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Features

Everywhereyoulook

QLS1046A has four cores and QLS1026A has two

cores

4GB or 8GB of DDR4 with ECC with built-in DDR bus

to the processor, achieving 2.1GT/s

Optimized DDR4 controller configuration provided in

the document AN 60S 223060 (available on the
product webpage),

Four 32-bit/64-bit Arm® Cortex®-v8 A72 CPUs

— Arranged as a single cluster of four cores
sharing a single 2 MB L2 cache

— Up to 1.8 GHz operation

— Single-threaded cores with 32 KB L1 data cache

and 48 KB L1 instruction cache

Hierarchical interconnect fabric
— Up to 700 MHz operation

Data Path Acceleration Architecture (DPAA)
incorporating acceleration for the following
functions:

— Packet parsing, classification, and
distribution (FMan)

— Queue management for scheduling, packet
sequencing, and congestion management
(QMan)

— Hardware buffer management for buffer
allocation and de-allocation (BMan)

— Cryptography acceleration (SEC)

— |IEEE 1588™ support

Two RGMII interfaces

Eight SerDes lanes for high-speed peripheral
interfaces

— Three PCI Express 3.0 controllers
— One Serial ATA (SATA 6 Gbit/s) controller
— Up to two XFI (10 GbE) interfaces

— Up to five SGMII interfaces supporting 1000 Mbps

— Up to three SGMII interfaces supporting 2500
Mbps

— Up to one QSGMII interface

— Supports 10GBase-KR

— Supports 1000Base-KX

QLS1046A, QLS1026A

Qormino Integrated Multicore communication

processor with DDR4

Datasheet DS 60S 217489

Additional peripheral interfaces

— One Quad Serial Peripheral Interface
(QSPI) controller

— One Serial Peripheral Interface (SPI) controller

— Integrated flash controller (IFC) supporting
NAND and NOR flash

— Three high-speed USB 3.0 controllers
with integrated PHY

— One Enhanced Secure Digital Host
Controller supporting SD 3.0, eMMC 4.4,
and eMMC 4.5

— Four 12C controllers

— Two 16550-compliant DUARTS and six low-
power UARTs (LPUARTS)

— General purpose 10 (GPIO), eight Flextimers

— One Queue Direct Memory Access
Controller (QDMA)

— One Enhanced Direct Memory Access
Controller (eDMA)

— Global programmable interrupt controller (GIC)

— Thermal monitoring unit (TMU)

1415 FC-PBGA package, 26 mm x 44 mm

An Important Notice at the end of this datasheet addresses availability, warranty, changes, use in critical applications, intellectual property
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1 INTRODUCTION

The QLS1046A is a cost-effective, power-efficient, and highly integrated system-on-chip (SoC) design that extends the
reach of the Teledyne e2v value-performance line of QorlQ communications processors. Featuring power-efficient 64-
bit Arm® Cortex®-A72 cores with ECC-protected L1 and L2 cache memories for high reliability, running up to 1.8 GHz.

The QLS1046A and QLS1026A processors are perfectly suited for a range of embedded applications such as
enterprise routers and switches, linecard controllers, network attached storage, security appliances, virtual customer
premise equipment (vCPE), service providers gateways, and single board computers.

This figure shows the block diagram of the chip.
Figure 1. QLS1046A block diagram
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Figure 2. QLS1026A block diagram
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2.1

PIN ASSIGNMENTS

1415 BGA ball layout diagrams

This figure shows the complete view of the QLS1046A BGA ball map diagram. Figure 4, Figure 5, Figure 6, Figure 7,
figure 8 and figure 9 show quadrant views.

Figure 3. Complete BGA Map for the QLS1046A
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Figure 4.
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Figure 5. Detail B
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Figure 6. Detail C
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Figure 7. Detail D
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Figure 8. Detail E
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Figure 9. Detail F
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2.2 Pinout list
This table provides the pinout listing for the QLS1046A by bus. Primary functions are bolded in the table.
Table 1. Pinout list by bus

Signal Signal description Par?llj;gbeerpin tS;)ne Power supply Notes
DDR SDRAM Memory Interface 1
MRST_N DDR SDRAM Memory Interface 1 M28 | G1vDD -
VREFCA DDR4 reference voltage G21 - G1vDD/2 -
Integrated Flash Controller

IFC_A16/QSPI_A_CS0 IFC Address E8 o OVDD 1,5

IFC_A17/QSPI_A_CS1 IFC Address D8 o OVDD 1,5

IFC_A18/QSPI_A_SCK IFC Address D9 (o} OvDD 1,5

IFC_A19/QSPI_B_CS0 IFC Address E10 o OvDD 1,5

IFC_A20/QSPI_B_CS1 IFC Address D10 o OvDD 1,5

IFC—QSié?aSnﬁle&SCK/ IFC Address D11 (0] OvVDD 1,15
IFC_A22/QSPI_A_DATAO/ IFC_WP1_B IFC Address Ell (0] OvVDD 1
IFC_A23/QSPI_A_DATAl/ IFC_WP2_B IFC Address D12 (0] OvVDD 1
IFC_A24/QSPI_A_DATA2/ IFC_WP3_B IFC Address E13 o} ovDD 1

IFC_A25/GP102_25/
QSPI_A_DATA3/FTM5_CHO0/ IFC Address D13 (0] OvVDD 1
IFC_CS4 B/IFC_RB2_B

IFC_A%/GPIOZT?:@_?&?ECHMFC_CSS_B/ IEC Address E14 o ovVDD 1
IFC_A27/GPIO2_27/ FTM5_EXTCLK/IFC_CS6_B IFC Address D14 o} ovDD 1
IFC_ADOO/cfg_gpinput0 IFC Address / Data c8 10 OvDD 4
IFC_ADO1/cfg_gpinputl IFC Address / Data B8 10 OvVDD 4
IFC_ADO2/cfg_gpinput2 IFC Address / Data Cc9 10 OvDD 4
IFC_ADO3/cfg_gpinput3 IFC Address / Data B9 10 OvVDD 4
IFC_ADO4/cfg_gpinput4 IFC Address / Data B10 10 OvVDD 4
IFC_ADO5/cfg_gpinput5 IFC Address / Data Ci11 10 OvVDD 4
IFC_ADO6/cfg_gpinput6 IFC Address / Data B11 10 OvVDD 4
IFC_ADO7/cfg_gpinput7 IFC Address / Data C12 10 OvVDD 4
IFC_ADO8/cfg_rcw_srcO IFC Address / Data B12 10 OvVDD 4
IFC_ADO09/cfg_rcw_srcl IFC Address / Data B13 10 OvVDD 4
IFC_AD10/cfg_rcw_src2 IFC Address / Data Ci4 10 OvVDD 4
IFC_AD11/cfg_rcw_src3 IFC Address / Data B14 10 ovDD 4
IFC_AD12/cfg_rcw_src4 IFC Address / Data C15 10 OvDD 4
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Package pin Pin

Signal Signal description — type Power supply Notes
IFC_AD13/cfg_rcw_src5 IFC Address / Data B15 10 OvDD 4
IFC_AD14/cfg_rcw_src6 IFC Address / Data B16 10 OvDD 4
IFC_AD15/cfg_rcw_src7 IFC Address / Data B17 10 OvDD 4
IFC_AVD IFC Address Valid B18 (6] OvDD 1,5

IFC_BCTL IFC Buffer control F15 (0] OvDD -
IFC_CLE/cfg_rew_src8 IFC Comma”dEﬁgr;E”ab'e f Write D19 o oVDD 1,4

IFC_CLKO IFC Clock B20 (6] OvDD -

IFC_CLK1 IFC Clock C20 (6] OvDD -
IFC_CS0_B IFC Chip Select D17 (o} OvDD 1,6
IFC_CS1_B/GPIO2_10/ FTM7_CHO IFC Chip Select B19 (o} OvDD 1,6
IFC_CS2_B/GPIO2_11/ FTM7_CH1 IFC Chip Select E20 o OVDD 1,6
IFC_CS3_B/GP102_12/ QSPI_B_DATA3/ IFC Chip Select D20 o oVDD 16

FTM7_EXTCLK

IFC_CS4_B/IFC_A25/
GPIO2_25/QSPI_A_DATA3/ IFC Chip Select D13 o) oVDD 1
FTM5_CHO/IFC_RB2_B

IFC_CS5_B/IFC_A26/ GPI02_26/FTM5_CH1/

IFC_RB3 B IFC Chip Select El4 (0] OvDD 1

IFC_CS6_B/IFC_A27/ GPIO2_27/FTM5_EXTCLK IFC Chip Select D14 o OovVDD 1

IFC_NDDDR_CLK IFC NAND DDR Clock F16 (0] OvVDD -

IFC_NDDQS IFC DQS Strobe C17 10 OvVDD -

IFC_OE_B/cfg_eng_usel IFC Output Enable D18 (0] OvVDD 1,4

IFC_PARO0/GPIO2_13/ .

QSPI_B_DATAO/FTM6_CHO IFC Address & Data Parity C18 10 OvVDD -
IFC_PAR1/GPI02_14/ .

QSPI_B_DATAL/FTM6_CH1 IFC Address & Data Parity E17 10 OVvDD -

IFC_PERR_B/GPI02_15/ QSPI_B_DATA2/ )

FTM6_EXTCLK IFC Parity Error F17 | OvVDD 1

IFC_RBO_B IFC Ready / Busy CSO D16 | OVvDD 6

IFC_RB1_B IFC Ready / Busy CS1 E16 I OovDD 6

IFC_RB2_B/IFC_A25/
GPIO2_25/QSPI_A_DATA3/ IFC Ready/Busy CS 2 D13 I OoVDD 1
FTM5_CHO/IFC_CS4 B

IFC_RB3_B/IFC_A26/ GPIO2_26/FTM5_CH1/

IFC_CS5_B IFC Ready/Busy CS 3 E14 | OvDD 1
IFC_TE/cfg_ifc_te IFC External Transceiver Enable F14 (0] OvVDD 1,4
IFC_WEO_B/cfg_eng_use0 IFC Write Enable D15 (0] OVvDD 1,4,26
IFC_WPO0_B/cfg_eng_use2 IFC Write Protect E19 (0] OVvDD 1,4
IFC_WP1_B/IFC_A22/ QSPI_A_DATAO IFC Write Protect E11 (0] OVvDD 1
IFC_WP2_B/IFC_A23/ QSPI_A_DATA1 IFC Write Protect D12 (0] OVvDD 1
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. . . Package pin Pin
Signal Signal description AT type Power supply Notes
IFC_WP3_B/IFC_A24/ QSPI_A_DATA2 IFC Write Protect E13 o OovDD 1
DUART
UARTL_CTS_B/GPIO1_21/
UART3_SIN/FTM4_CH4/ LPUART2_SIN Clear To Send K1 ! bvbD 1
UARTL_RTS_B/GPIO1_19/ UART3_SOUT/
LPUART2_SOUT/FTM4_CH2 Ready to Send K2 S pvDbD 1
UARTL_SIN/GPIO1_17 Receive Data J2 I DVDD 1
UART1_SOUT/GPIO1_15 Transmit Data J1 o DVDD 1
UART2_CTS_BI/GPIO1_22/
UART4_SIN/FTM4_CH5/ LPUART1_CTS_B/ Clear To Send N2 I DVDD 1
LPUART4_SIN
UART2_RTS_B/GPIO1_20/ UART4_SOUT/
LPUART4_SOUT/FTM4_CH3/ LPUART1_RTS_B Ready to Send M1 S bvDbD 1
UART2_SIN/GPIOL_18/ .
ETMé4_CHLLPUARTL SIN Receive Data L1 I DVDD 1
UART2_SOUT/GPIOL_16/ .
LPUARTL_SOUT/FTM4_CHO Transmit Data M2 (o] DVDD 1
UART3_SIN/JUARTL_CTS_B/ .
GPIOL_21/FTM4_CH4/ LPUART2_SIN Receive Data K1 ! bvDbD 1
UART3_SOUT/ UARTL_RTS_B/GPIO1_ 19/ .
LPUART2_SOUT/FTM4_CH2 Transmit Data K2 (0] DVDD 1
UART4_SIN/JUART2_CTS_B/
GPIO1_22/FTM4_CH5/ LPUARTL_CTS_B/ Receive Data N2 I DVDD 1
LPUART4_SIN
UART4_SOUT/ UART2_RTS_B/GPIO1_20/ .
LPUART4_SOUT/FTM4_CH3/ LPUARTL_RTS_B Transmit Data M1 o bvbD 1
12C
IIC1_SCL Serial Clock (supports PBL) P1 10 DVDD 7,8
IIC1_SDA Serial Data (supports PBL) N1 10 DVDD 7,8
IIC2_SCLI/GPIO4_2/ .
SDHC_CD_B/FTM3_QD_PHA Serial Clock L3 10 DVDD 7,8
IIC2_SDA/GPIO4_3/ SDHC_WP/FTM3_QD_PHB Serial Data M3 10 DVDD 7,8
IIC3_SCL/GPIO4_10/EVT5_B/ )
USB2_DRVVBUS/FTM8_CHO Serial Clock M4 10 DVDD 7,8
IIC3_SDA/GPIO4_11/EVT6_B/ .
USB2_PWRFAULT/ FTM8_CH1 Serial Data N4 1o bvDbD ne
IIC4_SCL/GPIO4_12/EVT7_B/ USB3_DRVVBUS/ .
FTM3_FAULT Serial Clock N3 10 DVDD 7,8
IIC4_SDA/GPIO4 13/EVTS B/ .
USB3_PWRFAULT/ FTM3_EXTCLK Serial Data P3 10 pvbD 7.8
SPI Interface
SPI_PCS0/GPIO2_00/ SDHC_DAT4/SDHC_VS SPI Chip Select V1 o ovVDD 1
SPI_PCS1/GPIO2_01/ SDHC_DATS5/ )
SDHC, CMD. DIR SPI Chip Select T3 o ovVDD 1
SPI_PCS2/GPIO2_02/ SDHC_DAT6/ )
SDHC_DATO_DIR SPI Chip Select u3 (0] OvVDD 1
SPI_PCS3/GPI02_03/ SDHC_DAT7/ .
SDHC_DAT123 DIR SPI Chip Select w1 (0] OVvDD 1
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. . . Package pin Pin
Signal Signal description — type Power supply Notes
SPI_SCK SPI Clock V2 (0] OvVDD 1
SPI_SIN/ SDHC_CLK_SYNC_IN Master In Slave Out V3 | OvVDD 1
SPI_SOUT/ SDHC_CLK_SYNC_OUT Master Out Slave In w3 10 OvVDD -
eSDHC
SDHC_CD_B/IIC2_SCL/
GPIO4_2/FTM3_QD_PHA Command L3 ! pvbD !
SDHC_CLK/GPIO2_09/ LPUART3_CTS_B/
LPUART6_SIN/ FTM4_QD_PHB Host to Card Clock R3 (0] EVDD 1
SDHC_CLK_SYNC_IN/SPI_SIN IN V3 | oVDD 1
SDHC_CLK_SYNC_OUT/SPI_SOUT ouT w3 o oVDD 1
SDHC_CMD/GPI02_04/
LPUART3_SOUT/FTM4_CH6 Command/Response R2 10 EVDD -
SDHC_CMD_DIR/SPI_PCS1/
GPIO2_01/SDHC_DATS DIR T3 o OvbD 1
SDHC_DATO/GPI02_05/
FTM4_CH7/LPUART3_SIN Data R1 1° EVDD -
SDHC_DATO_DIR/SPI_PCS2/
GPIO2_02/SDHC_DAT6 DIR us S OvDD 1
SDHC_DAT1/GPI02_06/ LPUART5_SOUT/ Data T2 10 EVDD -
FTM4_FAULT/ LPUART2_RTS_B
SDHC_DAT123_DIR/
SPI_PCS3/GPIO2_03/ SDHC_DAT? DIR wi o ovDD 1
SDHC_DAT2/GPIO2_07/ LPUART2_CTS_B/
LPUART5_SIN/ FTM4_EXTCLK Data m 1o EVDD -
SDHC_DAT3/GPIO2_08/ LPUART6_SOUT/ B
FTM4_QD_PHA/ LPUART3_RTS_B Data vl 10 EVDD
SDHC_DAT4/SPI_PCS0/ GPIO2_00/SDHC_VS Data V1 10 ovVDD -
SDHC_DAT5/SPI_PCS1/
GPIO2_01/SDHC_CMD_DIR Data T3 10 OvbD -
SDHC_DAT6/SPI_PCS2/
GPIO2_02/SDHC_DATO_DIR Data us 10 OvDD -
SDHC_DAT7/SPI_PCS3/ GPI02_03/
SDHC_DAT123_DIR Data wi 10 ovbD -
SDHC_VS/SPI_PCS0/ GPIO2_00/SDHC_DAT4 VS V1 o ovDD 1
SDHC_WP/IIC2_SDA/ GPIO4_3/FTM3_QD_PHB Write Protect M3 I DVDD 1
Programmable Interrupt Controller
EVT9_B Event 9 H7 10 OvDD 1,6,7
IRQO0 External Interrupt Gl1 | OvVDD 1
IRQO1 External Interrupt G15 | OvVDD 1
IRQO2 External Interrupt J7 | OvVDD 1
IRQO3/GPIO1_23/FTM3_CH7 External Interrupt K3 | DVDD 1
IRQ04/GPIO1_24/FTM3_CHO External Interrupt K4 | DVvDD 1
IRQO5/GPIO1_25/FTM3_CH1 External Interrupt K5 | DVDD 1
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
IRQO6/GPIO1_26/FTM3_CH2 External Interrupt L5 | DVDD 1
IRQO7/GPIO1_27/FTM3_CH3 External Interrupt M5 | DVDD 1
IRQO8/GPIO1_28/FTM3_CH4 External Interrupt N5 | DVDD 1
IRQO9/GPIO1_29/FTM3_CH5 External Interrupt P5 | DVDD 1
IRQ10/GPIO1_30/FTM3_CH6 External Interrupt R4 | DVDD 1

IRQ11/GPIO1_31 External Interrupt Y3 | LVDD 1
Battery Backed Trust
TA_BB_TMP_DETECT_B Battery Backed Tamper Detect Ji2 | TA_BB_VDD -
Trust
TA_TMP_DETECT_B Tamper Detect J20 I ovDD 1
System Control
HRESET_B Hard Reset G8 10 OvVDD 7,28
PORESET_B Power On Reset G9 | OvVDD -
RESET_REQ_B Reset Request G10 (0] OvVDD 1,5
Power Management
ASLEEP/GPIO1_13 Asleep F9 (0] OvVDD 1
SYSCLK
SYSCLK System Clock H14 | OvVDD 22
DDR Clocking
DDRCLK DDR Controller Clock K20 | OVvDD 22
RTC
RTC/GPIO1_14 Real Time Clock G17 | OvVDD 1
Debug
CKSTP_OUT_B RSVD H15 - OvDD 6,7
CLK_OuUT Clock Out H16 o OvDD -
EVTO_B Event O F10 10 OvVDD 9
EVT1_B Event 1 F13 10 OvVDD -
EVT2_B Event 2 F8 10 OvVDD -
EVT3_B Event 3 F12 10 OvVDD -
EVT4_B Event 4 F11 10 OvDD -
ST s s P L w | o .
STy sonlemon 11 w | oo :
EVT7_B/IIC4_SCI#?;é?éKJUZ(TUSBS_DRVVBUS/ Event 7 N3 10 DVDD _
LTSN SONGPIORLS i | o .
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. . . Package pin Pin
Signal Signal description — type Power supply Notes
DFT
An |EEE 1149.1 JTAG
Compliance Enable pin. 0: normal
operation. 1: To be compliant to the
JTAG_BSR_VSEL 1149.1 specification for boundary K19 ! ovbD 24,25
scan functions. The JTAG compliant
state is documented in the BSDL.
SCAN_MODE_B Reserved J19 | OvDD 10, 25
An |EEE 1149.1 JTAG
Compliance Enable pin. 0: To be
compliant to the 1149.1 specification
for boundary scan functions. The
TBSCAN_EN_B JTAG compliant state is documented G19 : OvDD 20,25
in the BSDL. 1: JTAG connects to
DAP controller for the Arm core
debug.
TEST_SEL_B Reserved G20 | OvVDD 19, 25
JTAG
TCK Test Clock F18 | OvDD -
TDI Test Data In H17 | OvDD 9
TDO Test Data Out F20 (0] OvDD 2
T™MS Test Mode Select H18 | OvVDD 9
TRST_B Test Reset F19 | OvVDD 9
Analog Signals
FA_ANALOG_G_V Reserved AH21 10 15
FA_ANALOG_PIN Reserved AE21 10 15
TD1_ANODE Thermal diode anode K13 10 17
TD1_CATHODE Thermal diode cathode J13 10 17
TH_TPA Thermal Test Point Analog J8 - - 12
SerDes 1
SD1_IMP_CAL_RX SerDes Receive Impedence AALL | SVDD 11
Calibration
SD1_IMP_CAL_TX SerDes Transmit Impedance AB6 | XVDD 16
- = - Calibration
SD1_PLL1_TPA SerDes PLL 1 Test Point Analog AG12 (0] AVDD_SD1_PLL1 12
SD1_PLL1_TPD SerDes Test Point Digital AG13 (6] XVDD 12
SD1_PLL2_TPA SerDes PLL 2 Test Point Analog AG5 (6] AVDD_SD1_PLL2 12
SD1_PLL2_TPD SerDes Test Point Digital AC5 (6] XVDD 12
SD1_REF_CLK1 N SerDes PLL 1 Reference Clock AJ13 I SVDD _
Complement
SD1_REF_CLK1_P SerDes PLL 1 Reference Clock AH13 | SVDD -
SD1 REF CLK2 N SerDes PLL 2 Reference Clock ACS | SVDD _
— = — Complement
SD1_REF_CLK2_P SerDes PLL 2 Reference Clock AB8 | SVDD -
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Signal Signal description Paﬁh;gbeefin tsione Power supply Notes
SD1_RXO0_N SerDes Receive Data (negative) AJ6 | SVDD -
SD1_RX0_P SerDes Receive Data (positive) AH6 | SVDD -
SD1_RX1_N SerDes Receive Data (negative) AJ8 | SVDD -
SD1_RX1_P SerDes Receive Data (positive) AH8 | SVDD -
SD1_RX2_N SerDes Receive Data (negative) AJ10 | SVDD -
SD1_RX2_P SerDes Receive Data (positive) AH10 | SVDD -
SD1_RX3_N SerDes Receive Data (negative) AJ1l | SVDD -
SD1_RX3_P SerDes Receive Data (positive) AH11 | SVDD -
SD1_TXO0_N SerDes Transmit Data (negative) AF6 (0] XVDD -
SD1_TXO0_P SerDes Transmit Data (positive) AE6 (0] XVDD -
SD1_TX1_N SerDes Transmit Data (negative) AF8 (0] XVDD -
SD1_TX1_P SerDes Transmit Data (positive) AE8 (0] XVDD -
SD1_TX2_N SerDes Transmit Data (negative) AF10 (0] XVDD -
SD1_TX2_P SerDes Transmit Data (positive) AE10 (0] XVDD -
SD1_TX3_N SerDes Transmit Data (negative) AF11 (0] XVDD -
SD1_TX3_ P SerDes Transmit Data (positive) AE11 (0] XVDD -

SerDes 2

SD2_IMP_CAL_RX SerDes %‘Zﬁfﬂ;’;igﬂpedence AAL2 | SVDD 11
SD2_IMP_CAL_TX SerDes Téi'ﬂi:’;tti(')r:pwance AA20 I XVDD 16
SD2_PLL1_TPA SerDes PLL 1 Test Point Analog AG14 (0] AVDD_SD2_PLL1 12
SD2_PLL1_TPD SerDes Test Point Digital AD13 (0] XVDD 12
SD2_PLL2_TPA SerDes PLL 2 Test Point Analog AG20 (0] AVDD_SD2_PLL2 12
SD2_PLL2_TPD SerDes Test Point Digital AB20 (0] XVDD 12
SD2_REF_CLK1_N Serbes Plc_t nﬁp’?::f:f\{‘ce Clock AF13 [ SVDD -
SD2_REF_CLK1_P SerDes PLL 1 Reference Clock AE13 | SVDD -
SD2_REF_CLK2_N Serbes P'é(';mzp?:;féﬁ{‘ce Clock AC19 I SVDD -
SD2_REF_CLK2_P SerDes PLL 2 Reference Clock AC18 | SvDD -
SD2_RXO0_N SerDes Receive Data (negative) AJ15 | SvDD -
SD2_RX0_P SerDes Receive Data (positive) AH15 | SVDD -
SD2_RX1_N SerDes Receive Data (negative) AJ16 | SVDD -
SD2_RX1_P SerDes Receive Data (positive) AH16 | SVDD -
SD2_RX2_N SerDes Receive Data (negative) AJ18 | SVDD -
SD2_RX2_P SerDes Receive Data (positive) AH18 | SvDD -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
SD2_RX3_N SerDes Receive Data (negative) AJ19 | SVDD -
SD2_RX3_P SerDes Receive Data (positive) AH19 | SVDD -
SD2_TX0_N SerDes Transmit Data (negative) AF15 (0] XVDD -
SD2_TX0_P SerDes Transmit Data (positive) AE15 (0] XVDD -
SD2_TX1_N SerDes Transmit Data (negative) AF16 (0] XVDD -
SD2_TX1_P SerDes Transmit Data (positive) AE16 (0] XVDD -
SD2_TX2_N SerDes Transmit Data (negative) AF18 (0] XVDD -
SD2_TX2_P SerDes Transmit Data (positive) AE18 (0] XVDD -
SD2_TX3_N SerDes Transmit Data (negative) AF19 (0] XVDD -
SD2_TX3_P SerDes Transmit Data (positive) AE19 (0] XVDD -

USB3 PHY #1
USB1_D_M USB PHY HS Data (-) F6 10 - -
USB1_D_P USB PHY HS Data (+) G6 10 - -
USB1_ID USB PHY ID Detect G5 | - -
USB1_RESREF USB PHY Impedance Calibration H3 10 - 18
USB1_RX_M USB PHY SS Receive Data (-) F4 | - -
USB1_RX_P USB PHY SS Receive Data (+) F3 | - -
USB1_TX_M USB PHY SS Transmit Data (-) G2 (0] B -
USB1_TX_P USB PHY SS Transmit Data (+) Gl (0] - -
USB1_VBUS USB PHY VBUS F7 | - -

USB3 PHY #2
USB2_D_M USB PHY HS Data (-) D6 10 - -
UsSB2_D_P USB PHY HS Data (+) E6 10 - -
USB2_ID USB PHY ID Detect E5 | - -
USB2_RESREF USB PHY Impedance Calibration H4 10 - 18
USB2_RX_M USB PHY SS Receive Data (-) D4 | - -
USB2_RX_P USB PHY SS Receive Data (+) D3 | - -
USB2_TX_M USB PHY SS Transmit Data (-) E2 (0] - -
USB2_TX_P USB PHY SS Transmit Data (+) E1 (0] - -
USB2_VBUS USB PHY VBUS D7 | - -

USB PHY #3
USB3_D_M USB PHY HS Data (-) B6 10 - -
USB3_D_P USB PHY HS Data (+) C6 10 - -
USB3_ID USB PHY ID Detect C5 | - -
USB3_RESREF USB PHY Impedance Calibration H5 10 - 18
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Signal Signal description Paﬁh;gbeefin tsione Power supply Notes
USB3_RX_M USB PHY SS Receive Data (-) B4 | - -
USB3_RX_P USB PHY SS Receive Data (+) B3 | - -
USB3_TX_M USB PHY SS Transmit Data (-) Cc2 (6] - -
USB3_TX_P USB PHY SS Transmit Data (+) C1 (0] - -
USB3_VBUS USB PHY VBUS B7 | - -
Ethernet Management Interface 1
EMI1_MDC/GPIO3_00 Management Data Clock AH2 (0] LvDD 1
EMI1_MDIO/GPIO3_01 Management Data In/Out AG2 10 LvDD -
Ethernet Management Interface 2
EMI2_MDC/GPIO4_00 Management Data Clock AJ4 (0] TVvDD 1
EMI2_MDIO/GPIO4_01 Management Data In/Out AJ3 10 TVvDD -
Ethernet Controller 1
EC1_GTX_CLK/GPIO3_07/ FTM1_EXTCLK Transmit Clock Out Y4 (0] LvDD 1
EC1_GTX_CLK125/GPIO3_08 Reference Clock AD3 | LvDD 1
EC1_RXDO/GPIO3_12/ FTM1_CHO Receive Data AB2 | LVDD 1
EC1_RXD1/GPIO3_11/ FTM1_CH1 Receive Data AB1 | LVDD 1
EC1_RXD2/GPIO3_10/ FTM1_CH6 Receive Data AAl | LVDD 1
EC1_RXD3/GPIO3_09/ FTM1_CH4 Receive Data Y2 | LVDD 1
EC1_RX_CLK/GPIO3_13/ FTM1_QD_PHA Receive Clock Y1 | LVDD 1
EC1_RX_DV/GPIO3_14/ FTM1_QD_PHB Receive Data Valid AC1 | LVDD 1
EC1_TXDO/GPIO3_05/ FTM1_CH2 Transmit Data AC3 o LVDD 1
EC1_TXD1/GPIO3_04/ FTM1_CH3 Transmit Data AB3 (0] LVDD 1
EC1_TXD2/GPIO3_03/ FTM1_CH7 Transmit Data AA4 (0] LVDD 1
EC1_TXD3/GPIO3_02/ FTM1_CH5 Transmit Data AA3 (0] LVDD 1
EC1_TX_EN/GPIO3_06/ FTM1_FAULT Transmit Enable AC4 (0] LVDD 1,14
Ethernet Controller 2
EC2_GTX_CLK/GPIO3_20/ FTM2_EXTCLK Transmit Clock Out AD4 (0] LVDD 1
EC2_GTX_CLK125/GPIO3_21 Reference Clock AH4 | LVDD 1
EC2_RXD0/GPIO?;:_TZSIIZLS:ES_1588_TRIG_IN2/ Receive Data AF2 I LVDD 1
TSEC_lFI;EBCESZ__F’TJ)Ez}E/?gLIJ?'i7€¥M2_CH1 Receive Data AF1 ! LVDD 1
EC2_RXD2/GPIO3_23/ FTM2_CH6 Receive Data AE1 | LVDD 1
EC2_RXD3/GPIO3_22/ FTM2_CH4 Receive Data AD2 | LVDD 1
EC2_RX_CLKI G,:F’T'ag:é%jgﬁg—lsss—c"'(—'N’ Receive Clock AD1 | LVDD 1
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. . . Package pin Pin
Signal Signal description — type Power supply Notes
EC2_RX_DV/GPIO3 27/ TSEC_1588_TRIG_IN1/ ) '
FTM2_QD_PHB Receive Data Valid AG1 | LvVDD 1
EC2_TXDO0/GPIO3_18/ .
TSEC_1588_PULSE_OUT2/ FTM2_CH2 Transmit Data AG3 o LVDD 1
EC2_TXD1/GPIO3_17/ TSEC_1588_CLK_OUT/ )
FTM2_CH3 Transmit Data AF4 (0] LvVDD 1
EC2_TXD2/GPIO3_16/ .
TSEC_1588_ALARM_OUTL/ FTM2_CH7 Transmit Data AF3 o LvDD 1
EC2_TXD3/GPIO3_15/ .
TSEC_1588_ALARM_OUT2/ FTM2_CH5 Transmit Data AE3 © LvDD 1
EC2_TX_EN/GPIO3_19/ FTM2_FAULT Transmit Enable AH3 (6] LVDD 1,14
UsB
USB2_DRVVBUS/IIC3_SCL/ GPI0O4_10/EVT5_B/
FTM8_CHO DRV VBus M4 (0] DVDD 1
USB2_PWRFAULT/IIC3_SDA/
GPIO4_11/EVT6_B/ FTM8_CH1 PWR Fault N4 ! bvDbD 1
USB3_DRVVBUS/IIC4_SCL/ GPIO4_12/EVT7_B/
FTM3_FAULT DRV Bus N3 (0] DVDD 1
USB3_PWRFAULT/IIC4_SDA/
GPIO4_13/EVT8_B/ FTM3_EXTCLK PWR Fault P3 ! bvDbD 1
USB_DRVVBUS/GPIO4_29 USB_DRVVBUS J6 (0] DVDD 1
USB_PWRFAULT/GPIO4_30 USB_PWRFAULT H6 I DVDD 1
DSYSCLK
DIFF_SYSCLK Single Source System Clock AB13 | oVDD 21
Differential (positive)
Single Source System Clock
DIFF_SYSCLK_B Differential (negative) AC13 | OvDD 21
Power-On-Reset Configuration
cfg_dram_type/IFC_A21/ QSPI_B_SCK Power-on-Reset Configuration D11 | OvVDD 1,15
cfg_eng_use0/IFC_WEOQ_B Power-on-Reset Configuration D15 | OvVDD 1,4,26
cfg_eng_usel/IFC_OE_B Power-on-Reset Configuration D18 | OvDD 1,4
cfg_eng_use2/IFC_WPO0_B Power-on-Reset Configuration E19 | OvVDD 1,4
cfg_gpinput0/IFC_ADOO Power-on-Reset Configuration C8 | OvVDD 1,4
cfg_gpinputl/IFC_ADO1 Power-on-Reset Configuration B8 | OvVDD 1,4
cfg_gpinput2/IFC_ADO02 Power-on-Reset Configuration C9 | OvVDD 1,4
cfg_gpinput3/IFC_ADO03 Power-on-Reset Configuration B9 | OvVDD 1,4
cfg_gpinput4/IFC_ADO04 Power-on-Reset Configuration B10 | OvVDD 1,4
cfg_gpinput5/IFC_ADO05 Power-on-Reset Configuration C11 | OvVDD 1,4
cfg_gpinput6/IFC_ADO06 Power-on-Reset Configuration B11 | OvVDD 1,4
cfg_gpinput7/IFC_ADO7 Power-on-Reset Configuration C12 | OvVDD 1,4
cfg_ifc_te/IFC_TE Power-on-Reset Configuration F14 | OvVDD 1,4
cfg_rcw_srcO/IFC_ADO8 Power-on-Reset Configuration B12 | OvDD 1,4
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. . . Package pin Pin
Signal Signal description AT type Power supply Notes
cfg_rcw_srcl/IFC_ADO9 Power-on-Reset Configuration B13 | OvDD 1,4
cfg_rcw_src2/IFC_AD10 Power-on-Reset Configuration C14 | OvDD 1,4
cfg_rcw_src3/IFC_AD11 Power-on-Reset Configuration B14 | OvDD 1,4
cfg_rcw_src4/IFC_AD12 Power-on-Reset Configuration C15 | OvDD 1,4
cfg_rcw_src5/IFC_AD13 Power-on-Reset Configuration B15 | OvDD 1,4
cfg_rcw_src6/IFC_AD14 Power-on-Reset Configuration B16 | OvDD 1,4
cfg_rcw_src7/IFC_AD15 Power-on-Reset Configuration B17 | OvDD 1,4
cfg_rcw_src8/IFC_CLE Power-on-Reset Configuration D19 | OvDD 1,4
QSPI

QSPI_A_CSO/IFC_A16 Chip Select E8 (0] OVvDD 1,5
QSPI_A_CS1/IFC_A17 CSs1 D8 o OVDD 1,5

QSPI_A_DATAO/IFC_A22/ IFC_WP1_B DATAO E11 10 OVDD -

QSPI_A_DATAL/IIFC_A23/ IFC_WP2_B DATA1 D12 10 OVDD -

QSPI_A_DATA2/IFC_A24/ IFC_WP3_B DATA2 E13 10 OVDD -

QSPI_A_DATAB3/IFC_A25/ _

GPIO2_25/FTM5_CHO/ IFC_CS4 _B/IFC_RB2_B DATA3 D13 10 OvbD

QSPI_A_SCK/IFC_A18 SCK D9 o] OoVDD 1,5
QSPI_B_CS0/IFC_A19 Chip Select E10 (0] OvDD 1,5
QSPI_B_CS1/IFC_A20 cs1 D10 o] OovVDD 1,5

QSPI_B_DATAO/IFC_PARO/

GPIO2_13/FTM6_CHO DATAD c18 1° OvbD -

QSPI_B_DATA1/IFC_PAR1/ B
GPIO2_14/FTM6_CH1 DATAL EL7 10 ovbD

QSPI_B_DATA2/ IFC_PERR_B/GPIO2_15/
FTM6_EXTCLK DATA2 F17 10 OvVDD -

QSPI_B_DATA3/IFC_CS3_B/

GPIO2_12/FTM7_EXTCLK DATA3 D20 1° ovbD -
QSPI_B_SCK/IFC_A21/ SCK D11 o OVDD 1,15
cfg_dram_type
General Purpose Input/Output
GPIO1_13/ASLEEP General Purpose Input/Output F9 (0] OvVDD 1
GPIO1_14/RTC General Purpose Input/Output G17 10 OvVDD -
GPIO1_15/UART1_SOUT General Purpose Input/Output Jl 10 DVDD -
GPIO1_16/UART2_SOUT/

LPUART1_SOUT/FTM4_CHO General Purpose Input/Output M2 10 DVDD -
GPIO1_17/UART1_SIN General Purpose Input/Output J2 10 DVDD -
GPIO1_18/UART2_SIN/

FTM4_CH1/LPUARTL SIN General Purpose Input/Output L1 10 DVDD -
GPIO1_19/UART1_RTS B/ UART3_SOUT/
LPUART2_SOUT/FTM4_CH2 General Purpose Input/Output K2 10 DVDD -
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. . . Package pin Pin
Signal Signal description — type Power supply Notes
GPIO1_20/UART2_RTS_ B/ UART4_SOUT/
LPUARTA_SOUT/FTM4_CH3/ LPUART1 RTs B |  CGeneral Purpose Input/Output M1 10 bvbD -
GPIO1_21/UART1_CTS_B/
UART3_SIN/ETM4_CH4/ LPUART2_SIN General Purpose Input/Output K1 10 DVDD -
GPIO1_22/UART2_CTS_B/
UART4_SIN/FTM4_CH5/ LPUART1_CTS_B/ General Purpose Input/Output N2 10 DVDD -
LPUART4_SIN
GPIO1_23/IRQO3/FTM3_CH7 General Purpose Input/Output K3 10 DVDD -
GPIO1_24/IRQ04/FTM3_CHO General Purpose Input/Output K4 10 DVDD -
GPIO1_25/IRQO5/FTM3_CH1 General Purpose Input/Output K5 10 DVDD -
GPIO1_26/IRQO6/FTM3_CH2 General Purpose Input/Output L5 10 DVDD -
GPIO1_27/IRQO7/FTM3_CH3 General Purpose Input/Output M5 10 DVDD -
GPIO1_28/IRQ08/FTM3_CH4 General Purpose Input/Output N5 10 DVDD -
GPIO1_29/IRQ09/FTM3_CH5 General Purpose Input/Output P5 10 DVDD -
GPIO1_30/IRQ10/FTM3_CH6 General Purpose Input/Output R4 10 DVDD -
GPIO1_31/IRQ11 General Purpose Input/Output Y3 10 LvDD -
GPIO2_00/SPI_PCS0/ SDHC_DAT4/SDHC_VS General Purpose Input/Output Vi 10 OvVDD -
GPIO2_01/SPI_PCS1/ SDHC_DATS/
SDHC_CMD_DIR General Purpose Input/Output T3 10 OvVDD -
GP102_02/SPI_PCS2/ SDHC_DAT6/ _
SDHC_DATO_DIR General Purpose Input/Output U3 10 OvVDD
GPI102_03/SPI_PCS3/ SDHC_DAT7/
SDHC DAT123 DIR General Purpose Input/Output w1 10 OvVDD -
GPI102_04/SDHC_CMD/
LPUART3_SOUT/FTM4_CH6 General Purpose Input/Output R2 10 EVDD -
GP102_05/SDHC_DATO/
FTM4_CH7/LPUART3_SIN General Purpose Input/Output R1 10 EVDD -
GPI102_06/SDHC_DAT1/ LPUART5_SOUT/
FTM4_FAULT/ LPUART2 RTS_B General Purpose Input/Output T2 10 EVDD -
GPIO2_07/SDHC_DAT2/ LPUART2_CTS_B/
LPUART5_SIN/ FTM4_EXTCLK General Purpose Input/Output T1 10 EVDD -
GPIO2_08/SDHC_DAT3/ LPUART6_SOUT/ B
FTM4_QD_PHA/ LPUART3_RTS_B General Purpose Input/Output Ul 10 EVDD
GP102_09/SDHC_CLK/ LPUART3_CTS_B/

LPUART6_SIN/ FTM4_QD_PHB General Purpose Input/Output R3 10 EVDD -
GPIO2_10/IFC_CS1_B/ FTM7_CHO General Purpose Input/Output B19 10 OvVDD -
GPIO2_11/IFC_CS2_B/ FTM7_CH1 General Purpose Input/Output E20 10 OvVDD -

GPIO2_12/IFC_CS3 B/ QSPI_B_DATA3/
FTM7_EXTCLK General Purpose Input/Output D20 10 OvVDD -
GPIO2_13/IFC_PARO/
QSPI_B_DATAO/FTM6_CHO General Purpose Input/Output C18 10 OvVDD -
GPI02_14/IFC_PAR1/
QSPI_B_DATA1/FTM6_CH1 General Purpose Input/Output E17 10 OvVDD -
GPIOZ_15/IFC_PERR_B/ QSPI_B_DATAZ/ General Purpose Input/Output F17 10 OvVDD -

