protocol section below
(PCI Express, Serial Rapid IO or SGMII) in this document based on the application usage:

* Section 2.10.3 "SGMII Interface Electrical Characteristics” on page 55
» Section 2.19 "PCI Express” on page 89
» Section 2.20 "Serial RapidlO (SRIO)” on page 92

Note that external AC Coupling capacitor is required for the above three serial transmission protocols
per the protocol’s standard requirements.
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2.18.5 Clocking Dependencies

The ports on the two ends of a link must transmit data at a rate that is within 600 parts per million (ppm)
of each other at all times. This is specified to allow bit rate clock sources with a + 300 ppm tolerance.

2.19 PCI Express
This section describes the DC and AC electrical specifications for the PCI Express bus of the P2020.

2.191 PCI Express DC Requirements for SD_REF_CLK and SD_REF_CLK

For more information, see Section 2.18.2.3 "DC Level Requirement for SerDes Reference Clocks” on
page 85.

2.19.2 PCI Express DC Physical Layer Specifications
This section contains the DC specifications for the physical layer of PCI Express on this device.

2.19.2.1 PCI Express DC Physical Layer Transmitter Specifications
Table 2-76 defines the PCI Express (2.5 Gb/s) DC specifications for the differential output at all
transmitters (TXs). The parameters are specified at the component pins.

Table 2-76. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output DC Specifications

Parameter Symbol Min Typical Max Units Comments

Differential Peak-to-Peak

Output Voltage VrxoiFFps 800 1000 1200 MV | Vixoress = 2 * [Vixo* — Vixo-| See Note (.

Ratio of the Viy pier,., OF the second and following
V1x.DE-RATIO 3.0 3.5 4.0 dB bits after a transition divided by the Vqy ., Of the
first bit after a transition. See Note ("),

De-emphasized Differential
Output Voltage (Ratio)

DC Differential TX

Impedance Z1x-DIFF-DC 80 100 120 Q TX DC Differential mode Low Impedance

Required TX D+ as well as D— DC Impedance

Transmitter DC Impedance Z1xpc 40 50 60 Q during all states

Note: 1. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 2-52 and measured
over any 250 consecutive Tx Uls.
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Table 2-78 defines the PCI Express (2.5 Gb/s) AC specifications for the differential output at all
transmitters (TXs). The parameters are specified at the component pins. The AC timing specifications do
not include RefCIk jitter.

2.19.2.2 PCI Express DC Physical Layer Receiver Specifications
Table 2-77 defines the DC specifications for the PCI Express (2.5 Gb/s) differential input at all receivers
(RXs). The parameters are specified at the component pins.

Table 2-77. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input DC Specifications

Parameter Symbol Min Typical Max Units Comments

\E;LT;rggtia' nput Peak-to-Peak |y oros 175 - 1200 MV | Vagorrss = 2 * Vaxos = Vaxo_| See Note (.
f:n%g;:ir:e”“a' Input Zeorroc 80 100 120 Q RX DC Differential mode impedance. See Note
DC Input Impedance Zeroe 40 50 60 o Required RX D+ as well as D— DC Impedance

(50 £ 20% tolerance). See Notes (V) and @),

Powered Down DC Input Required RX D+ as well as D— DC Impedance

Impedance Z R X -HIGH-IMP-DC 50 - - kQ when the Receiver terminations do not have
P power. See Note @)
Electrical Idle Detect Threshold | RXIDLEDETOF | g5 - 175 mv | Vexoweomrorr, = 2 X Vio. Ve | Measured at
Fo-p the package pins of the Receiver

Notes: 1. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 2-52 must be used
as the Rx device when taking measurements. If the clocks to the Rx and Tx are not derived from the same reference clock,
the Tx Ul recovered from 3500 consecutive Ul must be used as a reference for the eye diagram.

2. Impedance during all LTSSM states. When transitioning from a fundamental reset to detect (the initial state of the LTSSM)
there is a 5 ms transition time before receiver termination values must be met on all unconfigured lanes of a port.

