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1. SCOPE

1.1 Scope. This drawing documents product assurance class level consisting of high reliability space application device
class Y ceramic non-hermetic flip chip device. A choice of case outlines and lead finishes are available and are reflected in the
Part or Identifying Number (PIN). When available, a choice of Radiation Hardness Assurance (RHA) levels is reflected in the
PIN.

1.2 PIN. The PIN is as shown in the following examples.

For device class Y:

5962 X 20209 01 Y X E
Federal RHA Device Device Case Lead
stock class designator type class outline finish
designator (see 1.2.1) (see 1.2.2) designator (see 1.2.4) (see 1.2.5)
\ / (see 1.2.3)
V

Drawing number

1.2.1 RHA designator. Device class Y RHA marked devices meet the MIL-PRF-38535 specified RHA levels and are marked
with the appropriate RHA designator. A dash (-) indicates a non-RHA device.

1.2.2 Device type(s). The device type(s) identify the circuit function as follows:

Device type Generic number Frequency Circuit function
01 8548E 1200/400 MHz Power QUICC Il Integrated Processor
02 8548E 1333/533 MHz Power QUICC Il Integrated Processor
03 8548 1200/400 MHz Power QUICC Il Integrated Processor
04 8548 1333/533 MHz Power QUICC Il Integrated Processor

1.2.3 Device class designator. The device class designator is a single letter identifying the product assurance level as listed
below.

Device class Device requirements documentation

Y Certification and qualification to MIL-PRF-38535

1.2.4 Case outline(s). The case outline(s) are as designated in MIL-STD-1835 or as follows:

Outline letter Descriptive designator Terminals Package style
X See figure 1 783 Flip Chip — Ceramic Ball Grid Array (FC-CBGA) 1/
Y See figure 2 783 Flip Chip — Ceramic Column Grid Array (FC-CCGA) 2/

1.2.5 Lead finish. The lead finish is as specified in MIL-PRF-38535 for device class Y.

1/ Terminal lead finish F is tin lead alloy. Package case outline X solder balls material is Sn=63% and Pb=37%.
2/ Terminal lead finish F is tin lead alloy with copper spiral column. Package case outline Y solder columns material is
Sn= 15%, Pb=85% and wrapped with copper spiral coil. A layer of eutectic solder plated over the surface of the Cu spiral.
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1.3 Absolute maximum ratings. 3/

Core supply voltage, (Vbp)
PLL supply voltage, (AVbp)

Three-speed Ethernet I/O voltage:

LVop (for eTSEC1 and eTSEC2)
TVop (for eTSEC3 and eTSEC4)

Core power supply for SerDes transceivers, (SVbb)
Pad power supply for SerDes transceivers, (XVbb)
DDR and DDR2 DRAM I/O voltage, (GVbb)

PCI/PCI-X, DUART, system control and power management,

I2C, Ethernet MIl management
Local bus I/0 voltage, (BVbb)
Input voltage

DDR/DDR2 DRAM signals,

DDR/DDR2 DRAM reference, (MVReF)

, and JTAG 1/O voltage, (OVbb)

(MVin)

Three-speed Ethernet I/O signals:

(LVIN)
(TVIN)
Local bus signals, (BVIN)

DUART, SYSCLK, system control and power management,

I2C, Ethernet MIl management, and JTAG signals, (OVin)

PCI/PCI-X, (OVIN) .eeeueennee
Storage temperature range, (TsTc)

-03Vto121V
-03Vto121V
-03Vto121V
-03Vto1.21V
-03Vto275Vand-03Vto1.98V 4/

-03Vto363Vand-03Vto2.75V 5
-03Vto363Vand-03Vto275V 5

-0.3V1t03.63V 5
-0.3V1t03.63Vand-03Vto275V 5/

-0.3Vto (GVop +0.3)V 6/
-0.3 V to (GVop/2 + 0.3) V

-0.3 V to (LVop +0.3) V
-0.3 V to (TVop +0.3) V
0.3V to (BVop +0.3) V

6/

-0.3Vto (OVop +0.3) V 6/
-0.3Vto (OVop +0.3) V 6/
-55°C to 150°C

Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are

stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated under
“recommended operating conditions” is not implied. Exposure to absolute maximum rated conditions for extended periods

may affect device reliability.

The —-0.3 to 2.75 V range is for DDR and —0.3 to 1.98 V range is for DDR2.
The 3.63 V maximum is only supported when the port is configured in GMII, MIl, RMII, or TBI modes; otherwise the 2.75 V

maximum applies. See manufacturer data sheet on "FIFO, GMII, Mll, TBI, RGMII, RMIl, and RTBI AC Timing
Specifications” for details on the recommended operating conditions per protocol.

(M, L,O)ViNn may overshoot/undershoot to a voltage and for a maximum duration as shown in FIGURE 4.
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1.4 Recommended operating conditions.