FTM6_EXTCLK
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GPI02_25/IFC_A25/
QSPI_A_DATA3/FTM5_CHO0/ General Purpose Input/Output D13 10 OvVDD -
IFC_CS4_B/IFC_RB2_B
GPI02_26/IFC_ﬁi((‘:{_l;Té\giECHlllFC_CSS_B/ General Purpose Input/Output E14 10 OvVDD -
GPIO2_27/IFC_A27/ FTM5_EXTCLK/IFC_CS6_B General Purpose Input/Output D14 10 OvDD -
GPIO3_00/EMI1_MDC General Purpose Input/Output AH2 10 LVDD -
GPIO3_01/EMI1_MDIO General Purpose Input/Output AG2 10 LVDD -
GPIO3_02/EC1_TXD3/ FTM1_CH5 General Purpose Input/Output AA3 10 LVDD -
GPIO3_03/EC1_TXD2/ FTM1_CH7 General Purpose Input/Output AA4 10 LvDD -
GPIO3_04/EC1_TXD1/ FTM1_CH3 General Purpose Input/Output AB3 10 LvVDD -
GPIO3_05/EC1_TXDO/ FTM1_CH2 General Purpose Input/Output AC3 10 LVDD -
GPIO3_06/EC1_TX_EN/FTM1_FAULT General Purpose Input/Output AC4 10 LVDD -
GPIO3_07/EC1_GTX_CLK/ FTM1_EXTCLK General Purpose Input/Output Y4 10 LVDD -
GPIO3_08/EC1_GTX_CLK125 General Purpose Input/Output AD3 10 LvVDD -
GPIO3_09/EC1_RXD3/ FTM1_CH4 General Purpose Input/Output Y2 10 LvDD -
GPIO3_10/EC1_RXD2/ FTM1_CH6 General Purpose Input/Output AAL 10 LvDD -
GPIO3_11/EC1_RXD1/ FTM1_CH1 General Purpose Input/Output AB1 10 LvDD -
GPIO3_12/EC1_RXDO/ FTM1_CHO General Purpose Input/Output AB2 10 LvDD -
GPIO3_13/EC1_RX_CLK/ FTM1_QD_PHA General Purpose Input/Output Y1 10 LvDD -
GPIO3_14/EC1_RX_DV/ FTM1_QD_PHB General Purpose Input/Output AC1 10 LvDD -
TSEC_15%§I_C,Z\?_7-\1F§|</|E_COZJ‘-II:§/DF§I{M2_CH5 General Purpose Input/Output AE3 10 LVDD -
TSEC_lSCE;gI_?A?_,_Allfl(/IE_C()ZJ‘-I'ri(/DFz‘I{M2_CH7 General Purpose Input/Output AF3 10 LVDD -
GPIO3_17/EC2_T)'§_II?'$I/21;SéEHC3_1588_CLK_OUT/ General Purpose Input/Output AF4 10 LVDD -
TSEC_15%ZI_C;’?EJ_I_1§|/EE_COZJ‘-II'—;(/DF(¥M2_CH2 General Purpose Input/Output AG3 10 LVDD -
GPIO3_19/EC2_TX_EN/ FTM2_FAULT General Purpose Input/Output AH3 10 LVDD -
GPIO3_20/EC2_GTX_CLK/ FTM2_EXTCLK General Purpose Input/Output AD4 10 LVDD -
GPIO3_21/EC2_GTX_CLK125 General Purpose Input/Output AH4 10 LvDD -
GPIO3_22/EC2_RXD3/ FTM2_CH4 General Purpose Input/Output AD2 10 LVDD -
GPIO3_23/EC2_RXD2/ FTM2_CH6 General Purpose Input/Output AE1 10 LVDD -
TSEC_1568|?3?331J_EQIEE_(EDZJ‘$E?:¥M2_CH1 General Purpose Input/Output AF1 10 LVDD -
GPIO3_25/ ECZ—RéTDSI/ZLS:E'g—BsB—TR'G—'NZ/ General Purpose Input/Output AF2 10 LVDD -
GPIO3_26/EC2_§I_):\A_2C_LQKI£;I'PSEE_1588_CLK_IN/ General Purpose Input/Output AD1 10 LVDD -
GPIo3—27/ECZ—E;(M2Y(3£§EEE1588—TRIG—INl/ General Purpose Input/Output AG1l 10 LVDD -
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. . . Package pin Pin
Signal Signal description — type Power supply Notes
GPIO4_00/EMI2_MDC General Purpose Input/Output AJ4 10 TvDD -
GPIO4_01/EMI2_MDIO General Purpose Input/Output AJ3 10 TvDD -
GPIO4_10/IIC3_SCL/EVT5_B/
USB2 DRVVBUS/FTMS_CHO General Purpose Input/Output M4 10 DVDD -
GPIO4_11/IC3_SDA/EVT6_B/
USB2 PWRFAULT/ FTM8_CH1 General Purpose Input/Output N4 10 DVDD -
GPIO4_12/IIC4_SCL/EVT7_B/ USB3_DRVVBUS/
FTM3_FAULT General Purpose Input/Output N3 10 DVDD -
GPIO4_13/IIC4_SDA/EVT8_B/
USB3_PWRFAULT/ FTM3_EXTCLK General Purpose Input/Output P3 10 DVDD -
GPI04_2/IIC2_SCL/
SDHC_CD_B/FTM3 QD_PHA General Purpose Input/Output L3 10 DVDD -
GPIO4_29/USB_DRVVBUS General Purpose Input/Output J6 10 DVDD -
GPIO4_3/1IC2_SDA/ SDHC_WP/FTM3_QD_PHB General Purpose Input/Output M3 10 DVDD -
GPIO4_30/USB_PWRFAULT General Purpose Input/Output H6 10 DVDD -
Frequency Timer Modul
FTM1_CHO/EC1_RXDO0/ GPIO3_12 Channel 0 AB2 10 LVDD -
FTM1_CH1/EC1_RXD1/ GPIO3_11 Channel 1 AB1 10 LVDD -
FTM1_CH2/EC1_TXDO0/ GPIO3_05 Channel 2 AC3 10 LvDD -
FTM1_CH3/EC1_TXD1/ GPIO3_04 Channel 3 AB3 10 LVDD -
FTM1_CH4/EC1_RXD3/ GPIO3_09 Channel 4 Y2 10 LVDD -
FTM1_CH5/EC1_TXD3/ GPI03_02 Channel 5 AA3 10 LVDD -
FTM1_CH6/EC1_RXD2/ GPIO3_10 Channel 6 AAl 10 LVDD -
FTM1_CH7/EC1_TXD2/ GPI03_03 Channel 7 AA4 10 LVDD -
FTM1_EXTCLK/
EC1_GTX_CLK/GPIO3_07 External Clock Y4 | LVDD 1
FTM1_FAULT/EC1_TX_EN/ GPIO3_06 Fault AC4 | LVDD 1
FTM1_QD_PHA/
EC1 _RX_CLK/GPIO3 13 Phase A Y1 ! LVDD 1
FTM1_QD_PHB/EC1_RX_DV/ GPIO3_14 Phase B AC1 I LVDD 1
FTM2_CHO/EC2_RXDO0/ GPIO3_25/

TSEC_1588_TRIG_IN2 Channel 0 AF2 10 LVDD -
FTM2_CH1/EC2_RXD1/ GPIO3_24/

TSEC_1588_PULSE_OUTL Channel 1 AFL 10 LvDD -
FTM2_CH2/EC2_TXDO0/ GPIO3_18/ _

TSEC_1588_PULSE_OUTZ Channel 2 AG3 1° LvDD
FTM2_CH3/EC2_TXD1/ GPIO3_17/

TSEC_1588_CLK_OUT Channel 3 AF4 10 LVDD -
FTM2_CH4/EC2_RXD3/ GP103_22 Channel 4 AD2 10 LVDD -
FTM2_CH5/EC2_TXD3/ GPIO3_15/

TSEC_1588_ALARM_OUT2 Channel 5 AE3 1° LvDD -
FTM2_CH6/EC2_RXD2/ GPIO3_23 Channel 6 AE1 10 LVDD -
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. . . Package pin Pin
Signal Signal description AT type Power supply Notes
FTM2_CH7/EC2_TXD2/ GPIO3_16/
TSEC_1588_ALARM_OUT1 Channel 7 AF3 10 LVDD -
FTM2_EXTCLK/

EC2_GTX_CLK/GPIO3_20 External Clock AD4 | LVDD 1

FTM2_FAULT/EC2_TX_EN/ GPIO3_19 Fault AH3 | LVDD 1
FTM2_QD_PHA/ EC2_RX_CLK/GPIO3_26/

TSEC. 1668 CLK_IN Phase A AD1 | LVDD 1
FTM2_QD_PHB/EC2_RX_DV/ GPIO3_27/

TSEC_1588_TRIG_IN1 Phase B AGL ! LVDD 1
FTM3_CHO/IRQO4/GPIOL_24 Channel 0 K4 10 DVDD -
FTM3_CH1/IRQO5/GPIOL_25 Channel 1 K5 10 DVDD -
FTM3_CH2/IRQO6/GPIOL_26 Channel 2 L5 10 DVDD -
FTM3_CH3/IRQO7/GPIOL_27 Channel 3 M5 10 DVDD -
FTM3_CH4/IRQO8/GPIOL_28 Channel 4 N5 10 DVDD -
FTM3_CHS5/IRQO9/GPIOL_29 Channel 5 P5 10 DVDD -
FTM3_CH6/IRQ10/GPIOL_30 Channel 6 R4 10 DVDD -
FTM3_CH7/IRQO3/GPIOL_23 Channel 7 K3 10 DVDD -

FTM3_EXTCLK/IIC4_SDA/ GPIO4_13/EVTS_B/
USB3_PWRFAULT External Clock P3 | DVDD 1
FTM3_FAULT/IIC4_SCL/ GPIO4_12/EVT7_B/
USE3 DRVVBUS Fault N3 | DVDD 1
FTM3_QD_PHA/IIC2_SCL/
GPIBA. JSDHC. D, B Phase A L3 | DVDD 1
FTM3_QD_PHB/IIC2_SDA/ GPIO4_3/SDHC_WP Phase B M3 | DVDD 1
FTM4_CHO/UART2_SOUT/
GPIOL_16/LPUARTL_SOUT Channel 0 M2 10 pvDbD -
FTM4_CH1/UART2_SIN/
GPIOI_18/LPUARTL_SIN Channel 1 L1 10 bvbD -
FTM4_CH2/UARTL_RTS_B/
GPIO1_19/UART3_SOUT/ LPUART2_SOUT Channel 2 K2 10 pvDbD -
FTM4_CH3/UART2_RTS_B/
GPIO1_20/UART4_SOUT/ LPUART4_SOUT/ Channel 3 M1 10 DVDD -
LPUARTL_RTS_B
FTM4_CH4/UARTL_CTS_B/
GPIO1_21/UART3_SIN/ LPUART2_SIN Channel 4 K1 1o bvDbD -
FTM4_CHS5/UART2_CTS_B/
GPIO1_22/UART4_SIN/ LPUART1_CTS_B/ Channel 5 N2 10 DVDD -
LPUART4_SIN
FTM4_CH6/SDHC_CMD/
GPIO2_04/LPUART3_SOUT Channel 6 R2 10 EVDD -
FTM4_CH7/SDHC_DATO/
GPIO2_05/LPUART3_SIN Channel 7 R1 10 EVDD -
FTM4_EXTCLK/SDHC_DAT2/
GPIO2_07/LPUART2_CTS_B/ LPUART5_SIN External Clock T ! EVDD 1
FTM4_FAULT/SDHC_DAT1/
GPI0O2_06/LPUARTS_SOUT/ LPUART2_RTS_B Fault T2 ! EVDD 1
FTM4_QD_PHA/SDHC_DAT3/
GPI02_08/LPUART6_SOUT/ LPUART3_RTS_B Phase A vl ! EVDD 1
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GPIOZ_gg/'\IfIéU(I?\gTZ_Hg/'SS?g/C L_IELIJ,I:IQTG_SIN Phase B R3 : EVDD 1
FTM5_CHO/IFC_A25/
GPIO2_25/QSPI_A_DATA3/ Channel 0 D13 10 OvDD -
IFC_CS4 B/IFC_RB2_B
FTM5_CH1/IFC_,I’-}:2(§31 Sg;?é‘ZNIFC‘CSS‘BI Channel 1 E14 o oOVDD _
FTM5_EXTCLK/IFC_A27/ GPIO2_27/IFC_CS6_B External Clock D14 | oVDD 1
GETMe_CHOEC_PARY Chanmel 0 c1s 0 ovbD ]
egla“gﬁzf}éls";ffiéﬁfu Channel 1 E17 10 ovDD -
F‘g\g%gﬁl’ éigéllljllz_CB__Pg ETRA_ZB/ External Clock F17 | OVvDD 1
FTM7_CHO/IFC_CS1_B/ GPIO2_10 Channel 0 B19 10 ovDD -
FTM7_CH1/IFC_CS2_B/ GPIO2_11 Channel 1 E20 10 ovDD -
FGng_zli)l(;/CQLsKélig:gi?_Ag/ External Clock D20 | OVvDD 1
FTMB_CHO/IIUCSSEZS_CDLé \(}?,\I/Dé(l)Jzé_lO/EVTS_B/ Channel 0 M4 - DVDD B
FTMS_CHlluCSZ%_ZS_BC\I/ R?\FPAISIA_I_I__lllEVT6_B/ Channel 1 N4 10 DVDD _
LPUART
PR T B AR s iSO 2 w | 1
"UART4_SOUTTLPUARTA SOUTIFTME, CHa. Reauest to send & 0 bvoD :
Lplé'?:?gll:lsé;\g?@?jczﬁ?”\” Receive data L1 | DVDD 1
LPUARTl‘SOUT,iTU,\',Tf_TCZ,ngUT/GP|01‘16/ Transmit data M2 10 DVDD _
SDhF(’:LiADi-‘II-'227ggISO_§_/07 / Clear to send Tl | EVDD 1
LPUARTS5_SIN/ FTM4_EXTCLK
LPUARTE RIS B SDHC DATLIGPO2 9 R 1
LPUARTZGi::';‘.(_éJ_ AST,\-‘F/]":TI_(,:\LS_—CBJE‘PDl—ZU Receive data K1 | DVDD 1
LPUART2_SOUTI UARTA.RTS, BIGPIOI 19 Transimit data k2 0 bvoD .
LPUARTS TS B SoHC P02 0 w | 1
LPUARTS. TS B/ SDHC,_ DATI/GRIO? 08 Reauest to send u1 0 EvoD .
LPUARTS SINISDHC_DATO Receive data 1 | EvoD ]
SDHC_CkAFI;l;és |TCJ32__SOCA)1>J|I4M4_CH6 Transmit data R2 10 EVDD -
PUARTA SN AT T BiopioL 2 w | :
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. . . Package pin Pin
Signal Signal description AT type Power supply Notes
LPUART4_SOUT/ UART2_RTS_B/GPIOL_20/ .
UART4_SOUT/FTM4_CH3/ LPUARTL_RTS_B Transmit data M1 10 pvDbD -
LPUARTS_SIN/SDHC_DAT2/ .
GPIO2_07/LPUART2_CTS B/ FTM4_EXTCLK Receive data T : EVDD 1
LPUARTS_SOUT/ SDHC_DATL/GPIO2_06/ .
FTM4_FAULT/ LPUART2_RTS_B Transmit data T2 10 EVDD -
LPUART6_SIN/SDHC_CLK/ .
GPIO2_09/LPUART3_CTS_B/ FTM4_QD_PHB Receive data R3 ! EVDD 1
LPUART6_SOUT/ SDHC_DAT3/GPIO2_08/ . _
FTM4_QD_PHA/ LPUART3_ RTS_B Transmit data Ul 10 EVDD
TSEC_1588
TSEC_1588_ALARM_OUT1/
EC2_TXD2/GPIO3_16/ FTM2_CH7 Alarm Out AF3 S LVDD 1
TSEC_1588 ALARM_OUT2/
EC2_TXD3/GPIO3_15/ FTM2_CH5 Alarm Out AE3 o LvVDD 1
TSEC_1588_CLK_IN/ EC2_RX_CLK/GPIO3_26/
FTM2. 0D PHA Clock In AD1 | LVDD 1
TSEC_1588 CLK_OUT/
EC2_TXDL/GPIO3_17/ FTM2_CH3 Clock Out AF4 S LVDD 1
TSEC_1588_PULSE_OUTL/
EC2_RXDL/GPIO3_24/ FTM2_CH1 Pulse Out AF1 o LvVDD 1
TSEC_1588_PULSE_OUT2/
EC2_TXDO/GPIO3_18/ FTM2_CH2 Pulse Out AG3 o LvVDD 1
TSEC_1588_TRIG_IN1/ EC2_RX_DV/GPIO3_27/ .
FTM2_QD_PHB Trigger In AG1 | LvDD 1
TSEC_1588_TRIG_IN2/ .
EC2_RXDO/GPIO3_25/ FTM2_CHO Trigger In AF2 : LVDD 1
Power and Ground Signals
GNDO001 GND Al - . -
GND002 GND B1 - . -
GNDO003 GND D1 - - -
GNDO004 GND F1 - - -
GNDO05 GND H1 - - -
GNDO006 GND AH1 - - -
GNDO007 GND AJL - - -
GNDO008 GND AKL - - -
GNDO009 GND A2 - . -
GNDO10 GND B2 - . -
GNDO11 GND D2 - . -
GNDO012 GND F2 - . -
GNDO013 GND H2 - . -
GNDO14 GND L2 - . -
GNDO15 GND P2 - - -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GNDO016 GND u2 - - -
GNDO17 GND w2 - - -
GNDO018 GND AA2 - - -
GNDO019 GND AC2 - - -
GNDO020 GND AE2 - - -
GNDO021 GND AJ2 - - -
GNDO022 GND AK2 - - -
GNDO023 GND A3 - - -
GNDO024 GND C3 - - -
GNDO025 GND E3 - - -
GNDO026 GND G3 - - -
GNDO027 GND J3 - - -
GNDO028 GND AK3 - - -
GNDO029 GND A4 - - -
GNDO030 GND c4 - - -
GNDO031 GND E4 - - -
GNDO032 GND G4 - - -
GNDO033 GND J4 - - -
GND034 GND L4 - - -
GNDO035 GND P4 - - -
GNDO036 GND T4 - - -
GNDO037 GND U4 - - -
GNDO038 GND V4 - - -
GNDO039 GND w4 - - —
GNDO040 GND AB4 - - -
GNDO041 GND AE4 - - -
GNDO042 GND AG4 - - -
GNDO043 GND AK4 - - —
GNDO044 GND A5 - - -
GNDO045 GND B5 - - —
GNDO046 GND D5 - - —
GNDO047 GND F5 - - -
GNDO048 GND J5 — — -
GNDO049 GND R5 - - —
GNDO050 GND T5 - - -
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GNDO51 GND U5 - - -
GNDO052 GND V5 - - -
GNDO053 GND W5 - - -
GNDO054 GND Y5 - - -
GNDO055 GND AAS5 - - -
GNDO056 GND AK5 - - -
GNDO057 GND A6 - - -
GNDO058 GND K6 - - -
GNDO059 GND L6 - - -
GNDO060 GND M6 - - -
GNDO061 GND N6 - - -
GNDO062 GND P6 - - -
GNDO063 GND R6 - - -
GNDO064 GND ]9 - - -
GNDO065 GND V6 - - -
GNDO066 GND W6 - - -
GNDO067 GND AK6 - - -
GNDO068 GND A7 - - -
GNDO069 GND c7 - - -
GNDO070 GND E7 - - -
GNDO071 GND G7 - - -
GNDO072 GND K7 - - -
GNDO073 GND Y7 - - -
GNDO074 GND AK7 - - -
GNDO075 GND A8 - - -
GNDO076 GND K8 - - -
GNDO77 GND P8 - - -
GNDO78 GND R8 - - -
GNDO079 GND T8 - - -
GNDO080 GND us - - -
GNDO081 GND V8 - - -
GNDO082 GND w8 - - -
GNDO083 GND Y8 - - -
GNDO084 GND AK8 - - -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GNDO085 GND A9 - - -
GNDO086 GND E9 - - -
GNDO087 GND H9 - - -
GNDO088 GND K9 - - —
GNDO089 GND L9 - - —
GNDO090 GND M9 - - —
GNDO091 GND N9 - - —
GNDO092 GND R9 - - —
GND093 GND U9 - - -
GND09%4 GND w9 - - -
GNDO095 GND Y9 - - -
GNDO096 GND AK9 - - -
GNDO097 GND A10 - - -
GND098 GND C10 - - -
GND099 GND H10 - - -
GND100 GND K10 - - —
GND101 GND L10 - - —
GND102 GND M10 - - —
GND103 GND P10 - - —
GND104 GND T10 - - —
GND105 GND V10 - - —
GND106 GND AK10 - - -
GND107 GND All - - -
GND108 GND H11 - - -
GND109 GND K11 - - -
GND110 GND L11 - - -
GND111 GND N11 - - -
GND112 GND R11 - - —
GND113 GND U1l — — -
GND114 GND W11 - - —
GND115 GND AK11 - - —
GND116 GND A12 - - —
GND117 GND E12 - - —
GND118 GND G12 - - -
GND119 GND K12 - - -
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GND120 GND L12 - - —
GND121 GND M12 - - —
GND122 GND P12 - - —
GND123 GND T12 - - —
GND124 GND V12 - - —
GND125 GND Y12 - - —
GND126 GND AC12 - - -
GND127 GND AK12 - - -
GND128 GND A13 - - -
GND129 GND C13 - - -
GND130 GND L13 - - -
GND131 GND N13 - - -
GND132 GND R13 - - —
GND133 GND uU13 - - —
GND134 GND W13 - - —
GND135 GND AA13 - - -
GND136 GND AK13 - - -
GND137 GND Al4 - - —
GND138 GND Gl4 - - -
GND139 GND J14 - - -
GND140 GND M14 - - -
GND141 GND P14 - - -
GND142 GND T14 - - -
GND143 GND V14 - - -
GND144 GND AA14 - - -
GND145 GND AB14 - - —
GND146 GND AK14 - - —
GND147 GND A15 - - —
GND148 GND E15 - - —
GND149 GND J15 - — —
GND150 GND L15 - - -
GND151 GND N15 - - -
GND152 GND R15 - - -
GND153 GND uU15 - - -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GND154 GND W15 - - —
GND155 GND AK15 - - -
GND156 GND Al16 - - -
GND157 GND C16 - - —
GND158 GND G16 - - —
GND159 GND J16 - - —
GND160 GND M16 - - —
GND161 GND P16 - - —
GND162 GND T16 - - —
GND163 GND V16 - - -
GND164 GND AK16 - - -
GND165 GND Al7 - - -
GND166 GND J17 - - -
GND167 GND L17 - - -
GND168 GND N17 - - -
GND169 GND R17 - - —
GND170 GND U1z - - -
GND171 GND W17 - - —
GND172 GND AK17 - - -
GND173 GND A18 - - —
GND174 GND E18 - - —
GND175 GND G18 - - -
GND176 GND J18 - - -
GND177 GND M18 - - -
GND178 GND P18 - - -
GND179 GND T18 - - -
GND180 GND V18 - - -
GND181 GND Y18 - - —
GND182 GND AK18 - - -
GND183 GND A19 - - —
GND184 GND C19 - — —
GND185 GND L19 - - —
GND186 GND N19 - - —
GND187 GND R19 - - -
GND188 GND u19 - - -
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GND189 GND W19 - - —
GND190 GND AK19 - - —
GND191 GND A20 - - —
GND192 GND M20 - - —
GND193 GND N20 - - —
GND194 GND P20 - - _
GND195 GND R20 - - -
GND196 GND T20 - - -
GND197 GND u20 - - -
GND198 GND V20 - - -
GND199 GND Y20 - - -
GND200 GND AK20 - - -
GND201 GND A21 - - —
GND202 GND B21 - - —
GND203 GND c21 - - -
GND204 GND D21 - - —
GND205 GND E21 - - —
GND206 GND F21 - - —
GND207 GND H21 - - -
GND208 GND J21 - - -
GND209 GND K21 - - -
GND210 GND L21 - - -
GND211 GND M21 - - -
GND212 GND N21 - - -
GND213 GND P21 - - —
GND214 GND R21 - - —
GND215 GND u21 - - —
GND216 GND V21 - - —
GND217 GND w21 - - —
GND218 GND Y21 - - —
GND219 GND AA21 - - -
GND220 GND AB21 - - -
GND221 GND AD21 - - -
GND222 GND AF21 - - -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GND223 GND AG21 - - -
GND224 GND AJ21 - - -
GND225 GND AK21 - - -
GND226 GND A22 - - —
GND227 GND Cc22 - - —
GND228 GND E22 - - —
GND229 GND G22 - - —
GND230 GND J22 - - —
GND231 GND L22 - - —
GND232 GND Y22 - - -
GND233 GND AA22 - - -
GND234 GND AC22 - - -
GND235 GND AE22 - - -
GND236 GND AG22 - - -
GND237 GND AJ22 - - -
GND238 GND AK22 - - —
GND239 GND A23 - - —
GND240 GND B23 - - —
GND241 GND D23 - - —
GND242 GND F23 - - —
GND243 GND H23 - - —
GND244 GND K23 - - —
GND245 GND M23 - - —
GND246 GND N23 - - -
GND247 GND P23 - - —
GND248 GND R23 - - -
GND249 GND T23 - - -
GND250 GND u23 - — —
GND251 GND V23 - - —
GND252 GND w23 - - —
GND253 GND Y23 - - —
GND254 GND AA23 - - —
GND255 GND AB23 - - —
GND256 GND AD23 - - -
GND257 GND AF23 - - -
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GND258 GND AH23 - - -
GND259 GND AK23 - - -
GND260 GND A24 - - —
GND261 GND C24 - - —
GND262 GND E24 - - —
GND263 GND G24 - - —
GND264 GND J24 - - -
GND265 GND L24 - - -
GND266 GND N24 - - -
GND267 GND R24 - - -
GND268 GND u24 - - -
GND269 GND w24 - - -
GND270 GND AA24 - - —
GND271 GND AB24 - - -
GND272 GND AC24 - - -
GND273 GND AD24 - - —
GND274 GND AE24 - - -
GND275 GND AF24 - - —
GND276 GND AG24 - - -
GND277 GND AH24 - - -
GND278 GND AJ24 - - -
GND279 GND AK24 - - -
GND280 GND A25 - - -
GND281 GND B25 - - -
GND282 GND D25 - - —
GND283 GND F25 - - —
GND284 GND H25 - - —
GND285 GND K25 - - —
GND286 GND M25 - - —
GND287 GND P25 - - —
GND288 GND T25 - - -
GND289 GND V25 - - -
GND290 GND Y25 - - -
GND291 GND AB25 - - -
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Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GND292 GND AD25 - - -
GND293 GND AF25 - - -
GND294 GND AH25 - - -
GND295 GND AK25 - - —
GND296 GND A26 - - —
GND297 GND C26 - - —
GND298 GND E26 - - —
GND299 GND F26 - - —
GND300 GND G26 - - -
GND301 GND H26 - - -
GND302 GND J26 - - -
GND303 GND K26 - - -
GND304 GND L26 - - -
GND305 GND M26 - - -
GND306 GND N26 - - -
GND307 GND P26 - - —
GND308 GND R26 - - -
GND309 GND T26 - - -
GND310 GND U26 - - —
GND311 GND W26 - - —
GND312 GND AA26 - - -
GND313 GND AC26 - - -
GND314 GND AE26 - - -
GND315 GND AG26 - - -
GND316 GND AH26 - - -
GND317 GND AJ26 - - -
GND318 GND AK26 - - -
GND319 GND A27 - - —
GND320 GND B27 - - —
GND321 GND D27 - - —
GND322 GND F27 - - —
GND323 GND H27 - - —
GND324 GND K27 - - —
GND325 GND M27 - - -
GND326 GND P27 - - -
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Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GND327 GND T27 - - —
GND328 GND AK27 - - -
GND329 GND A28 - - —
GND330 GND Cc28 - - —
GND331 GND E28 - - —
GND332 GND J28 - - —
GND333 GND L28 - - -
GND334 GND N28 - - -
GND335 GND R28 - - -
GND336 GND T28 - - -
GND337 GND u28 - - -
GND338 GND w28 - - -
GND339 GND AC28 - - -
GND340 GND AE28 - - -
GND341 GND AG28 - - -
GND342 GND AJ28 - - -
GND343 GND AK28 - - -
GND344 GND A29 - - —
GND345 GND B29 - - —
GND346 GND D29 - - -
GND347 GND F29 - - —
GND348 GND H29 - - -
GND349 GND K29 - - -
GND350 GND M29 - - -
GND351 GND P29 - - —
GND352 GND T29 - - —
GND353 GND V29 - - -
GND354 GND Y29 - - —
GND355 GND AB29 - - -
GND356 GND AD29 - - -
GND357 GND AF29 - - -
GND358 GND AH29 - - -
GND359 GND AK29 - - -
GND360 GND A30 - - -

An Important Notice at the end of this datasheet addresses availability, warranty, changes, use in critical applications, intellectual property

matters and other important disclaimers

DS 60S 217489(G)-HIREL-02/24

page 40

Teledyne e2v Semiconductors SAS 2024




Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GND361 GND C30 - - -
GND362 GND E30 - - -
GND363 GND G30 - - -
GND364 GND J30 - - —
GND365 GND L30 - - —
GND366 GND N30 - - —
GND367 GND R30 - - —
GND368 GND T30 - - —
GND369 GND u30 - - -
GND370 GND W30 - - -
GND371 GND AA30 - - -
GND372 GND AC30 - - -
GND373 GND AE30 - - -
GND374 GND AG30 - - -
GND375 GND AJ30 - - -
GND376 GND AK30 - - -
GND377 GND A31 - - —
GND378 GND B31 - - —
GND379 GND D31 - - —
GND380 GND F31 - - -
GND381 GND H31 - - —
GND382 GND K31 - - -
GND383 GND M31 - - -
GND384 GND P31 - - —
GND385 GND Y31 - - -
GND386 GND AB31 - - -
GND387 GND AD31 - - -
GND388 GND AF31 - - —
GND389 GND AH31 - - —
GND390 GND AK31 - - —
GND391 GND A32 - - —
GND392 GND C32 - — _
GND393 GND E32 - - -
GND39%4 GND G32 - - —
GND395 GND J32 - - -
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GND396 GND L32 - - —
GND397 GND N32 - - —
GND398 GND R32 - - —
GND399 GND W32 - - —
GND400 GND AA32 - - —
GND401 GND AC32 - - —
GND402 GND AE32 - - -
GND403 GND AG32 - - -
GND404 GND AJ32 - - -
GND405 GND AK32 - - -
GND406 GND A33 - - -
GND407 GND B33 - - -
GND408 GND D33 - - -
GND409 GND F33 - - _
GND410 GND H33 - - _
GND411 GND K33 - - —
GND412 GND M33 - - —
GND413 GND P33 - - _
GND414 GND Y33 - - -
GND415 GND AB33 - - -
GND416 GND AD33 - - -
GND417 GND AF33 - - -
GND418 GND AH33 - - -
GND419 GND AK33 - - -
GND420 GND A34 - - —
GND421 GND C34 - - —
GND422 GND E34 - - —
GND423 GND G34 — — -
GND424 GND J34 - _ _
GND425 GND L34 - - —
GND426 GND N34 - - -
GND427 GND R34 - - -
GND428 GND W34 - - -
GND429 GND AA34 - - -
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GND430 GND AC34 - - -
GND431 GND AE34 - - -
GND432 GND AG34 - - -
GND433 GND AJ34 - - —
GND434 GND AK34 - - —
GND435 GND A35 - - —
GND436 GND B35 - - —
GND437 GND D35 - - —
GND438 GND F35 - - _
GND439 GND H35 - - _
GND440 GND K35 - - -
GND441 GND M35 - - -
GND442 GND P35 - - -
GND443 GND Y35 - - -
GND444 GND AB35 - - -
GND445 GND AD35 - - -
GND446 GND AF35 - - -
GND447 GND AH35 - - -
GND448 GND AK35 - - -
GND449 GND A36 - - -
GND450 GND C36 - - -
GND451 GND E36 - - -
GND452 GND G36 - - -
GND453 GND J36 - - -
GND454 GND L36 - - -
GND455 GND N36 - - -
GND456 GND R36 - - -
GND457 GND W36 - - -
GND458 GND AA36 - - -
GND459 GND AC36 - - -
GND460 GND AE36 - - -
GND461 GND AG36 - - -
GND462 GND AJ36 - - -
GND463 GND AK36 - - -
GND464 GND A37 - - -
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GND465 GND B37 - - —
GND466 GND D37 - - —
GND467 GND F37 - - _
GND468 GND H37 - - —
GND469 GND K37 - - —
GND470 GND M37 - - —
GND471 GND P37 - - —
GND472 GND Y37 - - -
GND473 GND AB37 - - -
GND474 GND AD37 - - -
GND475 GND AF37 - - -
GND476 GND AH37 - - -
GND477 GND AK37 - - -
GND478 GND A38 - - -
GND479 GND c38 - - _
GND480 GND E38 - - -
GND481 GND G38 - - _
GND482 GND J38 - - _
GND483 GND L38 - - -
GND484 GND N38 - - -
GND485 GND R38 - - -
GND486 GND W38 - - -
GND487 GND AA38 - - -
GND488 GND AC38 - - -
GND489 GND AE38 - - —
GND490 GND AG38 - - —
GND491 GND AJ38 - - —
GND492 GND AK38 - — —
GND493 GND A39 - - -
GND494 GND B39 - - -
GND495 GND D39 - - -
GND496 GND F39 - - —
GND497 GND H39 - - _
GND498 GND K39 - - -

An Important Notice at the end of this datasheet addresses availability, warranty, changes, use in critical applications, intellectual property

matters and other important disclaimers

DS 60S 217489(G)-HIREL-02/24

page 44

Teledyne e2v Semiconductors SAS 2024




Signal Signal description Paﬁ&;gbeefin tgi)ne Power supply Notes
GND499 GND M39 - - -
GND500 GND P39 - - -
GND501 GND T39 - - -
GND502 GND V39 - - —
GND503 GND Y39 - - —
GND504 GND AB39 - - —
GND505 GND AD39 - - —
GND506 GND AF39 - - -
GND507 GND AH39 - - —
GND508 GND AK39 - - -
GND509 GND A40 - - -
GND510 GND C40 - - -
GND511 GND E40 - - -
GND512 GND G40 - - -
GND513 GND J40 - - -
GND514 GND L40 - - —
GND515 GND N40 - - —
GND516 GND R40 - - —
GND517 GND u40 - - —
GND518 GND W40 - - —
GND519 GND AA40 - - -
GND520 GND AC40 - - -
GND521 GND AE40 - - -
GND522 GND AG40 - - -
GND523 GND AJ40 - - -
GND524 GND AK40 - - -
GND525 GND A4l - - -
GND526 GND B41 - - —
GND527 GND D41 - - —
GND528 GND F41 - - —
GND529 GND H41 - - —
GND530 GND K41 - - -
GND531 GND M41 - - —
GND532 GND P41 - - -
GND533 GND T4l - - -
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GND534 GND V41 - - —
GND535 GND Y41 - - —
GND536 GND AB41 - - -
GND537 GND AD41 - - -
GND538 GND AF41 - - —
GND539 GND AH41 - - —
GND540 GND AK41 - - -
GND541 GND A42 - - -
GND542 GND C42 - - -
GND543 GND E42 - - -
GND544 GND G42 - - -
GND545 GND Ja2 - - -
GND546 GND L42 - - —
GND547 GND N42 - - —
GND548 GND R42 - - —
GND549 GND u42 - - -
GND550 GND W42 - - -
GND551 GND AA42 - - —
GND552 GND AC42 - - -
GND553 GND AE42 - - -
GND554 GND AG42 - - -
GND555 GND AJ42 - - -
GND556 GND AK42 - - -
GND557 GND A43 - - -
GND558 GND B43 - - -
GND559 GND D43 - - -
GND560 GND Fa3 - - -
GND561 GND H43 - - —
GND562 GND K43 - - —
GND563 GND M43 - - -
GND564 GND P43 - - -
GND565 GND T43 - - -
GND566 GND V43 - - -
GND567 GND Y43 - - -
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GND568 GND AB43 - - -
GND569 GND AD43 - - -
GND570 GND AF43 - - -
GND571 GND AH43 - - —
GND572 GND AK43 - - -
GND573 GND Ad4 - - —
GND574 GND C44 - - —
GND575 GND E44 - - —
GND576 GND G44 - - -
GND577 GND Ja4 - - -
GND578 GND L44 - - -
GND579 GND N44 - - -
GND580 GND R44 - - -
GND581 GND u44 - - -
GND582 GND w44 - - -
GND583 GND AA44 - - —
GND584 GND AC44 - - —
GND585 GND AE44 - - —
GND586 GND AG44 - - —
GND587 GND AJd44 - - —
GND588 GND AK44 - - —
GND589 GND A45 - - -
GND590 GND B45 - - -
GND591 GND D45 - - -
GND592 GND F45 - - -
GND593 GND H45 - - -
GND594 GND K45 - - -
GND595 GND M45 - - -
GND596 GND P45 - - -
GND597 GND T45 - - —
GND598 GND V45 - - -
GND599 GND Y45 - - -
GND600 GND AB45 - - -
GND601 GND AD45 - - -
GND602 GND AF45 - - -
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GND603 GND AH45 - - —
GND604 GND AK45 - - —
GND605 GND A46 - - —
GND606 GND C46 - - —
GND607 GND E46 - - —
GND608 GND G46 - - —
GND609 GND J46 - - -
GND610 GND L46 - - -
GND611 GND N46 - - -
GND612 GND R46 - - -
GND613 GND U46 - - -
GND614 GND W46 - - -
GND615 GND AA46 - - -
GND616 GND AC46 - - -
GND617 GND AE46 - - -
GND618 GND AG46 - - -
GND619 GND AJ46 - - -
GND620 GND AK46 - - -
GND621 GND A47 - - -
GND622 GND B47 - - -
GND623 GND D47 - - -
GND624 GND F47 - - -
GND625 GND H47 - - -
GND626 GND K47 - - -
GND627 GND M47 - - —
GND628 GND P47 - - —
GND629 GND T47 - - —
GND630 GND Va7 - - -
GND631 GND Y47 - - —
GND632 GND AB47 - - —
GND633 GND AD47 - - -
GND634 GND AF47 - - -
GND635 GND AH47 - - -
GND636 GND AK47 - - -
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GND637 GND A48 - - -
GND638 GND C48 - - -
GND639 GND E48 - - -
GND640 GND G48 - - —
GND641 GND J48 - - —
GND642 GND L48 - - —
GND643 GND N48 - - —
GND644 GND R48 - - —
GND645 GND u48 - - —
GND646 GND w48 - - -
GND647 GND AA48 - - -
GND648 GND AC48 - - -
GND649 GND AE48 - - -
GND650 GND AG48 - - -
GND651 GND AJ48 - - -
GND652 GND AK48 - - -
GND653 GND A49 - - -
GND654 GND B49 - - —
GND655 GND D49 - - -
GND656 GND F49 - - -
GND657 GND H49 - - —
GND658 GND K49 - - -
GND659 GND M49 - - -
GND660 GND P49 - - -
GND661 GND T49 - - -
GND662 GND V49 - - -
GND663 GND Y49 - - -
GND664 GND AB49 - - -
GND665 GND AD49 - - -
GND666 GND AF49 - - -
GND667 GND AH49 - - -
GND668 GND AK49 - - -
GND669 GND A50 - - -
GND670 GND C50 - - -
GND671 GND E50 - - -

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

Teledyne e2v Semiconductors SAS 2024 page 49 DS 60S 217489(G)-HIREL-02/24



Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
GND672 GND G50 - - —
GND673 GND J50 - - —
GND674 GND L50 - - —
GND675 GND N50 - - —
GND676 GND us0 - - —
GND677 GND W50 - - —
GND678 GND AA50 - - -
GND679 GND AC50 - - -
GND680 GND AES50 - - -
GND681 GND AG50 - - -
GND682 GND AJ50 - - -
GND683 GND AK50 - - -
GND684 GND A51 - - —
GND685 GND B51 - - -
GND686 GND D51 - - -
GND687 GND F51 - - —
GND688 GND H51 - - -
GND689 GND K51 - - -
GND690 GND M51 - - -
GND691 GND P51 - - -
GND692 GND V51 - - -
GND693 GND Y51 - - -
GND694 GND AB51 - - -
GND695 GND AD51 - - -
GND696 GND AF51 - - -
GND697 GND AH51 - - —
GND698 GND AK51 - - -