3. The Rx DC common mode impedance that exists when no power is present or fundamental reset is asserted. This helps
ensure that the receiver detect circuit does not falsely assume a receiver is powered on when it is not. This term must be
measured at 300 mV above the Rx ground.

2.19.3 PCI Express AC Physical Layer Specifications
This section contains the DC specifications for the physical layer of PCI Express on this device.

2.19.3.1 PCI Express AC Physical Layer Transmitter Specifications
This section discusses the PCI Express AC physical layer transmitter specification for 2.5 Gb/s.

Table 2-78 defines the PCI Express (2.5 Gb/s) AC specifications for the differential output at all
transmitters (TXs). The parameters are specified at the component pins. The AC timing specifications do
not include RefCIk jitter.

90

1073D-HIREL-11/19
Teledyne e2v Semiconductors SAS 2019



P2020

Table 2-78. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output AC Specifications

Parameter

Symbol

Min

Typical

Max

Units

Comments

Unit Interval

ul

399.88

400.00

400.12

ps

Each Ul is 400 ps + 300 ppm. Ul does not account
for Spread Spectrum Clock dictated variations.
See Note (.

Minimum TX Eye Width

TTX-EYE

0.70

ul

The maximum Transmitter jitter can be derived as

Trxmaxarmer = 1= Trxeye = 0.3 UL
See Notes ) and ©).

Maximum time between the
jitter median and maximum
deviation from the median.

TTX-EYE—M EDIAN-
to-MAX-JITTER

0.15

ul

Jitter is defined as the measurement variation of the
crossing points (Vry pirrpp = OV) in relation to a
recovered TX Ul. A recovered TX Ul is calculated
over 3500 consecutive unit intervals of sample data.
Jitter is measured using all edges of the 250
consecutive Ul in the center of the 3500 Ul used for
calculating the TX Ul. See Notes @ and @

AC Coupling Capacitor

CTX

75

200

nF

All transmitters are AC coupled. The AC coupling is
required either within the media or within the
transmitting component itself. See Note ).

Notes: 1. No test load is necessarily associated with this value.

2. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 2-52 and measured

over any 250 consecutive Tx Uls.

3. A Tixeye = 0.70 Ul provides for a total sum of deterministic and random jitter budget of T1y_jirrer-max = 0.30 Ul for the
Transmitter collected over any 250 consecutive Tx Uls. The Ty eyve-mepian-to-max-uitTer Median is less than half of the total Tx
jitter budget collected over any 250 consecutive Tx Uls. It must be noted that the median is not the same as the mean. The
jitter median describes the point in time where the number of jitter points on either side is approximately equal as opposed to
the averaged time value.

4. P2020 SerDes transmitter does not have C+y built-in. An external AC Coupling capacitor is required.

2.19.3.2 Test and Measurement Load
The AC timing and voltage parameters must be verified at the measurement point. The package pins of
the device must be connected to the test/measurement load within 0.2 inches of that load, as shown in
Figure 2-52.

Note:

The allowance of the measurement point to be within 0.2 inches of the package pins is meant to
acknowledge that package/board routing may benefit from D+ and D— not being exactly matched in length
at the package pin boundary. If the vendor does not explicitly state where the measurement point is located,
the measurement point is assumed to be the D+ and D— package pins.

Figure 2-52. Test/Measurement Load

D+ Package

Pin

TX
Silicon

Pin

+ Package
D- Package ; C=Crx

R =50Q
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2.19.3.3 PCI Express AC Physical Layer Receiver Specifications
This section discusses the PCI Express AC physical layer receiver specifications for 2.5 Gb/s.

Table 2-79 defines the AC specifications for the PCI Express (2.5 Gb/s) differential input at all receivers.
The parameters are specified at the component pins. The AC timing specifications do not include RefClk
jitter.