Core supply VOIAGE (VDD) ...uvveeeiiriie ittt 1.1V 55 mV
PLL supply VOItage, (AVDD) ....eiiicieiiiiiiee ettt 1.1V £55 mV 7/
Core power supply for SerDes transceivers, (SVDD) .......ocvveveiniviieriieeeinnneen. 1.1V 55 m
Pad power supply for SerDes transceivers, (XVDD) .....ccooevveeeeeiiciiiiiieeeeeeenns 1.1V 55 mV
DDR and DDR2 DRAM /O voltage, (GVDD) ...ccceveeiieieeiiiieeeeiiie e 2.5V +125mV and 1.8 V £90 mV
Three-speed Ethernet 1/0 voltage:
(LVDD) ettt ettt ettt ettt 3.3V+165mVand 25V 125 mV 10/
LI/ RS PRR 3.3V+165mVand 2.5V 1256 mV 10/
PCI/PCI-X, DUART, system control and power management,
I2C, Ethernet MIl management, and JTAG 1/O voltage, (OVDD) ...cceeveneeee. 33V+165mv 9/
Local bus I/O voltage, (BVDD) ....ccceeeiiiieeiiiiiie et 3.3V +165mVand 2.5V £125 mV
Input voltage:
DDR and DDR2 DRAM signals, (MVIN) ...ccccoveiiiieeeiiiee e GND to GVoo 8/
DDR and DDR2 DRAM reference, (MVREF) ..cocovveeeeiiiiieeniiieeiiieen GND to GVop/2 8/
Three-speed Ethernet signals,
(LVIN) ettt e GND to LVoo 10/
IR PSR GND to TVbp
Local bus signals, (BVIN) ...c.cveeiiiiiiiiiiiieeee e GND to BVop
PCI, DUART, SYSCLK, system control and power management,
I2C, Ethernet MIl management, and JTAG signals, (OVN) ............. GND to OVop 9/
Operating temperature range (Tu, TC) uuuveeiiieeeiniiee e Tc=-55°Cto Ty =125°C
Thermal characteristics.
Characteristic JEDEC Board Value Unit
Case X | CaseY
Die Junction-to-Ambient (Natural Convection), Resa 11/ 12/ | Single-layer board (1s) 17 17.3 °C/W
Die Junction-to-Ambient (Natural Convection), Reua 11/ 12/ Four-layer board (2s2p) 12 12.3
Die Junction-to-Ambient (200 ft/min), Resa 11/12/ Single-layer board (1s) 11 11.3
Die Junction-to-Ambient (200 ft/min), Resa 11/ 12/ Four-layer board (2s2p) 8 8.3
Die Junction-to-Board, Ress 13/ N/A 3 3.3
Die Junction-to-Case, ReJc 14/ N/A 0.8 0.8

7/ This voltage is the input to the filter discussed in manufacturer data sheet on "PLL Power Supply Filtering” and not

necessarily the voltage at the AVpp pin, which may be reduced from Vop by the filter.

8/ Caution: MViNn must not exceed GVobp by more than 0.3V. This limit may be exceeded for a maximum of 20 ms during

power on reset and power-down sequences.

9/ Caution: OVin must not exceed OVop by more than 0.3V. This limit may be exceeded for a maximum of 20 ms during

power on reset and power-down sequences.

10/ Caution: L/TViN must not exceed L/TVop by more than 0.3V. This limit may be exceeded for a maximum of 20 ms during

power-on reset and power-down sequences.

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

12/  Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

13/ Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured

on the top surface of the board near the package.

Thermal resistance between the die and the case top surface as determined by thermal simulation.

—
N
~
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2. APPLICABLE DOCUMENTS

2.1 Government specification, standards, and handbooks. The following specification, standards, and handbooks form a part
of this drawing to the extent specified herein. Unless otherwise specified, the issues of these documents are those cited in the
solicitation or contract.

DEPARTMENT OF DEFENSE SPECIFICATION

MIL-PRF-38535 - Integrated Circuits, Manufacturing, General Specification for.
DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-883 - Test Method Standard Microcircuits.

MIL-STD-1835 - Interface Standard Electronic Component Case Outlines.
DEPARTMENT OF DEFENSE HANDBOOKS

MIL-HDBK-103 - List of Standard Microcircuit Drawings.
MIL-HDBK-780 - Standard Microcircuit Drawings.

(Copies of these documents are available online at https://quicksearch.dla.mil/).

2.2 Non-Government publications. The following document(s) form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents cited in the solicitation or contract.

JEDEC — SOLID STATE TECHNOLOGY ASSOCIATION (JEDEC)

JESD51-6 - Integrated Circuit Thermal Test Method Environmental Conditions

JESD51-7 - High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

JESD51-8 - Integrated Circuits Thermal Test Method Environment Conditions — Junction-to-board

JESD57 - Test Procedures for the Measurement of Single-Event Effects in Semiconductor Devices from
Heavy lon Irradiation

J-STD-020 - Moisture/Reflow Sensitivity Classification for Non-hermetic Solid State Surface Mount Devices

JEP163 — Selection of Burn-In/Life Test Conditions and Critical Parameters for QML Microcircuits

JESD22-B117 — Solder ball shear test method

JESD471 - Symbol and Label for Electrostatic Sensitivity Devices.

JESDG625 - Requirements for Handling Electrostatic Discharge Sensitive (ESDs) Devices

(Copies of these documents are available online at https://www.jedec.org )

ASTM INTERNATIONAL (ASTM)

ASTM F1192 - Standard Guide for the Measurement of Single Event Phenomena (SEP) Induced by Heavy lon Irradiation
of semiconductor Devices.