SD_GNDO1 Serdes core logic GND AB5 - - 23
SD_GNDO02 Serdes core logic GND AD5 - - 23
SD_GNDO03 Serdes core logic GND AE5 - - 23
SD_GNDO04 Serdes core logic GND AF5 - - 23
SD_GNDO05 Serdes core logic GND AH5 - - 23
SD_GNDO06 Serdes core logic GND AJ5 - - 23
SD_GNDO07 Serdes core logic GND AA6 - - 23
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SD_GNDO08 Serdes core logic GND ADG6 - - 23
SD_GNDO09 Serdes core logic GND AG6 - - 23
SD_GND10 Serdes core logic GND AA7 - - 23
SD_GND11 Serdes core logic GND AB7 - - 23
SD_GND12 Serdes core logic GND AC7 - - 23
SD_GND13 Serdes core logic GND AE7 - - 23
SD_GND14 Serdes core logic GND AF7 - - 23
SD_GND15 Serdes core logic GND AG7 - - 23
SD_GND16 Serdes core logic GND AH7 - - 23
SD_GND17 Serdes core logic GND AJ7 - - 23
SD_GND18 Serdes core logic GND AA8 - - 23
SD_GND19 Serdes core logic GND AD8 - - 23
SD_GND20 Serdes core logic GND AG8 - - 23
SD_GND21 Serdes core logic GND AA9 - - 23
SD_GND22 Serdes core logic GND AB9 - - 23
SD_GND23 Serdes core logic GND AC9 - - 23
SD_GND24 Serdes core logic GND AE9 - - 23
SD_GND25 Serdes core logic GND AF9 - - 23
SD_GND26 Serdes core logic GND AG9 - - 23
SD_GND27 Serdes core logic GND AH9 - - 23
SD_GND28 Serdes core logic GND AJ9 - - 23
SD_GND29 Serdes core logic GND AA10 - - 23
SD_GND30 Serdes core logic GND AB10 - - 23
SD_GND31 Serdes core logic GND AC10 - - 23
SD_GND32 Serdes core logic GND AD10 - - 23
SD_GND33 Serdes core logic GND AG10 - - 23
SD_GND34 Serdes core logic GND AC11 - - 23
SD_GND35 Serdes core logic GND AD11 - - 23
SD_GND36 Serdes core logic GND AG11 - - 23
SD_GND37 Serdes core logic GND AB12 - - 23
SD_GND38 Serdes core logic GND AE12 - - 23
SD_GND39 Serdes core logic GND AF12 - - 23
SD_GND40 Serdes core logic GND AH12 - - 23
SD_GND41 Serdes core logic GND AJ12 - - 23
SD_GND42 Serdes core logic GND AC14 - - 23
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SD_GND43 Serdes core logic GND AE14 - - 23
SD_GND44 Serdes core logic GND AF14 - - 23
SD_GND45 Serdes core logic GND AH14 - - 23
SD_GND46 Serdes core logic GND AJl4 - - 23
SD_GND47 Serdes core logic GND AA15 - - 23
SD_GND48 Serdes core logic GND AB15 - - 23
SD_GND49 Serdes core logic GND AD15 - - 23
SD_GND50 Serdes core logic GND AG15 - - 23
SD_GND51 Serdes core logic GND AAL6 - - 23
SD_GND52 Serdes core logic GND AC16 - - 23
SD_GND53 Serdes core logic GND AD16 - - 23
SD_GND54 Serdes core logic GND AG16 - - 23
SD_GND55 Serdes core logic GND AB17 - - 23
SD_GND56 Serdes core logic GND AC17 - - 23
SD_GND57 Serdes core logic GND AE17 - - 23
SD_GND58 Serdes core logic GND AF17 - - 23
SD_GND59 Serdes core logic GND AG17 - - 23
SD_GND60 Serdes core logic GND AH17 - - 23
SD_GND61 Serdes core logic GND AJ17 - - 23
SD_GND62 Serdes core logic GND AB18 - - 23
SD_GND63 Serdes core logic GND AD18 - - 23
SD_GND64 Serdes core logic GND AG18 - - 23
SD_GND65 Serdes core logic GND AB19 - - 23
SD_GND66 Serdes core logic GND AD19 - - 23
SD_GND67 Serdes core logic GND AG19 - - 23
SD_GND68 Serdes core logic GND AC20 - - 23
SD_GND69 Serdes core logic GND AE20 - - 23
SD_GND70 Serdes core logic GND AF20 - - 23
SD_GND71 Serdes core logic GND AH20 - - 23
SD_GND72 Serdes core logic GND AJ20 - - 23
D1_VPPO1 DDR4 activating power supply B46
D1_VPP02 DDR4 activating power supply AH46
D1_VPP03 DDR4 activating power supply Cc4a7
D1_VPP04 DDR4 activating power supply AJa7
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D1_VPP0O5 DDR4 activating power supply B48
D1_VPP06 DDR4 activating power supply AH48
D1_VPPO7 DDR4 activating power supply C49
D1_VPP08 DDR4 activating power supply AJ49
D1_VPP09 DDR4 activating power supply B50
D1_VPP10 DDR4 activating power supply AH50
D1_VPP11 DDR4 activating power supply C51
D1_VPP12 DDR4 activating power supply AJ51
D1_VTTO1 DDR4 termination R50
D1_VTT02 DDR4 termination T50
D1_VTTO03 DDR4 termination R51
D1_VTT04 DDR4 termination T51
G1vDDO1 DDR supply B22
G1vDD02 DDR supply D22
G1vDDO03 DDR supply F22
G1VDD04 DDR supply H22
G1VDDO05 DDR supply K22
G1VDD06 DDR supply AB22
G1vVDDO07 DDR supply AD22
G1vVDDO08 DDR supply AF22
G1vVDD09 DDR supply AH22
G1vDD10 DDR supply C23
G1vDD11 DDR supply E23
G1vDD12 DDR supply G23
G1vDD13 DDR supply J23
G1vDD14 DDR supply L23
G1vDD15 DDR supply AC23
G1VDD16 DDR supply AE23
G1vDD17 DDR supply AG23
G1vDD18 DDR supply AJ23
G1vVDD19 DDR supply B24
G1VDD20 DDR supply D24
G1vDD21 DDR supply F24
G1VDD22 DDR supply H24
G1VDD23 DDR supply K24

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

Teledyne e2v Semiconductors SAS 2024 page 53 DS 60S 217489(G)-HIREL-02/24



Signal Signal description Paﬁ&;gbeefin tsione Power supply Notes
G1VDD24 DDR supply M24
G1VDD25 DDR supply P24
G1VDD26 DDR supply T24
G1VDD27 DDR supply V24
G1VDD28 DDR supply Y24
G1VDD29 DDR supply c25
G1vDD30 DDR supply E25
G1vDD31 DDR supply G25
G1vDD32 DDR supply J25
G1vDD33 DDR supply L25
G1vDD34 DDR supply N25
G1VvDD35 DDR supply R25
G1vDD36 DDR supply u25
G1vVDD37 DDR supply w25
G1vDD38 DDR supply AA25
G1VDD39 DDR supply AC25
G1VDD40 DDR supply AE25
G1vDD41 DDR supply AG25
G1vDD42 DDR supply AJ25
G1vDD43 DDR supply B26
G1vDD44 DDR supply D26
G1vDD45 DDR supply V26
G1VvDD46 DDR supply Y26
G1vDD47 DDR supply AB26
G1vVDD48 DDR supply AD26
G1VDD49 DDR supply AF26
G1VDD50 DDR supply u27
G1vVDD51 DDR supply w27
G1VDD52 DDR supply AA27
G1VDD53 DDR supply AC27
G1VDD54 DDR supply AE27
G1VDD55 DDR supply AG27
G1VDD56 DDR supply B28
G1VDD57 DDR supply D28
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G1vDD58 DDR supply F28
G1VvDD59 DDR supply G28
G1VvDD60 DDR supply H28
G1VDD61 DDR supply K28
G1VDD62 DDR supply P28
G1VDD63 DDR supply V28
G1VDD64 DDR supply Y28
G1VDD65 DDR supply AA28
G1VDD66 DDR supply AB28
G1vDD67 DDR supply AD28
G1vDD68 DDR supply AF28
G1VvDD69 DDR supply AH28
G1vDD70 DDR supply M22
G1vDD71 DDR supply N22
G1vDD72 DDR supply P22
G1vVDD73 DDR supply R22
G1VDD74 DDR supply T22
G1VDD75 DDR supply u22
G1VDD76 DDR supply V22
G1VDD77 DDR supply w22
G1vVDD78 DDR supply c27
G1vDD79 DDR supply E27
G1vDD80 DDR supply G27
G1vDD81 DDR supply J27
G1vDD82 DDR supply L27
G1vDD83 DDR supply N27
G1vDD84 DDR supply R27
G1vVDD85 DDR supply V27
G1VDD86 DDR supply Y27
G1vDD87 DDR supply AB27
G1vDD88 DDR supply AD27
G1vVDD89 DDR supply AF27
G1VDD90 DDR supply AH27
G1VDD91 DDR supply AJ27

D1_VvDDO001 DDR4 module power supply Cc29
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D1_VvDDO002 DDR4 module power supply E29
D1_VvDDO003 DDR4 module power supply G29
D1_VvDDO004 DDR4 module power supply J29
D1_VvDDO005 DDR4 module power supply L29
D1_VDDO006 DDR4 module power supply N29
D1_VvDDO007 DDR4 module power supply R29
D1_VvDDO008 DDR4 module power supply u29
D1_VvDDO009 DDR4 module power supply w29
D1_VvDDO010 DDR4 module power supply AA29
D1_VvDDO11 DDR4 module power supply AC29
D1_VvDDO012 DDR4 module power supply AE29
D1_VvDDO013 DDR4 module power supply AG29
D1_vDDO014 DDR4 module power supply AJ29
D1_VvDDO015 DDR4 module power supply B30
D1_VvDDO016 DDR4 module power supply D30
D1_VvDDO017 DDR4 module power supply F30
D1_vDDO018 DDR4 module power supply H30
D1_VvDDO019 DDR4 module power supply K30
D1_VvDDO020 DDR4 module power supply M30
D1_VvDDO021 DDR4 module power supply P30
D1_VDDO022 DDR4 module power supply V30
D1_VvDDO023 DDR4 module power supply Y30
D1_VvDDO024 DDR4 module power supply AB30
D1_VDDO025 DDR4 module power supply AD30
D1_VvDDO026 DDR4 module power supply AF30
D1_VvDDO027 DDR4 module power supply AH30
D1_VvDDO028 DDR4 module power supply C31
D1_VDDO029 DDR4 module power supply E31
D1_VvDDO030 DDR4 module power supply G31
D1_VvDDO031 DDR4 module power supply J31
D1_VDDO032 DDR4 module power supply L31
D1_VvDDO033 DDR4 module power supply N31
D1_VDDO034 DDR4 module power supply R31
D1_VDDO035 DDR4 module power supply w31
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D1_VDDO036 DDR4 module power supply AA31
D1_VvDDO037 DDR4 module power supply AC31
D1_VvDDO038 DDR4 module power supply AE31
D1_VvDDO039 DDR4 module power supply AG31
D1_VvDDO040 DDR4 module power supply AJ31
D1_VvDDO041 DDR4 module power supply B32
D1_VvDDO042 DDR4 module power supply D32
D1_VvDDO043 DDR4 module power supply AH32
D1_VvDDO044 DDR4 module power supply C33
D1_VDDO045 DDR4 module power supply E33
D1_VDDO046 DDR4 module power supply G33
D1_VvDDO047 DDR4 module power supply J33
D1_VvDDO048 DDR4 module power supply L33
D1_VDDO049 DDR4 module power supply N33
D1_VDDO050 DDR4 module power supply R33
D1_VvDDO051 DDR4 module power supply W33
D1_VvDDO052 DDR4 module power supply AA33
D1_VvDDO053 DDR4 module power supply AC33
D1_VvDDO054 DDR4 module power supply AE33
D1_VDDO055 DDR4 module power supply AG33
D1_VvDDO056 DDR4 module power supply AJ33
D1_VDDO057 DDR4 module power supply B34
D1_VvDDO058 DDR4 module power supply D34
D1_VDDO059 DDR4 module power supply AH34
D1_VDDO060 DDR4 module power supply C35
D1_VDDO061 DDR4 module power supply E35
D1_VDDO062 DDR4 module power supply G35
D1_VvDDO063 DDR4 module power supply J35
D1_VvDDO064 DDR4 module power supply L35
D1_VDDO065 DDR4 module power supply N35
D1_VDDO066 DDR4 module power supply R35
D1_VvDDO067 DDR4 module power supply W35
D1_VvDDO068 DDR4 module power supply AA35
D1_VDDO069 DDR4 module power supply AC35
D1_VvDDO070 DDR4 module power supply AE35

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

Teledyne e2v Semiconductors SAS 2024 page 57 DS 60S 217489(G)-HIREL-02/24



Signal Signal description Paﬁh;gbeefin tsione Power supply Notes
D1_VvDDO071 DDR4 module power supply AG35
D1_VvDDO072 DDR4 module power supply AJ35
D1_VvDDO073 DDR4 module power supply B36
D1_VvDDO074 DDR4 module power supply D36
D1_VvDDO075 DDR4 module power supply AH36
D1_VvDDO076 DDR4 module power supply C37
D1_VvDDO077 DDR4 module power supply E37
D1_VvDDO078 DDR4 module power supply G37
D1_VvDDO079 DDR4 module power supply J37
D1_VvDDO080 DDR4 module power supply L37
D1_VvDDO081 DDR4 module power supply N37
D1_VvDDO082 DDR4 module power supply R37
D1_VDDO083 DDR4 module power supply W37
D1_VvDDO084 DDR4 module power supply AA37
D1_VvDDO085 DDR4 module power supply AC37
D1_VDDO086 DDR4 module power supply AE37
D1_vDDO087 DDR4 module power supply AG37
D1_vDDO088 DDR4 module power supply AJ37
D1_VvDDO089 DDR4 module power supply B38
D1_VDDO090 DDR4 module power supply D38
D1_VDDO091 DDR4 module power supply AH38
D1_VDDO092 DDR4 module power supply C39
D1_VDDO093 DDR4 module power supply E39
D1_VDDO094 DDR4 module power supply G39
D1_VvDDO095 DDR4 module power supply J39
D1_VvDDO096 DDR4 module power supply L39
D1_VvDDO097 DDR4 module power supply N39
D1_VvDDO098 DDR4 module power supply R39
D1_VvDDO099 DDR4 module power supply U39
D1_VvDD100 DDR4 module power supply w39
D1_VvDD101 DDR4 module power supply AA39
D1_VDD102 DDR4 module power supply AC39
D1_VvDD103 DDR4 module power supply AE39
D1_VDD104 DDR4 module power supply AG39
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D1_VDD105 DDR4 module power supply AJ39
D1_VDD106 DDR4 module power supply B40
D1_VvDD107 DDR4 module power supply D40
D1_VvDD108 DDR4 module power supply AH40
D1_VvDD109 DDR4 module power supply C41
D1_VvDD110 DDR4 module power supply E41
D1_VDD111 DDR4 module power supply G41
D1_VDD112 DDR4 module power supply Jal
D1_VvDD113 DDR4 module power supply L41
D1_VDD114 DDR4 module power supply N41
D1_VDD115 DDR4 module power supply R41
D1_VDD116 DDR4 module power supply u41
D1_VDD117 DDR4 module power supply w41l
D1_VvDD118 DDR4 module power supply AA41
D1_VDD119 DDR4 module power supply AC41
D1_VvDD120 DDR4 module power supply AE41
D1_VvDD121 DDR4 module power supply AG41
D1_VvDD122 DDR4 module power supply AJ4l
D1_VvDD123 DDR4 module power supply B42
D1_VvDD124 DDR4 module power supply D42
D1_VDD125 DDR4 module power supply AH42
D1_VDD126 DDR4 module power supply C43
D1_VvDD127 DDR4 module power supply E43
D1_VvDD128 DDR4 module power supply G43
D1_VDD129 DDR4 module power supply J43
D1_VDD130 DDR4 module power supply L43
D1_VDD131 DDR4 module power supply N43
D1_VDD132 DDR4 module power supply R43
D1_VvDD133 DDR4 module power supply u43
D1_VDD134 DDR4 module power supply w43
D1_VDD135 DDR4 module power supply AA43
D1_VDD136 DDR4 module power supply AC43
D1_VDD137 DDR4 module power supply AE43
D1_VvDD138 DDR4 module power supply AG43
D1_VDD139 DDR4 module power supply AJ43

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

Teledyne e2v Semiconductors SAS 2024 page 59 DS 60S 217489(G)-HIREL-02/24



Signal Signal description Paﬁh;gbeefin tsione Power supply Notes
D1_VvDD140 DDR4 module power supply B44
D1_VvDD141 DDR4 module power supply D44
D1_VvDD142 DDR4 module power supply AH44
D1_VvDD143 DDR4 module power supply C45
D1_VvDD144 DDR4 module power supply E45
D1_VvDD145 DDR4 module power supply G45
D1_VDD146 DDR4 module power supply J45
D1_VvDD147 DDR4 module power supply L45
D1_VvDD148 DDR4 module power supply N45
D1_VDD149 DDR4 module power supply R45
D1_VDD150 DDR4 module power supply u45
D1_VDD151 DDR4 module power supply w45
D1_VDD152 DDR4 module power supply AA45
D1_VvDD153 DDR4 module power supply AC45
D1_VDD154 DDR4 module power supply AE45
D1_VDD155 DDR4 module power supply AG45
D1_VDD156 DDR4 module power supply AJ45
D1_VDD157 DDR4 module power supply D46
D1_VDD158 DDR4 module power supply E47
D1_VDD159 DDR4 module power supply G47
D1_VDD160 DDR4 module power supply Jar
D1_VDD161 DDR4 module power supply L47
D1_VDD162 DDR4 module power supply N47
D1_VDD163 DDR4 module power supply R47
D1_VDD164 DDR4 module power supply u47
D1_VDD165 DDR4 module power supply w47
D1_VDD166 DDR4 module power supply AA4T
D1_VDD167 DDR4 module power supply AC47
D1_VvDD168 DDR4 module power supply AEA47
D1_VDD169 DDR4 module power supply AG47
D1_VDD170 DDR4 module power supply D48
D1_VDD171 DDR4 module power supply E49
D1_VDD172 DDR4 module power supply G49
D1_VDD173 DDR4 module power supply J49
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D1_VDD174 DDR4 module power supply L49
D1_VDD175 DDR4 module power supply N49
D1_VDD176 DDR4 module power supply R49
D1_VvDD177 DDR4 module power supply U49
D1_VvDD178 DDR4 module power supply w49
D1_VvDD179 DDR4 module power supply AA49
D1_VvDD180 DDR4 module power supply AC49
D1_VvDD181 DDR4 module power supply AE49
D1_VvDD182 DDR4 module power supply AG49
D1_VvDD183 DDR4 module power supply D50
D1_VDD184 DDR4 module power supply F50
D1_VDD185 DDR4 module power supply H50
D1_VDD186 DDR4 module power supply K50
D1_VvDD187 DDR4 module power supply M50
D1_VvDD188 DDR4 module power supply P50
D1_VvDD189 DDR4 module power supply V50
D1_VvDD190 DDR4 module power supply Y50
D1_VvDD191 DDR4 module power supply AB50
D1_VvDD192 DDR4 module power supply AD50
D1_VvDD193 DDR4 module power supply AF50
D1_VDD194 DDR4 module power supply E51
D1_VDD195 DDR4 module power supply G51
D1_VDD196 DDR4 module power supply J51
D1_VDD197 DDR4 module power supply L51
D1_VvDD198 DDR4 module power supply N51
D1_VDD199 DDR4 module power supply U51
D1_VDD200 DDR4 module power supply W51
D1_VDD201 DDR4 module power supply AA51
D1_VvDD202 DDR4 module power supply AC51
D1_VDD203 DDR4 module power supply AE51
D1 _VvDD204 DDR4 module power supply AG51

VDDO1 Supply for cores and platform L14

VDD02 Supply for cores and platform L16

VDDO03 Supply for cores and platform L18

VDD04 Supply for cores and platform L20
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VDDO05 Supply for cores and platform M11
VDDO06 Supply for cores and platform M13
VDDO7 Supply for cores and platform M15
VDDO08 Supply for cores and platform M17
VDD09 Supply for cores and platform M19
VDD10 Supply for cores and platform N10
VDD11 Supply for cores and platform N12
VDD12 Supply for cores and platform N14
VDD13 Supply for cores and platform N16
VDD14 Supply for cores and platform N18
VDD15 Supply for cores and platform P9
VDD16 Supply for cores and platform P11
VDD17 Supply for cores and platform P13
VDD18 Supply for cores and platform P15
VDD19 Supply for cores and platform P17
VDD20 Supply for cores and platform P19
VvDD21 Supply for cores and platform R10
VDD22 Supply for cores and platform R12
VDD23 Supply for cores and platform R14
VDD24 Supply for cores and platform R16
VDD25 Supply for cores and platform R18
VDD26 Supply for cores and platform T9
VvDD27 Supply for cores and platform T11
VvDD28 Supply for cores and platform T13
VDD29 Supply for cores and platform T15
VDD30 Supply for cores and platform T17
VDD31 Supply for cores and platform T19
VDD32 Supply for cores and platform uU10
VDD33 Supply for cores and platform ui12
VDD34 Supply for cores and platform U4
VDD35 Supply for cores and platform uU16
VDD36 Supply for cores and platform u18
VDD37 Supply for cores and platform V9
VDD38 Supply for cores and platform V11l
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VDD39 Supply for cores and platform V13
VDD40 Supply for cores and platform V15
VDD41 Supply for cores and platform V17
VDDA42 Supply for cores and platform V19
VvDD43 Supply for cores and platform W10
VDD44 Supply for cores and platform w12
VDD45 Supply for cores and platform w14
VDD46 Supply for cores and platform W16
VDD47 Supply for cores and platform w18
VDD48 Supply for cores and platform W20
VDD49 Supply for cores and platform Y11
VDD50 Supply for cores and platform Y17
VDD51 Supply for cores and platform Y19
SENSEGND GND Sense pin H20 - - -
OvDD1 General /0 supply K14 - OvVDD -
OvDD2 General I/O supply K15 - OvVDD -
OvDD3 General I/0 supply K16 - OvDD -
OvDD4 General I/O supply K17 - OvVDD -
OVvDD5 General I/0 supply K18 - OvDD -
OVvDD6 General I/O supply T7 - OvVDD -
DvDD1 UART/I2C supply - switchable P7 - DVDD -
DVDD2 UART/I2C supply - switchable R7 - DVDD -
EVDD eSDHC supply - switchable T6 - EVDD -
LvVDD1 Ethernet controller 1 & 2 supply u7 - LVDD -
LVDD2 Ethernet controller 1 & 2 supply V7 - LVDD -
LvDD3 Ethernet controller 1 & 2 supply w7 - LVDD -
rvLeosmr oo || :
SvDD1 SerDes1 core logic supply Y10 - SVDD -
SvDD2 SerDes1 core logic supply Y13 - SVDD -
SvDD3 SerDes1 core logic supply Y14 - SVDD -
SVDD4 SerDes1 core logic supply Y15 - SVDD -
SVDD5 SerDes1 core logic supply Y16 - SVDD -
SVDD6 SerDes1 core logic supply AA17 - SVDD -
SVDD7 SerDes1 core logic supply AA18 - SVDD -
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SVDD8 SerDes1 core logic supply AA19 - SVDD -
XvDD1 SerDes1 transceiver supply AD7 - XVDD -
XvDD2 SerDes1 transceiver supply AD9 - XVDD -
XVvDD3 SerDes1 transceiver supply AD12 - XVDD -
XVDD4 SerDes1 transceiver supply AD14 - XVDD -
XVDD5 SerDes1 transceiver supply AD17 - XVDD -
XVDD6 SerDesl transceiver supply AD20 - XVDD -
FA_VL Reserved AC21 - FA_VL 15
PROG_MTR Reserved G13 - PROG_MTR 15
TA_PROG_SFP SFP Fuse P“?S%r;")ﬁ‘;“i"g Override H13 - TA_PROG_SFP -
TH_VDD Thermal Monitor Unit supply H8 - TH_VDD -
TA_BB_VDD Battery Back:SpSptla;urity Monitor H12 _ TA_BB_VDD _
AVDD_CGA1l CPU Cluster Group A PLL1 supply Ji1 - AVDD_CGA1l -
AVDD_CGA2 CPU Cluster Group A PLL2 supply J10 - AVDD_CGA2 -
AVDD_PLAT Platform PLL supply J9 - AVDD_PLAT -
AVDD_D1 DDR1 PLL supply T21 - AVDD_D1 -
AVDD_SD1_PLL1 SerDes1 PLL 1 supply AB11 - AVDD_SD1_PLL1 -
AVDD_SD1_PLL2 SerDes1 PLL 2 supply AC6 - AVDD_SD1_PLL2 -
AVDD_SD2_PLL1 SerDes2 PLL 1 supply AC15 - AVDD_SD2 PLL1 -
AVDD_SD2_PLL2 SerDes2 PLL 2 supply AB16 - AVDD_SD2_PLL2 -
SENSEVDD Vdd Sense pin H19 - SENSEVDD -
USB_HVDD1 3.3V High Supply L8 - USB_HVDD -
USB_HVDD2 3.3V High Supply M8 - USB_HVDD -
USB_SDVDD1 1.0 V Analog and digital HS supply N7 - USB_SDVDD -
USB_SDVDD2 1.0 V Analog and digital HS supply N8 - USB_SDVDD -
USB_SVDD1 1.0 V Analog and digital SS supply L7 - USB_SVDD -
USB_SVDD2 1.0 V Analog and digital SS supply M7 - USB_SVDD -

Notes:

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

scan.

2. This output is actively driven during reset rather than being tri-stated during reset.

3. MDIC[0] is grounded through a 162 Q precision 1% resistor and MDIC[1] is connected to GVpp through a 162 Q precision
1% resistor. For either full or half driver strength calibration of DDR 10s, use the same MDIC resistor value of 162 Q. The
memory controller register setting can be used to determine automatic calibration is done to full or half drive strength.
These pins are used for automatic calibration of the DDR4 |0s.
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4. This pinis a reset configuration pin. It has a weak (~20 kQ) internal pull-up P-FET that is enabled only when the processor
is in its reset state. This pull-up is designed such that it can be overpowered by an external 4.7 kQ resistor. However, if
the signal is intended to be high after reset, and if there is any device on the net that might pull down the value of the net
at reset, a pull-up or active driver is needed.

5. Pin must NOT be pulled down during power-on reset. This pin may be pulled up, driven high, or if there are any externally
connected devices, left in tristate. 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 safe state during reset.

Recommend that a weak pull-up resistor (2-10 kQ) be placed on this pin to the respective power supply.
This pin is an open-drain signal.

Recommend that a weak pull-up resistor (1 kQ) be placed on this pin to the respective power supply.
This pin has a weak (~20 kQ) internal pull-up P-FET that is always enabled.

10. These are test signals for factory use only and must be pulled up (100Q to 1-kQ) to the respective power supply for normal
operation.

11. This pin requires a 200Q + 1% pull-up to respective power-supply.
12. Do not connect. These pins should be left floating.
13.

14. This pin requires an external 1-kQ pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is
actively driven.

15. These pins must be pulled to ground (GND).

16. This pin requires a 698Q + 1% pull-up to respective power-supply.

17. These pins should be tied to ground if the diode is not utilized for temperature monitoring.
18. This pin should be grounded through a 200Q +/-1% 100ppm/°C precision resistor.

19. This pin must be pulled to OVDD through a 100-Q to 1kQ resistor for a four core QLS1046A device and tied to ground for
a two core QLS1026A device.

20. In normal operation, this pin must be pulled high to OVDD with 4.7 kQ.

21. DIFF_SYSCLK and DIFF_SYSCLK_B is tied to cfg_eng_useO, the configuration is described in section "Reset
configuration word (RCW)" of QorlQ QLS1046A Reference Manual.

22. This pin should be connected to ground through 2-10 kQ resistor when not used.
23. SD_GND must be directly connected to GND.

24. This pin must be pulled down to GND with a pull down resistor of value 1 KQ

25. This pin will not be tested using JTAG Boundary scan operation.

26. For proper clock selection, terminate cfg_eng_use0 with a pull up or pull down of 4.7 kQ to ensure that the signal will have
a valid state as soon as the IO voltage reach its operating condition.

© ©® N

Warning

See "Connection Recommendations" for additional details on properly connecting these pins for specific
applications.
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ELECTRICAL CHARACTERISTICS

This section describes the DC and AC electrical specifications for the chip. The chip is currently targeted to these
specifications, some of which are independent of the 1/O cell but are included for a more complete reference. These

are not purely I/O buffer design specifications.

3.1 Overall DC electrical characteristics

This section describes the ratings, conditions, and other characteristics.

3.1.1 Absolute maximum ratings

This table provides the absolute maximum ratings.

Table 2. Absolute maximum ratings (1)(5)

Characteristic Symbol Max Value Unit Notes
Core and platform supply voltage Voo -0.3t0 1.08 \% 4
PLL supply voltage (core PLL, platform, DDR) AVpp CGA1 -0.31t01.98 \% -
AVpp CGA2
AVpp D1
AVpp PLAT
PLL supply voltage (SerDes, filtered from XnVpp) AVDD_SDn_PLL1 -0.3t0 1.48 \% -
AVDD_SDn_PLL2
SFP Fuse Programming TA_PROG_SFP -0.3t01.98 \% -
Thermal Unit Monitor supply TH_Voo -0.3t01.98 \% -
Battery Backed Security Monitor supply TA_BB_Vpp -0.3t01.08 \% -
IFC, SPI, IRQ[0:2], Tamper Detect, System Control, SYSCLK, OVip -0.3t01.98 \ -
DDRCLK, RTC, EVT[0:4], DFT, JTAG, DIFF_SYSCLK, CLK_OUT,
QSPI, FTM[5:7], eSDHC_DAT[4:7], eSDHC_CMD/DATO_DIR,
eSDHC_DAT123 DIR, eSDHC_SYNC_IN/OUT, SDHC_VS
DUART, 12C, IRQ[3:10], USB2/3_PWRFAULT, USB2/3_DRVVBUS, DVoo -0.310 3.63 v -
EVT_BJ[5:8], LPUART[1:2], LPUART4, FTM3_CHI[1:7], 0.3t01.98
FTM4_CH[1:5], FTM8, eSDHC_CD/WP ' '
eSDHC_DAT[0:3], eSDHC_CMD, eSDHC_CLK, FTM4_CHI[6:7], EVoo -0.3103.63 Y -
LPUART[3:6] -0.31t01.98
DDR4 DRAM /O voltage G1Vop -0.3t01.32 Y -
DDR4 termination D1 V+r G1Vob/2 V
DDR4 activating power supply D1_Vep -0.410 3.0 \%
DDR4 module power supply D1_Vop -0.4t01.5 \%
Main power supply for internal circuitry of SerDes and pad power SVp -0.31t01.08 \% -
supply for SerDes receivers
Pad power supply for SerDes transmitter XVop -0.31t01.48 \ -
Ethernet interface, Ethernet management interface 1 (EMI1), 1588, LVop -0.310 2.75 \ -
IRQ11, FTM1, FTM2, -0.3t01.98
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Ethernet management interface 2 (EMI2), GP10O2 TVop -0.3t02.75 \% -
-0.3t0 1.98
-0.3t0 1.32
USB PHY Transceiver supply voltage USB_HVpp -0.3t03.63 -
USB_SDVpp -0.3t01.08 \% 3
USB_SVpp -0.3t0 1.08 \Y, 2
Storage temperature range Tste -55 to 150 °C --

Notes:

Functional operating conditions are given in Table 4. 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

1.

w

permanent damage to the device.

Analog and Digital SS supply for USBPHY.
Analog and Digital HS supply for USBPHY.
Supply voltage specified at the voltage sense pin. Voltage input pins should be regulated to provide specified voltage at

the sense pin.

Exposing device to Absolute Maximum Ratings conditions for long periods of time may affect reliability or cause permanent

damage.

This table provides the absolute maximum ratings for input signal voltage levels.

Table 3. Absolute maximum ratings for input signal voltage levels (1)

Interface Input signals

Symbol

Max DC V_input range

Max undershoot
andovershoot voltage
range

Unit

Notes

DDR4 DRAM signals

G1VIN

GND to (G1Vpp X 1.05)

-0.3t0 (G1Vpp x 1.1)

2,3,4

Ethernet interface, Ethernet management
interface 1 (EMI1), 1588, IRQ11, FTM1,
FTM2

LVIN

GND to (LVpp x 1.1)

-0.3to (LVpp x 1.15)

2,3

IFC, SPI, IRQ[0:2], Tamper

Detect, System Control, SYSCLK, DDRCLK,
RTC, EVT[0:4], DFT, JTAG, DIFF_SYSCLK,
CLK_OUT, QSPI, FTM[5:7],
eSDHC_DAT[4:7],
eSDHC_CMD/DATO_DIR,
eSDHC_DAT123 DIR,
eSDHC_SYNC_IN/OUT, SDHC_VS

OVIN

GND to (OVpp x 1.1)

-0.3to (OVpp x 1.15)

2,3

DUART, 12C, IRQ[3:10],
USB2/3_PWRFAULT, USB2/3_DRVVBUS,
EVT_B[5:8], LPUART[1:2], LPUARTA4,
FTM3_CH[1:7], FTM4_CH[L:5], FTMS,
eSDHC_CD/MWP

DVIN

GND to (DVpp x 1.1)

-0.3to (DVpp x 1.15)

eSDHC_DAT[0:3], eSDHC_CMD,
eSDHC_CLK, FTM4_CH[6:7], LPUARTI[3:6]

EVIN

GND to (EVpp x 1.1)

-0.3to (EVpp x 1.15)

2,3

Main power supply for internal circuitry of
SerDes

SnV|IN

GND to (SVpp x 1.05)

-0.3to (SnVpp x 1.1)

2,3

Ethernet management interface 2 (EMI2),
GPIO2

TVIN

GND to (TVpD x 1.05)

-0.3to (TVpp x 1.15)

2,3

USB PHY Transceiver signals

USB_HVIN

GND to (USB_HVpp x

-0.3 to (USB_HVpp x

2,3
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‘ ‘ USB_SV|N‘ GNDto(USB_SVDDxl.l)‘ -0.3 to (USB_SVpp x ‘ Vv | 2,3 |
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Notes:

1. Functional operating conditions are given in Table 4. 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. Caution: The input voltage level of the signals must not exceed corresponding Max DC V_input range. For example DDR4
must not exceed 5% of G1Vpp.

3. Caution: (S, G, L, O, D, E, T) VIN, USB_HVIN, USB_SVIN may overshoot/undershoot to a voltage and for a maximum
duration as shown in Figure 8.

4. Typical DDR interface uses ODT enabled mode. For tests purposes with ODT off mode, simulation should be done first
so as to make sure that the overshoot signal level at the input pin does not exceed GVDD by more than 10%. The
Overshoot/ Undershoot period should comply with JEDEC standards.

3.1.2 Recommended operating conditions

This table provides the recommended operating conditions for this chip.

NOTE
The values shown are the recommended operating conditions and proper device operation outside these conditions is
not guaranteed.

Table 4. Recommended operating conditions

Characteristic Symbol Recommended Unit Notes
value
Core and platform supply voltage Voo 1.0V +30mVv \Y 3, 4,
0.9 V core and platform supply voltage 58
PLL supply voltage (core PLL, platform, DDR) AVpp CGAl1 1.8V £90 mv Vv 9
AVpp CGA2
AVpp D1
AVpp, PLAT

PLL supply voltage (SerDes, filtered from XnVpp) AVpp SD1_PLL1 1.35V £ 67 mV \% —

AVpp SD1_PLL2

AVpp SD2_PLL1

AVpp SD2_PLL2
SFP fuse programming TA_PROG_SFP 1.8V +£90 mV 2
Thermal monitor unit supply TH_Vop 1.8V £90 mV -
Battery Backed Security Monitor supply TA_BB_Vp 1.0V+30mV 8

0.9V +30mVv

IFC, IRQ[0:2], Tamper Detect, System Control, SYSCLK, DDRCLK, OVip 1.8V 90 mV Y, -
RTC, EVT[0:4], DFT, JTAG, DIFF_SYSCLK, CLK_OUT, QSPI,
FTM[5:7], SPI, SDHC_DATI[4:7], SDHC_CMD_DIR,
SDHC_DATO_DIR, SDHC_DAT123 DIR, SDHC_SYNC_IN/OUT,
SDHC_VS
DUART, 12C, IRQ[3:10], USB2/3_PWRFAULT, USB2/3_DRVVBUS, DVop 3.3V 165 mV \% -
E'\|'/|\T/|§B[35D8|]|é__PCU|3A/\|}/1|—:£12] LPUART4, FTM3_CH[1:7], FTM4_CHI1:5], 1.8V +90 mV
SDHC_DAT[0:3], SDHC_CMD, SDHC_CLK, FTM4_CHI6:7], EVop 3.3V 165 mV \% -
LPUARTS3, LPUART5, LPUART6 1.8V £ 90 mV
DDR4 DRAM I/O voltage G1Vpp 1.2V £ 60 mV \% —
DDR4 termination D1 Vqir G1Voo/2 + 1% \% 10
DDR4 activating power supply D1_Vep 2.5V £ 125 mV \% 11
DDR4 module power supply D1_Vwo 1.2+60mV Y,
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Characteristic Symbol Recommended Unit Notes
value
Main power supply for internal circuitry of SerDes and pad power SVob 1.0V +£50 mV -
Pad power supply for SerDes transmitters XVop 1.35V 67 mV \% -
Ethernet interface 1/2, Ethernet management interface 1 (EMI1), 1588, LVop 25V +£125mV 1
IRQ11, FTM1, FTM2 1.8V £90 mV
Ethernet management interface 2 (EMI2), GP10O2 TVoo 25V +125mV Y,
1.8V +90mV
1.2V + 60 mV
USB PHY 3.3 V high supply voltage USB_HVpp 3.3V+165mV \%
USB PHY analog and digital HS supply USB_SDVpp 1.0V £50 mV \% 7,8
USB PHY analog and digital SS supply USB_SVpp 1.0V £50 mV \% 6,8
Input voltage DDR4 DRAM signals G1Vin GND to G1Vpp \% -
Ethernet interface, Ethernet management LVin GND to LVpp \Y -
interface 1 (EMI1), 1588, IRQ11, FTM1, FTM2
IFC, SPI, IRQ[0:2], Tamper OVin GND to OVpp Y, -
Detect, System Control, SYSCLK, DDRCLK,
RTC, EVT[0:4], DFT, JTAG, DIFF_SYSCLK,
CLK_OUT, QSPI, FTM[5:7], SDHC_DAT[4:7],
SDHC_CMD_DIR/ DATO_DIR,
SDHC_DAT123_DIR, SDHC_SYNC_IN/OUT,
SDHC_VS
DUART, 12C, IRQ[3:10], USB2/3_PWRFAULT, DVin GND to DVpp \% —
USB2/3_DRVVBUS, EVT_B[5:8],
LPUART[1:2], LPUART4, FTM3_CH[1:7],
FTM4_CHI[1:5], FTM8, SDHC_CD/WP
SDHC_DATJ0:3], SDHC_CMD, SDHC_CLK, EVin GND to EVpp \% —
FTM4_CHI6:7], LPUARTI[3:6]
Main power supply for internal circuitry of SV GND to SVpp \% -
SerDes
Ethernet management interface 2 (EMI2), TVin GND to TVpp Y, -
GPIO2
PHY transceiver USB transceiver supply for USB PHY USB_HViy GND to Y, -
signals USBn_HVpp
Analog and digital HS supply for USB PHY USB_SVin GND to USB_SVpp Y, -
Teledyne e2v A Range Temperature Te, Tc =-40°C (min) to °C -
temperature range T, T; =105°C (max)
F Range Temperature Te, Tc = -40°C (min) to °C -
T, = 125°C (max)
T,
M Range Temperature Te, Tc =-55°C (min) to °C -
T T; = 125°C (max)
J
Secure boot fuse programming Ta, Ta =0°C (min) to °C 2
T, Ty = 105°C (max)

Notes:
RGMII is supported at 2.5V or 1.8V.

TA_PROG_SFP must be supplied 1.8V and the chip must operate in the specified fuse programming temperature range
only during secure boot fuse programming, subject to the power sequencing constraints shown in Power sequencing. For
all other operating conditions, TA_PROG_SFP must be tied to GND.

1.
2.

For additional information, see the core and platform supply voltage filtering section in the chip design checklist.
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4. Supply voltage specified at the voltage sense pin. Voltage input pins should be regulated to provide specified voltage at
the sense pin.

Operation at 1.08 V is allowable for up to 25 ms at initial power on.

Analog and Digital SS supply for USB PHY.

Analog and Digital HS supply for USB PHY.

For supported voltage requirement for a given part number, see Table 145.

AVDD_PLAT, AVDD_CGAL1, AVDD_CGA2, and AVDD_D1 are measured at the input to the filter and not at the pin of the
device.

10. This power supply needs a sink and source regulator
11. D1_Vpp must equal or greater than D1_Vop at all times when powered.

© © N o g

This figure shows the undershoot and overshoot voltages at the interfaces of the chip.