Table 2-79. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input AC Specifications

Parameter Symbol Min Typical Max Units Comments

Each Ul is 400 ps + 300 ppm. Ul does not
Unit Interval Ul 399.88 400.00 400.12 ps account for Spread Spectrum Clock dictated
variations. See Note (1),

The maximum interconnect media and
Minimum Receiver Eye T Transmitter jitter that can be tolerated by the
Width RX-EYE Receiver can be derived as Try yaxJiTTer =
1 — Trxeve = 0.6 Ul. See Notes @ and ©).

Jitter is defined as the measurement variation
of the crossing points (Vgx.pirrp.p = 0V) in
Maximum time between relation to a recovered TX Ul. A recovered TX
the jitter median and Ul is calculated over 3500 consecutive unit
maximum deviation from TRX-EVEMEDIAN-0-MAX-UITTER B - 03 ul intervals of sample data. Jitter is measured
the median. using all edges of the 250 consecutive Ul in
the center of the 3500 Ul used for calculating
the TX Ul. See Notes @, ®) and @,

Notes: 1. No test load is necessarily associated with this value.

2. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 2-52 must be used
as the Rx device when taking measurements. If the clocks to the Rx and Tx are not derived from the same reference clock,
the Tx Ul recovered from 3500 consecutive Ul must be used as a reference for the eye diagram.

3. A Trx.eve = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the Transmitter and
interconnect collected any 250 consecutive Uls. The Try eve-meEDIAN-to-MAX-ITTER SPECIfication ensures a jitter distribution in
which the median and the maximum deviation from the median is less than half of the total. Ul jitter budget collected over
any 250 consecutive Tx Uls. It must be noted that the median is not the same as the mean. The jitter median describes the
point in time where the number of jitter points on either side is approximately equal as opposed to the averaged time value.
If the clocks to the Rx and Tx are not derived from the same reference clock, the Tx Ul recovered from 3500 consecutive Ul
must be used as the reference for the eye diagram.

4. Itis recommended that the recovered Tx Ul is calculated using all edges in the 3500 consecutive Ul interval with a fit
algorithm using a minimization merit function. Least squares and median deviation fits have worked well with experimental
and simulated data.

2.20 Serial RapidlO (SRIO)

This section describes the DC and AC electrical specifications for the RapidlO interface for the LP-Serial
physical layer. The electrical specifications cover both single and multiple-lane links. Two transmitters
(short run and long run) and a single receiver are specified for each of three baud rates, 1.25, 2.50, and
3.125 GBaud.

Two transmitter specifications allow for solutions ranging from simple board-to-board interconnect to
driving two connectors across a backplane. A single receiver specification is given that accepts signals
from both the short run and long run transmitter specifications.
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The short run transmitter must be used mainly for chip-to-chip connections on either the same printed
circuit board or across a single connector. This covers the case where connections are made to a
mezzanine (daughter) card. The minimum swings of the short run specification reduce the overall power
used by the transceivers.

The long run transmitter specifications use larger voltage swings that are capable of driving signals
across backplanes. This allows a user to drive signals across two connectors and a backplane. The
specifications allow a distance of at least 50 cm at all baud rates.

All unit intervals are specified with a tolerance of £+100 ppm. The worst case frequency difference
between any transmit and receive clock is 200 ppm.

Signal Definitions

To ensure interoperability between drivers and receivers of different vendors and technologies, AC
coupling at the receiver input must be used.

LP-Serial links use differential signaling. This section defines terms used in the description and
specification of differential signals. Figure 2-53 shows how the signals are defined. The figures show
waveforms for either a transmitter output (TD and TD) or a receiver input (RD and RD). Each signal
swings between A Volts and B Volts where A > B.

Figure 2-53. Differential Peak-Peak Voltage of Transmitter or Receiver

TD or RD
AVolts - — -

B Volts _ _ _TD or RD

L Differential Peak-Peak = 2*Vprgp

Using these waveforms, the definitions are as follows:
* The transmitter output signals and the receiver input signals TD, TD, RD and RD each have a peak-
to-peak swing of A — B Volts.
* The differential output signal of the transmitter, Vqp, is defined as Vip — V3p
* The differential input signal of the receiver, Vjy, is defined as Vrp — Vgp

* The differential output signal of the transmitter and the differential input signal of the receiver each
range from A — B to —(A — B) Volts

» The peak value of the differential transmitter output signal and the differential receiver input signal is
A -B Volts.