(Copies of these documents are available online at https://www.astm.org ).

2.3 Order of precedence. In the event of a conflict between the text of this drawing and the references cited herein, the text of
this drawing takes precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a
specific exemption has been obtained.
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3. REQUIREMENTS

3.1 Item requirements. The individual item requirements for device classes Q and V shall be in accordance with

MIL-PRF-38535 as specified herein, or as modified in the device manufacturer's Quality Management (QM) plan. The
modification in the QM plan shall not affect the form, fit, or function as described herein.

3.2 Design, construction, and physical dimensions. The design, construction, and physical dimensions shall be as

specified in MIL-PRF-38535 and herein for device class Y.

3.2.1

3.2.2

3.23

3.2.4

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

3.2.14

3.2.15

3.2.16

3.2.17

3.2.18

3.2.19

3.2.20

3.2.21

Case outline X. The case outline X shall be in accordance with 1.2.4 herein and figure 1.
Case outline Y. The case outline Y shall be in accordance with 1.2.4 herein and figure 2.
Block diagram. The Block Diagram shall be as specified on figure 3.

Overshoot/Undershoot Voltage for GVbo/OVoo/LVop/BVop. The Overshoot/Undershoot Voltage for
GVop/OVoo/LVbo/BVop shall be as specified on figure 4.

Timing Diagram for tooknvn. The Timing Diagram for tookxmn shall be as specified on figure 5.

DDR SDRAM Output Timing Diagram. The DDR SDRAM Output Timing Diagram shall be as specified on figure 6.

DDR AC Test Load. The DDR AC Test Load shall be as specified on figure 7.

FIFO Transmit AC Timing Diagram. The FIFO Transmit AC Timing Diagram shall be as specified on figure 8.

FIFO Receive AC Timing Diagram. The FIFO Receive AC Timing Diagram shall be as specified on figure 9.

GMIl Transmit AC Timing Diagram. The GMII Transmit AC Timing Diagram shall be as specified on figure 10.

GMII Receive AC Timing Diagram. The GMII Receive AC Timing Diagram shall be as specified on figure11

MII Transmit AC Timing Diagram. The MIl Transmit AC Timing Diagram shall be as specified on figure12.

eTSEC AC Test Load. The eTSEC AC Test Load shall be as specified on figure13.

MII Receive AC Timing Diagram. The MIl Receive AC Timing Diagram shall be as specified on figure14.

TBI Transmit AC Timing Diagram. The TBI Transmit AC Timing Diagram shall be as specified on figure15.

TBI Receive AC Timing Diagram. The TBI Receive AC Timing Diagram shall be as specified on figure16.

TBI Single-Clock Mode Receive AC Timing Diagram. The TBI Single-Clock Mode Receive AC Timing Diagram
shall be as specified on figure17.

RGMII and RTBI AC Timing and Multiplexing Diagrams. The RGMII and RTBI AC Timing and Multiplexing
Diagrams shall be as specified on figure18.

RMII Transmit AC Timing Diagram. The RMII Transmit AC Timing Diagram shall be as specified on figure19.

eTSEC AC Test Load. The eTSEC AC Test Load shall be as specified on figure 20.

RMII Receive AC Timing Diagram. The RMII Receive AC Timing Diagram shall be as specified on figure 21.
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3.2.22

3.2.23

3.2.24

3.2.25

3.2.26

3.2.27

3.2.28

3.2.29

3.2.30

3.2.31

3.2.32

3.2.33

3.2.34

3.2.35

3.2.36

3.2.37

3.2.38

3.2.39

3.2.40

3.2.41

3.2.42

3.2.43

MII Management Interface Timing Diagram. The MIl Management Interface Timing Diagram shall be as specified
on figure 22.

Local Bus AC Test Load. The Local Bus AC Test Load shall be as specified on figure 23.

Local Bus Signals, (PLL Enabled). The Local Bus Signals, (PLL Enabled) shall be as specified on figure 24.

Local Bus Signals (PLL Bypass Mode). The Local Bus Signals (PLL Bypass Mode) shall be as specified on figure
25.

Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Enabled). The Local Bus Signals,
GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Enabled) shall be as specified on figure 26.

Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Bypass Mode). The Local Bus Signals,
GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Bypass Mode) shall be as specified on figure 27.

Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 8 or 16 (PLL Enabled). The Local Bus Signals,
GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Enabled) shall be as specified on figure 28.

Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 8 or 16 (PLL Bypass Mode). The Local Bus Signals,
GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Bypass Mode) shall be as specified on figure 29.

AC Test Load for the JTAG Interface. The AC Test Load for the JTAG Interface shall be as specified on figure 30.

JTAG Clock Input Timing Diagram. The JTAG Clock Input Timing Diagram shall be as specified on figure 31.

TRST Timing Diagram. The TRST Timing Diagram shall be as specified on figure 32.

Boundary-scan Timing Diagram. The Boundary-scan Timing Diagram shall be as specified on figure 33.

[2C AC Test Load. The I2C AC Test Load shall be as specified on figure 34.

I°C Bus AC Timing Diagram. The I°C Bus AC Timing Diagram shall be as specified on figure 35.