Figure 8. Overshoot/undershoot voltage for G1Vpp/OVpp/SVpp/TVpp/ LVDD/EVDD/DVDD/
USB_HVpp/USB_SVpp

Maximum overshoot

D/E/S1/G1L/OMTISB*VDD
VIH—
GND - -
ViL—
Minimum undershoot R e I A
— | Overshoot/undeshoot peliod —
Notes:

The overshoot/undershoot period should be less than 10% of shortest possible toggling period of the
input signal or per input signal specific protocol requirement. For GPIO input signal
overshoot/undershoot period, it should be less than 10% of the SYSCLK period.

See Table 4 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 see Table 4. The input voltage threshold
scales with respect to the associated 1/O supply voltage. OVpp, EVpp, DVpp. TVpp. and LVpp based receivers are

simple CMOS 1/O circuits and satisfy appropriate LVCMOS type specifications. The DDR SDRAM interface uses
differential receivers referenced by the internally supplied reference signal as is appropriate for the JEDEC DDR4
electrical signaling standard. 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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3.1.3 Output driver characteristics
This chip provides information on the characteristics of the output driver strengths.

NOTE
These values are preliminary estimates.

Table 5. Output drive capability

Driver type Output impedance (Q) Supply Voltage Notes
Minimum Typical Maximum
(2 (3)
DDR4 signal - 18(full- - GlVpp =12V 1
strength
mode)
27(half-
strength
mode)
Ethernet interface, Ethernet management 30 50 70 LVpp = 2.5V -
interface 1 (EMI1), 1588, IRQ11, FTM1, _
ETM2 30 45 60 LVpp = 1.8V -
MDC of Ethernet management interface 2 45 65 100 TVppD =1.2V -
(EMI2) 40 55 75 TVDD = 1.8V -
40 60 90 TVDD = 2.5V -
MDIO of Ethernet management interface 2 30 40 60 TVpp =12V -
(EMI2) 25 33 44 TVDD = 1.8V -
25 40 57 TVDD = 2.5V -
IFC, SPI, IRQ[0:2], Tamper Detect, System 30 45 60 OvVpp =18V -
Control, SYSCLK, DDRCLK, RTC,
EVT[0:4], DFT, JTAG, CLK_OUT, QSPI,
FTM[5:7], eSDHC_DATI[4:7],
eSDHC_CMD/DATO_DIR,
eSDHC_DAT123 DIR,
eSDHC_SYNC_IN/OUT, SDHC_VS
eSDHC_DAT[0:3], eSDHC_CMD, 45 65 90 EVpp = 3.3V -
eSDHC_CLK, FTM4_CHI6:7], —
LPUART[3:6] 40 55 75 EVDD = 1.8V
DUART, 12C, USB2/3_DRVVBUS, 40 55 75 DVpp = 1.8V -
EVT_B[5:8], LPUART[1:2], LPUART4,
FTM3_CH[1:7], FTM4_CH[1:5], FTM8 45 65 90 DVpD = 3.3V
Notes

1. The drive strength of the DDR4 in half-strength mode is at T;= 105°C and at G1Vpp (min).
2. Estimated number based on best case processed device.
3. Estimated number based on worst case processed device.
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3.1.4 General AC timing specifications
This table provides AC timing specifications for the sections not covered under the specific interface sections.

Table 6. AC Timing specifications

Parameter Symbol Min Max Unit Notes

Input signal rise and fall times tRItF - 5 ns 1

1. Rise time refers to signal transitions from 10% to 90% of supply; fall time refers to transitions from 90% to 10% of supply

3.2 Power sequencing

The chip requires that its power rails be applied in a specific sequence in order to ensure proper device operation. For
power up, these requirements are as follows:

1. OVobb, DVop, LVbb, EVDD, TVDD, XVDD, AVDD_CGAN, AVDD_PLAT, AVDD_D1, AVDD_SDn_PLL1, AVDp_SDn_PLL2,
USB_HVpp. Drive TA_PROG_SFP = GND.
® PORESET_B input must be driven asserted and held during this step.
2. Voo, SVop, TA_BB_Vop, USB_SDVop, USB_SVoD
® The 3.3V (USB_HVop) in Step 1 and 1.0 V (USB_SDVpp, USB_SVop) in Step 2 supplies can power up in any
sequence provided all these USB supplies ramp up within 95 ms with respect to each other.
3. G1Vop, D1_V71, D1_Vee, D1_Vop
e D1_Vep must be equal or greater than D1_Vpp at all times when powered.

e D1_Vpp canraise at any time, step 1 or 2, as far as it raises before D1_Vdd

Items 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 their value.

All supplies must be at their stable values within 400 ms.
Negate PORESET_B input when the required assertion/hold time has been met per Table 24.
NOTE

® While Vop is ramping up, current may be supplied from VDD through QLS1046A to G1Vpp.

® |f using Trust Architecture Security Monitor battery backed features, prior to VDD ramping up to the 0.5 V level, ensure
that OVop is ramped to recommended operational voltage and SYSCLK or DIFF_SYSCLK/ DIFF_SYSCLK_B is
running. These clocks should have a minimum frequency of 800 Hz and a maximum frequency not greater than the
supported system clock frequency for the device.

® Ramp rate requirements should be met per Table 13.
Warning

Only 300,000 POR cycles are permitted per lifetime of a device. Note that this value is based on design estimates and
is preliminary.

For secure boot fuse programming, use the following steps:
1. After negation of PORESET_B, drive TA_PROG_SFP = 1.8 V after a required minimum delay per Table 7.

2. After fuse programming is complete, it is required to return TA_PROG_SFP = GND before the system is power
cycled or powered down (VDD ramp down) per the required timing specified in Table 7. See Security fuse
processor for additional details.

Warning

No activity other than that required for secure boot fuse programming is permitted while TA_PROG_SFP is driven to
any voltage above GND, including the reading of the fuse block. The reading of the fuse block may only occur while
TA_PROG_SFP = GND.
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This figure shows the TA_PROG_SFP timing diagram.

Figure 9. TA_PROG_SFP timing diagram

—»Fuse programming |«—

TA_PROG_SFP —/ 10% TA_PROG_SFP x— 10% TA_PROG_SFP
2 90% Voo
VDD - tia_ProG SFP VDD
—+90% OVip tia_rroc_srr_Pr 06 —> < — 90% OVpp
PORESET B | ~
— «—t1a_ProG sFP DELAY P «— bia_ProG_sFPR ST

NOTE: TA_PROG_SFP must be stable at 1.8 V prior to initiating fuse programming.

This table provides information on the power-down and power-up sequence parameters for TA_PROG_SFP.
Table 7. TA_PROG_SFP timing (5)

Driver type Min Max Unit Notes
tra_PROG_SFP_DELAY 100 - SYSCLKs 1
tTA_PROG_SFP_PROG 0 - us 2
trA_PROG_SFP_VDD 0 - us 3
tra_PROG_SFP_RST 0 - us 4

Notes:

1. Delay required from the deassertion of PORESET_B to driving TA_PROG_SFP ramp up. Delay measured from
PORESET_B deassertion at 90% OVDD to 10% TA_PROG_SFP ramp up.

2. Delay required from fuse programming completion to TA_PROG_SFP ramp down start. Fuse programming must complete
while TA_PROG_SFP is stable at 1.8 V. No activity other than that required for secure boot fuse programming is permitted
while TA_PROG_SFP is driven to any voltage above GND, including the reading of the fuse block. The reading of the
fuse block may only occur while TA_PROG_SFP = GND. After fuse programming is complete, it is required to return
TA_PROG_SFP = GND.

3. Delay required from TA_PROG_SFP ramp-down complete to VDD ramp-down start. TA_PROG_SFP must be grounded
to minimum 10% TA_PROG_SFP before VDD reaches 90% VDD.

4. Delay required from TA_PROG_SFP ramp-down complete to PORESET_B assertion. TA_PROG_SFP must be grounded
to minimum 10% TA_PROG_SFP before PORESET_B assertion reaches 90% OVDD.

5. Only six secure boot fuse programming events are permitted per lifetime of a device.

3.3 Power-down requirements

The power-down cycle must complete such that power supply values are below 0.4 V before a new power-up cycle can
be started.

If performing secure boot fuse programming per the requirements in Power sequencing, it is required that
TA_PROG_SFP = GND before the system is power cycled (PORESET_B assertion) or powered down (Vpp ramp

down) per the required timing specified in Power sequencing.
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3.4 Power characteristics

This table provides the power dissipations of the Vpp supply and SerDes supply (SVpp) for various operating
platform clock frequencies versus the core and DDR clock frequencies.

Table 8. QLS1046A core power dissipation ©®

Core Platform/ DDR Vob SVop Junction Power Power (W) Total Notes
frequency FMan frequency V) V) temperature mode Voo SVoo Core and
(MHz) frequency (MHz) (°C) (8) platform
(MHz) power
(W) (@)
1800 700/800 2100 1.0 1.0 65 Typical 8.5 0.9 9.4 2,3
85 Thermal 114 0.9 12.3 4,7
Maximum 14.3 0.9 15.2 56,7
105 Thermal 14.4 0.9 15.3 4,7
Maximum 17.3 0.9 18.2 5,6,7
125 Thermal 16.7 0.9 17.6 4,7
Maximum 19.6 0.9 20.5 56,7
1600 700/800 2100 1.0 1.0 65 Typical 7.7 0.9 8.7 2,3
85 Thermal 10.7 0.9 11.6 4,7
Maximum 13.2 0.9 14.2 56,7
105 Thermal 13.7 0.9 14.6 4,7
Maximum 16.3 0.9 17.2 56,7
125 Thermal 16.0 0.9 16.9 4,7
Maximum 18.6 0.9 195 5,6,7
1400 600/600 2100 1.0 1.0 65 Typical 7.3 0.9 8.2 2,3
85 Thermal 8.7 0.9 9.6 4,7
Maximum 11.1 0.9 12.0 5,6,7
105 Thermal 105 0.9 115 4,7
Maximum 12.9 0.9 13.8 56,7
125 Thermal 12.8 0.9 13.7 4,7
Maximum 15.2 0.9 16.1 5,6,7
1200 400/600 1600 1.0 1.0 65 Typical 5.2 0.9 6.2 2,3,10
85 Thermal 6.4 0.9 7.3 4,7,10
Maximum 8.0 0.9 9.0 5,6,7, 10
105 Thermal 8.3 0.9 9.2 4,7,10
Maximum 9.9 0.9 10.8 5,6,7, 10
125 Thermal 8.4 0.9 9.3 4,7,10
Maximum 9.6 0.9 10.5 5,6,7,10

Notes:
1. Combined power of Vpp and SVpp with DDR controller and all SerDes banks active. Does not include I/O power.

2. Typical power assumes Dhrystone running with activity factor of 70% (on all cores) and executing DMA on the platform
with 100% activity factor.

3. Typical power based on nominal, processed device.

4. Thermal power assumes Dhrystone running with activity factor of 70% (on all cores) and executing DMA on the platform
at 100% activity factor.
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Maximum power assumes Dhrystone running with activity factor at 100% (on all cores) and executing DMA on the platform

9.

Table 9. QLS1026A core power dissipation ©

at 115% activity factor.

Maximum power is provided for power supply design sizing.
Thermal and maximum power are based on worst case processed device.

Total SVpp Power conditions:
a. SerDes 1 : XFI x2, 10 Gbaud

b. SerDes 1 : SGMII x2, 1.25 Gbaud

c. SerDes 2 : PEX x2, 5 Gbaud

Power numbers are only applicable to part numbering offering from Table 144. For example: A 1.8GHz offering part when
runs at 1.4GHz will have power numbers higher than listed for a 1.4GHz part number.

10. These power numbers are valid when purchasing the 1400MHz device and running the clocks at these conditions.

Core Platform/ DDR Vop S Vob Junction Power Power (W) Total Core Notes
fre(?/me;)cy frel;l\lljlggcy fre(?/luﬁzn)cy V) V) temp(oe(r::;lture mode Vo Vo aggvelee:tfo(v\;?
(MHz) (8) Q)
1800 700/800 2100 1.0 1.0 65 Typical 6.7 0.9 7.6 2,3
85 Thermal 9.3 0.9 10.2 4,7
Maximum 115 0.9 12.4 56,7
105 Thermal 12.3 0.9 13.2 4,7
Maximum 14.5 0.9 15.4 56,7
125 Thermal 14.6 0.9 15.5 4,7
Maximum 16.8 0.9 17.7 56,7
1600 700/800 2100 1.0 1.0 65 Typical 6.2 0.9 7.1 2,3
85 Thermal 8.7 0.9 9.6 4,7
Maximum 10.7 0.9 11.6 5,6,7
105 Thermal 11.7 0.9 12.6 4,7
Maximum 13.7 0.9 14.6 56,7
125 Thermal 14.0 0.9 14.9 4,7
Maximum 16.0 0.9 16.9 56,7
1400 600/600 2100 1.0 1.0 65 Typical 6.0 0.9 6.9 2,3
85 Thermal 7.2 0.9 8.1 4,7
Maximum 9.1 0.9 10.0 56,7
105 Thermal 9.0 0.9 10.0 4,7
Maximum 10.9 0.9 11.8 5,6,7
125 Thermal 11.3 0.9 12.2 4,7
Maximum 13.2 0.9 14.1 56,7
1200 400/600 1600 1.0 1.0 65 Typical 3.9 0.7 4.7 2,3
85 Thermal 4.7 0.7 55 4,7
Maximum 6.0 0.7 6.7 56,7
105 Thermal 6.1 0.7 6.9 4,7
Maximum 7.3 0.7 8.1 56,7
125 Thermal 8.4 0.7 9.1 4,7
Maximum 9.6 0.7 10.3 56,7
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Notes:

1. Combined power of Vpp and SVpp with DDR controller and all SerDes banks active. Does not include I/O power.

2. Typical power assumes Dhrystone running with activity factor of 80% (on all cores) and executing DMA on the platform
with 100% activity factor.

3. Typical power based on nominal, processed device.

4. Thermal power assumes Dhrystone running with activity factor of 80% (on all cores) and executing DMA on the platform
at 100% activity factor.

5.  Maximum power assumes Dhrystone running with activity factor at 100% (on all cores) and executing DMA on the
platform at 115% activity factor.

6. Maximum power is provided for power supply design sizing.

7. Thermal and maximum power are based on worst case processed device.

8. Total SVpp power conditions:
SerDes 1 : XFI x2, 10 Gbaud
SerDes 1 : SGMII x2, 1.25 Gbaud
SerDes 2 : PEX x2, 5 Gbaud

9. Power numbers are only applicable to part numbering offering from Table 144. For example: A 1.8GHz offering part when

runs at 1.4GHz will have power numbers higher than listed for a 1.4GHz part number.

10. These power numbers are valid when purchasing the 1400MHz device and running the clocks at these conditions.

3.4.1 Low-power mode saving estimation

See this table for low-power mode savings.

Table 10. Low-power mode savings, 65C (1, 2, 3)

Mode Core Core Core Core Units Comments Notes
Frequency = Frequency = Frequency = Frequency =
1.2 GHz 1.4 GHz 1.6 GHz 1.8 GHz

(VDD =0.9V) | (VDD=1.0V) | (VDD =1.0V) | (VDD =1.0V)

PW15 0.71 0.77 0.88 0.99 Watts Saving realized moving from 4
run to PW15 state, single core.
Arm in STANDBYWFI/WFE

PH20 0.05 0.21 0.24 0.26 Watts Saving realized moving from

run to PH20 state, single core.

Arm in STANDBYWFI/ WFE-
retain

LPM20 1.02 1.70 1.94 2.18 Watts Saving realized moving from 5
PH20 to LPM20 per device

Notes:

1.

a b wDn

Power for VDD only

Typical power assumes Dhrystone running with activity factor of 70%

Typical power based on nominal process distribution for this device.

PW15 power savings with 1 core. Maximum savings would be N times, where N is the number of used cores.
LPM20 has all platform clocks disabled.
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3.5 DDR4 power consumption

The DDR4 power consumption during normal operation strongly depends on the usage profile (transfer speed, write
and read duty cycles, ...). For this reason, it is not possible to provide power key figures fitting all applications.
Teledyne e2vprovides a power consumption estimation spreadsheet that should be used to estimate the power drawn
by the DDR4 on D1_Vopp and D1_Vep supplies. This power calculation tool is available upon request.

The maximum D1_Vpp current consumed by the DDR4 memory during the initialization is provided in the following

table:
Symbol DDR4-2100 Unit
Iddinit: DDR4 initialization current on D1_Vpp (1) 1600 mA
Ippinit: DDR4 initialization current on D1_Vpp (2) N/S (2) mA

(1) : Current during initialization of the DDR4 done by the LS1046A DDR4 controller during the boot of Qormino (ex:
initialization under U-Boot). Maximum duration: 1s

(2) : The initialization current on D1_VPP is not specified. It is lower or equal than the current drawn in normal
operation, which can be estimated with the power consumption estimation spreadsheet.

D1_Vrr corresponds to the termination voltage for the Address/Control/Command signals of the DDR4 (to which the
integrated termination resistors are connected). The current on this supply can be either positive or negative, meaning

that the voltage regulation must have sink and source capability. The maximum current on D1_VTT is reached when all
Address/Control/Command signals are in the same state, and it is given in the next table.

VREFCA is not a supply, and it is used as a voltage reference. Its maximum leakage current is also provided in the

table.
Supply Maximum Unit
D1 Vrr +223 mA
VREFCA 4GB +10 HA
VREFCA 8GB +18 HA

Power supply sizing depends on the memory DDR4 controller. For the QLS1046, typical power sizing is provided in the
following table:

Memory controller DDR4 Power supply sizing
LS1046 4GB (Rev A) 12A
8GB (Rev B) 16 A
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3.6 /0 power dissipation

This table provides the estimated /O power numbers for each block: DDR, PCI Express, IFC, Ethernet controller,
SGMII, eSDHC, USB, SPI, DUART, IIC, SATA, and GPIO. Note that these numbers are based on design estimates

only.

Table 11. 10 power supply estimated values

Interface Parameter Symbol Typical Unit Notes
DDR4 x64 2100 MT/s G1VDD (1.2V) 761 mw 1
data rate
PCI Express x1, 2.5 Gbaud XVDD (1.35 V) 79 mw 1,2
X2, 2.5 Gbaud 132 mw
x4, 2.5 Gbaud 237 mw
x1, 5 Gbaud 80 mw
x2, 5 Gbaud 133 mw
x4, 5 Gbaud 239 mw
x1, 8 Gbaud 81 mw
x2, 8 Gbaud 136 mw
x4, 8 Gbaud 245 mw
SGMII x1, 1.25 Gbaud XVDD (1.35 V) 77 mw 1,2
x2, 1.25 Gbaud 127 mw
x3, 1.25 Gbaud 177 mw
x4, 1.25 Gbaud 227 mw
x1, 3.125 Gbaud 79 mw
x2, 3.125 Gbaud 132 mw
x3, 3.125 Gbaud 184 mw
QSGMII x1, 5 Gbaud XVDD (1.35V) 80 mw 1,2
XFI x1, 10 Gbaud XVDD (1.35 V) 81 mw 1,2
x2, 10 Gbaud 136 mw
SATA (per port) 3.0 Gbaud XVDD (1.35V) 73 mwW 1,2
6.0 Gbaud 74 mw
USB1/USB2/USB3 x1 Super speed mode USB_HVDD (3.3V) 46 mwW 1,4
(per PHY)
USB_SVDD (1V) 37 mw
USB_SDVDD (1 V) 4 mw
USB1/USB2/USB3 x1 High speed mode USB_HVDD (3.3V) 79 mw 1,4
(per PHY) USB_SVDD (1 V) 031 mw
USB_SDVDD (1 V) 4.9 mw
IFC 16-bit, 100 MHz OovDD (1.8 V) 60 mw 1
DUART DVvDD (3.3V) 18 mw 1
DVDD (1.8 V) 9 mw
12C DVDD (3.3V) 17 mw 1
DVDD (1.8 V) 9 mw
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Interface Parameter Symbol Typical Unit Notes
SPI OvDD (1.8 V) 8 mw 1,6
eSDHC EVDD (3.3 V) 19 mw 1,6
EVDD (1.8V) 21 mw
System control OvDD (1.8 V) 16 mw 1,6
EC1 RGMII LVDD (2.5V) 24 mw 1,6
LVDD (1.8 V) 17 mw
EC2 RGMII LVDD (2.5V) 24 mw
LVDD (1.8 V) 17 mw
QSPI OVDD (1.8V) 17 mw 1,6
IEEE1588 LVDD (2.5V) 14 mw 1,6
LVDD (1.8 V) 10 mw
JTAG + DFT OVDD (1.8V) 10 mw 1,6
GPIO x8 3.3V 5 mw 1,3,6
25V 4 mw
1.8V 3 mw
PLL core and system AVDD_CGA1, AVDD_CGA2, 30 mw 1,6
(per PLL) AVDD_PLAT (1.8 V)
PLL DDR AVDD_D1 (1.8 V) 30 mw 1,6
PLL SerDes AVDD_SD1_PLL1, 100 mw 1,6
AVDD_SD1_PLL2,
AVDD_SD2_PLL1,
AVDD_SD2_PLL2 (1.35V)
Interrupts (IRQ) OVDD (1.8 V) 4 mw 1
DVDD (1.8 V) 9 mw
DVDD (3.3V) 18 mw
LVDD (2.5 V) 2 mw
LVDD (1.8 V) 1 mw
Ethernet management LVDD (2.5 V) 3 mw 1
interface 1 LVDD (1.8 V) 2 mw
Ethernet management TVDD (2.5V) 3 mw 1
interface 2 TVDD (1.8 V) 2 mw
TVDD (1.2 V) 2 mw
TA_PROG_SFP TA_PROG_SFP (1.8 V) 173 mw 5
TH_VDD TH_VDD (1.8 V) 18 mw

Notes:

1. The typical values are estimates and based on simulations at nominal recommended voltage for the I/O power supply and

assuming 105°C junction temperature.

2. The total power numbers of XVDD is dependent on customer application use case. This table lists all the SerDes
configurations possible for the device. To get the X1VDD power numbers, the user should add the combined lanes to

match to the total SerDes Lanes used, not simply multiply the power numbers by the number of lanes.
3. GPIOs are supported on OVDD, LVDD, DVDD, TVDD and EVDD power rails.

4. USB power supply pins are shared between three USB controllers.
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5.  The maximum power requirement is during programming. No active power beyond leakage levels should be drawn and
the supply must be grounded when not programming.

6. Assuming 15 pF total capacitance load per pin.

Table 12. TA_BB_VDD power dissipation

Supply Maximum Unit Notes
TA_BB_VDD (SoC off, 40°C) 40 uw 1
TA_BB_VDD (SoC off, 70°C) 55 uw 1

Note:

1. When SoC is off, TA_BB_VDD may be supplied by battery power to retain the Zeroizable Master Key and other trust
architecture state. Board should implement a PMIC, which switches TA_BB_VDD to battery when SoC is powered down.
See the Device reference manual trust architecture chapter for more information.

3.7 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 excess in-rush current.

This table provides the power supply ramp rate specifications.

Table 13. Power supply ramp rate

Parameter Min Max Unit Notes

Required ramp rate for all voltage supplies (including OV y/DVy/G1Vpy/ - 25 Vims 1,2
SVDD/XVDD/LVDD/EVDD/TVDD all core and platform Vbp supplies, TA_PROG_SFP,
and all AV supplies.)

Required ramp rate for TA_PROG_SFP - 25 Vims 1,2
Required ramp rate for USB_HVDD - 26.7 V/ms 1,2
Notes:

1. Ramp rate is specified as a linear ramp from 10% to 90%. If non-linear (for example, exponential), the maximum rate of
change from 200 mV to 500 mV is the most critical as this range might falsely trigger the ESD circuitry.

2. Over full recommended operating temperature range. See Table 4.
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3.8 Input clocks

3.8.1 System clock (SYSCLK)

This section describes the system clock DC electrical characteristics and AC timing specifications.

3.8.1.1 SYSCLK DC electrical characteristics
This table provides the SYSCLK DC characteristics.
Table 14. SYSCLK DC electrical characteristics

Parameter Symbol Min Typical Max Unit Notes
Input high voltage VIH 0.7 x OVpp - - Y 1
Input low voltage VIL - - 0.3 xOVpD \ 1
Input capacitance CIN - 7 12 pF -
Input current (VIN=0V or V|N = IIN - - +50 HA 2

Notes:
1. The min V)L and max V|H values are based on the respective min and max OV|N values found in Table 4.
2. Atrecommended operating conditions with OVpp= 1.8 V. See Table 4.

3.8.1.2 SYSCLK AC timing specifications
This table provides the SYSCLK AC timing specifications.
Table 15. SYSCLK AC timing specifications (1, 5)

Parameter/condition Symbol Min Typ Max Unit Notes
SYSCLK frequency fsyscLk 100.0 MHz 2
SYSCLK cycle time tsyscLK 10.0 ns 1,2
SYSCLK duty cycle tKHKtSYSCLK 40 - 60 % 2
SYSCLK slew rate - 1 - 4 Vins 3

SYSCLK peak period jitter - - - +150 ps -
SYSCLK jitter phase noise at -56 dBc - - - 500 kHz 4
AC Input Swing Limits at 1.8 V OVpp AVaC 1.08 - 1.8 Vv —

Notes:

1. Caution: The relevant clock ratio settings must be chosen such that the resulting SYSCLK frequencies do not exceed
their respective maximum or minimum operating frequencies.

Measured at the rising edge and/or the falling edge at OVpp/2.

Slew rate as measured from 0.35 x OVpp to 0.65 x OVpp.

Phase noise is calculated as FFT of TIE jitter.

At recommended operating conditions with OVpp = 1.8 V. See Table 4.

ok wD
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3.8.1.3 USB 3.0 reference clock requirements

This table summarizes the requirements of the reference clock provided to the USB 3.0 SSPHY. There are two options
for the reference clock of USB PHY: SYSCLK or DIFF_SYSCLK/DIFF_SYSCLK_B. The following table provides the
additional requirements when SYSCLK or DIFF_SYSCLK/DIFF_SYSCLK_B is used as USB REFCLK. This table can
also be used for 100 MHz reference clock requirements.

Table 16. Reference clock requirements

Parameter Symbol Min Typ Max Unit Notes
Reference clock frequency offset FREF_OFFSET -300 - 300 ppm -
Reference clock random jitter (RMS) RMSJREF_CLK - - 3 ps 1,2
Reference clock deterministic jitter DJREF_CLK - - 150 ps 3
Duty cycle DCREF_CLK 40 - 60 % —

Notes:

1. 1.5 MHz to Nyquist frequency. For example, for 100 MHz reference clock, the Nyquist frequency is 50 MHz.
2. The peak-to-peak Rj specification is calculated as 14.069 times the RMS Rj for 10-12 BER.

3. DJacross all frequencies.

3.8.2 Spread-spectrum sources

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 to diffuse the EMI
spectral content.

The jitter specification given in this table considers short-term (cycle-to-cycle) jitter only. The clock generator's cycle-to-
cycle output jitter should meet the chip's input cycle-to- cycle jitter requirement.

Frequency modulation and spread are separate concerns; the chip is compatible with spread-spectrum sources if the
recommendations listed in this table are observed.

Table 17. Spread-spectrum clock source recommendations3
Parameter Min Max Unit Notes
Frequency modulation - 60 kHz -
Frequency spread - 1.0 % 1,2

Notes:

1. SYSCLK frequencies that result from frequency spreading and the resulting core frequency must meet the minimum and
maximum specifications given in Table 15.

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

3. Atrecommended operating conditions with OVDD = 1.8 V. See Table 4.

CAUTION

The processor's minimum and maximum SYSCLK and core/ platform/DDR frequencies must not be exceeded,
regardless of the type of clock source. Therefore, systems in which the processor is operated at its maximum rated
core/platform/DDR frequency should use only down-spreading to avoid violating the stated limits.

3.8.3 Real-time clock timing (RTC)

The real-time clock timing (RTC) input is sampled by the platform clock. The output of the sampling latch is then used
as an input to the Watchdog, Flextimer, 1588 Timer and snvs unit; there is no need for jitter specification. The minimum
period of the RTC signal should be greater than or equal to 16x the period of the platform clock with a 50% duty cycle.
There is no minimum RTC frequency; RTC may be pulled to ground, if not needed.
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3.8.4 Gigabit Ethernet reference clock timing
This table provides the Ethernet gigabit reference clock DC electrical characteristics with LVpp =2.5V /1.8 V.

Table 18. ECn_GTX_CLK125 DC electrical characteristics (LVpp = 25V /1.8 V)l

Parameter Symbol Min Typical Max Unit Notes
Input high voltage VIH 0.7 xLVpD - - \% 2
Input low voltage ViL - - 0.2xLVpp \% 2
Input capacitance CIN - - 6 pF -
Input current (VIN =0V or VIN = LVDD) IIN - - +50 pA 3

Notes:

1. Forrecommended operating conditions, see Table 4.

2. The min V)L and max V|H values are based on the respective min and max V|N values found in Table 4.

3. The symbol V|N, in this case, represents the LV|N symbol referenced in Table 4.

This table provides the Ethernet gigabit reference clock AC timing specifications.

Table 19. ECn_GTX_CLK125 AC timing specifications (1)
Parameter/Condition Symbol Min Typical Max Unit Notes
ECn_GTX_CLK125 frequency fe125 125 - 100 ppm 125 125 + 100 ppm MHz -
ECn_GTX_CLK125 cycle time tG125 - 8 - ns -
ECn_GTX_CLK125 rise and fall time tG125RMG125E - - 0.75 ns 2
ECn_GTX_CLK125 duty cycle tG125H/tG125 40 - 60 % 3
1000Base-T for RGMII

Notes:

1. Atrecommended operating conditions with LVpp = 1.8 V £90mV / 2.5V * 125 mV. See Table 4.
2. Rise times are measured from 20% of LVpD to 80% of LVop. Fall times are measured from 80% of LVpp to 20% of LVop.

3. ECn_GTX_CLK125 is used to generate the GTX clock for the Ethernet transmitter. See RGMII AC timing specifications
for duty cycle for the 10Base-T and 100Base-T reference clocks.
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3.8.5 DDR clock (DDRCLK)

This section provides the DDRCLK DC electrical characteristics and AC timing specifications.

3.8.5.1 DDRCLK DC electrical characteristics
This table provides the DDRCLK DC electrical characteristics.

Table 20. DDRCLK DC electrical characteristics3

Parameter Symbol Min Typical Max Unit Notes

Input high voltage Vg 0.7 x OVpp - - \% 1

Input low voltage Vi - - 0.3 x OVpp \% 1

Input capacitance Cin - 7 12 pF -

Input current (V= 0V or Viy = OVpp) Iin - - +50 uA 2
Notes:

1. The min VIL and max VIH values are based on the respective min and max OVIN values found in Table 4.
2.  The symbol OVIN, in this case, represents the OVIN symbol referenced in Table 4.
3. Atrecommended operating conditions with OVDD = 1.8 V. See Table 4.

3.8.5.2 DDRCLK AC timing specifications
This table provides the DDRCLK AC timing specifications.

Table 21. DDRCLK AC timing specifications®

Parameter/Condition Symbol Min Typ Max Unit Notes
DDRCLK frequency fDDRCLK 100.0 MHz 1,2
DDRCLK cycle time tDDRCLK 10.0 ns 1,2
DDRCLK duty cycle tKHK/tDDRCLK 40 - 60 % 2
DDRCLK slew rate - 1 - 4 Vins 3
DDRCLK peak period jitter - - - +150 ps -
DDRCLK jitter phase noise at -56 dBc - - - 500 kHz 4
AC Input Swing Limits at 1.8 V OV AVac 1.08 - 1.8 \% -
Notes:

1. Caution: The relevant clock ratio settings must be chosen such that the resulting DDRCLK frequencies do not exceed
their respective maximum or minimum operating frequencies.

Measured at the rising edge and/or the falling edge at OVpp/2.

Slew rate as measured from 0.35 x OVpp to 0.65 x OVpp.

Phase noise is calculated as FFT of TIE jitter.

At recommended operating conditions with OVpp = 1.8V. See Table 4.
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3.8.6 Differential system clock (DIFF_SYSCLK/DIFF_SYSCLK_B) timing specifications

Single Source clocking mode requires single onboard oscillator to provide reference clock input to Differential System
clock pair (DIFF_SYSCLK/DIFF_SYSCLK_B).

This Differential clock pair input provides clock to Core, Platform, DDR and USB PLL's This figure shows a receiver
reference diagram of the Differential System clock.

Figure 10. LVDS receiver

DIFF_SYSCLK X 14 l

100 Ohm LVDS
RX

DIFF_SYSCLK B [X]

This section provides the differential system clock DC and AC timing specifications.

3.8.6.1 Differential system clock DC electrical characteristics

The differential system clock receiver voltage requirements are as specified in the Recommended operating conditions
table.

The differential system clock can also be single-ended. For this, DIFF_SYSCLK_B should be connected to OVpp/2.

This table provides the differential system clock (DIFF_SYSCLK/DIFF_SYSCLK_B) DC specifications.

Table 22. Differential system clock DC electrical characteristics®
Parameter Symbol Min Typical Max Unit Notes
Input differential voltage swing Vid 100 - 600 mV 2
Input common mode voltage Viem 50 - 1570 mV -
Power supply current lce - - 5 mA -
Input capacitance Cin 1.45 15 1.55 pF -
Note:

1. Atrecommended operating conditions with OVDD = 1.8 V, see Table 4 for details.
2. Input differential voltage swing (Vid) specified is equal to [VDIFF_SYSCLK_P - VDIFF_SYSCLK_N|

3.8.6.2 Differential system clock AC timing specifications
Spread spectrum clocking is not supported on differential system clock pair input.

This table provides the differential system clock (DIFF_SYSCLK/DIFF_SYSCLK_B) AC specifications.

Table 23. Differential system clock AC electrical characteristics®
Parameter Symbol Min Typical Max Unit Notes
DIFF_SYSCLK/DIFF_SYSCLK_B toiFF_syscLk - 100 - MHz -
frequency range
DIFF_SYSCLK/DIFF_SYSCLK_B toire_ToL -300 - +300 ppm -
frequency tolerance
Duty CyCIe tDIFFiDUTY 40 50 60 % -
Notes:

1. This is evaluated with supply noise profile at +/- 5% sine wave
2. At recommended operating conditions with OVpp = 1.8 V, see Table 4.

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

DS 60S 217489(G)-HIREL-02/24 page 86 Teledyne e2v Semiconductors SAS 2024



3.8.7 Other input clocks

A description of the overall clocking of this device is available in the chip reference manual in the form of a clock
subsystem block diagram. For information about the input clock requirements of functional sourced external of the chip,
such as SerDes, Ethernet management, eSDHC, and IFC, see the specific interface section.

3.9 RESET initialization

This table provides the AC timing specifications for the RESET initialization timing.
Table 24. RESET Initialization timing specifications

Parameter/Condition Min Max Unit Notes
Required assertion time of PORESET_B after all power rails are stable 1 - ms 1
Required input assertion time of HRESET_B 32 - SYSCLKs 2,3
Maximum rise/fall time of HRESET_B - 10 SYSCLK 4
Maximum rise/fall time of PORESET_B - 1 SYSCLK 4
Input setup time for POR configs (other than cfg_eng_use0) with respect to 4 - SYSCLKs 2,5
negation of PORESET_B

Input hold time for all POR configs with respect to negation of PORESET_B 2 - SYSCLKs 2
Maximum valid-to-high impedance time for actively driven POR configs with - 5 SYSCLKs 2

respect to negation of PORESET_B

Notes:
1. PORESET_B must be driven asserted before the core and platform power supplies are powered up.
2. SYSCLK is the primary clock input for the chip.

3. The device asserts HRESET_B as an output when PORESET_B is asserted to initiate the power-on reset process. The
device releases HRESET_B sometime after PORESET_B is deasserted. The exact sequencing of HRESET_B
deassertion is documented in the reference manual's "Power-on Reset Sequence" section.

4. The 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. For proper clock selection, terminate cfg_eng_use0 with a pull up or pull down of 4.7 kQ to ensure that the signal will have
a valid state as soon as the 10 voltage reach its operating condition.
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3.9.1

Power-Up and Initialization Sequence of the DDR4

Apply power (MRST_N must be maintained below 0.2 x D1_Vop while supplies ramp up; all other inputs may be
undefined). When supplies have ramped to a valid stable level, MRST_N must be maintained below 0.2 x D1_Vpp
for a minimum of tPW_RESET. CKE is pulled LOW anytime before MRST_N is de-asserted (minimum time of 10ns).
The power voltage ramp time between 300mV to D1_Vpp min must be no greater than 200ms. D1_Vpp must ramp at
the same time or before D1_Vpp, and D1_Vep must be equal to or higher than D1_Vpp at all times. After D1_Vop has
ramped and reached the stable level, the initialization sequence must be started within 3s.

Apply D1_Vee without any slope reversal before or at the same time as D1_Vop

D1 Voo is driven from a single-power converter output and apply D1_Vop without any slope reversal before or at
the same time as D1_Vrr and VREFCA.

The voltage levels on all balls of the DDR interface other than D1_Vpp and GND must be less than or equal to
D1_Vop on one side and must be greater than or equal to GND on the other side.

D1_Vrris limited to 0.76V MAX when the power ramp is complete.

VREFCA tracks D1_Vop /2.

After MRST_N is de-asserted, wait for another 500us until CKE becomes active. During this time, the device will start
internal state initialization; this will be done independently of external clocks. A reasonable attempt was made in the
design to power up with the following default MR settings: gear-down mode (MR3 A[3]): 0 = 1/2 rate; per-DRAM
addressability (MR3 A[4]): 0 = disable; maximum power-down (MR4 A[1]): O = disable; CS to command/address
latency (MR4 A[8:6]): 000 = disable; CA parity latency mode (MR5 A[2:0]): 000 = disable. However, it should be
assumed that at power up the MR settings are undefined and should be programmed as shown below.

Clocks (CK_t, CK_c) need to be started and stabilized for at least 10ns or 5 tCK (whichever is larger) before CKE
goes active. Because CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met. Also, a
DESELECT command must be registered (with tIS setup time to clock) at clock edge Td. After the CKE is
registered HIGH after RESET, CKE needs to be continuously registered HIGH until the initialization sequence is
finished, including expiration of tDLLK and tZQINIT.

The device keeps its ODT in High-Z state as long as MRST_N is asserted. Further, the SDRAM keeps its ODT in
High-Z state after MRST_N de-assertion until CKE is registered HIGH. The ODT input signal may be in an
undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal may
be statically held either LOW or HIGH. If RTT(NOM) is to be enabled in MR1, the ODT input signal must be
statically held LOW. In all cases, the ODT input signal remains static until the power-up initialization sequence is
finished, including the expiration of tDLLK and tZQINIT.

After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, tXPR, before issuing the first MRS
command to load mode register (tXPR = MAX (tXS; 5 x tCK).

Issue MRS command to load MR3 with all application settings, wait tMRD.

Issue MRS command to load MR6 with all application settings, wait tMRD.

Issue MRS command to load MR5 with all application settings, wait tMRD.

Issue MRS command to load MR4 with all application settings, wait tMRD.

. Issue MRS command to load MR2 with all application settings, wait tMRD.
. Issue MRS command to load MR1 with all application settings, wait tMRD.

Issue MRS command to load MRO with all application settings, wait tMOD.

. Issue a ZQCL command to start ZQ calibration.
. Wait for tDLLK and tZQINIT to complete.
. The device will be ready for normal operation.
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A stable valid D1_Vop level is a set DC level (0 Hz to 20 MHz) and must be no less than D1_Vop ,min and no greater than
D1_Vop ,max. If the set DC level is altered anytime after initialization, the DLL reset and calibrations must be performed
again after the new set DC level is stable. AC noise of +60mV (greater than 20 MHz) is allowed on D1_Vpp provided the
noise doesn’t alter D1_Vpp to less than D1_Vpp ,min or greater than D1_Vpp ,max.
A stable valid D1_Verp level is a set DC level (0 Hz to 20 MHz) and must be no less than D1_Vep,min and no greater than
D1_Vee,max. If the set DC level is altered anytime after initialization, the DLL reset and calibrations must be performed again
after the new set DC level is stable. AC noise of £120mV (greater than 20 MHz) is allowed on D1_Vep provided the noise
doesn’t alter D1_Vep to less than D1_Vep,min or greater than D1_Vpep,max.
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3.10 DDR4 SDRAM controller

3.10.1 DDR4 SDRAM interface DC electrical characteristics

This section describes the DC and AC electrical specifications for the DDR4 SDRAM controller interface. Note that the

required G1Vop(typ) voltage is 1.2 V when interfacing to DDR4 SDRAM.

This table provides the recommended operating conditions for the DDR SDRAM controller when interfacing to DDR4

SDRAM.

Table 25. DDR4 SDRAM interface DC electrical characteristics (G1Vop = 1.2 V)1

Parameter Symbol Min Max Unit Notes
Input low VIL - 0.7 xG1Vpp - 0.175 \% 3
Input high VIH 0.7 x G1Vpp + 0.175 - \Y 3

I/0 leakage current loz -200 200 pA

Notes:

G1VpD is expected to be within 60 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.

VTT and VREFCA are applied directly to the DRAM device. Both VTT and VREFCA voltages must track G1Vpp/2.
Input capacitance load for DQ, DQS, and DQS_B are available in the IBIS models.
See the IBIS model for the complete output IV curve characteristics.
Output leakage is measured with all outputs disabled, 0V < VOUT < G1Vpp
For recommended operating conditions, see Table 4.