» The peak-to-peak value of the differential transmitter output signal and the differential receiver input
signal is 2 x (A — B) Volts.
To illustrate these definitions using real values, consider the case of a CML (Current Mode Logic)
transmitter that has a common mode voltage of 2.25V and each of its outputs, TD and TD, has a swing
that goes between 2.5V and 2.0V. Using these values, the peak-to-peak voltage swing of the signals TD
and TD is 500 mV p-p. The differential output signal ranges between 500 mV and —500 mV. The peak
differential voltage is 500 mV. The peak-to-peak differential voltage is 1000 mV p-p.
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2.20.2 Equalization
With the use of high speed serial links, the interconnect media causes degradation of the signal at the
receiver. Effects such as Inter-Symbol Interference (ISI) or data dependent jitter are produced. This loss
can be large enough to degrade the eye opening at the receiver beyond what is allowed in the
specification. To negate a portion of these effects, equalization can be used. The most common
equalization techniques that can be used are as follows:
* Pre-emphasis on the transmitter

* A passive high pass filter network placed at the receiver. This is often referred to as passive
equalization.

» The use of active circuits in the receiver. This is often referred to as adaptive equalization.

2.20.3 DC Requirements for Serial RapidlO
This section explains the DC requirements for the Serial RapidlO interface.

2.20.3.1 DC Requirements for Serial RapidlO SD_REF_CLK and SD_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clocks of the Serial RapidlO
interface are described in Section 2.18.2.3 "DC Level Requirement for SerDes Reference Clocks” on
page 85.

2.204 DC Serial RapidlO Timing Transmitter Specifications
LP-Serial transmitter electrical and timing specifications are stated in the text and tables of this section.

The differential return loss, S11, of the transmitter in each case is better than
» —10 dB for (Baud Frequency)/10 < Freq(f) < 625 MHz, and

» —10 dB + 10log(f/625 MHz) dB for 625 MHz < Freq(f) < Baud Frequency

The reference impedance for the differential return loss measurements is 100Q resistive. Differential
return loss includes contributions from on-chip circuitry, chip packaging and any off-chip components
related to the driver. The output impedance requirement applies to all valid output levels.

It is recommended that the 20%—80% rise/fall time of the transmitter, as measured at the transmitter
output, have a minimum value 60 ps in each case.

It is recommended that the timing skew at the output of an LP-Serial transmitter between the two signals
that comprise a differential pair not exceed 25 ps at 1.25 GBaud, 20 ps at 2.50 GBaud and 15 ps at
3.125 GBaud.

Table 2-80 defines the Transmitter DC specifications for the Serial RapidlO interface.

Table 2-80. SRIO Transmitter DC Timing Specifications: 1.25 GBaud, 2.5 GBaud, 3.125 GBaud

Parameter Symbol Min Typical Max Unit Notes
Output Voltage, Vo -0.40 - 2.30 \Y )
Long Run Differential Output Voltage Voirrpp 800 - 1600 mV p-p -
Short Run Differential Output Voltage Voirepp 500 - 1000 mV p-p -