PCI/PCI-X Input AC Timing Measurement Conditions. The PCI/PCI-X Input AC Timing Measurement Conditions
shall be as specified on figure 36.

PCI/PCI-X Output AC Timing Measurement Condition. The PCI/PCI-X Output AC Timing Measurement Condition
shall be as specified on figure 37.

PCI/PCI-X Output AC Timing Measurement Condition. The PCI/PCI-X Output AC Timing Measurement Condition
shall be as specified on figure 38.

Differential Voltage Definitions for Transmitter or Receiver. The Differential Voltage Definitions for Transmitter or
Receiver shall be as specified on figure 39.

Receiver of SerDes Reference Clocks. The Receiver of SerDes Reference Clocks shall be as specified on figure
40.

Differential Reference Clock Input DC Requirements (External DC-Coupled). The Differential Reference Clock
Input DC Requirements (External DC-Coupled) shall be as specified on figure 41.

Differential Reference Clock Input DC Requirements (External AC-Coupled). The Differential Reference Clock
Input DC Requirements (External AC-Coupled) shall be as specified on figure 42.

Single-Ended Reference Clock Input DC Requirements. The Single-Ended Reference Clock Input DC
Requirements shall be as specified on figure 43.

STANDARD SIZE
MICROCIRCUIT DRAWING A 5962-20209
DLA LAND AND MARITIME REVISION LEVEL SHEET
COLUMBUS, OHIO 43218-3990 7

DSCC FORM 2234

APR 97




3.2.44

3.2.45

3.2.46

3.2.47

3.2.48

3.2.49

3.2.50

3.2.51

3.2.52

3.2.53

3.2.54

3.2.55

DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only). The DC-Coupled Differential
Connection with HCSL Clock Driver (Reference Only) shall be as specified on figure 44.

AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only). The AC-Coupled Differential
Connection with LVDS Clock Driver (Reference Only) shall be as specified on figure 45.

AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only). The AC-Coupled Differential
Connection with LVPECL Clock Driver (Reference Only) shall be as specified on figure 46.

Single-Ended Connection (Reference Only). The Single-Ended Connection (Reference Only) shall be as specified
on figure 47.

SerDes Transmitter and Receiver Reference Circuits. The SerDes Transmitter and Receiver Reference Circuits
shall be as specified on figure 48.

Minimum Transmitter Timing and Voltage Output Compliance Specifications. The Minimum Transmitter Timing and
Voltage Output Compliance Specifications shall be as specified on figure 49.

Minimum Receiver Eye Timing and Voltage Compliance Specification. The Minimum Receiver Eye Timing and
Voltage Compliance Specification shall be as specified on figure 50.

Compliance Test/Measurement Load. Compliance Test/Measurement Load shall be as specified on figure 51.

Differential Peak-to-Peak Voltage of Transmitter or Receiver. The Differential Peak-to-Peak Voltage of Transmitter
or Receiver shall be as specified on figure 52.

Transmitter Output Compliance Mask. The Transmitter Output Compliance Mask shall be as specified on figure 53.

Single Frequency Sinusoidal Jitter Limits. The Single Frequency Sinusoidal Jitter Limits shall be as specified on
figure 54.

Receiver Input Compliance Mask. The Receiver Input Compliance Mask shall be as specified on figure 55.
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3.3 Radiation exposure circuit. The radiation exposure circuit shall be maintained by the manufacturer under document
revision level control and shall be made available to the preparing and acquiring activity upon request.

3.4 Electrical performance characteristics and postirradiation parameter limits. Unless otherwise specified herein, the
electrical performance characteristics and postirradiation parameter limits are as specified in table | and shall apply over the full
case operating temperature range.

3.5 Electrical test requirements. The electrical test requirements shall be the subgroups specified in table Il. The electrical
tests for each subgroup are defined in table IA.

3.5.1 Solderability test for BGA/CGA packages: Solderability test for case outline X for BGA and Y for CGA package have
been verified during solder column or ball attachment process in accordance with method 2003 of MIL-STD-883.

3.6 Marking. The part shall be marked with the PIN listed in 1.2 herein. In addition, the manufacturer's PIN may also be
marked. For class Y packages wherein marking of the entire SMD PIN number is required (see herein 1.2). For RHA product,
the RHA designator shall still be marked. Marking for device class Y shall be used ink or laser mark in accordance with
MIL-PRF-38535.

3.6.1 Certification/compliance mark. The certification mark for device class Y shall be a "QML" or "Q" as required in
MIL-PRF-38535.

3.7 Electrostatic discharge (ESD) sensitivity mark. ESD marking on devices and, on container/carriers are required as
specified in MIL-PRF-38535. All of the markings shall appear on the carrier, unit pack (e.g., individual foil bag), unit container,
or multiple carriers (e.g., tubes, rails, magazines) for delivery. An industry standard symbol for identifying ESD sensitive items
(e.g., JESD471 symbol) shall be marked on the carrier or container.

3.8 Moisture sensitivity level (MSL) mark. Non-hermetic devices such as class Y can exhibit sensitivity to moisture-induced
stress and must be handled, packaged, and stored in a proper manner to avoid potential damage during assembly solder reflow
attachment and/or repair operations. Moisture sensitivity levels are defined as a rating identifying a component’s susceptibility to
damage due to absorbed moisture when subjected to reflow soldering. The manufacturer shall be required to define the
moisture sensitivity level (MSL) for each non-hermetic device in accordance with J-STD-020.