1.
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3.10.2 DDR4 SDRAM interface AC timing specifications

This section provides the AC timing specifications for the DDR SDRAM controller interface. The DDR controller
supports DDR4 memories. Note that the required GVop(typ) voltage is 1.2 V when interfacing to DDR4 SDRAM.

3.10.2.1 DDR4 SDRAM interface input AC timing specifications
This table provides the input AC timing specifications for the DDR controller when interfacing to DDR4 SDRAM.

Table 26. DDR4 SDRAM interface input AC timing specifications 1
Parameter Symbol Min Max Unit Notes
AC input low voltage VILAC - 0.7 x G1Vpp - 0.175 \ -

< 2100 MT/s data rate

AC input high voltage VIHAC 0.7 x G1Vpp + 0.175 - \ -
< 2100 MT/s data rate

Note:
1. Forrecommended operating conditions, see Table 4.

This table provides the input AC timing specifications for the DDR controller when interfacing to DDR4 SDRAM.

Table 27. DDR4 SDRAM interface input AC timing specifications 3
Parameter Symbol Min Max Unit Notes
Controller skew for MDQS-MDQ/MECC tCISKEW - - ps 1
2100 MT/s data rate -80 80
1800 MT/s data rate -93 93
1600 MT/s data rate -112 112
1300 MT/s data rate -125 125
Tolerated Skew for MDQS-MDQ/MECC tIDISKEW - - ps 2
2100 MT/s data rate -154 154
1800 MT/s data rate -175 175
1600 MT/s data rate -200 200
1300 MT/s data rate -250 250

Notes:

1. teiskew 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 tDISKEW-
This can be determined by the following equation: tpISKEW = (T + 4 - abs (tCISKEW)) Where T is the clock period and
abs(tciskeEw) is the absolute value of tCISKEW-

3. For recommended operating conditions, see Table 4.
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This figure shows the DDR4 SDRAM interface input timing diagram.
Figure 11. DDR4 SDRAM interface input timing diagram
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3.10.2.2 DDR4 SDRAM interface output AC timing specifications
This table contains the output AC timing targets for the DDR4 SDRAM interface.
Table 28. DDR4 SDRAM interface output AC timing specifications (G1Vpp = 1.2 V)7
Parameter Symboll Min Max Unit Notes
MCK]n] cycle time tMCK 952 1538 ps 2
ADDR/CMD/CNTL output setup with respect to tDDKHAS - - ps 3
MCK
2100 MT/s data rate 350 -
1800 MT/s data rate 410 -
1600 MT/s data rate 495 -
1300 MT/s data rate 606 -
ADDR/CMD/CNTL output hold with respect to tDDKHAX - - ps 3
MCK
2100 MT/s data rate 350 -
1800 MT/s data rate 390 -
1600 MT/s data rate 495 -
1300 MT/s data rate 606 -
MCK to MDQS Skew tDDKHMH -150 150 ps 4,7
MDQ/MECC/MDM output data eye {DDKXDEYE - - ps 5
2100 MT/s data rate 320 -
1800 MT/s data rate 350 -
1600 MT/s data rate 400 -
1300 MT/s data rate 500 -
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Parameter Symboll Min Max Unit Notes
MDQS preamble tDDKHMP 0.9 X tMCK - ps -
MDQS postamble tDDKHME 0.4 X tMCK 0.6 X tmMCK ps -

Notes:

1. The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state) (reference)(state) fOr iNputs
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, tookHas
symbolizes DDR timing (DD) for the time tmck memory clock reference (K) goes from the high (H) state until outputs (A)
are setup (S) or output valid time. Also, tookLbx Symbolizes DDR timing (DD) for the time tMCK memory clock reference
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

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

3. ADDR/CMD/CNTL includes all DDR SDRAM output signals except MCK/MCK_B, MCS_B, and
MDQ/MECC/MDM/MDQS.

4. Note that tppkHMH follows the symbol conventions described in note 1. For example, tppkHMH describes the DDR
timing (DD) from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tppkKHMH can 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 chip reference manual for a description
and explanation of the timing modifications enabled by the use of these bits.

5. Available eye for data (MDQ), ECC (MECC), and data mask (MDM) outputs at the pin of the processor. Memory controller
will center the strobe (MDQS) in the available data eye at the DRAM (end point) during the initialization.

6. Note that this is required to program the start value of the DQS adjust for write leveling.
7. For recommended operating conditions, see Table 4.

NOTE
For the ADDR/CMD/CNTL setup and hold specifications in Table 28, it is assumed that the clock control register is set
to adjust the memory clocks by %2 applied cycle.

This figure shows the DDR4 SDRAM interface output timing for the MCK to MDQS skew measurement (tppkHMH)-

Figure 12. tppkHMH timing diagram
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This figure shows the DDR4 SDRAM output timing diagram.
Figure 13. DDR4 output timing diagram
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3.11 Ethernet interface, Ethernet management interface, IEEE Std 1588™
This section describes the DC and AC electrical characteristics for the Ethernet controller, Ethernet management, and
IEEE Std 1588 interfaces.

3.11.1 SGMll interface

Each SGMII port features a 4-wire AC-coupled serial link from the SerDes interface of the chip, as shown in Figure 14,
where CTx is the external (on board) AC-coupled capacitor. Each SerDes transmitter differential pair features 100-Q

output impedance.
Each input of the SerDes receiver differential pair features 50-Q on-die termination to GNDn. The reference circuit of
the SerDes transmitter and receiver is shown in Figure 84.

3.11.1.1 SGMIlI clocking requirements for SDn_REF_CLK1_P and SDn_REF_CLK1_N

When operating in SGMII mode, the ECn_GTX_CLK125 clock is not required for this port. Instead, a SerDes reference
clock is required on SDn_REF_CLK[1:2]_P and SDn_REF_CLK[1:2]_N pins. SerDes lanes may be used for SerDes
SGMII configurations based on the RCW Configuration field SRDS_PRTCL.

For more information on these specifications, see SerDes reference clocks
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3.11.1.2 SGMII DC electrical characteristics

This section describes the electrical characteristics for the SGMII interface.

3.11.1.2.1 SGMIl and SGMII 2.5G transmit DC specifications

This table describes the SGMII SerDes transmitter AC-coupled DC electrical characteristics. Transmitter DC
characteristics are measured at the transmitter outputs (SDn_TXn_P and SDn_TXn_N) as shown in Figure 15.

Table 29. SGMII DC transmitter electrical characteristics (XnVpp = 1.35V) (4)

Parameter Symbol Min Typ Max Unit Notes
Output high voltage VOH - - 1.5 x | Vop| -max mv 1
Output low voltage VoL | Vob| -min/2 - - mv 1
Output differential voltage | Vop| 320 500.0 725.0 mv TECRO[AMP_RED]=0b00
(2,3,5) 0000
(XVDD-Typ at 1.35V) 293.8 459.0 665.6 TECRO[AMP_RED]=0b00
0001
266.9 417.0 604.7 TECRO[AMP_RED]=0b00
0011
240.6 376.0 545.2 TECRO[AMP_RED]=0b00
0010
213.1 333.0 482.9 TECRO[AMP_RED]=0b00
0110
186.9 292.0 423.4 TECRO[AMP_RED]=0b00
0111
160.0 250.0 362.5 TECRO[AMP_RED]=0b01
0000
Output impedance RO 80 100 120 Q -
(differential)
Notes:
1. This does not align to DC-coupled SGMII.
2. |Vvob| = |VsD_Txn_P - VsSD_Txn_N|. | VoD| is also referred to as output differential peak voltage. VTX-DIFFp-p =
2x |Vop|.
3. The | VOD| value shown in the Typ column is based on the condition of XYDD_SRDSn-Typ = 1.35 V, no common mode
offset variation. SerDes transmitter is terminated with 100-Q differential load between SDn _TXn_P and SDn_TXn_N.
4. For recommended operating conditions, see Table 4.
5. Example amplitude reduction setting for SGMIl on SerDesl lane A: LNATECRO[AMP_RED] = 0b000001 for an output

differential voltage of 459 mV typical.
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This figure shows an example of a 4-wire AC-coupled SGMII serial link connection.

Figure 14. 4-wire AC-coupled SGMII serial link connection example
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This figure shows the SGMII transmitter DC measurement circuit.
Figure 15. SGMII transmitter DC measurement circuit
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This table defines the SGMII 2.5G transmitter DC electrical characteristics for 3.125 GBaud.
Table 30. SGMII 2.5G transmitter DC electrical characteristics (XnVpp = 1.35 V)(1)

Parameter Symbol Min Typical Max Unit Notes

Output differential voltage | Vob| 400 - 600 mv

Output impedance (differential) RO 80 100 120 Q -
Notes:

1. Forrecommended operating conditions, see Table 4.

3.11.1.2.2 SGMIl and SGMII 2.5G DC receiver electrical characteristics

This table lists the SGMII DC receiver electrical characteristics. Source synchronous clocking is not supported. Clock is
recovered from the data.

Table 31. SGMII DC receiver electrical characteristics (4)

Parameter Symbol Min Typ Max Unit | Notes

DC input voltage range - N/A - 1

Input differential voltage REIDL_TH =001 VRX_DIFFp-p 100 - 1200 mV 2,5
REIDL_TH =100 175 -

Loss of signal threshold REIDL_TH =001 VLos 30 - 100 mV 3,5
REIDL_TH =100 65 - 175

Receiver differential input impedance ZRX_DIFF 80 - 120 Q -

Notes:

1. Input must be externally AC coupled.
2. VRX_DIFFp-p is also referred to as peak-to-peak input differential voltage.

3. The concept of this parameter is equivalent to the electrical idle detect threshold parameter in PCI Express. See PCI
Express DC physical layer receiver specifications, and PCI Express AC physical layer receiver specifications, for further
explanation.

4. For recommended operating conditions, see Table 4.
5. The REIDL_TH shown in the table refers to the chip's SRDSXLNMGCRZ1[REIDL_TH] bit field.

This table defines the SGMII 2.5G receiver DC electrical characteristics for 3.125 GBaud.
Table 32. SGMII 2.5G receiver DC timing specifications (1)

Parameter Symbol Min Typical Max Unit Notes

Input differential voltage VRX_DIFFp-p 200 - 1200 mV -

Loss of signal threshold VLos 75 - 200 mV -

Receiver differential input impedance ZRX_DIFF 80 - 120 Q -
Note:

1. Forrecommended operating conditions, see Table 4.
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3.11.1.3 SGMII AC timing specifications

This section describes the AC timing specifications for the SGMI!I interface.

3.11.1.3.1 SGMIl and SGMII 2.5G transmit AC timing specifications

This table provides the SGMII and SGMII 2.5G transmit AC timing specifications. A source synchronous clock is not
supported. The AC timing specifications do not include RefClk jitter.

Table 33. SGMII transmit AC timing specifications (4)

Parameter Symbol Min Typ Max Unit Notes

Deterministic jitter JD - - 0.17 Ul p-p -

Total jitter JT - - 0.35 Ul p-p 2

Unit Interval: 1.25 GBaud (SGMII) ul 800 - 100 ppm 800 800 + 100 ppm ps 1

Unit Interval: 3.125 GBaud (2.5G SGMII]) ul 320 - 100 ppm 320 320 + 100 ppm ps 1

AC coupling capacitor CTx 10 - 200 nF 3
Notes:

1. Each Ul is 800 ps + 100 ppm or 320 ps + 100 ppm.

2. See Figure 17 for single frequency sinusoidal jitter measurements.

3. The external AC coupling capacitor is required. It is recommended that it be placed near the device transmitter output.
4. For recommended operating conditions, see Table 4.

3.11.1.3.2 SGMIlI AC measurement details

Transmitter and receiver AC characteristics are measured at the transmitter outputs (SDn_TXn_P and SDn_TXn_N) or
at the receiver inputs (SDn_RXn_P and SDn_RXn_N) respectively, as shown in this figure.

Figure 16. SGMII AC test/measurement load
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3.11.1.3.3 SGMIl and SGMII 2.5G receiver AC timing specifications

This table provides the SGMIl and SGMII 2.5G receiver AC timing specifications. The AC timing specifications do not
include RefCIk jitter. Source synchronous clocking is not supported. Clock is recovered from the data.

Table 34. SGMII receiver AC timing specifications (3)

Parameter Symbol Min Typ Max Unit Notes
Deterministic jitter tolerance JD - - 0.37 Ul p-p 1
Combined deterministic and random jitter tolerance JDR - - 0.55 Ul p-p 1
Total jitter tolerance T - - 0.65 Ul p-p 1,2
Bit error ratio BER - - 10-12 - -
Unit Interval: 1.25 GBaud (SGMII) ul 800 - 100 ppm 800 800 + 100 ppm ps 1
Unit Interval: 3.125 GBaud (2.5G SGMII]) ul 320 - 100 ppm 320 320 + 100 ppm ps 1
Notes:

1. Measured at receiver

2. 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 1. The sinusoidal jitter component
is included to ensure margin for low frequency jitter, wander, noise, crosstalk and other variable system effects.

3. For recommended operating conditions, see Table 4.

The sinusoidal jitter in the total jitter tolerance may have any amplitude and frequency in the unshaded region of this
figure.

Figure 17. Single-frequency sinusoidal jitter limits
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3.11.2 QSGMIl interface

This section describes the QSGMII clocking and its DC and AC electrical characteristics.

3.11.2.1 QSGMII clocking requirements for SDn_REF_CLKn and SDn_REF_CLKn_B

For more information on these specifications, see SerDes reference clocks.

3.11.2.2 QSGMII DC electrical characteristics

This section discusses the electrical characteristics for the QSGMII interface.

3.11.2.2.1 QSGMII transmitter DC specifications

This table describes the QSGMII SerDes transmitter AC-coupled DC electrical characteristics. Transmitter DC
characteristics are measured at the transmitter outputs (SDn_TXn and SDn_TXn_B).

Table 35. QSGMII DC transmitter electrical characteristics (XnVpp = 1.35V) (1)

Parameter Symbol Min Typ Max Unit Notes

Output differential voltage VDIEE 400 - 900 mV -

Differential resistance TRD 80 100 120 Q -
Notes:

1. Forrecommended operating conditions, see Table 4.

3.11.2.2.2 QSGMII DC receiver electrical characteristics
This table defines the QSGMII receiver DC electrical characteristics.
Table 36. QSGMII receiver DC timing specifications (1)

Parameter Symbol Min Typical Max Unit Notes

Input differential voltage VDIFE 100 - 900 mV -

Differential resistance RRDIN 80 100 120 Q -
Notes:

1. Forrecommended operating conditions, see Table 4.

3.11.2.3 QSGMII AC timing specifications

This section discusses the AC timing specifications for the QSGMII interface.

3.11.2.3.1 QSGMII transmit AC timing specifications
This table provides the QSGMII transmitter AC timing specifications.
Table 37. QSGMII transmit AC timing specifications (1)

Parameter Symbol Min Typ Max Unit Notes

Transmitter baud rate TBAUD 5.000 - 100 5.000 5.000 + 100 ppm Gb/s -

Uncorrelated high probability jitter TUHPJ - - 0.15 Ul p-p -

Total jitter tolerance JT - - 0.30 Ul p-p -
Notes:

1. Forrecommended operating conditions, see Table 4.
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3.11.2.3.2 QSGMIlI receiver AC timing Specification
This table provides the QSGMII receiver AC timing specifications.
Table 38. QSGMII receive AC timing specifications (2)

Parameter Symbol Min Typ Max Unit Notes
Receiver baud rate RBAUD 5.000 - 100 ppm 5.000 5.000 + 100 ppm Gbl/s -
Uncorrelated bounded high probability jitter RpyJ - - 0.15 Ul p-p -
Correlated bounded high probability jitter RCBHPJ - - 0.30 Ul p-p 1
Bounded high probability jitter RBHPJ - - 0.45 Ul p-p -
Sinusoidal jitter, maximum RsJ-max - - 5.00 Ul p-p -
Sinusoidal jitter, high frequency RS J-hf - - 0.05 Ul p-p -
Total jitter (does not include sinusoidal jitter) RTj - - 0.60 Ul p-p -
Notes:

1. The jitter (RcBHPJ) and amplitude have to be correlated, for example, by a PCB trace.
2. For recommended operating conditions, see Table 4.

The sinusoidal jitter may have any amplitude and frequency in the unshaded region of this figure.

Figure 18. QSGMII single-frequency sinusoidal jitter limits
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3.11.3 XFl interface

This section describes the XFI clocking requirements and its DC and AC electrical characteristics.

3.11.3.1 XFlI clocking requirements for SDn_REF_CLKn_P and SDn_REF_CLKn_N

Only SerDes 1 (SD1_REF_CLKJ[1:2]_P and SD1_REF_CLK[1:2]_N) may be used for SerDes XFI configurations based
on the RCW configuration field SRDS_PRTCL.

For more information on these specifications, see SerDes reference clocks.
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3.11.3.2 XFI DC electrical characteristics

This section describes the DC electrical characteristics for XFI.

3.11.3.2.1 XFI transmitter DC electrical characteristics

This table defines the XFI transmitter DC electrical characteristics.

Table 39. XFI transmitter DC electrical characteristics (XVpp = 1.35 V)1

Parameter Symbol Min Typical Max Unit Notes

Output differential voltage VTX-DIEF 360 - 770 mV -

LNmMTECR O[AMP_RE
D]= 0b000111

De-emphasized differential VTX-DE- 0.6 11 1.6 dB -

output voltage (ratio) RATIO-1.14dB LNMTECR O[RATIO_P
ST1Q]=0b0 0011

De-emphasized differential VTX-DE- 3 35 4 dB -

output voltage (ratio) RATIO-3.5dB LNmMTECR O[RATIO_P

ST1Q]=0b0 1000

De-emphasized differential VTX-DE- 4.1 4.6 5.1 dB -

output voltage (ratio) RATIO-4.66dB LN?IE(S]RO(E)[(??&%_P

De-emphasized differential VTX-DE- 5.5 6.0 6.5 dB -

output voltage (ratio) RATIO-6.0dB LNmTECR O[RATIO_P
ST1Q]=0b0 1100

De-emphasized differential VTX-DE- 9 9.5 10 dB -

output voltage (ratio) RATIO-9.5dB LNmMTECR O[RATIO_P
ST1Q]=0b1 0000

Differential resistance TRD 80 100 120 Q -

Notes:

1. Forrecommended operating conditions, see Table 4.

3.11.3.2.2 XFlI receiver DC electrical characteristics

This table defines the XFI receiver DC electrical characteristics.

Table 40. XFl receiver DC electrical characteristics 2
Parameter Symbol Min Typical Max Unit Notes
Input differential voltage VRX-DIFE 110 - 1050 mV 1
Differential resistance RRD 80 100 120 Q -

1. Measured at receiver
2. For recommended operating conditions, see Table 4.
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3.11.3.3 XFI AC timing specifications

This section describes the AC timing specifications for XFI.

3.11.3.3.1  XFI transmitter AC timing specifications

This table defines the XFI transmitter AC timing specifications. RefCIk jitter is not included.

Table 41. XFI transmitter AC timing specifications1
Parameter Symbol Min Typical Max Unit
Transmitter baud rate TBAUD 10.3125 - 10.3125 10.3125 + Gbl/s
100ppm 100ppm
Unit Interval ul - 96.96 - ps
Deterministic jitter DJ - - 0.15 Ul p-p
Total jitter T, - - 0.30 Ul p-p
Note:

1. Forrecommended operating conditions, see Table 4.

3.11.3.3.2 XFl receiver AC timing specifications

This table defines the XFI receiver AC timing specifications. RefClIk jitter is not included.

Table 42. XFl receiver AC timing specifications3
Parameter Symbol Min Typical Max Unit Notes
Receiver baud rate RBAUD 10.3125 - 10.3125 10.3125 + Gbl/s -
100ppm 100ppm
Unit Interval ul - 96.96 - ps -
Total non-EQJ jitter TNON- - - 0.45 Ul p-p 1
Total jitter tolerance T - - 0.65 Ul p-p 1,2
Notes:

1. The total jitter (Ts) consists of Random Jitter (RJ), Duty Cycle Distortion (DCD), Periodic Jitter (PJ), and Inter symbol
Interference (I1S1). Non-EQJ jitter can include duty cycle distortion (DCD), random jitter (RJ), and periodic jitter (PJ). Non-
EQJ jitter is uncorrelated to the primary data stream with exception of the DCD and so cannot be equalized by the receiver
under test. It can exhibit a wide spectrum. Non - EQJ =T,;-ISI=Rj + DCD + PJ

2. The XFI channel has a loss budget of 9.6 dB @5.5GHz. The channel loss including connector @ 5.5GHz is 6dB. The
channel crosstalk and reflection margin is 3.6dB. Manual tuning of TX Equalization and amplitude will be required for
performance optimization.

3. For recommended operating conditions, see Table 4.
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This figure shows the sinusoidal jitter tolerance of XFI receiver.

Figure 19. XFl host receiver input sinusoidal jitter tolerance
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3.11.4 10GBase-KR interface

This section describes the 10GBase-KR clocking requirements and its DC and AC electrical characteristics.

3.11.4.1 10GBase-KR clocking requirements for SDn_REF_CLKn_P and SDn_REF_CLKn_N

Only SerDes 1 (SD1_REF_CLK1_P and SD1_REF_CLK1_N) may be used for SerDes 10GBase-KR configurations
based on the RCW Configuration field SRDS_PRTCL.

For more information on these specifications, see SerDes reference clocks.
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3.11.4.2 10GBase-KR DC electrical characteristics

3.11.4.2.1 10GBase-KR transmitter DC electrical characteristics

This section describes the DC electrical characteristics for 10GBase-KR.

This table defines the 10GBase-KR transmitter DC electrical characteristics.

Table 43. 10GBaseKR transmitter DC electrical characteristics (XVpp =1.35 V)1

Parameter Symbol Min Typical Max Unit Notes
Output differential voltage VTX-DIFF 800 - 1200 mV - LNmTECR O[AMP_RE D]=
0b000000
De-emphasized differential output VTX-DE- 0.6 1.1 1.6 dB -
voltage (ratio) RATIO-1.14dB LNmMTECR O[RATIO_P
ST1Q]=0b0 0011
De-emphasized differential output VTX-DE- 3 3.5 4 dB -
voltage (ratio) RATIO-3.5dB LNMTECR O[RATIO_P
ST1Q]=0b0 1000
De-emphasized differential output VTX-DE- 4.1 4.6 5.1 dB -
voltage (ratio) RATIO-4.66dB LNMTECR O[RATIO_P
ST1Q]=0b0 1010
De-emphasized differential output VTX-DE- 5.5 6.0 6.5 dB -
voltage (ratio) RATIO-6.0dB LNmTECR O[RATIO_P
ST1Q]=0b0 1100
De-emphasized differential output VTX-DE- 9 9.5 10 dB -
voltage (ratio) RATIO-9.5dB LNmTECR O[RATIO_P
ST1Q]=0b1 0000
Differential resistance TRD 80 100 120 Q -
1. Forrecommended operating conditions, see Table 4.
3.11.4.2.2 10GBase-KR receiver DC electrical characteristics
This table defines the 10GBase-KR receiver DC electrical characteristics.
Table 44. 10GBase-KR receiver DC electrical characteristicsl
Parameter Symbol Min Typical Max Unit Notes
Input differential voltage VRX-DIFF - - 1200 mV -
Differential resistance RRD 80 - 120 Q -

1.

For recommended operating conditions, see Table 4.
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3.11.4.3 10GBase-KR AC timing specifications

This section describes the AC timing specifications for 10GBase-KR.

3.11.4.3.1 10GBase-KR transmitter AC timing specifications
This table defines the 10GBase-KR transmitter AC timing specifications. RefClk jitter is not included.

Table 45. 10GBase-KR transmitter AC timing specifications1
Parameter Symbol Min Typical Max Unit
Transmitter baud rate TBAUD 10.3125 - 100 ppm 10.3125 10.3125 + 100 ppm Gb/s
Uncorrelated high probability jitter/Random jitter UHpPJ/Ry - - 0.15 Ul p-p
Deterministic jitter DJ - - 0.15 Ul p-p
Total jitter T - - 0.30 Ul p-p

1. Forrecommended operating conditions, see Table 4.

3.11.4.3.2 10GBase-KR receiver AC timing specifications

This table defines the 10GBase-KR receiver AC timing specifications. RefCIk jitter is not included.

Table 46. 10GBase-KR receiver AC timing specifications2
Parameter Symbol Min Typical Max Unit Notes
Receiver baud rate RBAUD 10.3125 — 100 ppm 10.3125 10.3125 + 100 ppm Gb/s -
Random jitter RJ - - 0.130 Ul p-p -
Sinusodial jitter, maximum SJ-max - - 0.115 Ul p-p -
Duty cycle distortion Dcp - - 0.035 Ul p-p -
Total jitter T, - - See Note 1 Ul p-p 1

1. The total jitter (Ts) is per Interference tolerance test IEEE Standard 802.3ap-2007 specified in Annex 69A.
2. For recommended operating conditions, see Table 4.

3.11.5 1000Base-KX interface

This section discusses the electrical characteristics for the 1000Base-KX. Only AC- coupled operation is supported.

3.11.5.1 1000Base-KX DC electrical characteristics

3.11.5.1.1 1000Base-KX Transmitter DC Specifications

This table describes the 1000Base-KX SerDes transmitter DC specification at TP1 per IEEE Std 802.3ap-2007.
Transmitter DC characteristics are measured at the transmitter outputs (SDn_TXn_P and SDn_TXn_N).

Table 47. 1000Base-KX Transmitter DC Specifications

Parameter Symbols Min Typ Max Units Notes

Output differential voltage VTX-DIFFp-p 800 - 1600 mV 1

Differential resistance TRD 80 100 120 ohm -
Notes:

1. SRDSXLNmTECRO[AMP_RED]=00_0000.
2. For recommended operating conditions, see Table 4.
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3.11.5.1.2 1000Base-KX Receiver DC Specifications
This table provides the 1000Base-KX receiver DC timing specifications.
Table 48. 1000Base-KX Receiver DC Specifications

Parameter Symbols Min Typical Max Units Notes

Input differential voltage VRx-DIFFp-p - - 1600 mvV 1

Differential resistance Trom 80 - 120 ohm -
Notes:

1. Forrecommended operating conditions, see Table 4.
3.11.5.2 1000Base-KX AC electrical characteristics

3.11.5.2.1 1000Base-KX Transmitter AC Specifications
This table provides the 1000Base-KX transmitter AC specification.
Table 49. 1000Base-KX Transmitter AC Specifications

Parameter Symbols Min Typical Max Units Notes

Baud Rate TBAUD 1.25-100ppm 1.25 1.25+100ppm Gb/s -

Uncorrelated High Probability TUHPITRJ - - 0.15 Ul p-p -

Jitter/ Random Jitter

Deterministic Jitter TDJ - - 0.10 Ul p-p -

Total Jitter TT1J - - 0.25 Ul p-p 1
Notes:

1. Total jitter is specified at a BER of 10712,
2. For recommended operating conditions, see Table 4.

3.11.5.2.2 1000Base-KX Receiver AC Specifications
This table provides the 1000Base-KX receiver AC specification with parameters guided by IEEE Std 802.3ap-2007.
Table 50. 1000Base-KX Receiver AC Specifications

Parameter Symbols Min Typical Max Units Notes

Receiver Baud Rate TBAUD 1.25-100ppm 1.25 1.25+100ppm Gbl/s -

Random Jitter RRryJ - - 0.15 Ul p-p 1

Sinu‘soidal Jitter, RsJ-max - - 0.10 Ul p-p 2

maximum

Total Jitter RT3 - - See Note 3 Ul p-p 2
Notes:

1. Random jitter is specified at a BER of 10712,

2. The receiver interference tolerance level of this parameter shall be measured as described in Annex 69A of the IEEE Std
802.3ap-2007.

3. Per IEEE 802.3ap-clause 70.
4. The AC specifications do not include Refclk jitter.
5. For recommended operating conditions, see Table 4.
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3.11.6 RGMII electrical specifications

This section describes the electrical characteristics for the RGMII interface.

3.11.6.1 RGMII DC electrical characteristics

This table provides the DC electrical characteristics for the RGMII interface at LVpp = 2.5 V.

Table 51. RGMII DC electrical characteristics (LVpp =2.5 V)3

Parameters Symbol Min Max Unit Notes
Input high voltage VIH 0.7 xLVpDD - Y, 1
Input low voltage VIL - 0.2xLVpp \% 1
Input current (LV|N=O VorLV|\= LVDD) lIIH - +50 HA 2
Output high voltage (LVDD = min,IOH =-1.0 mA) VOH 2.00 -
Output low voltage (LVH = min, lo =10 mA) VoL - 0.4

Notes:

1. The min V|L and max V|H values are based on the respective min and max LV|N values found in Table 4.

2. The symbol LV|N, in this case, represents the LV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for the RGMII interface at LVpp = 1.8 V.

Table 52. RGMII DC electrical characteristics (LVpp =1.8 V)3
Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 xLVpDD - \% 1
Input low voltage ViL - 0.2xLVpp \% 1
Input current (LV) =0V or LV|\=LVpp) IIN - +50 HA 2
Output high voltage (LVp5 = min, I = -0.5 mA) VOH 1.35 - \%
Output low voltage (LVpy = min, |5, =0.5mA) VoL - 0.4 \%

Notes:

1. The min V)L and max V|H values are based on the min and max LV|N values found in Table 4.

2. The symbol LV|N, in this case, represents the LV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.
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3.11.6.2 RGMII AC timing specifications
This table provides the RGMII AC timing specifications.

Table 53. RGMII AC timing specifications (LVpp =2.5/1.8 V)8

Parameter/Condition Symboll Min Typ Max Unit Notes
Data to clock output skew (at transmitter) ISKRGT_TX -500 0 500 ps 7
Data to clock input skew (at receiver) ISKRGT_RX 1.0 - 2.6 ns 2,9
Clock period duration tRGT 7.2 8.0 8.8 ns 3
Duty cycle for 10BASE-T and 100BASE-TX tRGTHIRGT 40 50 60 % 3,4
Duty cycle for Gigabit tRGTHARGT 45 50 55 % -
Rise time (20%-80%) IRGTR - - -0.75 ns 56
Fall time (20%-80%) tRGTE - - - 0.75 ns 5,6
Notes:

1. In general, the clock reference symbol representation for this section is based on the symbols RGT to represent RGMII
timing. Note that the notation for rise (R) and fall (F) times follows the clock symbol that is being represented. For symbols
representing skews, the subscript is skew (SK) followed by the clock that is being skewed (RGT).

2. This implies that PC board design will require clocks to be routed such that an additional trace delay of greater than 1.5
ns is added to the associated clock signal. Many PHY vendors already incorporate the necessary delay inside their device.
If so, additional PCB delay is probably not needed.

3. For 10 Mbps and 100 Mbps, tRGT scales to 400 ns + 40 ns and 40 ns * 4 ns, respectively.

4. Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's clock domains as
long as the minimum duty cycle is not violated and stretching occurs for no more than three tret 0f the lowest speed
transitioned between.

5. Applies to inputs and outputs.

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

7. The frequency of ECn_RX_CLK (input) should not exceed the frequency of ECn_GTX_CLK (output) by more than 300
ppm.
8. For recommended operating conditions, see Table 4.

9. For 10 Mbps and 100 Mbps, the max value is unspecified.
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This figure shows the RGMII AC timing and multiplexing diagrams.

Figure 20. RGMII AC timing and multiplexing diagrams
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Warning

Teledyne e2v guarantees timings generated from the MAC. Board designers must ensure delays needed at the PHY or
the MAC.

3.11.7 Ethernet management interface (EMI)

This section describes the electrical characteristics for the Ethernet Management Interface (EMI) interface.

™
Both the interfaces (EMI1 and EMI2) interface timing is compatible with IEEE Std 802.3  clause 22.

3.11.7.1 Ethernet management interface 1 (EMI1)
This section describes the electrical characteristics for the EMI1 interface. The EMI1 interface timing is compatible with
IEEE Std 802.3" clause 22.

3.11.7.1.1 EMI1 DC electrical characteristics

This section describes the DC electrical characteristics for EMI1_MDIO and EMI1_MDC. The pins are available on
LVpp. See Table 4 for operating voltages.
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This table provides the EMI1 DC electrical characteristics when LVpp = 2.5 V.

Table 54. EMI1 DC electrical characteristics (LVpp = 2.5 V)3

Parameters Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x LVDpD - \% 1
Input low voltage ViL - 0.2 xLVpD \ 1
Input current (LV| =0 or LV = LVpp) IIN - +50 HA 2
Output high voltage (LVpH = min, |5 =-1.0 mA) VoOH 2.00 - Y, -
Output low voltage (LVpH = min, |5, =1.0 mA) VoL - 0.40 Y -

Notes:

1. The min V|L and max V|H values are based on the respective min and max LV|N values found in Table 4.

2. The symbol V|N, in this case, represents the LV|N symbols referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the EMI1 DC electrical characteristics when LVpp = 1.8 V.

Table 55. EMI1 DC electrical characteristics (LVpp =1.8 V)3
Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x LVpD - \% 1
Input low voltage ViL - 0.2 xLVDpD \% 1
Input current (LVIN =0VorlLV| = LVDD) IIN - +50 HA 2
Output high voltage (LVpH = min, |5 =-0.5mA) VOoH 1.35 - \%
Output low voltage (LVpH = min, |5, =0.5mA) VoL - 0.4

Notes:

1. The min V|L and max V|H values are based on the min and max LV|N respective values found in Table 4.

2. The symbol LV|N represents the LV|N symbols referenced in Table 4.

3. For recommended operating conditions, see Table 4.

3.11.7.1.2 EMI1 AC timing specifications

This table provides the EMI1 AC timing specifications.

Table 56. EMI1 AC timing specifications®
Parameter/Condition Symboll Min Typ Max Unit Notes
MDC frequency fMDC - - 2.5 MHz 2
MDC clock pulse width high tMDCH 160 - - ns -
MDC to MDIO delay tMDKHDX (Y+5) X tenet_clk - 4 - (Y+5) X tenet_clk + 4 ns 3
MDIO to MDC setup time tMDDVKH 8 - - ns
MDIO to MDC hold time tMDDXKH 2.6 - - ns 6

Notes:

1. The symbols used for timing specifications follow these patterns: t(ist two letters of functional block)(signal)(state)(reference)(state) fOr inputs
and t(irst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tvpokHpx Symbolizes management data timing
(MD) for the time tmpc from clock reference (K) high (H) until data outputs (D) are invalid (X) or data hold time. Also, tmppvkH
symbolizes management data timing (MD) with respect to the time data input signals (D) reach the valid state
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2. (V) relative to the tpmpc clock reference (K) going to the high (H) state or setup time.

This parameter is dependent on the Ethernet clock frequency. The MDIO_CFG[MDIO_CLK_DIV] field determines the
clock frequency of the MgmtClk Clock EC_MDC.

Ethernet clock period (tenet_clk) is equal to Frame Manager Clock period (trman_cik)
Y is the value programmed to adjust hold time by MDIO_CFG[MDIO_HOLD].

For recommended operating conditions, see Table 4.

See Ethernet A-010717 erratum.

w

N o gk

This figure shows the Ethernet management interface 1 timing diagram

Figure 21. Ethernet management interface 1 timing diagram
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3.11.7.2 Ethernet management interface 2 (EMI2)

This section describes the electrical characteristics for the EMI2 interface.
™
The EMI2 interface timing is compatible with IEEE Std 802.3 clause 45.

3.11.7.2.1 EMI2 DC electrical characteristics

This section describes the DC electrical characteristics for EMI2_MDIO and EMI2_MDC. The pins are available on
TVpp. See Table 4 for operating voltages.

This table provides the EMI2 DC electrical characteristics when TVpp = 2.5 V.

Table 57. EMI2 DC electrical characteristics (TVpp = 2.5 V)4

Parameters Symbol Min Max Unit Notes
Input high voltage VIH 0.7xTVDD - \% 1
Input low voltage VIL - 0.2xTVDpD \% 1
Input current (TV,y =0 or TV|\; = TVpp) IIN - +50 HA 2,3
Output high voltage (TVDD =min, loH = -1.0 mA) VoH 2.00 - \% -
Output low voltage (TVpp = min, I, = 1.0 mA) VoL - 0.4 \% -

Notes:

1. The min V|L and max V|H values are based on the respective min and max TV|N values found in Table 4.
2. The symbol V|N, in this case, represents the TV|N symbols referenced in Recommended operating conditions.
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3. The symbol TVpD, in this case, represents the TVpp symbols referenced in Recommended operating conditions.
4. For recommended operating conditions, see Table 4.

This table provides the EMI2 DC electrical characteristics when TVpp = 1.8 V.

Table 58. EMI2 DC electrical characteristics (TVpp = 1.8 V)4

Parameter Symbol Min Max Unit Notes

Input high voltage VIH 0.7xTVDD - \% 1

Input low voltage ViL - 0.2xTVDD \% 1

Input current (TV| =0V or TV, = TVpp) IIN - +50 HA 2,3

Output high voltage (TVpy = min, I =-0.5mA) VoOH 1.35 - \% 3

Output low voltage (TVyy = min, I, = 0.5 mA) VoL - 0.4 \Y, 3
Notes:

1. The min V)L and max V|H values are based on the min and max TV|N respective values found in Table 4.

2.  The symbol TV|N represents the TV|N symbols referenced in Recommended operating conditions.

3. The symbol TVpD, in this case, represents the TVpp symbols referenced in Recommended operating conditions.
4. For recommended operating conditions, see Table 4.

This table provides the EMI2 DC electrical characteristics when TVpp =1.2 V.

Table 59. EMI2 DC electrical characteristics (TVpp =1.2V) 1

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 xTVDD - \% -
Input low voltage VIL - 0.2xTVpDD \% -
Output low current (V) =0.2V) loL 4 mA -
Output high voltage (TVp5 = min, |5 = -100uA) VOH 1.0 - \% -
Output low voltage (TVDD = min, 'OL =100 uA) VoL - 0.2 V -
Input Capacitance CIN - 10 pF -
Notes:

1. Forrecommended operating conditions, see Table 4.
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3.11.7.2.2 EMI2 AC timing specifications

This table provides the EMI2 AC timing specifications.

Table 60. EMI2 AC timing specifications6
Parameter/Condition Symbol® Min Typ Max Unit Notes
MDC frequency fMDC - - 25 MHz 2
MDC clock pulse width high tMDCH 160 - - ns -
MDC to MDIO delay tMDKHDX (Y+5) X tenet_clk - 25 - (Y+5) X tenet_clk) + 25 ns 3,4
MDIO to MDC setup time tMDDVKH 36 - - ns 5
MDIO to MDC hold time tMDDXKH 2.6 - - ns 7
(TVpp=1.2V)
MDIO to MDC hold time tMDDXKH 11 - - ns 7
(TVDD=1.8V 1 2.5V)

Notes:

1. The symbols used for timing specifications follow these patterns: tirst two letters of functional block)(signal)(state)(reference)(state) fOr inputs

and t(irst two letters of functional block)(reference)(state)(signal)(state) fOI outputs. For example, tmpkHox Symbolizes management data timing
(MD) for the time tmpc from clock reference (K) high (H) until data outputs (D) are invalid (X) or data hold time. Also, tMppvkH
symbolizes management data timing (MD) with respect to the time data input signals (D) reach the valid state

(V) relative to the tmoc clock reference (K) going to the high (H) state or setup time.
This parameter is dependent on the Ethernet clock frequency. The MDIO_CFG [MDIO_CLK_DIV] field determines the

Ethernet clock period (tenet_clk) is equal to Frame Manager Clock period (tFMAN_clk)
Y is the value programmed to adjust hold time by MDIO_CFG[MDIO_HOLD].

The setup time tMDDVKH is measured at following load conditions

For MDC = 65 pf and for MDIO =75 pf @1.2 V open drain configuration

2.
3.
clock frequency of the MgmtClk Clock EC_MDC.

4.

5.

6.

7.

8. For recommended operating conditions, see Table 4.
9. See Ethernet A-010717 erratum.

MDC 4/

This figure shows the Ethernet management interface 2 timing diagram

Figure 22. Ethernet management interface 2 timing diagram
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3.11.8 IEEE 1588 electrical specifications

3.11.8.1 IEEE 1588 DC electrical characteristics
This table provides the IEEE 1588 DC electrical characteristics when operating at LVpp = 2.5 V supply.

Table 61. IEEE 1588 DC electrical characteristics(LVpp = 2.5 V)3

Parameters Symbol Min Max Unit Notes

Input high voltage VIH 0.7 x LVDD - \% 1

Input low voltage VL - 0.2xLVpD Y, 1

Input current (L= 0 V or LV|\= LVpp) lIIH - +50 pA 2

Output high voltage (LVDD =min, loy =-1.0 mA) VOoH 2.00 - \% -

Output low voltage (LVpy = min, I, = 1.0 mA) VoL - 0.40 Y -
Notes:

1. The min V)L and max V|H values are based on the respective min and max LV|N values found in Table 4.
2. The symbol LV|N, in this case, represents the LV|N symbol referenced in Table 4.
3. For recommended operating conditions, see Table 4.

This table provides the IEEE 1588 DC electrical characteristics when operating at LVpp = 1.8 V supply.