Note: 1. Voltage relative to COMMON of either signal comprising a differential pair.
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2.20.5 DC Serial RapidlO Receiver Specifications
LP-Serial receiver electrical and timing specifications are stated in the text and tables of this section.
Receiver input impedance results in a differential return loss better that 10 dB and a common mode
return loss better than 6 dB from 100 MHz to (0.8) x (Baud Frequency). This includes contributions from
on-chip circuitry, the chip package and any off-chip components related to the receiver. AC coupling
components are included in this requirement. The reference impedance for return loss measurements is
100Q resistive for differential return loss and 25Q resistive for common mode.
Table 2-81 defines the Receiver DC specifications for the Serial RapidlO interface.
Table 2-81. SRIO Receiver DC Timing Specifications: 1.25 GBaud, 2.5 GBaud, 3.125 GBaud
Characteristic Symbol Min Typical Max Unit Notes
Differential Input Voltage Vin 200 - 1600 mV p-p Measured at receiver
2.20.6 AC Requirements for Serial RapidlO
This section explains the AC requirements for the Serial RapidlO interface.
2.20.6.1 AC Requirements for Serial RapidlO SD_REF_CLK and SD_REF_CLK
Please note that the Serial RapidlO clock requirements for SD_REF_CLK and SD_REF_CLK are
intended to be used within the clocking guidelines specified by Section 2.18.3 "AC Requirements for PCI
Express SerDes Reference Clocks” on page 87.
2.20.6.2 AC Requirements for Serial RapidlO Transmitter and Receiver

Table 2-82 defines the transmitter AC specifications for the Serial RapidlO interface. The AC timing
specifications do not include RefCIk jitter.

Table 2-82.  SRIO Transmitter AC Timing Specifications
Parameter Symbol Min Typical Max Unit
Deterministic Jitter Jp - - 0.17 Ul p-p
Total Jitter Jr - - 0.35 Ul p-p
Unit Interval: 1.25 GBaud ul 800—100ppm 800 800 + 100ppm ps
Unit Interval: 2.5 GBaud ul 400-100ppm 400 400 + 100ppm ps
Unit Interval: 3.125 GBaud ul 320-100ppm 320 320 + 100ppm ps
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Table 2-83 defines the receiver AC specifications for the Serial RapidlO interface. The AC timing
specifications do not include RefCIk jitter.
Table 2-83. SRIO Receiver AC Timing Specifications
Parameter Symbol Min Typical Max Unit Notes
Deterministic Jitter Tolerance Jo 0.37 - - Ul p-p Measu'red at
receiver
Combined Deterministic and J 055 _ _ Ul o- Measured at
Random Jitter Tolerance bR : PP receiver
Total Jitter Tolerance!" Jr 0.65 - - Ul p-p Measured at
receiver
Bit Error Rate BER - - 1072 - -
Unit Interval: 1.25 GBaud ul 800-100ppm 800 800+100ppm ps -
Unit Interval: 2.5 GBaud ul 400-100ppm 400 400+100ppm ps -
Unit Interval: 3.125 GBaud ul 320-100ppm 320 320+100ppm ps -

Note: 1. Total jitter is composed of three components: deterministic jitter, random jitter, and single frequency sinusoidal jitter. The
sinusoidal jitter may have any amplitude and frequency in the unshaded region of Figure 2-54. The sinusoidal jitter
component is included to ensure margin for low frequency jitter, wander, noise, crosstalk and other variable system effects.

Figure 2-54 shows the single frequency sinusoidal jitter limits.

Figure 2-54. Single Frequency Sinusoidal Jitter Limits

8.5 Ul pp
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Jitter
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3. Thermal

This section describes the thermal specifications of the device.

3.1 Thermal Characteristics
Table 3-1 provides the package thermal characteristics.

Table 3-1. Package Thermal Characteristics

Characteristic JEDEC Board Symbol Value Unit Notes
Junction-to-ambient Natural .

° (M(2)
Convection Single layer board (1s) Rosa 21 C/w
Junction-to-ambient Natural

° (1)
Convection Four layer board (2s2p) Rosa 14 C/w
Junction-to-ambient (at 200 ft/min) Single layer board (1s) Roa 16 °C/W e
Junction-to-ambient (at 200 ft/min) Four layer board (2s2p) Roa 12 °C/W DS
Junction-to-board thermal - Ross 7 °C/W ®
Junction-to-case thermal (Top) - Rosc 5 °C/W @)

Notes: 1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance,
mounting site (board) temperature, ambient temperature, air flow, power dissipation of other
components on the board, and board thermal resistance.