3.9 Lot date code. Flip chip devices lot date code shall be assigned after underfill cured to identify the device with the
assembly processing and assembly location. Devices will be traceable through the lot date code to the assembly year, underfill
sealing week and assembly location.

3.10 Certificate of compliance. For device class Y, a certificate of compliance shall be required from a QML-38535 listed
manufacturer in order to supply to the requirements of this drawing (see 6.6.1 herein). The certificate of compliance submitted
to DLA Land and Maritime-VA prior to listing as an approved source of supply for this drawing shall affirm that the
manufacturer's product meets for device class Y and the requirements of MIL-PRF-38535.

3.11 Certificate of conformance. A certificate of conformance as required for device class Y in MIL-PRF-38535 shall be
provided with each lot of microcircuits delivered to this drawing.
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TABLE |. Electrical performance characteristics.

Test Symbol Test conditions | Group A Limits Unit
subgroups Min | Typ | Max
INPUT CLOCKS
SYSCLK AC timing specifications 1/
SYSCLK frequency 2/ 3/ 4/ 5/ fsyscLk 9,10, 11 16 133 MHz
SYSCLK cycle time 3/ 4/ 5/ tsyscLk 167/ 7.5 60 ns
SYSCLKrise and fall time 6/ tkH, tkL 167/ 0.6 1.0 1.2 ns
SYSCLK duty cycle 7/ tkrk/tsyscLk 167/ 40 60 %
SYSCLK jitter 8 9 9,10, 11 +150 ps
EC_GTX_CLK125 AC timing specifications
EC _GTX CLK125 frequency fe125 9, 10, 11 125 MHz
EC_GTX_CLK125 cycle time tc125 9,10, 11 8 ns
EC_GTX_CLK125 rise and fall time torzsrltorese | 1VDD=2.5V | 9,10, 11 0.75 ns
12/ L/TVDD = 3.3V 167/ 1.0
EC_GTX CLK125dutycycle 9/ 13/ | toresuiterss |-CMIL TBI 167/ 45 55 %
1000Base-T for 167/ 47 53
RGMII, RTBI
PCIn_CLK AC timing specifications 1/
PClIn_CLK frequency frcicLk 9,10, 11 16 133 MHz
PCIn_CLK cycle time trcicLk 9, 10, 11 7.5 60 ns
PCIn_CLKrise and fall time 12/ 7/ tecikh, trcikL 167/ 0.6 1.0 2.1 ns
PClin_CLK duty cycle 7/ trcikHKL/tPCICLK 167/ 40 60 %
RESET INITIALIZATION
RESET initialization timing specifications
Required assertion time of HRESET 9,10,11 | 100 us
Minimum assertion time for SRESET 9,10, 11 3 SYSCLKs
13/
PLL input setup time with stable 9, 10, 11 100 V&
SYSCLK before HRESET negation 13/
Input setup time for POR configs (other 9, 10, 11 4 SYSCLKs
than PLL config) with respect to
negation of HRESET 13/
Input hold time for all POR configs 9,10, 11 2 SYSCLKs
(including PLL config) with respect to
negation of HRESET 13/
Maximum valid-to-high impedance time 9,10, 11 5 SYSCLKs
for actively driven POR configs with
respect to negation of HRESET 13/
PLL lock times
Core and platform PLL lock times 167/ 100 V&
Local bus PLL lock time 167/ 50
PCI/PCI-X bus PLL lock time 167/ 50
Power supply ramp rate
Required ramp rate for MVREF 14/ 167/ 3500 V/s
Required ramp rate for VDD 14/ 15/ 167/ 4000
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol Test Group A Limits Unit
conditions subgroups Min Typ Max
16/
DDR and DDR2 SDRAM
DDR2 SDRAM DC Electrical characteristics for GVpp(typ) = 1.8 V
I/O supply voltage 17/ GVop 1,2,3 1.71 1.89 V
I/O reference voltage 18/ MVRrer 1,2,3 0.49 x GVbp 0.51 x GVbp V
I/O termination voltage 19/ \ni 1,2,3 MVRger — 0.04 MVRger + 0.04 \
Input high voltage ViH 1,2,3 MVRer + GVDD +0.3 \
0.125

Input low voltage Vi 1,2,3 -0.3 MVRer — 0.125 V
Output leakage current 20/ loz 1,2,3 =50 50 pA
Output high current (Vour = 1.420 V) loH 1,2,3 -134 mA
Output low current (Vout = 0.280 V) loL 1,2,3 13.4 mA
DDR2 SDRAM Capacitance for GVpp(typ)=1.8V
Input/output capacitance: DQ, Cio 167/ 6 8 pF
DQS,DQS 21/
Delta input/output capacitance: DQ, Coio 167/ 0.5 pF
DQS, DQS 21/
DDR SDRAM DC electrical characteristics for GVpp (typ) = 2.5V
I/O supply voltage 17/ GVop 1,2,3 2.375 2.625 V
I/O reference voltage 22/ MVRrer 1,2,3 0.49 x GVbp 0.51 x GVbp V
I/O termination voltage 19/ \ns 1,2,3 MVRger — 0.04 MVRger + 0.04 \
Input high voltage Vin 1,2,3 MVrer + 0.15 GVDD + 0.3 V
Input low voltage Vi 1,2,3 -0.3 MVRrer — 0.15 V
Output leakage current 20/ loz 1,2,3 =50 50 pA
Output high current (Vout = 1.95V) loH 1,2,3 -16.2 mA
Output low current (Vour = 0.35 V) loL 1,2,3 16.2 mA
DDR SDRAM capacitance for GVop (typ) =2.5V
Input/output capacitance: DQ, DQS, Cio 167/ 6 8 pF
23/
Delta input/output capacitance: DQ, Coio 167/ 0.5 pF
DQS, 23/
Current draw characteristics for MVrer
Current draw for MVrer 24/ | IMVREF | | 500 | pA