Table 62. IEEE 1588 DC electrical characteristics(LVpp =1.8 V)3

Parameters Symbol Min Max Unit Notes

Input high voltage VIH 0.7 x LVDD - Y, 1

Input low voltage VIL - 0.2 xLVpD \% 1

Input current (LV|\= 0V or LV|\= LVpp) IIH - +50 HA 2

Output high voltage (LVpH = min, |5 =-0.5 mA) VOoH 1.35 - Y, -

Output low voltage (LVDD =min, IOL =0.5mA) VoL - 0.40 \% -
Notes:

1. The min V|L and max V|H values are based on the respective min and max LV|N values found in Table 4.
2. The symbol LV|N, in this case, represents the LV|N symbol referenced in Table 4.
3. For recommended operating conditions, see Table 4.
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3.11.8.2 IEEE 1588 AC timing specifications
This table provides the IEEE 1588 AC timing specifications.

Table 63. IEEE 1588 AC timing specifications5

Parameter/Condition Symbol Min Typ Max Unit Notes
TSEC_1588_CLK_IN clock period tT1588CLK 5.0 - TRX_CLK ns 1,3
TSEC_1588 CLK_IN duty cycle tT1588CLKH/ 40 50 60 % 2
tT1588CLK
TSEC_1588_CLK_IN peak-to-peak jitter tT1588CLKINJ - - 250 ps -
Rise time TSEC_1588_CLK_IN (20%-80%) tT1588CLKINR 1.0 - 2.0 ns -
Fall ime TSEC_1588_CLK_IN (80%-20%) tT1588CLKINF 1.0 - 2.0 ns -
TSEC_1588_CLK_OUT clock period tT1588CLKOUT 5.0 - - ns 4
TSEC_1588_CLK_OUT duty cycle tT1588CLKOTH/ 30 50 70 % -
1T1588CLKOUT
TSEC_1588_PULSE_OUT1/2, tT15880V 0 - 4.0 ns -
TSEC_1588_ALARM_OUT1/2
TSEC_1588_TRIG_IN1/2 pulse width tT1588TRIGH 2 X tT1588CLK_MAX - - ns 3
Notes:

1. TRX CLK is the maximum clock period of the ethernet receiving clock selected by TMR_CTRL[CKSEL]. See the chip
reference manual for a description of TMR_CTRL registers.

2. This needs to be at least two times the clock period of the clock selected by TMR_CTRL[CKSEL]. See the chip reference
manual for a description of TMR_CTRL registers.

3. The maximum value of tT1588CLK is not only defined by the value of TRX CLK, but also defined by the recovered clock.
For example, for 10/100/1000 Mbps modes, the maximum value of tT1588CLK Will be 2800, 280, and 56 ns, respectively.

4. There are three input clock sources for 1588: TSEC_1588 CLK_IN, RTC, and MAC clock / 2. When using
TSEC_1588_CLK_IN, the minimum clock period is 2 x tT1588CLK-

5. For recommended operating conditions, see Table 4.

This figure shows the data and command output AC timing diagram.

Figure 23. IEEE 1588 output AC timing

P tri588CLIOUT _
D tr1s88CLIOUTH -
TSEC_1588_CLK_OUT >_ >T ><
tr15880v
TSEC_1588 PULSE_OUT1/2
TSEC_1588 ALARM_OUT1/2 ><

Note: The output delay is counted starting at the rising edge if tT1588CLKOUT is non-inverting. Otherwise, it is
counted starting at the falling edge.
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This figure shows the data and command input AC timing diagram.

Figure 24. IEEE 1588 input AC timing
l«——LFas88CLK

TSEC_1588_CLK_IN ﬁ[TEBSCLKH

TSEC_1588_TRIG_IN1/2

{71588 TRIGH

3.12 USB 3.0 interface

This section describes the DC and AC electrical specifications for the USB 3.0 interface.

3.12.1 USB 3.0 PHY transceiver supply DC voltage
This table provides the DC electrical characteristics for the USB 3.0 interface when operating at USB_HVpp = 3.3 V.

Table 64. USB 3.0 PHY transceiver supply DC voltage (USB_HVpp = 3.3 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 2.0 - Y, 1
Input low voltage VL - 0.8 Y, 1
Input current (USB_HVIN =0Vor USB_HV|N= USB_HVDD) IIN — +50 HA 2
Output high voltage (USB_HVpH = min, I, = -2 mA) VOH 2.8 - -
Output low voltage (USB_HVpH = min, |5, =2 mA) VoL - 0.3 -

Notes:

1. The min V|Land max V|H values are based on the respective min and max USB_HV|N values found in Table 4.

2. The symbol USB_HV|N, in this case, represents the USB_HV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

3.12.2 USB 3.0 DC electrical characteristics

This table provides the USB 3.0 transmitter DC electrical characteristics at package pins.

Table 65. USB 3.0 transmitter DC electrical characteristics
Characteristic Symbol Min Nom Max Unit
Differential output voltage Vix-diff-pp 800 1000 1200 mVp.p
Low-power differential output voltage Vtx_diff_pp_|ow 400 - 1200 mVp_p
Tx de-emphasis Vix-de-ratio 3 - 4 dB
Differential impedance ZdiffTX 72 100 120 Ohm
Tx common mode impedance RTx-DC 18 - 30 Ohm
Absolute DC common mode voltage between U1 and UO TTX-CM-DC- - - 200 mV

ACTIVEIDLE- DELTA

DC electrical idle differential output voltage VTX-IDLE-DIFE-DC 0 - 10 mV

1. Forrecommended operating conditions, see Table 4.
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This table provides the USB 3.0 receiver DC electrical characteristics at the Rx package pins.

Table 66. USB 3.0 receiver DC electrical characteristics

Characteristic Symbol Min Nom Max Unit Notes

Differential Rx input impedance RRX-DIEE-DC 72 100 120 Ohm -

Receiver DC common mode impedance RRX-DC 18 - 30 Ohm -

DC input CM input impedance for V > 0 ZRX- HIGH-IMP- DC 25K - - Ohm -

during reset or power down

LFPS detect threshold VRX-IDLE- DET-DC-DIFFpp 100 - 300 mv 1
Note:

1. Below the minimum is noise. Must wake up above the maximum.

3.12.3 USB 3.0 AC timing specifications

This table provides the USB 3.0 transmitter AC timing specifications at package pins.

Table 67. USB 3.0 transmitter AC timing specifications1
Parameter Symbol Min Nom Max Unit Notes
Speed - - 5.0 - Ghl/s -
Transmitter eye tTX-Eye 0.625 - - ul -
Unit interval ul 199.94 - 200.06 ps 2
AC coupling capacitor AC coupling capacitor 75 - 200 nF —
Notes:

1. Forrecommended operating conditions, see Table 4.
2. Ul does not account for SSC-caused variations.

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

DS 60S 217489(G)-HIREL-02/24 page 118 Teledyne e2v Semiconductors SAS 2024



This table provides the USB 3.0 receiver AC timing specifications at Rx package pins.

Table 68. USB 3.0 receiver AC timing specifications1
Parameter Symbol Min Nom Max Unit Notes
Unit interval ul 199.94 - 200.06 ps 2

Notes:
1. Forrecommended operating conditions, see Table 4.
2. Ul does not account for SSC-caused variations.

3.12.4 USB 3.0 reference clock requirements
There are two options for the reference clock of USB PHY: SYSCLK or DIFF_SYSCLK/DIFF_SYSCLK_B. For more
information, see USB 3.0 reference clock requirements.

3.12.5 USB 3.0 LFPS specifications
This table provides the key LFPS electrical specifications at the transmitter.

Table 69. LFPS electrical specifications at the transmitter

Parameter Symbol Min Typ Max Unit Notes

Period treriod 20 - 100 ns -

Peak-to-peak differential amplitude VTX-DIFF-PP-LFPS 800 - 1200 mVv -

Rise/fall time tRiseFall20-80 - - 4 ns 1

Duty cycle Duty cycle 40 - 60 % 1
Note:

1. Measured at compliance TP1. See Figure 25 for details.

This figure shows the transmit normative setup with reference channel as per USB 3.0 specifications.

Figure 25. Transmit normative setup

Measurement Tool Reference Test Channel T Reference Cable M DUT
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3.13 Integrated Flash Controller

This section describes the DC and AC electrical specifications for the integrated flash controller.

3.13.1 Integrated Flash Controller DC electrical characteristics

This table provides the DC electrical characteristics for the integrated flash controller.

Table 70. Integrated Flash Controller DC electrical characteristics (1.8 V)3

Parameter Symbol Min Max Unit Note
Input high voltage VIH 0.7 x OVpp - \% 1
Input low voltage VIL - 0.3xOVpD \% 1
Input current IIN - +50 HA 2
(ViN=0VorV,y=0Vpp)
Output high voltage VOH 1.6 - \% -
(OVDD =min, IOH =-0.5mA)
Output low voltage VoL - 0.32 \% -
(OVDD =min, IOL =0.5mA)
Notes:
1. The min V)L and max V|H values are based on the respective min and max OV|N values found in Table 4.
2.  The symbol V|N, in this case, represents the OV|N symbol referenced in Table 4.
3. For recommended operating conditions, see Table 4.
3.13.2 Integrated Flash Controller AC timing specifications
This section describes the AC timing specifications for the integrated flash controller.
3.13.2.1 Test condition
The figure below provides the AC test load for the integrated flash controller.
Figure 26. Integrated Flash Controller AC test load
Output Respective
supply / 2

Zo = 50W
R =50W
L L

3.13.2.2 IFC AC timing specifications (GPCM/GASIC)
This table describes the input AC timing specifications for the IFC-GPCM and IFC- GASIC interface.

Table 71. Integrated flash controller input timing specifications for GPCM and GASIC mode (OVpp = 1.8 V)1

Parameter Symbol Min Max Unit Notes
Input setup tBIVKHL 4 - ns -
Input hold tYBIXKHL 1 - ns -

Note:
1. Forrecommended operating conditions, see Table 4.
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This figure shows the input AC timing diagram for the IFC-GPCM, IFC-GASIC interface.
Figure 27. IFC-GPCM, IFC-GASIC input AC timing specifictions

IFC_CLK[0]
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This table describes the output AC timing specifications for the IFC-GPCM and IFC- GASIC interfaces.

Table 72. Integrated flash controller IFC-GPCM and IFC-GASIC interface output timing specifications
(OVDD = 1.8 V) (2)

Parameter Symbol Min Max Unit Notes
IFC_CLK cycle time tIBK 10 - ns -
IFC_CLK duty cycle tIBKH/ tIBK 45 55 % -
Output delay tIBKLOV1 - 15 ns -
Output hold tIBKLOX - -2 ns 1
IFC_CLK][O] to IFC_CLK[m] skew tBKSKEW 0 +75 ps -

Note:
1. The output hold is negative. This means that output transition happens earlier than the falling edge of IFC_CLK.
2. For recommended operating conditions, see Table 4.

This figure shows the output AC timing diagram for the IFC-GPCM and IFC-GASIC interface.
Figure 28. IFC-GPCM, IFC-GASIC signals
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3.13.2.3 IFC AC timing specifications (NOR)

This table describes the input timing specifications for the IFC-NOR interface.

Table 73. Integrated flash controller input timing specifications for NOR mode (OVpp = 1.8 V)2

Parameter Symbol Min Max Unit Notes
Input setup tIBIVKH2 (@xtp_cLK) +2 - ns 1
Input hold tIBIXKH2 (Ixtp cLK) +1 - ns 1

Notes:
1. Yp_cLK is the period of ip clock (not the IFC_CLK) on which IFC is running.
2. For recommended operating conditions, see Table 4.

The figure below shows the AC input timing diagram for input signals for the IFC-NOR interface. Here TRAD is a
programmable delay parameter. See the IFC section of the chip reference manual for more information.

Figure 29. IFC-NOR interface input AC timings
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This table describes the output AC timing specifications of IFC-NOR interface.

Table 74. Integrated flash controller IFC-NOR interface output timing specifications (OVpp = 1.8 V)2

Parameter Symbol Min Max Unit Notes

Output delay tIBKLOV?2 - +1.5 ns 1

NOTE:

1. This effectively means that a signal change may appear anywhere within £t|kLOVv2 (max) duration, from the point where
it's expected to change.

2. For recommended operating conditions, see Table 4.
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The figure below shows the AC timing diagram for IFC-NOR interface output signals. The timing specs have been
illustrated here by taking timings between two signals, CS_B and OE_B as an example. In a read operation, OE_B is
supposed to change the TACO (a programmable delay; see the IFC section of the chip reference manual for more
information) time after CS_B. Because of the skew between the signals, OE_B may change anywhere within the
window of time defined by tIBKLOV2. This concept applies to other IFC-NOR interface output signals as well. The
diagram is an example that shows the skew between any two chronological toggling signals as per the protocol. The
list of IFC-NOR output signals is as follows: NRALE, NRAVD_B, NRWE_B, NROE_B, CS_B, AD (Address phase).

Figure 30. IFC-NOR interface output AC timings
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3.13.2.4 IFC AC timing specifications (NAND)

This table describes the input timing specifications of the IFC-NAND interface.

Table 75. Integrated flash controller input timing specifications for NAND mode (OVpp = 1.8 V)2

Parameter Symbol Min Max Unit Notes

Input setup tIBIVKH3 (2xtp_cLK) +2 - ns 1

Input hold tBIXKH3 1 - ns 1
IFC_RB_B pulse width tIBCH 2 - tip_CLK 1

NOTE:
1. tp_CLK is the period of ip clock on which IFC is running.
2. For recommended operating conditions, see Table 4.

The figure below shows the AC input timing diagram for input signals of IFC-NAND interface. Here TRAD is a
programmable delay parameter. See the IFC section of the chip reference manual for more information.

Figure 31. IFC-NAND interface input AC timings
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NOTE
tip cLK is the period of ip clock (not the IFC_CLK) on which IFC is running.

This table describes the output AC timing specifications for the IFC-NAND interface.
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Table 76. Integrated flash controller IFC-NAND interface output timing specifications (OVpp= 1.8 V)2

Parameter Symbol Min Max Unit Notes

Output delay

tIBKLOV3 - +15 ns 1

Note:

1. This effectively means that a signal change may appear anywhere within tiBkLOV3 (min) to tiBkLOV3 (max) duration,
from the point where it's expected to change.

2. For recommended operating conditions, see Table 4.

The figure below shows the AC timing diagram for output signals of IFC-NAND interface.The timing specs are shown
here by taking the timings between two signals, CS_B and CLE as an example. CLE is supposed to change TCCST (a
programmable

delay; see the IFC section of the chip reference manual for more information) time after CS_B. Because of the skew
between the signals, CLE may change anywhere within window of time defined by t|gk| oy3- This concept applies to

other output signals of the IFC-NAND interface as well. The diagram is an example to show the skew between any two
chronological toggling signals as per the protocol. The list of output signals is as follows: NDWE_B, NDRE_B, NDALE,
WP_B, NDCLE, CS_B, and AD.

Figure 32. IFC-NAND interface output AC timings

C5_B
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TCCST || tmic vz

CLE

3.13.2.5 IFC-NAND SDR AC timing specifications

This table describes the AC timing specifications for the IFC-NAND SDR interface. These specifications are compliant
to the SDR mode of the ONFI specification revision 3.0.

Table 77. Integrated flash controller IFC-NAND SDR interface AC timing specifications (OVDD = 1.8 V)

Parameter Symbol 110 Min Max Unit Notes

Address cycle to data tADL (0] TADLE - 1500(ps) TADLE + 1500(ps) tiP CLK Figure 33
loading time B

ALE hold time tALH e} TWCHT - 1500(ps) | TWCHT +1500(ps) | tip_cLK Figure 34
ALE setup time taLS (0] TWP - 1500(ps) TWP + 1500(ps) tip_CLK Figure 34
ALE to RE_n delay tAR o} TWHRE - 1500(ps) | TWHRE +1500(ps) | tip_cLK Figure 35
CE_n hold time tcH (0] 5 + 1500(ps) - ns Figure 34
CE_n high to input hi-Z tcHZ | TRHZ - 1500(ps) TRHZ + 1500(ps) tip_CLK Figure 36
CLE hold time tcLH (0] TWCHT - 1500(ps) TWCHT + 1500(ps) tip_CLK Figure 34
CLE to RE_n delay tCLR (0] TWHRE - 1500(ps) TWHRE - 1500(ps) | tip_CLK Figure 37
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Parameter Symbol 110 Min Max Unit Notes
CLE setup time tcLs o TWP - 1500(ps) TWP + 1500(ps) tip_CLK Figure 34
CE_n high to input hold tcoOH | 150 - 1500(ps) - ns Figure 36
CE_n setup time tcs (@) TCS - 1500(ps) TCS + 1500(ps) tip_cLK Figure 34
Data hold time tDH o TWCHT - 1500(ps) | TWCHT +1500(ps) | tip_cLK Figure 34
Data setup time tps (@) TWP - 1500(ps) TWP + 1500(ps) tip_cLK Figure 34
Busy time for Set Features tFEAT o - FTOCNT 1P CLK Figure 38
and Get Features -
Output hi-Z to RE_n low IR (0] TWHRE - 1500(ps) | TWHRE +1500(ps) | tip_cLK Figure 39
Interface and Timing Mode tITe e} - FTOCNT P CLK Figure 38
Change time -
RE_n cycle time tRC (0] TRP + TREH - TRP + TREH + P CLK Figure 36
1500(ps) 1500(ps) -
RE_n access time tREA | - (TRAD-1)+2(ns) | tip_cLK Figure 36
RE_n high hold time tREH | TREH TREH tip_CLK Figure 36
RE_n high to input hold tRHOH I 0 - ns Figure 36
RE_n high to WE_n low tRHW (@) 100 + 1500(ps) - ns Figure 40
RE_n high to input hi-Z tRHZ | TRHZ - 1500(ps) TRHZ + 1500(ps) tip_CLK Figure 36
RE_n low to input data tRLOH | 0 - ns Figure 41
hold
RE_n pulse width tRP (0] TRP TRP tip_CcLK Figure 36
Ready to data input cycle tRR (0] TRR - 1500(ps) TRR + 1500(ps) P CLK Figure 36
(data only) -
Device reset time, tRST (raw NAND) o - FTOCNT tiP CLK Figure 42
measured from the falling -
edge of R/B_n to the rising
edge of R/B_n.
Device reset time, trRsT2 (EZ NAND) (0] - FTOCNT tiP CLK Figure 42
measured from the falling -
edge of R/B_n to the rising
edge of R/B_n.
(WE_n high or CLK rising twB o} TWBE + TWH - TWBE + TWH + tiP CLK Figure 34
edge) to SR[6] low 1500(ps) 1500(ps) -
WE_n cycle time twc (0] TWP + TWH TWP + TWH tip_CcLK Figure 43
WE_n high hold time twH (0] TWH TWH tip_CcLK Figure 43
Command, address, or tWHR o TWHRE + TWH - TWHRE + TWH + tiP CLK Figure 44
data input cycle to data 1500(ps) 1500(ps) -
output cycle
WE_n pulse width twp (0] TWP TWP tip_CcLK Figure 34
WP_n transition to tWw (0] TWW - 1500(ps) TWW + 1500(ps) tip CLK Figure 45
command cycle -
Data Input hold tIBIXKH4 | 1 - tip_CLK Figure 46
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NOTE:

1. tip cLK is the clock period of the IP clock (on which the IFC IP is running). Note that the IFC IP clock does not come out
of the device.

This figure shows the tap timing.

Figure 33. tapL timing
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This figure shows the command cycle.

Figure 34. Command cycle
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This figure shows the tpoR timings.

Figure 35. tAR timings
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This figure shows the data input cycle timings.

Figure 36. Data input cycle timings

This figure shows the tc| R timings.

Figure 37. tCLR timings
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This figure shows the tyg, tEEAT, tITC, and trR timings.

Figure 38. tws, trear, tirc, and trr timings
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This figure shows the read status timings.

Figure 39. Read status timings
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This figure shows the tryy timings.

Figure 40. traw timings
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This figure shows the EDO mode data input cycle timings.

Figure 41. EDO mode data input cycle timings
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This figure shows the tyyg and trgT timings.

Figure 42. tws and trst timings
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This figure shows the address latch timings.

Figure 43. Address latch timings
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This figure shows the tWHR timings.

Figure 44. twur timings
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This figure shows the tyy timings.

Figure 45. tww timings
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3.13.2.6 IFC-NAND NVDDR AC timing specification

The table below describes the AC timing specifications for the IFC-NAND NVDDR interface. These specifications are
compliant to NVDDR mode of ONFI specification revision 3.0.

Table 78. Integrated flash controller IFC-NAND NVDDR interface AC timing specifications (OVDD = 1.8 V)

Parameter Symbol 110 Min Max Unit Notes
Access window of DQ[7:0] tac | 3-150 (ps) 20 + 150 (ps) ns Figure 50
from CLK

Address cycle to data tADL I TADL - tp_CcLK Figure 51
loading time

Command, Address, Data tCADf o} TCAD - 150 (ps) TCAD + 150 tiP CLK Figure 47
delay (command to (ps) -

command, address to

address, command to

address, address to

command, command/

address to start of data)

Fast

Command, Address, Data tCADs o TCAD - 150 (ps) TCAD + 150 tip_cLK Figure 47
delay (command to (ps)

command, address to

address, command to

address, address to

command, command/

address to start of data)

slow

Command/address DQ tcAH (0] 2 + 150 (ps) - ns Figure 47
hold time

CLE and ALE hold time tCALH 0o 2 + 150 (ps) - ns Figure 47
CLE and ALE setup time tCcALS e} 2 + 150 (ps) - ns Figure 47
Command/address DQ tcAS (0] 2 + 150 (ps) - ns Figure 47
setup time

CE# hold time tCH (0] 2 + 150 (ps) - ns Figure 47
Average clock cycle time, tck(avg) or tck (0] 10 - ns Figure 47
also known as tCK

Absolute clock period, tck(abs) (0] tCK(avg) + tCK(avg) + ns Figure 47
measured from rising edge tJIT(per) min tJIT(per) max

to the next consecutive

rising edge

Clock cycle high tCKH(abs) (0] 0.45 0.55 tCK Figure 47
Clock cycle low tckL(abs) (0] 0.45 0.55 tCK Figure 47
Data input end to W/R# tCKWR O TCKWR - 150 TCKWR + 150 tp_CcLK Figure 50
high B16 (ps) (ps)

CE# setup time tcs o TCS - 150 (ps) TCS+150 (ps) | Yip_cLK Figure 49
Data DQ hold time tDH (0] 1050 - ps Figure 49
Access window of DQS tpQsck | - 20 + 150 (ps) ns Figure 50
from CLK

W/R# low to DQS/DQ tDQSD | -150 (ps) 18 + 150 (ps) ns Figure 50
driven by device

DQS output high pulse tDQSH (0] 0.45 0.55 tCK Figure 49
width
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Parameter Symbol 110 Min Max Unit Notes

W/R# high to DQS/DQ tri- tDQSHZ (@) RHZ - 150 (ps) RHZ + 150 (ps) tp_CcLK Figure 47

state by device

DQS output low pulse tpQsL (0] 0.45 0.55 tCK Figure 49

width

DQS-DQ skew, DQS to tDQsQ | - 1000 ps Figure 50

last DQ valid, per access

Data output to first DQS tpQss (0] 0.75 + 150 (ps) 1.25 - 150 (ps) tCK Figure 49

latching transition

Data DQ setup time tDs (0] 1050 - ps Figure 49

DQS falling edge to CLK tDSH (0] 0.2 + 150 (ps) - tCK Figure 49

rising - hold time

DQS falling edge to CLK tpDss (0] 0.2 + 150 (ps) - tCK Figure 49

rising - setup time

Input data valid window tDvwW | tDVW =tQH - - ns Figure 50
tDQSQ

Busy time for Set Features tFEAT | - FTOCNT tip_cLK Figure 52

and Get Features

Half-clock period tHP (0] tHP = min(tCKL, - ns Figure 50
tCKH)

Interface and Timing Mode tiTC | - FTOCNT tip_cLK Figure 52

Change time

The deviation of a given tJ1T(per) (0] -0.5 0.5 ns NA

tCK(abs) from tCK(avg)

DQ-DQS hold, DQS to first tQH | tQH =tHP - - tip_cLK Figure 50

DQ to go non-valid, per tQHS

access

Data input cycle to t(RHW (0] TRHW - tp_CLK Figure 53

command, address, or

data output cycle

Ready to data input cycle tRR | TRR - tp_CLK Figure 52

(data only)

Device reset time, tRST (raw NAND) (0] FTOCNT FTOCNT tip CLK Figure 54

measured from the falling -

edge of R/B# to the rising

edge of R/B#.

Device reset time, tRST2 (EZ NAND) o FTOCNT FTOCNT P CLK Figure 54

measured from the falling -

edge of R/B# to the rising

edge of R/B#.

CLK rising edge to SR[6] twB (0] TWB - 150 (ps) TWB +150 (ps) | tip_cLK Figure 54

low

Command, address or tWHR O TWHR - tip_CcLK Figure 55

data output cycle to data

input cycle

DQS write preamble tWPRE (0] 15 - tCK Figure 49

DQS write postamble tWPST (0] 15 - tCK Figure 49
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Parameter Symbol 110 Min Max Unit Notes
W/R# low to data input tWRCK | TWRCK - 150 TWRCK + 150 tip_CcLK Figure 50
cycle (ps) (ps)
WP# transition to tww (0] TWW - 150 (ps) | TWW +150 (ps) | tip_CLK Figure 56
command cycle

Note:

1. tip cLK is the clock period of IP clock (on which IFC IP is running). Note that the IFC IP clock does not come out of

device.

The following diagrams show the AC timing for the IFC-NAND NVDDR interface.

Figure 47. Command cycle
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Figure 48. Address cycle
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Figure 49. Write cycle
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Figure 51. tpopL timings
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Figure 55. tWHR timings
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3.14 LPUART interface

This section describes the DC and AC electrical specifications for the LPUART interface.

3.14.1 LPUART DC electrical characteristics
This table provides the DC electrical characteristics for the LPUART interface when operating at DVpp/EVpp = 3.3 V.

Table 79. LPUART DC electrical characteristics (DVpp/EVpp = 3.3 V)2

Parameter Symbol Min Max Unit Notes

Input high voltage VIH 0.7 x D/ EVDD - \% 1

Input low voltage ViL - 0.2 x D/EVDD \% 1

Input current (D/EV|y; = 0 V or D/EV |\ = DIEV) IIN - +50 MA -

Output high voltage (15 =-2.0 mA) VOH 2.4 - \% -

Output low voltage (5, =2.0 mA) VoL - 0.4 \% -
Notes:

1. The min V)L and max V|H values are based on the min and max D/EVpp respective values found in Table 4.
2. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for the LPUART interface when operating at EVpp/ DVpp = 1.8 V.

Table 80. LPUART DC electrical characteristics (1.8 V)3

Parameter Symbol Min Max Unit Notes

Input high voltage VIH 0.7 xE/DVppD - Y, 1

Input low voltage VL - 0.2 x E/DVppD \Y 1

Input current (E/DV|, =0V or E/DV|y = E/DVpp) IIN - +50 uA 2

Output high voltage (E/DVDD =min, IOH =-0.5mA) VOH 1.35 - \% -

Output low voltage (DVpp = min, I, = 0.5 mA) VoL - 0.4 \ -
Notes:

1. The min V|L and max V|H values are based on the min and max E/DVpp respective values found in Table 4.
2. The symbol E/DV|N represents the input voltage of the supply referenced in Table 4.
3. For recommended operating conditions, see Table 4.

3.14.2 LPUART AC timing specifications
This table provides the AC timing specifications for the LPUART interface.
Table 81. LPUART AC timing specifications

Parameter Value Unit Notes

Minimum baud rate fPLAT/(2 x 32 x 8192) baud 1,3,4

Maximum baud rate fPLAT/(2 x 4) baud 1,2,4
Notes:

1. fpLAT refers to the internal platform clock.
2. The actual attainable baud rate is limited by the latency of interrupt processing.

3. Every bit can be over sampled with a sample clock rate of 8 and 64 times (software configurable) and each bit is the
majority of the values sampled at the sample rate divided by two, (sample rate/2)+1 and (sample rate/2)+2.

4. The 1-to-0 transition during a data word can cause a resynchronization of the sample point.
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3.15 DUART interface

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

3.15.1 DUART DC electrical characteristics
This table provides the DC electrical characteristics for the DUART interface at DVpp = 3.3 V.

Table 82. DUART DC electrical characteristics (3.3 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DVpp - \% 1
Input low voltage VIL - 0.2 x DVpD \% 1
Input current (DVIN =0VorDV,\= DVDD) IIN - +50 HA 2
Output high voltage (DVyy = min, I =-2.0 MA) VOH 2.4 - \% -
Output low voltage (DVpp = min, I, = 2.0 mA) VoL - 0.4 \% -

Notes:

1. The min V|L and max V|H values are based on the respective min and max DV|N values found in Table 4.

2. The symbol DV|N represents the input voltage of the supply referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for the DUART interface at DVpp = 1.8 V.

Table 83. DUART DC electrical characteristics (1.8 V)3
Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DVpD - \% 1
Input low voltage VIL - 0.2 xDVpp Y, 1
Input current (DV; =0 V or DV, = DVpp) IIN - +50 pA 2
Output high voltage (DVpy = min, I =-0.5 mA) VOH 1.35 - Y, -
Output low voltage (DVpp = min, I, = 0.5 mA) VoL - 0.4 \ -

Notes:

1. The min V|L and max V|H values are based on the min and max DV|N respective values found in Table 4.

2. The symbol DV|N represents the input voltage of the supply referenced in Table 44.
3. For recommended operating conditions, see Table 44.
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3.15.2 DUART AC timing specifications
This table provides the AC timing specifications for the DUART interface.
Table 84. DUART AC timing specifications

Parameter Value Unit Notes

Minimum baud rate fPLAT/(2 x 1,048,576) baud 1,3

Maximum baud rate fPLAT/(2 x 16) baud 1,2
Notes:

1. fpLAT refers to the internal platform clock.
2. The actual attainable baud rate is limited by the latency of interrupt processing.

3. The middle of a start bit is detected as the eighth sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit
values are sampled each 16" sample.

3.16 Flextimer interface

This section describes the DC and AC electrical characteristics for the Flextimer interface. There are Flextimer pins on
various power supplies in this device.

3.16.1 Flextimer DC electrical characteristics
This table provides the DC electrical characteristics for Flextimer pins operating at DVpp/EVpp = 3.3 V.

Table 85. Flextimer DC electrical characteristics (DVpp/EVpp = 3.3 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DIEVDD - \% 1
Input low voltage VIL - 0.2 x D/IEVDD \% 1
Input current (VIN =0VorV,~ D/EVDD) IIN - +50 HA 2
Output high voltage VOH 2.4 - \% -
(DIEVpp = min, ln = -2 mA)

Output low voltage VoL - 0.4 \% -
(DIEVpp =min, I, =2mA)

Notes:

1. The min V|L and max V|H values are based on the respective min and max DV|N/EV|N values found in Table 4.
2. The symbol V|N, in this case, represents the DV|N/EV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.
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This table provides the DC electrical characteristics for Flextimer pins operating at DVpp/EVpp/LVpp/OVpp = 1.8 V.

Table 86. Flextimer DC electrical characteristics (DVpp/EVpp/LVDD/OVpp = 1.8 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x D/E/L/ OVDD - \% 1
Input low voltage ViL - 0.2 x D/E/LIVDD \% 1
Input low voltage ViL - 0.3xOVpD \% 1
Input current IIN - +50 uA 2

(Vyy =0V or V) = DIE/L/ OVpp)

Output high voltage VoH 1.35 - \% -
(DIEIL/IOVy = min, 5 =-0.5 mA)

Output low voltage VoL - 0.4 \% -
(D/E/L/OVDD =min, IOL =0.5mA)

Notes:

1. The min V)L and max V|H values are based on the respective min and max DVInvEVIN/L/OVin values found in Table 4.
2. The symbol V|N, in this case, represents the DV|N/EV|N/L/OV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for Flextimer pins operating at LVpp = 2.5 V.

Table 87. Flextimer DC electrical characteristics (LVpp=2.5 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x LVDD - Y, 1
Input low voltage ViL - 0.2 x LVDD Y, 1
Input current (V| =0V or V|\= LVpp) IIN - +50 uA 2
Output high voltage VOH 2.0 - \% -

(LVDD =min, IOH =-1mA)

Output low voltage VoL - 0.4 \% -
(LVDD =min, IOL =1mA)

Notes:

1. The min V|L and max V|H values are based on the respective min and max LV|N values found in Table 4.
2. The symbol V|N, in this case, represents the LV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.
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3.16.2 Flextimer AC timing specifications

This table provides the Flextimer AC timing specifications.

Table 88. Flextimer AC timing specifications2
Parameter Symbol Min Unit Notes
Flextimer inputs—minimum pulse width tPIWID 20 ns 1
Notes:

1. Flextimer inputs and outputs are asynchronous to any visible clock. Flextimer outputs should be synchronized before use
by any external synchronous logic. Flextimer inputs are required to be valid for at least tp|yw|D to ensure proper operation.

2. For recommended operating conditions, see Table 4.

This figure provides the AC test load for the Flextimer.

Figure 57. Flextimer AC test load
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3.17 SPl interface

This section describes the DC and AC electrical characteristics for the SPI interface.

3.17.1 SPI DC electrical characteristics
This table provides the DC electrical characteristics for the SPI interface operating at OVpp = 1.8 V.

Table 89. SPI DC electrical characteristics (1.8 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x OVpp - \% 1
Input low voltage VIL - 0.3xOVpD \% 1
Input current (V| =0V or V|, = OVpp) IIN - +50 MA 2
Output high voltage VOH 1.35 - \% -

(OVDD =min, IOH =-0.5mA)

Output low voltage VoL - 0.4 \% -
(OVDD =min, IOL =0.5mA)

Notes:

1. The min V|L and max V|H values are based on the respective min and max OV|N values found in Table 4.
2. The symbol V|N, in this case, represents the OV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.
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3.17.2 SPI AC timing specifications
This table provides the SPI timing specifications.

Table 90. SPI AC timing specifications

Parameter Symbol Condition Min Max Unit
SCK cycle time tsck - tsys x 2 - ns
SCK clock pulse width tspc - 40% 60% tsck
CS to SCK delay tcsc Master 16 - ns
After SCK delay tasc Master 16 - ns
Data setup time for inputs tNIIVKH Master 9 - ns
Data hold time for inputs INIIXKH Master 0 - ns
Data valid (after SCK edge) for Outputs INIKHOV Master - 5 ns
Data hold time for outputs INIKHOX Master 0 - ns

This figure shows the SPI timing master when CPHA = 0.
Figure 58. SPI timing master, CPHA =0
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This figure shows the SPI timing master when CPHA = 1.
Figure 59. SPI timing master, CPHA =1
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3.18 QSPI interface

This section describes the DC and AC electrical characteristics for the QSPI interface.

3.18.1 QSPI DC electrical characteristics
This table provides the DC electrical characteristics for the QSPI interface operating at OVpp = 1.8 V.

Table 91. QSPI DC electrical characteristics (1.8 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x OVpp - \% 1
Input low voltage ViL - 0.3xOVpD \% 1
Input current (V=0 V or V| = OVpp) IIN - +50 pA 2
Output high voltage VOH OVpp - 0.2 - \% -

(OVDD = min, IoH =-0.5 mA)

Output low voltage VoL - 0.4 \% -
(OVDD =min, IOL =0.5mA)

Notes:

1. The min V)L and max V|H values are based on the respective min and max OV|N values found in Table 4.
2.  The symbol V|N, in this case, represents the OV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

3.18.2 QSPI AC timing specifications

This section describes the QSPI timing specifications in SDR mode. All data is based on a negative edge data launch
from the device and a positive edge data capture, as shown in the timing figures in this section.

3.18.2.1 QSPI timing SDR mode
This table provides the QSPI input and output timing in SDR mode.
Table 92. SDR mode QSPI input and output timing

Parameter Symbol Min Max Unit
Clock frequency Fsck - 62.5 MHz
Clock rise/fall time TRISE/TEALL 1 - ns
CS output hold time INIKHOX2 -3.4 - ns
CS output delay INIKHOV2 - 3.5 ns
Setup time for incoming data INIIVKH 8.6 - ns
Hold time requirement for incoming data INIXKH 0.4 - ns
Output data valid INIKHOV - 4.5 ns
Output data hold INIKHOX -4.4 - ns
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This figure shows the QSPI AC timing in SDR mode.
Figure 60. QSPI AC timing — SDR mode
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3.19 Enhanced secure digital host controller (eSDHC)

This section describes the DC and AC electrical specifications for the eSDHC interface.

3.19.1 eSDHC DC electrical characteristics
This table provides the DC electrical characteristics for the eSDHC interface at D/EVpp = 3.3 V.

Table 93. eSDHC interface DC electrical characteristics?
Characteristic Symbol Min Max Unit | Notes
Input high voltage VIH 0.7 x DIEVDD - Y, 1
Input low voltage ViL - 0.25 x DIEVDD Y, 1
Output high voltage (D/EVpp = min, 5 =-100 pA) VOH 0.75 x D/EVDD - Y, -
Output low voltage (D/EVH = min, |5, =100 pA) VoL - 0.125 x D/EVDD \Y -
Notes:

1. The min ViL and max VIH values are based on the respective min and max D/EVIN values found in Table 4 .
2. Atrecommended operating conditions with D/EVDD= 3.3 V.

This table provides the DC electrical characteristics for the eSDHC interface at D/O/ EVpp = 1.8 V.

Table 94. eSDHC interface DC electrical characteristics 3
Characteristic Symbol Min Max Unit | Notes
Input high voltage VIH 0.7 x D/IO/EVpD - \% 1
Input low voltage VL - 0.3 x D/O/EVDD \% 1
Output high voltage (D/O/EVpp= min, IoH = -2mA) VOH D/O/EVpD - 0.45 - \Y -
Output low voltage (D/O/EVpp= min, loL = 2mA) VoL - 0.45 \% -

Notes:
1. The min V|L and max V|H values are based on the respective min and max DV|N/OV|N/EV|N values found in Table 4 .
2. At recommended operating conditions DVpp/OVpD/EVDpD= 1.8V.
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3.19.2 eSDHC AC timing specifications
This section provides the AC timing specifications.

This table provides the eSDHC AC timing specifications as defined in Figure 61, Figure 62, and Figure 63.

Table 95. eSDHC AC timing specifications (full-speed/high-speed mode)6

Parameter Symboll Min Max Unit Notes

SDHC_CLK clock frequency: fsSHSCK 0 25/50 MHz 2,4

SD/SDIO (full-speed/high-speed mode) 26/52

eMMC (full-speed/high-speed mode)

SDHC_CLK clock low time (full-speed/high-speed mode) tSHSCKL 10/7 - ns 4

SDHC_CLK clock high time (full-speed/high-speed mode) tSHSCKH 10/7 - ns 4

SDHC_CLK clock rise and fall times tSHSCKR/ - 3 ns 4

ISHSCKF

Input setup times: SDHC_CMD, SDHC_DATx to SDHC_CLK tSHSIVKH 2.5 - ns 3,4,5

Input hold times: SDHC_CMD, SDHC_DATx to SDHC_CLK tSHSIXKH 25 - ns 4,5

Output hold time: SDHC_CLK to SDHC_CMD, SDHC_DATXx valid tSHSKHOX -3 - ns 4,5

Output delay time: SDHC_CLK to SDHC_CMD, SDHC_DATX valid tSHSKHOV - 3 ns 4,5
Notes:

1. The symbols used for timing specifications herein follow the pattern of t(irst two letters of functional block)(signal)(state) (reference)(state) fOr
inputs and {(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tSHKHOX symbolizes eSDHC high- Spé@d
mode device timing (SH) 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 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, the clock frequency value can be 0-25MHz for an SD/SDIO card and 0-26MHz for an eMMC device.
In high-speed mode, the clock frequency value can be 0-50MHz for an SD/SDIO card and 0-52MHz for an eMMC device.

3. SDHC_SYNC_OUTI/IN loop back is recommended to compensate the clock delay. In case the SDHC_SYNC_OUT/IN
loopback is not used, to satisfy setup timing, one-way board-routing delay between host and card, on SDHC_CLK,
SDHC_CMD, and SDHC_DATx should not exceed 1ns for any high-speed MMC card. For any high-speed or default
speed mode SD card, the one-way board-routing delay between host and card, on SDHC_CLK, SDHC_CMD, and
SDHC_DATX should not exceed 1.5ns.