2. Per JEDEC JESD51-2 and JESD51-6 with the board (JESD51-9) horizontal.

3. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board
temperature is measured on the top surface of the board near the package.

4. Junction-to-case at the top of the package determined using MIL-STD 883 Method 1012.1. The cold
plate temperature is used for the case temperature. Reported value includes the thermal resistance of
the interface layer.

3.2 Temperature Diode

The device has a temperature diode on the microprocessor that can be used in conjunction with other
system temperature monitoring devices (such as Analog Devices, ADT7461™). These devices use the
negative temperature coefficient of a diode operated at a constant current to determine the temperature
of the microprocessor and its environment.

The following are the specifications of the P2020 on-board temperature diode:
Operating range: 10 — 230 pA
Ideality factor over 13.5 — 220 pA; n =1.011 £ 0.008
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4. Package Information
This section provides the package parameters and ordering information.

41 Package Parameters for the P2020 WB-TePBGA

The package parameters are provided in the following list. The package type is 31 mm x 31 mm, 689
plastic ball grid array (WB-TePBGA).

Package outline 31 mm x 31 mm

Interconnects 689

Pitch 1.00 mm

Module height (typical) 2.0 mm to 2.46 mm (Maximum)
Solder Balls (RoHs, package type =2) 3.5% Ag, 96.5% Sn

Solder Balls (SnPb, package type =4) 63% Sn, 37% Pb

Ball diameter (typical) 0.60 mm

Figure 4-1. P2020 Package
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All dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y14. 5M-1994.

Maximum solder ball diameter measured parallel to Datum A.

Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
Parallelism measurement excludes any effect of mark on top surface of package.

Notes:

o~ 0N~
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4.2 Ordering Information
Table 4-1 provides the e2v part numbering nomenclature for the P2020. Note that the individual part
numbers correspond to a maximum processor core frequency. For available frequencies, contact your
local e2v sales office. Each part number also contains a revision code which refers to the die mask

revision number.

Table 4-1. Ordering Information
p 2 02 or 01 0 y e n c d r
. Number of L Temperatur . CPU DDR Die
(1)
Generation Platform Cores Derivative e Range Encryption Package Type Frequency Speed Revision
= 4 = TEPBGA2
S?r11 e E =SEC H =800 MHz F =667
o 9 F: -40/125 Present K =1000 MHz MHz
P(X)? = 45 nm 2 core 0-9 Pb Cc=21
02 = Dual M: -55/125 N =SEC 2 = TEPBGA? M = 1200 MHz H =800
Not Present = = MHz
core Pb free N =1333 MHZ

Notes: 1. For availability of the different versions, contact your local e2v sales office.

2. The letter X in the part number designates a "Prototype" product that has not been qualified by e2v. Reliability of a PCX part-
number is not guaranteed and such part-number shall not be used in Flight Hardware. Product changes may still occur while

shipping prototypes.

3. Processor core frequencies supported by parts addressed by this specification only. Not all parts described in this
specification support all core frequencies. Additionally, parts addressed by part number specifications may support other

maximum core frequencies.

5. Definitions

5.1 Life Support Applications
These products are not designed for use in life support appliances, devices or systems where
malfunction of these products can reasonably be expected to result in personal injury. e2v customers
using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify e2v for any damages resulting from such improper use or sale.
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6. Document Revision History

Table 6-1.

Table 6-1 provides a revision history for the P2020 hardware specification.

Document Revision History

Rev. No

Date

Substantive Change(s)

1073D

11/2019

* In Table 1-1, note 15, changed “USB1_STP” to “USB_STP”.

* In Table 2-9, updated the high-level input voltage min and the low-level input voltage max and added “RGMII, GMII at
LVpp = 2.5V" to the title.

+ Added Table 2-10 for GMII LVpp = 3.3V.
« In Table 2-11, added the frequency min and max formulas and added a row with jitter data.

1073C

04/2014

* In the features list, removed "Operating Junction Temperature (Tj) Range: —40°C/125°C (Industrial Specification) and
—55°C/125°C (Military Specification)" bullet point.