DDR2 SDRAM Input AC Timing Specifications for 1.8 V Interface (At Recommended Operating Conditions)

AC input low voltage Vi 9,10 ,11 MVRger — 0.25 \
AC input high voltage ViH 9,10 ,11 MVger + 0.25 V
DDR2 SDRAM Input AC Timing Specifications for 1.8 V Interface (At Recommended Operating Conditions)
AC input low voltage Vi 9,10 ,11 MVrer — 0.31 \
AC input high voltage Vin 9,10 ,11 MVrer + 0.31 V
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol Test conditions Group A Limits Unit
27/ 2 subgroups Min Max
DDR and DDR2 SDRAM - Continued
DDR SDRAM Input AC Timing Specifications (At Recommended Operating Conditions
533 MHz 9, 10,11 -300 300 ps
Controller Skew for MDQS-MDQ/MECC tciskew 400 MHz 9,10 ,11 -365 365
25/ 26/ 333 MHz 9,10 ,11 -390 390
DDR SDRAM Output AC Timing Specifications (At Recommended Operating Conditions) See FIGURE 5 to 7
MCKI]n] cycle time, MCK[n]/MCK]n] tmek 9,10 ,11 3.75 ns
crossing 28/
533 MHz 9,10 ,11 1.48
ADDR/CMD output setup with respect tbokHAS 400 MHz 9,10 ,11 1.95
to MCK 29/ 333 MHz 9,10 ,11 2.40
533 MHz 9, 10,11 1.48
ADDR/CMD output hold with respect to tDDKHAX 400 MHz 9,10 ,11 1.95
MCK 29/ 333 MHz 9, 10,11 2.40
533 MHz 9,10 ,11 1.48
MCS[n] output setup with respect to topkHes 400 MHz 9, 10,11 1.95
MCK' 29/ 333 MHz 9,10 ,11 2.40
533 MHz 9, 10,11 1.48
MCS[n] output hold with respect to MCK topkHeX 400 MHz 9,10 ,11 1.95
29/ 333 MHz 9,10,11 2.40
MCK to MDQS Skew 30/ tDDKHMH 9, 10,11 -0.6 0.6
533 MHz 9,10,11 538 ps
MDQ/MECC/MDM output setup with tbokHDSs, 400 MHz 9,10 ,11 700
respect to MDQS 31/ toDKLDS 333 MHz 9, 10,11 900
533 MHz 9, 10,11 538
MDQ/MECC/MDM output hold with tDDKHDX, 400 MHz 9,10 ,11 700
respect to MDQS 31/ topkLDX 333 MHz 9,10,11 900
MDQS preamble start 32/ tookHMP 9,10 ,11 —0.5 xtuck | =0.5xtmek | ns
-0.6 +0.6
MDQS epilogue end 32/ {DDKHME 9,10 ,11 -0.6 0.6
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol | Test conditions Group A Limits | Unit
2 subgroups Min Max
DUART
DUART DC electrical characteristics
High-level input voltage ViH 1,2,3 2 OVop + 0.3 Vv
Low-level input voltage Vi 1,2,3 -0.3 0.8
Input current (Vin 33/ =0V or Vin= I 1,2,3 15 MA
Vbb)
High-level output voltage (OVop = min, | Vo 1,2,3 OVop- 0.2 \Y
lon =—100 pA)
Low-level output voltage (OVop = min, VoL 1,2,3 0.2
loL = 100 pA)
DUART AC Timing specifications
Minimum baud rate 34/ 35/ 167/ fces/1,048,576 baud
Maximum baud rate 34/ 35/ 36/ 167/ fcee clock/16
Oversamplerate 34/ 37/ 167/ 16
ETHERNET: Enhanced three-Speed Ethernet (¢eTSEC), MIl management
GMII, MIl, RMII, and TBI DC Electrical Characteristics
Supply voltage 3.3V 38/ 39/ LVop 1,2,3 3.13 3.47 \%
TVop
Output high voltage VoH LVpp/TVop = Min, 1,2,3 2.40 LVoo/TVop + 0.3
lon =—4.0 mA
Output low voltage VoL LVpp/TVop = Min, 1,2,3 GND 0.50
lo. =4.0 mA
Input high voltage ViH 1,2,3 2.0 LVoo/TVop + 0.3
Input low voltage Vi 1,2,3 -0.3 0.90
Input high current 38/ 39/ 40/ liH Vin = LVop, 1,2,3 40 MA
Vin = TVbop
Input low current 40 I Vin = GND 1,2,3 -600
GMII, MIl, RMII, TBI, RGMII, RTBI, and FIFO DC Electrical Characteristics
Supply voltage 2.5V 38/ 39/ LVop 1,2,3 2.37 2.63 \%
TVop
Output high voltage VoH LVpp/TVop = Min, 1,2,3 2 LVoo/TVop + 0.3
lon=-1.0 mA
Output low voltage VoL LVpp/TVop = Min, 1,2,3 GND -0.3 0.40
lo. =1.0 mA
Input high voltage ViH 1,2,3 1.70 LVoo/TVop + 0.3
Input low voltage Vi 1,2,3 -0.3 0.90
Input high current 38/ 39/ 40/ liH Vin = LVop, 1,2,3 10 MA
Vin = TVbop
Input low current 40 I Vin = GND 1,2,3 -15
See footnote at end of table.
STANDARD SIZE
MICROCIRCUIT DRAWING A 5962-20209
DLA LAND AND MARITIME REVISION LEVEL SHEET
COLUMBUS, OHIO 43218-3990 13