4. CCARD <10 pF, (1 card), and C|_ = CBUS *+ CHOST *+ CCARD < 40 pF.
The parameter values apply to both full-speed and high-speed modes.
6. Atrecommended operating conditions with EVpp=1.8 V or 3.3V, see Table 4.

o
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This figure provides the eSDHC clock input timing diagram.
Figure 61. eSDHC clock input timing diagram
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This figure provides the input AC timing diagram for high-speed mode.
Figure 62. eSDHC high-speed mode input AC timing diagram
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This figure provides the output AC timing diagram for high-speed mode.
Figure 63. eSDHC high-speed mode output AC timing diagram
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This table provides the eSDHC AC timing specifications for SDR50 mode.
Table 96. eSDHC AC timing specifications (SDR 50 mode)

Parameter Symbol Min Max Unit Notes
SDHC_CLK clock frequency: fsSHsCK 0 90 MHz
SDHC_CLK duty cycle tsSHSCKH/ 45 55 %
tSHSCK
SDHC_CLK clock rise and fall times tSHSCKR/ - 2 ns 1
ISHSCKF
Skew between SD_CLK_SYNC_OUT and SD_CLK - -0.1 0.1 ns 1
Input setup times: SDHC_CMD, SDHC_DATx to SDHC_CLK_SYNC_IN tSHSIVKH 321 - ns 2,1
Input hold times: SDHC_CMD, SDHC_DATx to SDHC_CLK_SYNC_IN tSHSIXKH 1.1 - ns 2,1
Output hold time: SDHC_CLK to SDHC_CMD, SDHC_DATx valid, tSHSKHOX 1.7 - ns 2,1
SDHC_DATx_DIR, SDHC_CMD_DIR
Output delay time: SDHC_CLK to SDHC_CMD, SDHC_DATx valid, tSHSKHOV - 7.21 ns 2,1
SDHC_DATx_DIR, SDHC_CMD_DIR

Notes:

1. CcARD < 10 pF, (1 card), and C|_ = CBUS + CHOST + CCARD < 30 pF
2. Without a voltage translator

3. Atrecommended operating conditions with EVpp=1.8 V, see Table 4.
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This figure provides the eSDHC clock input timing diagram for SDR50 mode.
Figure 64. eSDHC SDR50 mode clock input timing diagram
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This figure provides the eSDHC input AC timing diagram for SDR50 mode.
Figure 65. eSDHC SDR50 mode input AC timing diagram
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This figure provides the eSDHC output timing diagram for SDR50 mode.
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Figure 66. eSDHC SDR50 mode output timing diagram
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This table provides the eSDHC AC timing specifications for DDR50/DDR mode.

Table 97. eSDHC AC timing specifications (DDRSO/DDR)3

Parameter Symbol Min Max Unit Notes
SDHC_CLK clock frequency fSHCK - -50 MHz -
SD/SDIO DDR50 mode 52
eMMC DDR mode
SDHC_CLK duty cycle tSHSCKH/ 47 53 %
tSHSCK

Skew between SDHC_CLK_SYNC_OUT and SDHC_CLK - -0.1 0.1 ns -
SDHC_CLK clock rise and fall times tSHCKR/ - -4 ns
SD/SDIO DDR50 mode 'SHCKF 2
eMMC DDR mode
Input setup times: SDHC_DATx to SDHC_CLK_SYNC_IN tSHDIVKH - - ns 1,4

2.0 2
SD/SDIO DDR50 mode 1.6

eMMC DDR mode

Input hold times: SDHC_DATx to SDHC_CLK_SYNC_IN tSHDIXKH - - ns
SD/SDIO DDR50 mode 11
eMMC DDR mode 11
Output hold time: SDHC_CLK to SDHC_DATX valid, tSHDKHOX - - ns
SDHC_DATx_DIR 17
SD/SDIO DDR50 mode 3.4

eMMC DDR mode

Output delay time: SDHC_CLK to SDHC_DATX valid, tSHDKHOV - - ns
SDHC_DATx_DIR 6.1

SD/SDIO DDR50 mode 6.2
eMMC DDR mode

Input setup times: SDHC_CMD to SDHC_CLK_SYNC_IN tSHCIVKH - - ns

SD/SDIO DDR50 mode 5.3
eMMC DDR mode 45

Input hold times: SDHC_CMD to SDHC_CLK_SYNC_IN - - ns 1
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Parameter Symbol Min Max Unit Notes
SD/SDIO DDR50 mode tSHCIXKH 11 2
eMMC DDR mode 11
Output hold time: SDHC_CLK to SDHC_CMD valid, tSHCKHOX - - ns 1
SDHC_CMD_DIR 1.7
SD/SDIO DDR50 mode 3.9
eMMC DDR mode
Output delay time: SDHC_CLK to SDHC_CMD valid, tSHCKHOV - -13.1 ns
SDHC_CMD_DIR

15.3
SD/SDIO DDR50 mode
eMMC DDR mode

Notes:
1. CCARD =10 pF, (1 card).
2. CL=CBUS + CHOST + CCARD = 20 pF for MMC, < 25 pF for Input Data of DDR50, < 30 pF for Input CMD of DDR50.
3. At recommended operating conditions with EVDD = 1.8 or 3.3 V for eMMC DDR mode, EVDD = 1.8 V for DDR50, see
Table 4.
This figure provides the eSDHC DDR50/DDR mode input AC timing diagram.

Figure 67. eSDHC DDR50/DDR mode input AC timing diagram
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This figure provides the eSDHC DDR50/DDR mode output AC timing diagram.
Figure 68. eSDHC DDR50/DDR mode output AC timing diagram
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This table provides the eSDHC AC timing specifications for SDR104/eMMC HS200 mode.
Table 98. eSDHC AC timing specifications (SDR104/eMMC HS200)

Parameter Symboll Min Max Unit Notes

SDHC_CLK clock frequency SD/SDIO SDR104 mode fsSHCK - 167 MHz 1
eMMC HS200 mode 167 -

SDHC_CLK duty cycle tSHSCKH/tSHSCK 40 60 %

SDHC_CLK clock rise and fall times tSHCKR/tSHCKE - 1 ns 1

Output hold time: SDHC_CLK to SD/SDIO SDR104 mode TSHKHOX 1.58 - ns 1

SDHC_CMD, SDHC_DATx

1.6
valid, SDHC_CMD_DIR, eMMC HS200 mode
SDHC_DATx_DIR
Output delay time: SDHC_CLK SD/SDIO SDR104 mode TSHKHOV - 3.94 ns 1
to SDHC_CMD, SDHC_DATX MMC HS200 mod 3.2
valid, SDHC_CMD_DIR, € mode '
SDHC_DATX_DIR
Input data window (UI) SD/SDIO SDR104 mode tSHIDV 0.5 - Unit 1
Interval
eMMC HS200 mode 0.475

Notes:

1. CL=CBuUs + CHOST * CCARD <= 15pF.
2. Atrecommended operating conditions with EVpp =1.8 V, see Table 4_bookmark40.

This figure provides the eSDHC SDR104/HS200 mode timing diagram.
Figure 69. eSDHC SDR104/HS200 mode timing diagram
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3.20 JTAG controller

This section describes the DC and AC electrical specifications for the IEEE 1149.1 (JTAG) interface.

3.20.1 JTAG DC electrical cha

racteristics

This table provides the JTAG DC electrical characteristics.
Table 99. JTAG DC electrical characteristics (OVpp = 1.8V) ©

Parameter Symbol Min Max Unit Notes
Input high voltage Vin 0.7 x OVpp - \% 1
Input low voltage Vi - 0.3 x OVpp \% 1
Input current (OViy =0 V or OV|y = OVpp) Iin — -100/+50 HA 2,4
Output high voltage (OVpp = min, loy = -0.5 mA) Vou 1.35 - -
Output low voltage (OVpp = min, lo.= 0.5 mA) VoL - 0.4 Y, -

Notes:

1. The min ViL and max V4 values are based on the respective min and max OV|N values found in Table 4.
2. The symbol Vi, in this case, represents the O Vin symbol found in Table 4.

3. For recommended operating conditions, see Table 4.

4. Per IEEE Std. 1149.1 specification, TDI, TMS, and TRST_B have internal pull-up.

3.20.2 JTAG AC timing specifications
This table provides the JTAG AC timing specifications as defined in Figure 70, Figure 71, Figure 72, and Figure 73.
Table 100. JTAG AC timing specifications®

Parameter Symboll Min Max Unit Notes
JTAG external clock frequency of operation fire 0 33.3 MHz -
JTAG external clock cycle time tire 30 - ns -
JTAG external clock pulse width measured at 1.4 V torknkl 15 - ns -
JTAG external clock rise and fall times torer/tirar 0 2 ns -
TRST_B assert time trrsT 25 - ns 2
Input setup times tarDvkH 4 - ns -
Input hold times taToXKH 10 - ns -
Output valid times Boundary-scan data tomkiov - 15 ns 3
TDO - 10
Output hold times titKLDX 0 - ns 3

Notes:

1. The symbols used for timing specifications follow these patterns: tirst two letters of functional block)(signal)(state)(reference)(state) fOr inputs
and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tstovkn Symbolizes JTAG device timing (JT)
with respect to the time data input signals (D) reaching the valid state (V) relative to the tstc clock reference (K) going to
the high (H) state or setup time. Also, titoxkn symbolizes JTAG timing (JT) with respect to the time data input signals

2. (D) reaching the invalid state (X) relative to the tite 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 function. For rise
and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

3. TRST_Bis an asynchronous level sensitive signal. The setup time is for test purposes only.

4. All outputs are measured from the midpoint voltage of the falling edge of trcik to the midpoint of the signal in question.
The output timings are measured at the pins. All output timings assume a purely resistive 50-Q load. Time-of-flight delays
must be added for trace lengths, vias, and connectors in the system.

5. For recommended operating conditions, see Table 4.
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This figure shows the AC test load for TDO and the boundary-scan outputs of the device.
Figure 70. AC test load for the JTAG interface

Output Zo= 50W0 OVpp/2
R =50W O

4

This figure shows the JTAG clock input timing diagram.
Figure 71. JTAG clock input timing diagram
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This figure shows the TRST_B timing diagram.
Figure 72. TRST_B timing diagram
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This figure shows the boundary-scan timing diagram.

Figure 73. Boundary-scan timing diagram
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3.21 12C interface

This section describes the DC and AC electrical characteristics for the IZC interfaces.

3.21.1 |2C DC electrical characteristics

This table provides the DC electrical characteristics for the IZC interfaces operating at DVpp = 3.3 V.

Table 101. 12C DC electrical characteristics (DVpp =3.3 V)4

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DVDD - \% 1
Input low voltage VIL - 0.2 xDVpD Y, 1
Output low voltage VoL - 0.4 \Y 2
(DVpp = min, I =3 mA)
Pulse width of spikes which must be suppressed by the input filter tI2KHKL 0 50 ns 3
Input current each 1/O pin (input voltage is between 1] -50 50 pA -
0.1 xDVpp and 0.9 x DVpp(max)
Capacitance for each 1/O pin Ci - 10 pF -

Notes:

1. The min V|L and max V|H values are based on the respective min and max DV|N values found in Table 4.

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

3. See the chip reference manual for information about the digital filter used.

4. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for the 12C interfaces operating at DVpp = 1.8 V.

Table 102. 12C DC electrical characteristics (DVpp =1.8 V)5
Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DVDpD - \% 1
Input low voltage VIL - 0.2 xDVpD \% 1
Output low voltage (DVpy = min, I =3 mA) VoL 0 0.36 \% 2
Pulse width of spikes which must be suppressed by the input filter tI2KHKL 0 50 ns 3
Input current each 1/O pin (input voltage is between 1] -50 50 HA 4
0.1xDVpp and 0.9 x DVDD(max)
Capacitance for each I/O pin Ci - 10 pF -

Notes:

1. The min V|L and max V|H values are based on the respective min and max DV|N values found in Table 4.

ok wbd

The output voltage (open drain or open collector) condition = 3 mA sink current.
See the chip reference manual for information about the digital filter used.
1/0 pins obstruct the SDA and SCL lines if DVpp is switched off.

For recommended operating conditions, see Table 4.
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3.21.2 I2C AC timing specifications

This table provides the AC timing specifications for the I2C interfaces.

Table 103. I2C AC timing specifications5
Parameter Symbol® Min Max Unit Notes
SCL clock frequency floc 0 400 kHz 2
Low period of the SCL clock ti2cL 1.3 - us -
High period of the SCL clock ti2cH 0.6 - us -
Setup time for a repeated START condition t12SVKH 0.6 - us -
Hold time (repeated) START condition (after this period, the first tl2sxKL 0.6 - us -
clock pulse is generated)
Data setup time tI2DVKH 100 - ns -
Data input hold time CBUS compatible masters ti2DXKL - - us 3
I2C bus devices 0 -
Data output delay time tI20VKL - 0.9 us 4
Setup time for STOP condition t12PVKH 0.6 - us -
Bus free time between a STOP and START condition tI2KHDX 1.3 - us -
Noise margin at the LOW level for each connected device (including VNL 0.1x - \% -
hysteresis) DVbD
Noise margin at the HIGH level for each connected device VNH 0.2 x - Vv -
(including hysteresis) DVbD
Capacitive load for each bus line Cb - 400 pF -
Notes:

1. The symbols used for timing specifications herein follow these patterns: t(first two letters of functional

bIock)(S|gnag(state)(reference)(state) for inputs and T(first two letters of functional block)(reference)(state)(signal)(state)
for outputs. For example, tj2pyvKH Symbolizes 12C timing (1) with respect to the time data input signals (D) reaching the
valid state (V) relative to the tj2¢ clock reference (K) going to the high (H) state or setup time. Also, tj2SxKL symbolizes
12c timing (12) for the time that the data with respect to the START condition (S) went invalid (X) relative to the tj2¢ clock
reference (K) going to the low (L) state or hold time. Also, tj2pvKH symbolizes 12c timing (12) for the time that the data
with respect to the STOP condition (P) reaches the valid state (V) relative

2. tothe tj2¢ clock reference (K) going to the high (H) state or setup time.

3. The requirements for 12c frequency calculation must be followed. See Determining the 12C Frequency Divider Ratio for
SCL (AN2919).

4. As atransmitter, the chip provides a delay time of at least 300 ns for the SDA signal (referred to the ViHmin 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 chip acts as the 12C bus master while transmitting, it drives both SCL and SDA. As long as the load
on SCL and SDA are balanced, the chip 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 chip as transmitter, see Determining the 1“C Frequency Divider Ratio for SCL (AN2919).

5. The maximum tj20vKL has to be met only if the device does not stretch the LOW period (tj2cL) of the SCL signal.
6. For recommended operating conditions, see Table 4.
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This figure shows the AC test load for the IZC.

Figure 74. 12C AC test load
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This figure shows the AC timing diagram for the IZC bus.

Figure 75. 12C bus AC timing diagram
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3.22 GPIO interface

This section describes the DC and AC electrical characteristics for the GPIO interface. There are GPIO pins on various
power supplies in this device.

3.22.1 GPIO DC electrical characteristics
This table provides the DC electrical characteristics for GPIO pins operating at EVpp = 3.3 V.

Table 104. GPIO DC electrical characteristics (EVpp = 3.3 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x EVDD - \% 1
Input low voltage VL - 0.2 x EVDD \% 1
Input current (V=0 Vor V= LVDD) IIN - +50 MA 2
Output high voltage VOH 2.4 - \ -

(EVDD =min, IOH =-2mA)

Output low voltage VoL - 0.4 \ -
(EVDD =min, loL = 2mA)

Notes:

1. The min V|L and max V|H values are based on the respective min and max EV|N values found in Table 4.
2. The symbol V|N, in this case, represents the EV|N symbol referenced in Table 4.

3. Forrecommended operating conditions, see Table 4.
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This table provides the DC electrical characteristics for GPIO pins operating at TVpp/ LVpp = 2.5 V.

Table 105. GPIO DC electrical characteristics (TVpp/LVpp = 2.5 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x T/LVDpD - \% 1
Input low voltage VIL - 0.2 x T/LVDD Y 1
Input current (V| =0V or V|\= T/LVDD) IIN - +50 uA 2
Output high voltage VOH 2.0 - \% -

T/LV =min, | =-2mA
DD OH

Output low voltage VoL - 0.4 \% -
(TILVpp = min, lo; =2mA)

Notes:

1. The min V|L and max V|H values are based on the respective min and max L/TV|N values found in Table 4.
2. The symbol V|N, in this case, represents the L/TV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the DC electrical characteristics for GPIO pins operating at LVpp/ EVpp/DVpp/TVpp/OVpp =
1.8V.

Table 106. GPIO DC electrical characteristics (LVpp/EVpD/DVDD/TVDD/OVpDD = 1.8 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x L/IE/DIT/IOVDD - \Y 1
Input low voltage ViL - 0.2 x LIE/D/ TVDD Y, 1
Input low voltage VIL - 0.3xOVpp \Y 1
Input current (V,y =0V or V|, =/E/D/T/OVp) IIN - +50 uA 2
Output high voltage VOoH 1.35 - Y, -
(L/E/DITIOVp = min, I =-0.5mA)

Output low voltage VoL - 0.4 \Y -
(L/E/DITIOVpy = min, |5 =0.5mA)

Notes:
1. The min V|_ and max V|H values are based on the respective min and max LV|N/EVIN/DVIN/TVIN/OV|N values found
in Table 4.

2. The symbol V|N, in this case, represents the LV|N/EVIN/DVIN/TVIN/OVIN symbol referenced in Table 4.
3. Forrecommended operating conditions, see Table 4.
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This table provides the DC electrical characteristics for GPIO pins operating at TVpp = 1.2 V.

Table 107. GPIO DC electrical characteristics (TVpp = 1.2 V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 xTVDD - \%

Input low voltage VIL - 0.2xTVDD \%

Output low current current (VOL: 0.2V) loL 4 mA

Output high voltage VOH 1.0 - \% -

(TVpp = Min, gy = -100uA)

Output low voltage VoL - 0.2 \Y -
(TVDD =min, loL = 100uA)

Input Capacitance CIN - 10 pF -

Notes:

1. The min V|L and max V|H values are based on the respective min and max TV|N values found in Table 4.
2.  The symbol V|N, in this case, represents the TV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

3.22.2 GPIO AC timing specifications
This table provides the GPIO input and output AC timing specifications.
Table 108. GPIO Input AC timing specifications

Parameter Symbol Min Unit Notes
GPIO inputs-minimum pulse width tPIWID 20 ns 1
Notes:

1. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs should be synchronized before use by any
external synchronous logic. GPIO inputs are required to be valid for at least tPIWID to ensure proper operation.

2. For recommended operating conditions, see Table 4.
This figure provides the AC test load for the GPIO.

Figure 76. GPIO AC test load

Output Zo= 5000 (L/O) Vpp/2
RL =50W
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3.23 GIC interface

This section describes the DC and AC electrical characteristics for the GIC interface.

3.23.1 GIC DC electrical characteristics

This table provides the DC electrical characteristics for GIC pins operating at DVpp = 3.3 V.

Table 109. GIC DC electrical characteristics (DVDD =3.3V)3

Parameter Symbol Min Max Unit Notes
Input high voltage VIH 0.7 x DVpp - \% 1
Input low voltage VIL - 0.2 x DVpD Y, 1
Input current (V| =0V or V|\= DVDD) IIN - +50 uA 2
Output high voltage VoH 2.4 - Y, -
(DVpp = min, gy =-2 mA)
Output low voltage VoL - 0.4 Y, -
(DVpp =min, I =2mA)

Notes:

1. The min V)L and max V|H values are based on the respective min and max DV|N values found in Table 4.

2. The symbol V|, in this case, represents the DV|N symbol referenced in Table 4.

3. For recommended operating conditions, see Table 4.

This table provides the GIC DC electrical characteristics when LVpp = 2.5 V.

Table 110. GIC DC electrical characteristics (LVpp = 2.5 V)4
Parameters Symbol Min Max Unit Notes
Input high voltage VIH 0.7 xLVDD - Y, 1
Input low voltage VIL - 0.2 xLVpD Y, 1
Input current (LVIN =0orLv|\ = LVDD) IIN - +50 HA 2,3
Output high voltage (LVpH = min, |5 =-1.0 mA) VOoH 2.00 - -
Output low voltage (LVpH = min, |5, =1.0 mA) VoL - 0.40 -

Notes:

1.

2.
3.
4

The min V|Land max V|H values are based on the respective min and max LV|N values found in Table 4.

The symbol V|N, in this case, represents the LV|N symbols referenced in Table 4.
The symbol LVpDD, in this case, represents the LVpp symbols referenced in Table 4.
For recommended operating conditions, see Table 4.
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This table provides the GIC DC electrical characteristics when LVpp/DVpp/OVpp = 1.8 V.

Table 111. GIC DC electrical characteristics (LVpp/ DVpp/ OVpp =1.8 V)4

Parameter Symbol Min Max Unit | Notes
Input high voltage VIH 0.7 x L/ID/OVpD - \% 1
Input low voltage VIL - 0.2 x L/IDVDD Y, 1
Input low voltage VL - 0.3x0OVpD Y, 1
Input current (L/ID/OV | = 0 V or LID/ OV, = LIDIOV ) IIN - +50 HA 2,3
Output high voltage (L/D/OVyy = min, I =-0.5 mA) VOH 1.35 - \% 3
Output low voltage (L/D/OVDD =min, loL =05 mA) VoL - 0.4 \Y 3
Notes:

5. The min V|Land max V|H values are based on the min and max L/D/OV|N respective values found in Table
4_bookmark40.

6. The symbol L/D/OV|N represents the L/D/OV|N symbols referenced in Table 4.
7. The symbol L/D/OVpDD, in this case, represents the L/D/OVpp symbols referenced in Table 4.
8. For recommended operating conditions, see Table 4.

3.23.2 GIC AC timing specifications
This table provides the GIC input and output AC timing specifications.

Table 112. GIC input AC timing specifications2
Characteristic Symbol Min Max Unit Notes
GIC inputs-minimum pulse width tpIWID 3 - SYSCLKs 1

1. GIC inputs and outputs are asynchronous to any visible clock. GIC outputs must be synchronized before use by any
external synchronous logic. GIC inputs are required to be valid for at least tp|\w|D ns to ensure proper operation when
working in edge triggered mode.

2. For recommended operating conditions, see Table 4.
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3.24 High-speed serial interfaces (HSSI)

The chip features a Serializer/Deserializer (SerDes) interface to be used for high-speed serial interconnect
applications. The SerDes interface can be used for PCI Express, SGMII, and serial ATA (SATA) data transfers.

This section describes the most common portion of the SerDes DC electrical specifications: the DC requirement for
SerDes reference clocks. The SerDes data lane's transmitter (Tx) and receiver (Rx) reference circuits are also
described.

3.24.1 Signal terms definitions

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

This figure shows how the signals are defined. For illustration purposes only, one SerDes lane is used in the
description. This figure shows the waveform for either a transmitter output (SD_TXn_P and SD_TXn_N) or a receiver
input (SD_RXn_P and SD_RXn_N). Each signal swings between A volts and B volts where A > B.

Figure 77. Differential voltage definitions for transmitter or receiver

SD T¥n_P or
SD _RXn_P
AVolts _ - -
N -~ Vem ={A+B)2
SD TXn_N or
SD _R¥n_N
B Volts _

Differential swing., Vip or'Vop=A-B
Difierential peak v ollage. Vosrp = |A - B|
Difierential peak-1 o-peak vollage, VoFrpp = 2 x V DFFp {(not shown)

Using this waveform, the definitions are as described in the following list. To simplify the illustration, the 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_TXn_P, SD_TXn_N, SD_RXn_P and SD_RXn_N
each have a peak-to-peak swing of A - B volts. This is also referred to as each signal wire's single-ended swing.

Differential Output Voltage, VoD (or Differential Output Swing)

The differential output voltage (or swing) of the transmitter, Vgp, is defined as the difference of the two complementary
output voltages: Vgp Txn_P - VsD Txn N. The Vop value can be either positive or negative.

Differential Input Voltage, V|p (or Differential Input Swing)

The differential input voltage (or swing) of the receiver, V|p, is defined as the difference of the two complementary
input voltages: Vgsp rRxn P-VSD RXn N- The V|p value can be either positive or negative.

Differential Peak Voltage, VDIFFp

The peak value of the differential transmitter output signal or the differential receiver input signal is defined as the
differential peak voltage, Vp|rpp = |A - B| volts.
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Differential Peak-to-Peak, VDIFFp-p

Because 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, Vp|rFp-p = 2 X Vp|FFp = 2 X |(A - B)| volts, which is twice the

differential swing in amplitude, or twice the differential peak. For example, the output differential peak-to-peak voltage
can also be calculated as V1x. DIFFp-p = 2x|Vopl-

Differential Waveform

The differential waveform is constructed by subtracting the inverting signal (SD_TXn_N, for example) from the non-
inverting signal (SD_TXn_P, 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. See Figure 82 as an
example for differential waveform.

Common Mode Voltage, Vcm

The common mode voltage is equal to half of the sum of the voltages between each conductor of a balanced
interchange circuit and ground. In this example, for SerDes output, Vem out = (VSD TXn P +VSD Txn N) T2=(A

+ B) + 2, which is the arithmetic mean of the two complementary 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 example of a current mode logic (CML) transmitter that
has a common mode voltage of 2.25 V and outputs, TD and TD_B. If these outputs have a swing from 2.0 Vto 2.5V,
the peak-to-peak voltage swing of each signal (TD or TD_B) is 500 mV p-p, which is referred to as the single-ended
swing for each signal. Because the differential signaling environment is fully symmetrical in this example, the
transmitter output's differential swing (Vop) 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, Vop is 500 mV in one phase and -500
mV in the other phase. The peak differential voltage (VD||:|:p) is 500 mV. The peak-to-peak differential voltage
(VD”:Fp_p) is 1000 mV p-p.

3.24.2 SerDes reference clocks

The SerDes reference clock inputs are applied to an internal phase-locked loop (PLL) whose output creates the clock
used by the corresponding SerDes lanes. The SerDes reference clocks inputs are SDn_REF_CLK[1:2]_P and
SDn_REF_CLKJ[1:2]_N.

SerDes may be used for various combinations of the following IP block based on the RCW Configuration field
SRDS_PRTCLn:

® SGMII (1.25 Gbit/s or 3.125 Gbit/s), QSGMII (5 Ghit/s)
¢ XFI (10 Gbit/s)

¢ PCle (2.5 Gbit/s, 5 Gbit/s, and 8 Gbit/s )

® SATA (1.5 Gbit/s, 3.0 Gbit/s, and 6.0 Gbit/s)

The following sections describe the SerDes reference clock requirements and provide application information.
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3.24.2.1 SerDes spread-spectrum clock source recommendations

SDn_REF_CLKn_P and SDn_REF_CLKn_N are designed to work with spread-spectrum clocking for the PCI Express
protocol only with the spreading specification defined in Table 113. 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 must be used.

The SerDes transmitter does not support spread-spectrum clocking for the SATA protocol. The SerDes receiver does
support spread-spectrum clocking on receive, which means the SerDes receiver can receive data correctly from a
SATA serial link partner using spread-spectrum clocking.

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

This table provides the source recommendations for SerDes spread-spectrum clocking.

Table 113. SerDes spread-spectrum clock source recommendations 1
Parameter Min Max Unit Notes
Frequency modulation 30 33 kHz -
Frequency spread +0 -0.5 % 2
Notes:

1. Atrecommended operating conditions. See Table 4.
2. Only down-spreading is allowed.

3.24.2.2 SerDes reference clock receiver characteristics

This figure shows a receiver reference diagram of the SerDes reference clocks.

Figure 78. Receiver of SerDes reference clocks
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The characteristics of the clock signals are as follows:

® The SerDes receiver's core power supply voltage requirements (SVppn) are as specified in Table 4.
® The SerDes reference clock receiver reference circuit structure is as follows:

® The SDn_REF_CLKn_P and SDn_REF_CLKn_N are internally AC-coupled differential inputs as shown in
Figure 78. Each differential clock input (SDn_REF_CLKn_P or SDn_REF_CLKn_N) has on-chip 50-Q
termination to SGNDn 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. See the differential mode and
single-ended mode descriptions in Signal terms definitions for detailed requirements.

® The maximum average current requirement also determines the common mode voltage range.

® 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
because the input is AC-coupled on-chip.

® This current limitation sets the maximum common mode input voltage to be less than 0.4 V (0.4 V + 50 = 8 mA)
while the minimum common mode input level is 0.1 V above SGNDn. 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 (0-0.8 V),
such that each phase of the differential input has a single- ended swing from 0 V to 800 mV with the common
mode voltage at 400 mV.

® |f the device driving the SDn_REF_CLKn_P and SDn_REF_CLKn_N inputs cannot drive 50 Q to SGNDn DC or
the drive strength of the clock driver chip exceeds the maximum input current limitations, it must be AC-coupled
off-chip.

® The input amplitude requirement is described in detail in the following sections.

3.24.2.3 DC-level requirements for SerDes reference clocks

The DC-level requirements for the SerDes reference clock inputs are 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-to-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 of less than 800 mV and greater than 200 mV. This requirement is same for both
external DC-coupled or AC-coupled connection.

® For an external DC-coupled connection, as described in Figure 78, the maximum average current requirements
set the requirement for average voltage (common mode voltage) as between 100 mV and 400 mV.

® This figure shows the SerDes reference clock input requirement for a DC- coupled connection scheme.
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Figure 79. Differential reference clock input DC requirements (external DC-coupled)

200 mV < input ampiitude or differential peak < 800 mV

SDn_REF_CLKn_P Vmax < 800 mv

100 mV < Vem < 400 mV

SDn_REF_CLKn_N Vmin >0V

® For an external AC-coupled connection, there is no common mode voltage requirement for the clock driver. Because
the external AC-coupling capacitor blocks the DC level, the clock driver and the SerDes reference clock receiver
operate in different common mode voltages. The SerDes reference clock receiver in this connection scheme has its
common mode voltage set to SGNDn. Each signal wire of the differential inputs is allowed to swing below and above
the common mode voltage (SGNDn).

® This figure shows the SerDes reference clock input requirement for an AC- coupled connection scheme.

Figure 80. Differential reference clock input DC requirements (external AC-coupled)

200 mV < Input amplitude or differential peak < 800 mv

SDn_REF_CLKn P / Vmax < Vom + 400 mV

S

SDn_REF_CLKn N Vmin > Viam - 400 my

¢ Single-ended mode

® The reference clock can also be single-ended. The SDn_REF_CLKn_P input amplitude (single-ended swing)
must be between 400 mV and 800 mV peak-to- peak (from VN t0 Viax) with SDn_REF_CLKn_N either left

unconnected or tied to ground.

®* To meet the input amplitude requirement, the reference clock inputs may need to be externally DC- or AC-
coupled. For the best noise performance, the reference of the clock could be DC- or AC-coupled into the
unused phase (SDn_REF_CLKn_N) through the same source impedance as the clock input
(SDn_REF_CLKn_P) in use.

¢ The SDn_REF_CLKn_P input average voltage must be between 200 and 400 mV.

¢ This figure shows the SerDes reference clock input requirement for single-ended signaling mode.
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Figure 81. Single-ended reference clock input DC requirements

400 mV < SDn_REF_CLKn input amplitude < 800 mV

SDn_REF_CLKn_P

T~

e

SDn_REF_CLKn N

3.24.2.4 AC requirements for SerDes reference clocks

This table provides the AC requirements for SerDes reference clocks for PCI Express protocols running at data rates

up to 5 Ghit/s.

This includes PCI Express (2.5 GT/s and 5 GT/s), SGMII (1.25 Gbit/s), and SATA (1.5 Gbit/s, 3.0 Gbit/s, and 6.0

Ghit/s). SerDes reference clocks need to be verified by the customer's application design.
Table 114. SDn_REF_CLKn_P and SDn_REF_CLKn_N input clock requirements 1

Parameter Symbol Min Typ Max Unit Notes
SDn_REF_CLKn_P/SDn_REF_CLKn_N frequency range {CLK_REF - 100/125/156.25 - MHz 2
SDn_REF_CLKn_P/SDn_REF_CLKn_N clock frequency fCLK_ToL -300 - 300 ppm 3
tolerance

SDn_REF_CLKn_P/SDn_REF_CLKn_N clock frequency fCLK_ToL -100 - 100 ppm 4
tolerance

SDn_REF_CLKn_P/SDn_REF_CLKn_N reference clock tCLK_DUTY 40 50 60 % 5
duty cycle

SDn_REF_CLKn_P/SDn_REF_CLKn_N max deterministic tCLK_DJ - - 42 ps -
peak-to-peak jitter at 10-6 BER

SDn_REF_CLKn_P/SDn_REF_CLKn_N total reference ICLK_TJ - - 86 ps 6
clock jitter at 10-6 BER (peak-to-peak jitter at refClk input)

SDn_REF_CLKn_P/SDn_REF_CLKn_N 10 kHz to tREECLK-LE- - - 3 ps 7
1.5 MHz RMS jitter RMS RMS
SDn_REF_CLKn_P/SDn_REF _CLKn N> 1.5MHz to tREFCLK-HF- - - 3.1 ps 7
Nyquist RMS jitter RMS RMS
SDn_REF_CLKn_P/SDn_REF_CLKn_N RMS reference tREFCLK-RMS- - - 1 ps 8
clock jitter DC RMS
SDn_REF_CLKn_P/SDn_REF_CLKn_N rising/ falling tCLKRR/ICLKFR 0.6 - 4 V/ns 9
edge rate

Differential input high voltage VIH 150 - - mV 5
Differential input low voltage VIL - - -150 mV 5
Rising edge rate (SDn_REF_CLKn_P) to falling edge rate Rise-Fall - - 20 % 10,11
(SDn_REF_CLKn_N) matching Matching

Notes:
For recommended operating conditions, see Table 4.

2B A

Caution: Only 100 and 125 have been tested. In-between values do not work correctly with the rest of the system.

For PCI Express (2.5, 5 and 8 GT/s).

For SGMII, 2.5GSGMII and QSGMII.
Measurement taken from differential waveform.
Limits from PCI Express CEM Rev 2.0.
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7. For PCl Express 5 GT/s, per PCI Express base specification Rev 3.0.
8. For PCl-Express-8 GT/s, per PCI-Express base specification rev 3.0

9. Measured from -150 mV to +150 mV on the differential waveform (derived from SDn_REF_CLKn_P minus
SDn_REF_CLKn_N). The signal must be monotonic through the measurement region for rise and fall time. The 300 mV
measurement window is centered on the differential zero crossing. See Figure 82.

10. Measurement taken from single-ended waveform.

11. Matching applies to rising edge for SDn_REF_CLKn_P and falling edge rate for SDn_REF_CLKn_N. It is measured using
+75 mV window centered on the median cross point where SDn_REF_CLKn_P rising meets SDn_REF_CLKn_N 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 SDn_REF_CLKn_P must be compared to the fall edge rate of SDn_REF_CLKn_N, the maximum
allowed difference should not exceed 20% of the slowest edge rate. See Figure 83.

This table lists the AC requirements for SerDes reference clocks for protocols running at data rates greater than 8
GBaud.

This includes XFI (10.3125 GBaud), SerDes reference clocks to be guaranteed by the customer's application design.

Table 115. SD1_REF_CLKn_P/SD1_REF_CLKn_N input clock requirements 1

Parameter Symbol Min Typ Max Unit Notes

SD1_REF_CLKn_P/SD1_REF_CLKn_N frequency range tCLK_REF - 156.25 - MHz 2

SD1_REF_CLKn_P/SD1_REF_CLKn_N clock frequency tCLK_TOL -100 - 100 ppm -

tolerance

SD1_REF_CLKn_P/SD1_REF_CLKn_N reference clock duty tCLK_DUTY 40 50 60 % 3

cycle

SD1_REF_CLKn_P/SD1_REF_CLKn_N single side band noise @1 kHz - - -85 dBC/Hz 4

SD1_REF_CLKn_P/SD1_REF_CLKn_N single side band noise @10 kHz - - -108 | dBC/Hz 4

SD1_REF_CLKn_P/SD1_REF_CLKn_N single side band noise @100 - - -128 | dBC/Hz 4
kHz

SD1_REF CLKn_P/SD1_REF_CLKn_N single side band noise @1 MHz - - -138 | dBC/Hz 4

SD1_REF_CLKn_P/SD1_REF_CLKn_N single side band noise @10MHz - - -138 | dBC/Hz 4

SD1_REF_CLKn_P/SD1_REF_CLKn_N random jitter (1.2 MHz ICLK RJ - - 0.8 ps -

to 15 MHz) -

SD1_REF_CLKn_P/SD1_REF_CLKn_N total reference clock ICLK_TJ - - 11 ps -

jitter at 10-12 BER (1.2 MHz to 15 MHz)

SD1 REF_CLKn_P/SD1_REF_CLKn_N spurious noise (1.2 - - - -75 dBC -

MHz to 15 MHZ)

Notes:

1. Forrecommended operating conditions, see Table 4.

2. Caution: Only 156.25 have been tested. In-between values do not work correctly with the rest of the system.
3. Measurement taken from differential waveform.
4

Per XFP Spec. Rev 4.5, the Module Jitter Generation spec at XFI Optical Output is 10mUl (RMS) and 100 mUI (p-p). In
the CDR mode the host is contributing 7 mUl (RMS) and 50 mUl (p-p) jitter.
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This figure shows the differential measurement points for rise and fall time.

Figure 82. Differential measurement points for rise and fall time

SDn_REF_CLKn P
SDn_REF_CLKn_N

This figure shows the single-ended measurement points for rise and fall time matching.
Figure 83. Single-ended measurement points for rise and fall time matching

5Dn REF_CLKn N SDn REF_CLKn N

SDn_REF_CLKn_P SDn_REF_ClKn P

3.24.3 SerDes transmitter and receiver reference circuits
This figure shows the reference circuits for SerDes data lane's transmitter and receiver.

Figure 84. SerDes transmitter and receiver reference circuits

SONn_TXn_P SDOn_RXn_P
] =Y
50w
Transmitter 100W Receiver
= =Y .
SDON_TXn_N SDn_RXn_N 50w

The DC and AC specifications of the SerDes data lanes are defined in each interface protocol section below based on
the application usage:

¢ PCI Express

® Serial ATA (SATA) interface
¢ SGMll interface

¢ XFl interface

Note that an external AC-coupling capacitor is required for the above serial transmission protocols with the capacitor
value defined in the specification of each protocol section.
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3.24.4 PCIl Express

This section describes the clocking dependencies, as well as the DC and AC electrical specifications for the PCI
Express bus.

3.24.4.1 Clocking dependencies

The ports on the two ends of a link must transmit data at a rate that is within 600 ppm of each other at all times. This is
specified to allow bit rate clock sources with a £300 ppm tolerance.The platform clock frequency must be greater than
or equal to 400 MHz for PCI Express Gen2. For more details, see 5.2 Minimum platform frequency requirements for
high-speed interfaces.

3.24.4.2 PCI Express DC physical layer specifications

This section contains the DC specifications for the physical layer of PCI Express on this chip.

3.24.4.2.1 PCI Express DC physical layer transmitter specifications
This section discusses the PCI Express DC physical layer transmitter specifications for 2.5 GT/s, 5 GT/s, and 8 GT/s.

This table defines the PCI Express 2.0 (2.5 GT/s) DC specifications for the differential output at all transmitters. The
parameters are specified at the component pins.

Table 116. PCI Express 2.0 (2.5 GT/s) differential transmitter output DC specifications (XVpp = 1.35 V)1

Parameter Symbol Min | Typical Max Units Notes

Differential peak-to-peak | VTX-DIFFp-p | 800 1000 1200 | mV | VTX-DIFFp-p =2x | VIX-D+ - VTX-D- |
output voltage

De-emphasized VTX-DE- 3.0 3.5 4.0 dB Ratio of the VTX-DIFFp-p of the second and
?'ﬁt?r?m'al output voltage RATIO following bits after a transition divided by the V.
ratio

DIFFp-p of the first bit after a transition.

DC differential ZTX-DIFF- 80 100 120 Q Transmitter DC differential mode low Impedance
transmitter impedance DC
Transmitter DC ZTX-DC 40 50 60 Q Required transmitter D+ as well as D- DC Impedance
impedance during all states

Note:

1. . For recommended operating conditions, see Table 4.
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This table defines the PCI Express 2.0 (5 GT/s) DC specifications for the differential output at all transmitters. The

parameters are specified at the component pins.

Table 117. PCI Express 2.0 (5 GT/s) differential transmitter output DC specifications (XVpp =1.35 V)l

Parameter Symbol Min Typical Max | Units Notes

Differential peak-to-peak VTX-DIFFp-p 800 1000 1200 | mV | VTX-DIFFp-p = 2X | VTX-D+ - VTX-D- |

output voltage

Low-power differential VTX-DIFFp- 400 500 1200 mVv VTX-DIFFp-p = 2 X | VTX-D+ - VTX-D- |

peak-to-peak output p_low

voltage

De-emphasized differential VTX-DE- 3.0 35 4.0 dB Ratio of the VTX-DIFFp-p of the second and

output voltage (ratio) RATIO-3.5dB following bits after a transition divided by the
VTX-DIFFp-p of the first bit after a transition.

De-emphasized differential VTX-DE- 5.5 6.0 6.5 dB Ratio of the VTX-DIFFp-p of the second and

output voltage (ratio) RATIO-6.0dB following bits after a transition divided by the
VTX-DIFFp-p of the first bit after a transition.

DC differential transmitter ZTX-DIFF-DC 80 100 120 Q Transmitter DC differential mode low

impedance impedance

Transmitter DC Impedance ZTX-DC 40 50 60 Q Required transmitter D+ as well as D- DC
impedance during all states

1.

For recommended operating conditions, see Table 4.

This table defines the PCI Express 3.0 (8 GT/s) DC characteristics for the differential output at all transmitters. The

parameters are specified at the component pins.