* In the features list, changed the 36-bit physical addressing clock frequency from 1.2 GHz to 1.33 GHz.

* In Table 1-1, added overbar to the signal TEST_SEL.

* In Table 2-2, modified the recommended value for DDR2 and DDR3 DRAM reference inputbvoltages.

* In Table 2-4, added rows for core frequency = 1333.

* In Table 2-17 and Table 2-18, updated footnote 2.

* In Table 4-1, added CPU frequency N = 1333.

1073B

03/2012

* In Table 1-1, updated the text corresponding to footnote 16 from: “WheneTSEC1 and eTSEC2 are used as parallel
interfaces, pins TSEC1_TX_EN and TSEC2_TX_EN require an external 4.7-kQ pull-down resistor to prevent PHY from
seeing a valid Transmit Enable before it is actively driven. TSEC2_TXD[05] is a POR configuration pin for eSDHC card-
detect (cfg_sdhc_cd_pol_sel) and also has an alternate function as TSEC3_TX_EN. When using eTSEC3 as a parallel
interface, the TSEC3_TX_EN requires a pull down. However, because the pull-down resistor on
TSEC2_TXD[05)/TSEC3_TX_EN signal causes the eSDHC card-detect (cfg_sdhc_cd_pol_sel) to be inverted, the inversion
must be overridden from the SDHCDCR [CD_INV] debug control register.” to:

“TSEC2_TXDI05] is a POR configuration pin for eSDHC card-detect (cfg_sdhc_cd_pol_sel), and it also has an alternate
function of TSEC3_TX_EN. When eTSEC1 or eTSEC2 or e TSEC3 are used as parallel interfaces, the TSECx_TX_EN pins
require an external 4.7-k pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is actively driven.
However, the pull-down resistor on TSEC3_TX_EN causes the eSDHC card-detect (cfg_sdhc_cd_sel) to be inverted; the
inversion should be overridden from the SDHCDCR[CD_INV] debug control register. If the device is configured to boot from
the eSDHC interface, the SDHC_CD should be inverted on the board.”

* In Table 2-1, for DDR2/DDR3 DRAM signals and reference rows, updated the value in the “Maximum” column from “-0.3 to
(GVpp + 0.3)" to “~0.3 to (GVpp + 0.3)” and “-0.3 to (GVpp/2 + 0.3),” respectively.

* In Table 2-1, for the SerDes row, updated the value in the “Maximum” column from “-0.3 to (OVpp + 0.3)” to “-0.3 to (XVpp
+0.3).”

* In Table 2-5, added “RMII” to the “Parameters” column for the eTSEC row that corresponds to LVpp (2.5V), and added “Mll,
GMIl, TBI, RMII, and 1588” to the “Parameters” column for the eTSEC row that corresponds to LVpp (3.3V).

« In Section 2.10.1.1 "GMII, MIl, TBI, RGMII, RMII, and RTBI DC Electrical Characteristics” on page 46, Table 2-31 on page
46 and Table 2-32, added “IEEE 1588 to the title.

* In Table 2-31, added “IEEE 1588” to the cell containing the “Input high voltage” parameter.

* In Table 2-42, updated the parameter “RXD[1:0], CRS_DV, RX_ER setup time to TSECn_RX_CLK rising edge” to
“RXD[1:0], CRS_DV, RX_ER setup time to TSECn_TX_CLK rising edge,” and the parameter “RXD[1:0], CRS_DV, RX_ER
hold time to TSECn_RX_CLK rising edge” to “RXD[1:0], CRS_DV, RX_ER hold time to TSECn_TX_CLK rising edge.”

« In Figure 2-20, changed “TSECn_RX_CLK” to “TSECn_TX_CLK.”

* In Table 2-58, in the “Parameters” column, changed “Low-level output voltage (BVpp = min, Iy = —0.5 mA)” to “Low-level
output voltage (BVpp = min, lgy = 0.5 mA).”

« In Table 2-61, changed the minimum value of parameter “Input leakage current” from “-40” to “~70.”