DSCC FORM 2234
APR 97




TABLE |. Electrical performance characteristics - Continued.

Test Symbol Test conditions Group A Limits Unit
2/ subgroups [ vin [ Typ | Max
ETHERNET: Enhanced three-Speed Ethernet (eTSEC), MIl management — Continued.
FIFO Mode transmit AC Timing specification (see FIGURE 8)
TX CLK, GTX CLK clock period trT 9,10 ,11 5.3 8.0 100 ns
TX_CLK, GTX_CLK duty cycle triTH/AFIT 167/ 45 50 55 %
TX _CLK, GTX_ CLK peak-to-peak jitter trimy 167/ 250 ps
Rise time TX CLK (20%—80%) trITR 167/ 0.75 ns
Fall time TX CLK (80%—20%) triTe 167 0.75
FIFO data TXD[7:0], TX_ER, TX_EN setup triTDV 9, 10,11 2.0
time to GTX_CLK
GTX_CLK to FIFO data TXD[7:0], TX_ER, triTDX 9, 10,11 0.5 3.0
TX_EN hold time
FIFO Mode Receive AC Timing Specification 41/ (see FIGURE 9)
RX_CLK clock period trR 9,10 ,11 5.3 8.0 100 ns
RX CLK duty cycle trIrH/tFIR 167/ 45 50 55 %
RX_CLK peak-to-peak jitter trIRy 167/ 250 ps
Rise time RX_CLK (20%—80%) tFIRR 167/ 0.75 ns
Fall time RX_CLK (80%—20%) trIRF 167 0.75
RXD[7:0], RX_DV, RX_ER setup time to trirRDV 9,10 ,11 1.5
RX_CLK
RXD[7:0], RX_DV, RX_ER hold time to trIRDX 9,10,11 0.5
RX_CLK
GMII Transmit AC Timing Specifications 42/ (see FIGURE 10)
GMII data TXD[7:0], TX_ER, TX_EN setup teTkHDV 9, 10,11 25 ns
time
GTX_CLK to GMII data TXD[7:0], TX_ER, teTkHDX 167/ 0.5 5.0
TX_EN delay
GTX_CLK data clock rise time (20%—80%) teTxR 167/ 1.0
34/
GTX_CLK data clock fall time (80%—20%) teTxr 167 1.0
34/
GMIl Receive AC Timing Specifications 42/ (see FIGURE 11)
RX_CLK clock period teRx 9,10 ,11 8.0 ns
RX_CLK duty cycle terxH/tarx 167/ 35 75
RXD[7:0], RX_DV, RX_ER setup time to tGRDVKH 9, 10,11 2.0
RX_CLK
RXD[7:0], RX_DV, RX_ER hold time to teRDXKH 9, 10,11 0
RX_CLK
RX_CLK clock rise (20%—80%) 34/ terxR 167/ 1.0
RX_CLK clock fall time (80%—20%) terxF 167/ 1.0
34/
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol | Test conditions | Group A Limits Unit
2/ subgroups [ yviin [ Typ | Max
ETHERNET: Enhanced three-Speed Ethernet (eTSEC), MIl management — Continued.MIl Transmit AC Timing
Specifications 43/ (see FIGURE 12)
TX_CLK clock period 10 Mbps 34/ tMTx 9,10 ,11 400 ns
TX_CLK clock period 100 Mbps tmTx 9,10 ,11 40
TX_CLK duty cycle tmTxH/tMTX 167/ 35 65 %
TX_CLK to Mll data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 9, 10,11 1.0 5 15 ns
TX_CLK data clock rise (20%—-80%) 34/ tMTXR 167/ 1.0 4
TX_CLK data clock fall (80%—20%) 34/ tmTxF 167/ 1.0 4
MIl Receive AC Timing Specifications 44/  (see FIGURE 13 and FIGURE 14)
RX CLK clock period 10 Mbps 34/ tMRX 9,10 ,11 400 ns
RX_CLK clock period 100 Mbps tMRX 9,10 ,11 40
RX_CLK duty cycle tMRXH/tMRX 167/ 35 65 %
RXDI[3:0], RX DV, RX ER setup time to RX CLK tMRDVKH 167/ 10 ns
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 167/ 10
RX_CLK clock rise (20%—80%) 34/ tMRXR 167/ 1.0 4
RX_CLK clock fall time (80%—20%) 34/ tMRXF 167/ 1.0 4
TBI Transmit AC Timing Specifications 45/ (see FIGURE 15)
TCG[9:0] setup time GTX_CLK going high tTTKHDV 9,10,11 2.0 ns