Table 118. PCI Express 3.0 (8 GT/s) differential transmitter output DC characteristics (XVop = 1.35 V) (3)

Parameter Symbol Min | Typical Max Units Notes

Full swing transmitter voltage V1xFsNO-EQ 800 - 1300 | mVp-p | See Note 1

with no TX Eq

Reduced swing transmitter V1xRs-NO-EQ 400 - 1300 mv See Note 1

voltage with no TX Eq

De-emphasized differential Vrxpe-ratio-3sas | 3.0 35 4.0 dB -

output voltage (ratio)

De-emphasized differential Vrx.pE-RATIO60d8 | 9.5 6.0 6.5 dB -

output voltage (ratio)

Minimum swing during EIEOS Vrx-EiE0s Fs 250 - - mVp-p | See Note 2

for full swing

Minimum swing during EIEOS VrxEEosRs 232 - - mVp-p | See Note 2

for reduced swing

DC differential transmitter Z1x-DIFF-DC 80 100 120 Q Transmitter DC differential mode low

impedance impedance

Transmitter DC Impedance Zrxoc 40 50 60 Q Required transmitter D+ as well as D- DC
impedance during all states

Notes:

1. Voltage measurements for Vrx-rs-no-eQ and Vrx-rs-No-EQ are made using the 64-zeroes/64-ones pattern in the compliance
pattern.

2. Voltage limits comprehend both full swing and reduced swing modes. The transmitter must reject any changes that would
violate this specification. The maximum level is covered in the Vrx-rs-no-eQq measurement which represents the maximum
peak voltage the transmitter can drive. The Vrx-eieos-rs and Vrx-eieos-rs Voltage limits are imposed to guarantee the EIEOS
threshold of 175 mVp-p at the receiver pin. This parameter is measured using the actual EIEOS pattern that is part of the
compliance pattern and then removing the ISI contribution of the breakout channel.

3. For recommended operating conditions, see Table 4.
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3.24.4.2.2 PCI Express DC physical layer receiver specifications

This section discusses the PCI Express DC physical layer receiver specifications for 2.5 GT/s, 5 GT/s, and 8 GT/s.

This table defines the DC specifications for the PCI Express 2.0 (2.5 GT/s) differential input at all receivers. The
parameters are specified at the component pins.

Table 119. PCI Express 2.0 (2.5 GT/s) differential receiver input DC specifications (4)

Parameter Symbol Min Typ Max | Units Notes

Differential input VRx-DIFFp-p 120 | 1000 | 1200 mV Vrxoirrpp = 2 X [Vrxo+ - Vrxn.| See Note 1

peak-to-peak

voltage

DC differential input ZRx-DIFF-DC 80 100 120 Q Receiver DC differential mode impedance. See Note 2

impedance

DC input impedance Zrx.oc 40 50 60 Q Required receiver D+ as well as D- DC Impedance (50 +20%
tolerance). See Notes 1 and 2.

Powered down DC ZRX-HIGH-IMP-DC 50 - - kQ Required receiver D+ as well as D- DC Impedance when the

input impedance receiver terminations do not have power. See Note 3.

Electrical idle detect VRx-IDLE-DET- 65 - 175 mV VRX-IDLE-DET-DIFFp-p =2X |VRX-D+ 'VRX-D-l

threshold DIFFp-p Measured at the package pins of the receiver

Notes:
Measured at the package pins with a test load of 50Q to GND on each pin.

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.

The receiver 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 receiver ground.

For recommended operating conditions, see Table 4.

1.
2.

3.

This table defines the DC specifications for the PCI Express 2.0 (5 GT/s) differential input at all receivers. The
parameters are specified at the component pins.

Table 120. PCI Express 2.0 (5 GT/s) differential receiver input DC specifications (4)

Parameter Symbol Min Typ Max Units | Notes

Differential input peak-to-peak VRx-DIFFp-p 120 | 1000 | 1200 mV Vrx-piFrpp = 2 X |Verx+ = Vrxo |

voltage See Note 1.

DC differential input impedance ZRx-DIFF-DC 80 100 120 Q Receiver DC differential mode
impedance. See Note 2

DC input impedance Zrx.nc 40 50 60 Q Required receiver D+ as well as D-
DC Impedance (50 + 20% tolerance).
See Notes 1 and 2.

Powered down DC input impedance ZRX-HIGH-IMP-DC 50 - - kQ Required receiver D+ as well as D-
DC Impedance when the receiver
terminations do not have power.
See Note 3.

Electrical idle detect threshold VRX-IDLE-DET-DIFFp»p 65 - 175 mV VRX-IDLE-DET-DIFFp-p =2X |VR><-D+ - VRX-D-l

Measured at the package pins of the
receiver

Notes:
Measured at the package pins with a test load of 50 Q to GND on each pin.

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.

1.
2.
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3. The receiver 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 receiver ground.

4. For recommended operating conditions, see Table 4.

This table defines the DC characteristics for the PCI Express 3.0 (8 GT/s) differential input at all receivers. The
parameters are specified at the component pins.

Table 121. PCI Express 3.0 (8 GT/s) differential receiver input DC characteristics (6)

Characteristic Symbol Min Typ Max Units Notes

DC differential input impedance ZRrx-DIFF-DC 80 100 120 Q Receiver DC differential mode
impedance. See Note 2

DC input impedance Zrx.nC 40 50 60 Q Required receiver D+ as well as D- DC
Impedance (50 + 20% tolerance).

See Notes 1 and 2.

Powered down DC input impedance ZRX-HIGH-IMP-DC 50 - - kQ Required receiver D+ as well as D- DC
Impedance when the receiver
terminations do not have power.

See Note 3

Generator launch voltage VRX-LAUNCH-8G - 800 - mV Measured at TP1 per PCI Express base
spec. rev 3.0

Eye height (-20dB Channel) Vrx-sv-86 25 - - mV Measured at TP2P per PCI Express
base spec. rev 3.0. See Notes 4, 5

Eye height (-12dB Channel) Vrx-sv-86 50 - - mv Measured at TP2P per PCI Express
base spec. rev 3.0. See Notes 4, 5

Eye height (-3dB Channel) Vrx-sv-86 200 - - mV Measured at TP2P per PCI Express
base spec. rev 3.0. See Notes 4, 5

Electrical idle detect threshold VRX-IDLE-DET-DIFFp-p 65 - 175 mv VrxpLe-oeT-oiFFpp = 2 X [Vrxos - Vrxol
Measured at the package pins of the
receiver

Notes:

1. Measured at the package pins with a test load of 50 Q to GND on each pin.

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 receiver 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 receiver ground.

4. Vrx-sv-gc is tested at three different voltages to ensure the receiver device under test is capable of equalizing over a range
of channel loss profiles. The "SV" in the parameter names refers to stressed voltage.

5. Vrx-sv-scis referenced to TP2P and is obtained after post processing data captured at TP2.
6. For recommended operating conditions, see Table 4.
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3.24.4.3 PCI Express AC physical layer specifications

This section describes the AC specifications for the physical layer of PCI Express on this device.

3.24.4.3.1 PCI Express AC physical layer transmitter specifications
This section describes the PCI Express AC physical layer transmitter specifications for 2.5 GT/s, 5 GT/s, and 8 GT/s.

This table defines the PCI Express 2.0 (2.5 GT/s) AC specifications for the differential output at all transmitters. The
parameters are specified at the component pins. The AC timing specifications do not include RefClk jitter.

Table 122. PCI Express 2.0 (2.5 GT/s) differential transmitter output AC specifications (4)

Parameter Symbol Min Typ Max Units Notes

Unit interval ul 399.88 | 400 | 400.12 ps Each Ul is 400 ps + 300 ppm. Ul does not
account for spread-spectrum clock dictated
variations.

Minimum transmitter eye Trx-eve 0.75 - - ul The maximum transmitter jitter can be gerived

width as Trxmaxarmer = 1 - Trxeye = 0.25 UL Does not

include spread-spectrum or RefCLK jitter.
Includes device random jitter at 1022,

See Notes 1 and 2.

Maximum time between the Trx-EVEMEDIAN-tO- - - 0.125 ul Jitter is defined as the measurement variation
jitter median and maximum MAX-JITTER of the crossing points (VTX-DIFFp-p =0V)in
deviation from the median relation to a recovered transmitter Ul. A

recovered transmitter 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 transmitter Ul. See
Notes 1 and 2.

AC coupling capacitor Crx 75 - 200 nF All transmitters must be AC coupled. The AC
coupling is required either within the media or
within the transmitting component itself. See
Note 3.

Notes:

1. Specified at the measurement point into a timing and voltage test load as shown in Figure 86 and measured over any 250
consecutive transmitter Uls.

2. A TTX-EYE = 0.75 Ul provides for a total sum of deterministic and random jitter budget of TTX-JITTER-MAX = 0.25 Ul
for the transmitter collected over any 250 consecutive transmitter Uls. The TTX-EYE-MEDIAN-to-MAX-JITTER median
is less than half of the total transmitter jitter budget collected over any 250 consecutive transmitter 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.

3. The chip's SerDes transmitter does not have CTXx built-in. An external AC coupling capacitor is required.
4. For recommended operating conditions, see Table 4.
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This table defines the PCI Express 2.0 (5 GT/s) AC specifications for the differential output at all transmitters. The
parameters are specified at the component pins. The AC timing specifications do not include RefCIk jitter.

Table 123. PCI Express 2.0 (5 GT/s) differential transmitter output AC specifications3

Parameter Symbol Min Typ Max Units | Notes

Unit Interval ul 199.94 | 200.00 | 200.06 ps Each Ul is 200 ps = 300 ppm. Ul does
not account for spread-spectrum clock
dictated variations.

Minimum transmitter eye width TTX-EYE 0.75 - - ul The maximum transmitter jitter can be
derived as:
TTX-MAX-JITTER =1 - TTX-EYE =
0.25 UL.
See Note 1.

Transmitter deterministic jitter > TTX-HF-DJ-DD - - 0.15 ul -

1.5 MHz

Transmitter RMS jitter < 1.5 MHz TTX-LF-RMS - 3.0 - ps Reference input clock RMS jitter (< 1.5
MHz) at pin < 1 ps

AC coupling capacitor CTx 75 - 200 nF All transmitters must be AC coupled.
The AC coupling is required either
within the media or within the
transmitting component itself. See
Note 2.

Notes:

1. Specified at the measurement point into a timing and voltage test load as shown in Figure 86 and measured over any 250

consecutive transmitter Uls.

2. The chip's SerDes transmitter does not have CTx built-in. An external AC coupling capacitor is required.
3. For recommended operating conditions, see Table 4.

This table defines the PCI Express 3.0 (8 GT/s) AC specifications for the differential output at all transmitters. The
parameters are specified at the component pins. The AC timing specifications do not include RefClk jitter.

Table 124. PCI Express 3.0 (8 GT/s) differential transmitter output AC specifications4

Parameter Symbol Min Typ Max Units Notes

Unit Interval ul 124.9625 | 125.00 | 125.0375 ps Each Ul is 125 ps = 300 ppm. Ul
does not account for spread-
spectrum clock dictated
variations.

Transmitter uncorrelated total TTX-UTJ - - 31.25 ps p-p -

jitter

Transmitter uncorrelated TTX-UDJ-DD - - 12 ps p-p -

deterministic jitter

Total uncorrelated pulse width TTX-UPW-TJ - - 24 ps p-p See Note 1, 2

jitter (PWJ)

Deterministic data dependent TTX-UPW- - - 10 ps p-p See Note 1, 2

jitter (DjDD) uncorrelated DJDD

pulse width jitter (PWJ)

Data dependent jitter TTX-DDJ - - 18 ps p-p See Note 2

AC coupling capacitor Ctx 176 - 265 nF All transmitters must be AC
coupled. The AC coupling is
required either within the media
or within the transmitting
component itself. See Note 3.
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Notes:

1. PWJ parameters shall be measured after data dependent jitter (DDJ) separation.

2. Measured with optimized preset value after de-embedding to transmitter pin.

3. The chip's SerDes transmitter does not have CTx built-in. An external AC coupling capacitor is required.
4. For recommended operating conditions, see Table 4.

3.24.4.3.2 PCI Express AC physical layer receiver specifications

This section discusses the PCI Express AC physical layer receiver specifications for 2.5 GT/s, 5 GT/s, and 8 GT/s.

This table defines the AC specifications for the PCI Express 2.0 (2.5 GT/s) differential input at all receivers. The
parameters are specified at the component pins. The AC timing specifications do not include RefClk jitter.

Table 125. PCI Express 2.0 (2.5 GT/s) differential receiver input AC specifications4
Parameter Symbol Min Typ Max Units | Notes
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.
Minimum receiver eye width Trxeve 0.4 - - ul The maximum interconnect media and

transmitter jitter that can be tolerated by the
receiver can be derived as Trymax-smrer = 1 -
TRX-EYE: 0.6 UL

See Notes 1 and 2.

Maximum time between the TRx-EYE-MEDIAN-to- - - 0.3 Ul Jitter is defined as the measurement variation
jitter median and maximum MAX-JITTER of the crossing points (Vex-oirrpp = 0 V) in
deviation from the median. relation to a recovered transmitter Ul. A

recovered transmitter 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 transmitter Ul. See
Notes 1, 2 and 3.

Notes:

1. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 86 must be used
as the receiver device when taking measurements. If the clocks to the receiver and transmitter are not derived from the
same reference clock, the transmitter Ul recovered from 3500 consecutive Ul must be used as a reference for the eye
diagram.

2. A Trxeve = 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 TRX-EYE-MEDIAN-to-MAX-JITTER 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 transmitter 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 receiver and transmitter are not derived from the same reference clock,
the transmitter Ul recovered from 3500 consecutive Ul must be used as the reference for the eye diagram.

3. Itis recommended that the recovered transmitter 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.

4. For recommended operating conditions, see Table 4.
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This table defines the AC specifications for the PCI Express 2.0 (5 GT/s) differential input at all receivers. The
parameters are specified at the component pins. The AC timing specifications do not include RefClk jitter.

Table 126. PCI Express 2.0 (5 GT/s) differential receiver input AC specifications1

Parameter Symbol Min Typ Max Units Notes

Unit Interval ul 199.94 | 200.00 | 200.06 ps Each Ul is 200 ps + 300 ppm. Ul does not
account for spread-spectrum clock
dictated variations.

Max receiver inherent timing TRX-TJ-CC - - 0.4 Ul The maximum inherent total timing error

error for common RefClIk receiver architecture

Max receiver inherent TRX-DJ-DD-CC - - 0.30 Ul The maximum inherent deterministic

deterministic timing error timing error for common RefClk receiver
architecture

Note:
For recommended operating conditions, see Table 4.

1.

This table defines the AC specifications for the PCI Express 3.0 (8 GT/s) differential input at all receivers. The
parameters are specified at the component pins. The AC timing specifications do not include RefClk jitter.

Table 127. PCI Express 3.0 (8 GT/s) differential receiver input AC specifica’rions5

Parameter Symbol Min Typ Max Units Notes

Unit Interval ul 1249625 | 125.00 | 125.0375 ps Each Ul is 125 ps +300 ppm. Ul
does not account for spread-
spectrum clock dictated variations.
See Note 1.

Eye Width at TP2P TRX-SV-8G 0.3 - 0.35 ul See Note 1

Differential mode interference VRX-SV-DIFF-8G 14 - - mV Frequency = 2.1GHz. See Note 2.

Sinusoidal Jitter at 100 MHz TRX-SV-SJ-8G - - 0.1 Ul p-p Fixed at 100 MHz. See Note 3.

Random Jitter TRX-SV-RJ-8G - - 2.0 ps RMS Random jitter spectrally flat before
filtering. See Note 4.

Notes:

TRX-SV-8G is referenced to TP2P and obtained after post processing data captured at TP2. TRX-SV-8G includes the
effects of applying the behavioral receiver model and receiver behavioral equalization.

VRX-SV-DIFFE-8G Voltage may need to be adjusted over a wide range for the different loss calibration channels.
The sinusoidal jitter in the total jitter tolerance may have any amplitude and frequency as shown in Figure 85.

Random jitter (Rj) is applied over the following range: The low frequency limit may be between 1.5 and 10 MHz, and the
upper limit is 1.0 GHz. See Figure 85 for details. Rj may be adjusted to meet the 0.3 Ul value for TRX-SV-8G.

For recommended operating conditions, see Table 4.

1.

w
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Figure 85. Swept sinusoidal jitter mask
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3.24.4.3.3 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 the following figure.

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 86. Test and measurement load
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3.24.5 Serial ATA (SATA) interface

This section describes the DC and AC electrical specifications for the SATA interface.

3.24.5.1 SATA DC electrical characteristics

This section describes the DC electrical characteristics for SATA.

3.24.5.1.1 SATA DC transmitter output characteristics

This table provides the differential transmitter output DC characteristics for the SATA interface at Genli/lm or 1.5
Gbit/s transmission.

Table 128. Genli/lm 1.5 G transmitter DC specifications (XVpp = 1.35 V)3

Parameter Symbol Min Typ Max Units Notes
Tx differential output voltage VSATA_TXDIFF 400 500 600 mV p-p 1
Tx differential pair impedance ZSATA_TXDIFFIM 85 100 115 Q 2

Notes:

1. Terminated by 50 Q load.

2. DC impedance.

3. For recommended operating conditions, see Table 4.

This table provides the differential transmitter output DC characteristics for the SATA interface at Gen2i/2m or 3.0
Gbit/s transmission.

Table 129. Gen 2i/2m 3 G transmitter DC specifications (XVpp =1.35 V)2

Parameter Symbol Min Typ Max Units Notes
Transmitter differential output voltage VSATA TXDIFF 400 - 700 mV p-p 1
Transmitter differential pair impedance ZSATA_TXDIFFIM 85 100 115 Q -

Notes:
1. Terminated by 50 Q load.
2. For recommended operating conditions, see Table 4.

This table provides the differential transmitter output DC characteristics for the SATA interface at Gen 3i transmission.

Table 130. Gen 3i transmitter DC specifications (XVpp = 1.35 V)2

Parameter Symbol Min Typ Max Units Notes

Transmitter differential output voltage VSATA_TXDIFF 240 - 900 mV p-p 1

Transmitter differential pair impedance ZSATA_TXDIFFIM 85 100 115 Q -
Notes:

1. Terminated by 50 Q load.
2. For recommended operating conditions, see Table 4.

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

Teledyne e2v Semiconductors SAS 2024 page 181 DS 60S 217489(G)-HIREL-02/24



3.24.5.1.2 SATA DC receiver input characteristics
This table provides the Genli/1m or 1.5 Gbit/s differential receiver input DC characteristics for the SATA interface.

Table 131. Genli/Im 1.5 G receiver input DC specifications (3)

Parameter Symbol Min Typical Max Units Notes

Differential input voltage VSATA_RXDIFF 240 500 600 mV p-p 1

Differential receiver input impedance ZSATA_RXSEIM 85 100 115 Q 2

OOB signal detection threshold VSATA_OOB 50 120 240 mV p-p -
Notes:

1. Voltage relative to common of either signal comprising a differential pair.
2. DC impedance.
3. For recommended operating conditions, see Table 4.

This table provides the Gen2i/2m or 3 Gbit/s differential receiver input DC characteristics for the SATA interface.

Table 132. Gen2i/2m 3 G receiver input DC specifications (3)

Parameter Symbol Min Typical Max Units Notes

Differential input voltage VSATA_RXDIFF 240 - 750 mV p-p 1

Differential receiver input impedance ZSATA_RXSEIM 85 100 115 Q 2

OOB signal detection threshold VSATA_OOB 75 120 240 mV p-p 2
Notes:

1. Voltage relative to common of either signal comprising a differential pair.
2. DC impedance.
3. For recommended operating conditions, see Table 4.

This table provides the Gen 3i differential receiver input DC characteristics for the SATA interface.

Table 133. Gen 3i receiver input DC specifications (3)

Parameter Symbol Min Typical Max Units Notes

Differential input voltage VSATA RXDIFF 240 - 1000 mV p-p 1

Differential receiver input impedance ZSATA_RXSEIM 85 100 115 Q 2

OOB signal detection threshold - 75 120 200 mV p-p -
Notes:

1. Voltage relative to common of either signal comprising a differential pair.
2. DC impedance.
3. For recommended operating conditions, see Table 4.
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3.24.5.2 SATA AC timing specifications

This section describes the SATA AC timing specifications.

3.24.5.2.1 AC requirements for SATA REF_CLK

This table provides the AC requirements for the SATA reference clock. These requirements must be guaranteed by the
customer's application design.

Table 134. SATA reference clock input requirements (6)

Parameter Symbol Min Typ Max Unit Notes
SDn_REF_CLK1_P/SDn_REF_CLK1_N frequency teik_Rrer - 100/125 - MHz 1
range
SDn_REF_CLK1_P/SDn_REF_CLK1_N clock teik_ToL -350 - +350 ppm -
frequency tolerance
SDn_REF_CLK1_P/SDn_REF_CLK1_N reference tewk_puty 40 50 60 % 5
clock duty cycle
SDn_REF_CLK1_P/SDn_REF_CLK1 N cycle- to- tok co - - 100 ps 2
cycle clock jitter (period jitter)
SDn_REF_CLK1_P/SDn_REF_CLK1_N total towk_py -50 - +50 ps 2,3, 4
reference clock jitter, phase jitter (peak-to-peak)

Notes:

1. Caution: Only 100 and 125 MHz have been tested. In-between values do not work correctly with the rest of the system.

2. At RefClk input.

3. Inafrequency band from 150 kHz to 15 MHz at BER of 10712,

4. Total peak-to-peak deterministic jitter must be less than or equal to 50 ps.

5. Measurement taken from differential waveform.

6. For recommended operating conditions, see Table 4.

3.24.5.2.2 AC transmitter output characteristics

This table provides the differential transmitter output AC characteristics for the SATA interface at Gen 1i/1lm or 1.5
Gbit/s transmission. The AC timing specifications do not include RefClk jitter.

Table 135. Gen 1i/1m 1.5 G transmitter AC specifications (2)

Parameter Symbol Min Typ Max Units Notes
Channel speed {CH_SPEED - 15 - Ghit/s -
Unit interval Tul 666.4333 666.6667 670.2333 ps -
Total jitter data-data 5 Ul USATA_TXTJ5UI - - 0.355 Ul p-p 1
Total jitter, data-data 250 Ul USATA_TXTJ250UI - - 0.47 Ul p-p 1
Deterministic jitter, data-data 5 Ul USATA_TXDJ5UI - - 0.175 Ul p-p 1
Deterministic jitter, data-data 250 Ul USATA_TXDJZSOUI - - 0.22 Ul p-p 1

Notes:
1. Measured at transmitter output pins peak-to-peak phase variation; random data pattern.
2. For recommended operating conditions, see Table 4.
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This table provides the differential transmitter output AC characteristics for the SATA interface at Gen 2i/2m or 3.0
Gbit/s transmission. The AC timing specifications do not include RefClk jitter.

Table 136. Gen 2i/2m 3 G transmitter AC specifications (2)

Parameter Symbol Min Typ Max Units Notes
Channel speed t{CH_SPEED - 3.0 - Ghit/s -
Unit Interval Ty 333.2167 333.3333 335.1167 ps -
Total jitter f345 = fgaup + 500 USATA_TXTJIfB/500 - - 0.37 Ul p-p 1
Total jitter f345 = fgaup + 1667 USATA_TXTJIfB/1667 - - 0.55 Ul p-p 1
Deterministic jitter, f~34g = fgaup * USATA_TXDJfB/500 - - 0.19 Ul p-p 1
Deterministic jitter, fCSdB = fBAUD + USATA_TXDJfB/1667 - - 0.35 Ul p-p 1

Notes:

1. Measured at transmitter output pins peak-to-peak phase variation; random data pattern.
2. For recommended operating conditions, see Table 4.

This table provides the differential transmitter output AC characteristics for the SATA interface at Gen 3i transmission.

The AC timing specifications do not include RefClk jitter.

Table 137. Gen 3i transmitter AC specifications (1)

Parameter Symbol Min Typ Max Units

Speed - - 6.0 - Ghit/s

Total jitter before and after compliance interconnect channel JT - - 0.52 Ul p-p

Random jitter before compliance interconnect channel JR - - 0.18 Ul p-p

Unit interval ul 166.6083 166.6667 167.5583 ps
Note:

1. Forrecommended operating conditions, see Table 4.

3.24.5.2.3 AC differential receiver input characteristics

This table provides the Genli/1m or 1.5 Gbit/s differential receiver input AC characteristics for the SATA interface. The
AC timing specifications do not include RefClk jitter.

Table 138. Gen 1i/Im 1.5 G receiver AC specifications (2)

Parameter Symbol Min Typical Max Units Notes
Unit Interval Tul 666.4333 666.6667 670.2333 ps -
Total jitter data-data 5 Ul USATA_RXTJ5UI - - 0.43 Ul p-p 1
Total jitter, data-data 250 Ul USATA_RXTJ250UI - - 0.60 Ul p-p 1
Deterministic jitter, data-data 5 Ul USATA_RXDJ5UI - - 0.25 Ul p-p 1
Deterministic jitter, data-data 250 Ul USATA_RXDJZSOUI - - 0.35 Ul p-p 1

Notes:
1. Measured at the receiver.

2. Forrecommended operating conditions, see Table 4.
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This table provides the differential receiver input AC characteristics for the SATA interface at Gen2i/2m or 3.0 Gbit/s
transmission. The AC timing specifications do not include RefClk jitter.

Table 139. Gen 2i/2m 3 G receiver AC specifications (2)

Parameter Symbol Min Typical Max Units Notes

Unit Interval Tul 333.2167 333.3333 335.1167 ps -

Total jitter f~g4g = fgaup * 200 USATA_RXTJfB/500 - - 0.60 Ul p-p 1

Total jitter o345 = fgaup + 1667 USATA_RXTJfB/1667 - - 0.65 Ul p-p 1

Deterministic jitter, fCBdB = fBAUD + 500 USATA_RXDJfB/5OO - - 0.42 Ul p-p 1

Deterministic jitter, f~g34g = fgaup * USATA_RXDJfB/1667 - - 0.35 Ul p-p 1
Notes:

1. Measured at the receiver.
2. For recommended operating conditions, see Table 4.

This table provides the differential receiver input AC characteristics for the SATA interface at Gen 3i transmission. The
AC timing specifications do not include RefCIk jitter.

Table 140. Gen 3i receiver AC specifications (2)

Parameter Symbol Min Typical Max Units Notes

Total jitter after compliance interconnect JT - - 0.60 Ul p-p 1

channel

Random jitter before compliance JR - - 0.18 Ul p-p 1

interconnect channel

Unit interval: 6.0 Gb/s ul 166.6083 166.6667 167.5583 ps -
Notes:

1. Measured at the receiver.
2. The AC specifications do not include RefCIk jitter.
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4 SECURITY FUSE PROCESSOR

This chip implements the QorlQ platform's trust architecture, supporting capabilities such as secure boot. Use of the
trust architecture feature is dependent on programming fuses in the Security Fuse Processor (SFP). The details of the
trust architecture and SFP can be found in the chip reference manual.

To program SFP fuses, the user is required to supply 1.8 V to the TA_PROG_SFP pin per Power sequencing.
TA_PROG_SFP should only be powered for the duration of the fuse programming cycle, with a per device limit of six
fuse programming cycles. All other times, TA_PROG_SFP should be connected to GND. The sequencing
requirements for raising and lowering TA_PROG_SFP are shown in Figure 9. To ensure device reliability, fuse
programming must be performed within the recommended fuse programming temperature range per Table 4.

NOTE

Users not implementing the QorlQ platform's trust architecture features should connect TA_PROG_SFP to GND.

5 HARDWARE DESIGN CONSIDERATIONS

5.1 Clock ranges

This table provides the clocking specifications for the processor core, platform, memory, and integrated flash controller.
Table 141. Processor, platform, and memory clocking specifications

Characteristic Maximum processor core frequency Unit Notes
1200 MHz 1400 MHz 1600 MHz 1800 MHz
Min Max Min Max Min Max Min Max

Core cluster group PLL frequency 1000 | 1200 | 1000 | 1400 | 1000 | 1600 | 1000 | 1800 MHz 1,2
Platform clock frequency 400 400 400 600 400 700 400 700 MHz 1,3
Memory Bus Clock Frequency (DDR4) 650 800 650 1050 650 1050 650 1050 MHz 1,4,5
IFC clock frequency - 100 - 100 - 100 - 100 MHz
FMan 400 600 400 600 400 800 400 800 MHz

1. Caution: The platform clock to SYSCLK ratio and core to SYSCLK ratio settings must be chosen such that the resulting
SYSCLK frequency, core frequency, and platform clock frequency do not exceed their respective maximum or minimum
operating frequencies.

2. The memory bus clock speed is half the DDR4 data rate. The DDR4 memory bus clock frequency is limited to min = 650
MHz.

3. The memory bus clock speed is dictated by its own PLL.

4. The integrated flash controller (IFC) clock speed on IFC_CLK]0:1] is determined by the IFC module input clock (platform
clock / 2) divided by the IFC ratio programmed in CCR[CLKDIV]. See the chip reference manual for more information.

5.  The minimum platform frequency should meet the requirements in Minimum platform frequency requirements for high-
speed interfaces.

6. For supported voltage/frequency options, see the orderable part list of QorlQ QLS1046A and QLS1026A Multicore
Communications Processors at www.Teledyne e2v.com.
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5.1.

1 DDR clock ranges

The DDR memory controller can run only in asynchronous mode, where the memory bus is clocked with the clock
provided on the DDRCLK input pin, which has its own dedicated PLL.

This table provides the clocking specifications for the memory bus.

Table 142. Memory bus clocking specifications

Characteristic Min Freq.(MHz) Max Freq.(MHz) Min Data Rate Max Data Rate Notes
(MT/s) (MT/s)

Memory bus clock frequency 650 1050 1300 2100 1,2,3

and data rate for DDR4

Notes:

1. Caution: The platform clock to SYSCLK ratio, core to SYSCLK ratio and DDR to SYSCLK (or DDRCLK) ratio settings
must be chosen such that the resulting platform frequency, core frequency and DDRCLK frequency do not exceed their
respective maximum or minimum operating frequencies.

2. The memory bus clock refers to the chip's memory controllers' Dn_MCK]0:1] and Dn_MCK]0:1] output clocks, running at
half of the DDR data rate.

3. The memory bus clock speed is dictated by its own PLL.

4. For supported voltage/frequency options, see the orderable part list of QorlQ QLS1046A and QLS1026A Multicore
Communications Processors at www. Teledyne e2v.com.

5.2 Minimum platform frequency requirements for high-speed interfaces

The platform clock frequency must be considered for proper operation of high-speed interfaces as described below.
For proper PCI Express operation, the platform clock frequency must be greater than or equal to:

Figure 87. Gen 1 PEX minimum platform frequency

527 MHz x (PCI Express link width)
16

Figure 88. Gen 2 PEX minimum platform frequency

527 MHz x (PCI Express link width)
8

Figure 89. Gen 3 PEX minimum platform frequency

527 MHz x (PCI Express link width)
4

See section "Link Width," in the chip reference manual for PCI Express interface width details. Note that "PCI Express
link width" in the above equation refers to the negotiated link width as the result of PCI Express link training, which may
or may not be the same as the link width POR selection. It refers to the widest port in use, not the combined width of
the number ports in use.

5.3 Minimum DPAA frequency requirements

The minimum DPAA frequency of 533 MHz is required for 10 G operations.
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6 THERMAL

This table shows the thermal characteristics for the chip. Note that these numbers are based on design estimates and
are preliminary.

Table 143. Package thermal characteristics (for LS1046 stand-alone)

Rating Board Symbol Value Unit Notes
Junction-to-ambient, natural convection Single-layer board (1s) Roua 25.18 °C/W 1
Junction-to-ambient, natural convection Four-layer board (2s2p) Roua 14.35 °C/W 1
Junction-to-ambient, moving air (1 m/s) Single-layer board (1s) Rouva 15.47 °C/W 1
Junction-to-ambient, moving air (1 m/s) Four-layer board (2s2p) Rouma 9.35 °C/W 1

Junction-to-board - Rous 4.66 °C/W 2
Junction-to-case (top) - Reuc 0.71 °C/W 3
Junction-to-lid top - Rout 0.36 °C/W 4

Notes:

1. Junction-to-Ambient Thermal Resistance determined per JEDEC JESD51-2A and JESD51-6 (moving air). Thermal test
board meets JEDEC specification for this package (JESD51-9).

2. Junction-to-Board thermal resistance determined per JEDEC JESD51-8. Thermal test board meets JEDEC specification
for the specified package.

3. 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.

4. Junction-to-lid-top thermal resistance is determined using the MIL-STD 883 Method 1012.1. However, instead of the cold
plate, the lid top temperature is used here for the reference case temperature. Reported value does not include the thermal
resistance layer between the package and cold plate.

5. Thermal resistance data in this report is solely for a thermal performance comparison of one package to another in a

specific standardized environment. It is not meant to predict the performance of a package in an application-specific
environment.
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Table 144. Thermal resistance with heat sink in open flow (for LS1046 stand-alone)

Heat sink with thermal grease Air flow Thermal resistance (°C/W)
Wakefield 53 x 53 x 25 mm Pin Fin Natural Convection 6.5
Wk698 0.5m/s 4.0
1m/s 2.9
2m/s 2.4
4m/s 2.1
Aavid 35x31x23 mm Pin Fin Natural Convection 8.8
av10563 0.5mls 53
1m/s 4.2
2mls 3.9
4mls 3.3
Aavid 30x30x9.4 mm Pin Fin Natural Convection 12.5
Av 3358 0.5m/s 8.9
1m/s 6.7
2m/s 5.1
4mls 4.1
Aavid 43x41x16.5 mm Pin Fin Natural Convection 9.0
Av 2332 0.5m/s 5.8
1m/s 4.3
2m/s 3.2
4mls 2.7
Notes:
1. Simulations with heat sinks were done with the package mounted on the 2s2p thermal test board.
2. The thermal interface material was a typical thermal grease such as Dow Corning 340 or Wakefield 120 grease.
3. See Thermal management information, for additional details.
6.1 Recommended thermal model
Information about Flotherm models of the package or thermal data not available in this document can be obtained from
your local Teledyne e2v sales office.
6.2 Temperature diode

The chip has a temperature diode on the microprocessor that can be used in conjunction with other system
temperature monitoring devices (such as Analog Devices, ADT7461A). These devices feature series resistance
cancellation using three current measurements, where up to 1.5 kQ of resistance can be automatically cancelled from
the temperature result, allowing noise filtering and a more accurate reading.

The following are the specifications of the chip's on-board temperature diode:
® QOperating range: Operating range: 10 - 230pA

® Ideality factor over 13.5 - 220 pA

® Temperature range: 80°C - 105°C: n = 1.004 + 0.008
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6.3 Thermal management information

This section provides thermal management information for the flip-chip, plastic-ball, grid array (FC-PBGA) package for
air-cooled applications. Proper thermal control design is primarily dependent on the system-level design-the heat sink,
airflow, and thermal interface material.

The recommended attachment method to the heat sink is illustrated in Figure 90. The heat sink should be attached to
the printed-circuit board with the spring force centered over the die. This spring force should not exceed 15 pounds
force (65 N).

Figure 90. Package exploded, cross-sectional view-FC-PBGA

Heat Sink Clip Adhesive or Thermal

Interface Material

Heat Sink

Thermal Gap Pad

Qormino V3————

..................................................

Board

The system board designer can choose between several types of heat sinks to place on the device. There are several
commercially available thermal interfaces to choose from in the industry. Ultimately, the final selection of an
appropriate heat sink depends on many factors, such as thermal performance at a given air velocity, spatial volume,
mass, attachment method, assembly, and cost.

6.3.1 Internal package conduction resistance (for LS1046 stand-alone)

For the package, the intrinsic internal conduction thermal resistance paths are as follows:

® The die junction-to-case thermal resistance
® The die junction-to-lid-top thermal resistance
® The die junction-to-board thermal resistance
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This figure shows the primary heat transfer path for a package with an attached heat sink mounted to a printed-circuit
board.

Figure 91. Package with heat sink mounted to a printed-circuit board

External resistance Radiation Convection
Heat sink—— Junctionto case top
Junctionto lid top <« Thermal interface matrial
—
<~— Die/Package
Internall resistance <« Die junctin
<« Package/Solder balls
Printed-circuit boad
External resistance Radiation Convection

(Note the internal versus external package resistance)

The heat sink removes most of the heat from the device. Heat generated on the active side of the chip is conducted
through the silicon and through the heat sink attach material (or thermal interface material), and finally to the heat sink.
The junction-to-case thermal resistance is low enough that the heat sink attach material and heat sink thermal
resistance are the dominant terms.

6.3.2 Thermal interface materials

A thermal interface material is required at the package-to-heat sink interface to minimize the thermal contact
resistance. The performance of thermal interface materials improves with increasing contact pressure; this
performance characteristic chart is generally provided by the thermal interface vendor. The recommended method of
mounting heat sinks on the package is by means of a spring clip attachment to the printed-circuit board (see Figure
90).

The system board designer can choose among several types of commercially available thermal interface materials.
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7 PACKAGE INFORMATION

7.1 Package parameters for the FC-PBGA

The package parameters are as provided in the following list. The package type is 26 mm x 44 mm, 1415 flip-chip,
plastic-ball, grid array.

¢ Package outline - 26 mm x 44 mm

® Interconnects - 1415

¢ Ball Pitch - 0.8 mm

¢ Ball Diameter (nominal) - 0.45 mm

¢ Ball Height (nhominal) - 0.3 mm

® Solder Balls Composition - 96.5% Sn, 3% Ag, and 0.5% Cu
¢ Solder Balls Composition - 63% Sn, 37% Pb

® Module height 3.83 mm typ (3.61 mm to 4.05 mm)

7.2 Mechanical dimensions of the FC-PBGA
This figure shows the mechanical dimensions and bottom surface nomenclature of the chip.
Figure 92. Mechanical dimensions of the FC-PBGA
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1. All dimensions are in millimeters.
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2. Dimensions and tolerances per ASME Y14.5M-1994.

8 ORDERING INFORMATION

This table provides the Teledyne e2v QorlQ platform part numbering nomenclature.

8.1 Part numbering nomenclature
This table provides the NXP QorlQ platform part numbering nomenclature.

Table 145. Part numbering nomenclature

Generation Performance Number Unique Temperature Encryption Package CPU DDR Data DDR Size Memory Product
Level of ID Range Type Speed (3) Rate Type Revision
Virtual
cores
QLS(X) (2) 1 04 = 6 A= E= 13) = P = 1400 1=2100 4=4GB | 4=DDR4 A=
= four Automotive Encryption FCPBGA MHz MHz _ Rev 1.0
Layer cores -40°C - with L1, 8=8GB
° N = Non- Q =1600 B=
scape 105°C 5 L2/SnPb
02 = Encryption CMS/Pbfree MHz Rev 2.0
two F =-40°C — T = 1800
cores 125°C MHz
M = Military 3=FCPBGA
-55°C — L2/SnPb L1,
125°C CMS/Pbfree
8 = FCPBGA
L1, L2,
CMS/Pbfree
Notes:

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

2. The letter X in the part number designates a "Prototype" product that has not been qualified by Teledyne 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. For the QLS1046A and QLS1026A family of devices, parts marked with "M" CPU speed require 0.9 V operating voltage.
‘1’ means everything is SnPb, except for the passives which are RoHs finish but assembled with SnPb solder paste.

9 REVISION HISTORY

This table summarizes revisions to this document.

Issue Date Comments

DS 60S 217489(G) 12/23 | Update power consumption with DDR4_8GB data

Update ordering information with DDR4_8GB

DS 60S 217489(E-F) 03/23 | Delete TBD

Add DDR4 power consumption

Add ref AN 60S 223060 (available on the product webpage)

DS 60S 217489(D) 01/22 Chap 6 descriptions for LS1046 stand-alone

Removal of Preliminary

Deleting M version and features at 0.9V, Table 4, Table 8, Table 9 and Table 145. For the QLS1046A
family of devices, only parts marked with “P”, “Q” and “T” support extended temperature range, parts
marked “M” CPU speed supports 0°C — 105°C range only.

In Table 4

- Updated recommended value of USB_SVIN from "0.3 to USB_SVDD" to "GND to USB_SVDD"
Removed input signals from Table 5 as they are irrelevant for output drive capability

Removed typo "PORESET_B assertion" from step2 of secure boot fuse programming in Power

sequencing
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In Table 8 and Table 9

- Added note 9 regarding power numbers applicability

- Added power numbers for 12200MHz at 1.0V

- Added note 10 regarding power numbers applicability for 1200MHz at 1.0V
Chap 3.5 consumption values for 2100MHz

Chap 3.10.1 power sequence 64ms=>3s

In Table 11

Values for x64 at 2100 MHz only

DS 60S 217489(C) 08/21 | Table 146. Part numbering nomenclature: Removed column “core type”
Removed jitter spec for ECn_GTX_CLK125 in Table 19

DS 60S 217489(B) 05/20 | Table 9.1: Added line “Iddinit: DDR4 initialization current”
Updated Figure 93. Mechanical dimensions of the FC-PBGA

DS 60S 217489(A) 01/19 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 e2v intellectual 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 Egreve, France.
Telephone: +33 4 76 58 30 00

e-mail: hotline-std@teledyne.com

Copyright © 2022, Teledyne e2v Semiconductors SAS
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