* In Figure 2-36, changed “tHSIVKH” to “tggvky” @and changed “tygixkn” 10 “tshsixkh-

« In Table 2-66, changed parameter “JTAG external clock pulse width measured at 1.4V” to “JTAG external clock pulse width
measured at OVpp/2.”

« In Table 2-75, added the following footnote to the table and added it to the “Notes” column of row
“SD_REF_CLK/SD_REF_CLK reference clock duty cycle”: “7. Measurement taken from the differential waveform.”
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Table 6-1. Document Revision History (Continued)

Rev. No | Date Substantive Change(s)
* In Figure 2-75, removed “(Measure at 1.6V)” from parameter “SD_REF_CLK/SD_REF_CLK reference clock duty cycle.”
» In Figure 2-53, changed “Differential Peak-Peak = 2 Rx (A,A” to “Differential Peak-Peak = 2*VDIFFp.”
* In Section 2.2 "Power Sequencing” on page 28, added the following warning: “Only 100,000 POR cycles are permitted per
lifetime of a device.”
* In Table 2-45, updated the minimum value for the AC coupling capacitor parameter from 5 to 10.
* In Table 2-42, removed note from “TSECn_TX_CLK (reference clock) clock period” row.
* In Table 2-58, changed parameter from “Low-level output voltage (BVpp = min, Iy = 0.5 mA)” to “Low-level output voltage
(BVpp = min, Ig. = 0.5 mA).”
* In Figure 2-36, updated text from “VM = Midpoint Voltage (OVpp/2)” to “VM = Midpoint Voltage (CVpp/2).”
* In Figure 2-35, updated the text from “VM = Midpoint Voltage (OVp/2)” to “VM = Midpoint Voltage (CVpp/2).”

1073A 09/2011 Initial revision
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IMPORTANT NOTICE

Teledyne e2v provides technical and reliability data, including datasheets, design resources, application
and other recommendations ("Resources") "as is" at the date of its disclosure.

All Teledyne e2v Resources are subject to change without notice to improve reliability, function or
design, or otherwise.

These Resources are intended for skilled developers designing with Teledyne e2v products. You are
solely responsible for a. selecting the appropriate Teledyne e2v products for your application,

b. designing, validating and testing your application, and c. ensuring your application meets applicable
standards, and any other safety, security, or other requirements.

Teledyne e2v makes no warranty, representation or guarantee regarding the suitability of these
Resources for any particular purpose, or the continuing production of any of its products. Teledyne e2v
grants you permission to use these Resources only for the development of an application that uses the
Teledyne e2v products described in the Resource. Other reproduction and display of these Resources
are not permitted. No license, express or implied, to Teledyne e2vintellectual property right or to any
third party intellectual property right is granted by this document or by the conduct of Teledyne e2v.

To the maximum extent permitted by law, Teledyne e2v disclaims (i) any and all liability for any errors,
inaccuracies or incompleteness contained in these Resources, or arising out of the application of or use
of these Resources, and (ii) any and all express or implied warranties, including those of
merchantability, fitness for a particular purpose or non-infringement of intellectual property rights. You
shall fully indemnify Teledyne e2v against, any claims, damages, costs, losses, and liabilities arising out
of your application of or use of these Resources.

Teledyne e2v's acceptance of any products purchase orders is expressly conditioned upon your assent
to Teledyne e2v's General Terms and Conditions of Sale which are stated in any Teledyne e2v's offer
and can be found at www.teledyne-e2v.com/about-us/terms-and-conditions/.

The provision of these Resources by Teledyne e2v does not expand or otherwise alter Teledyne e2v's
applicable warranties or warranty disclaimers for Teledyne e2v products.

Mailing Address: Teledyne e2v Semiconductors SAS, Avenue de Rochepleine, 38120 Saint Egréve,
France.

Telephone: +33 4 76 58 30 00
e-mail: hotline-std@teledyne.com
Copyright © 2020, Teledyne e2v Semiconductors SAS
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