TCG[9:0] hold time from GTX_CLK going high tTTKHDX 9, 10,11 1.0
GTX_CLK rise (20%—80%) 34/ trTxrR 167/ 1.0
GTX_CLK fall time (80%—20%) 34/ trTxF 167/ 1.0
TBI Receive AC Timing Specifications 46/ (see FIGURE 16)
TSECn RX CLK]0:1] clock period tTrRx 9, 10,11 16.0 ns
TSECn_RX_CLKJ0:1] skew tskTRX 167/ 7.5 8.5
TSECn_RX_CLK]0:1] duty cycle tTRXH/tTRX 167/ 40 60 %
RCGI[9:0] setup time to rising TSECn RX CLK tTRDVKH 9, 10,11 25 ns
RCG[9:0] hold time to rising TSECn_RX_ CLK tTRDXKH 9,10 ,11 1.5
TSECn_RX_CLK]J0:1] clock rise time (20%—80%) tTRXR 167/ 0.7 24
34/
TSECn_RX_CLK]0:1] clock fall time (80%—20%) tTrRxF 167/ 0.7 2.4
34/
TBI single-clock Mode Receive AC Timing Specification (see FIGURE 17)
RX_CLK clock period tTRRX 9,10 ,11 7.5 8.0 8.5 ns
RX_CLK duty cycle tTRRH/TRRX 167/ 40 50 60 %
RX_ CLK peak-to-peak jitter tTRRY 167/ 250 ps
Rise time RX_CLK (20%-80%) tTRRR 167/ 1.0 ns
Fall time RX_CLK (80%—20%) tTRRF 167/ 1.0
RCG[9:0] setup time to RX_CLK rising edge tTRRDVKH 9,10 ,11 2.0
RCGI[9:0] hold time to RX_CLK rising edge tTRRDXKH 9,10 ,11 1.0
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min Typ Max
ETHERNET: Enhanced three-Speed Ethernet (eTSEC), MIl management — Continued.
RGMII and RTBI AC Timing Specifications 47/  (see FIGURE 18)
Data to clock output skew (at transmitter) tskrGT 9, 10,11 -500 0 500 ps
51/ 52/ 52/
Data to clock input skew (at receiver) 48/ tskrRGT 167/ 1.0 - 2.8 ns
Clock period 49/ treT 51/ 9,10 ,11 7.2 8 8.8
Duty cycle for 10BASE-T and 100BASE- | treTH/trRGT 167/ 40 50 60 %
TX 49/ 50/ 51/
Rise time (20%—80%) treTR 51/ 167/ 0.75 ns
Fall time (20%—80%) treTF 51/ 167/ 0.75
RMII Transmit AC Timing Specifications 53/ (see FIGURE 19)
TSECn_TX_ CLK clock period trRMT 9,10 ,11 15.0 20.0 25.0 ns
TSECn_TX_CLK duty cycle tRMTH 167/ 35 50 65 %
TSECn_TX CLK peak-to-peak jitter tRMTY 167/ 250 ps
Rise time TSECn_TX_ CLK (20%-80%) tRMTR 167/ 1.0 2.0 ns
Fall time TSECn_TX_ CLK (80%—20%) tRMTF 167/ 1.0 2.0
TSECn_TX_CLK to RMII data TXD[1:0], trRMTDX 9,10 ,11 1.0 10
TX_EN delay
RMII Receive AC Timing Specifications (At Recommended Operating Conditions with LVDD of 3.3V *5%) 54/
(see FIGURE 20 and FIGURE 21)
TSECn_TX CLK clock period trRMR 9,10 ,11 15.0 20.0 25.0 ns
TSECn_TX CLK duty cycle tRMRH 167/ 35 50 65 %
TSECn_TX_CLK peak-to-peak jitter tRMRY 167/ 250 ps
Rise time TSECn_TX CLK (20%-80%) tRMRR 167/ 1.0 2.0 ns
Fall time TSECn_TX_CLK (80%—20%) tRMRF 167/ 1.0 2.0
RXD[1:0], CRS_DV, RX_ER setup time trRMRDV 9,10 ,11 4.0
to TSECn_TX_CLK rising edge
RXD[1:0], CRS_DV, RX_ER hold time to tRMRDX 9,10 ,11 2.0
TSECn_TX_CLKrising edge
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/
Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min | Typ | Max
ETHERNET MANAGEMENT INTERFACE ELECTRICAL CHARACTERISTICS
MIl Management DC Electrical Characteristics
Supply voltage (3.3V) OVop 1,2,3 3.13 3.47 \%
Output high voltage VoH OVpp = Min, lon = =1 mA 1,2,3 2.10 OVop + 0.3
Output low voltage VoL OVpp = Min, loL =1 mA 1,2,3 GND 0.50
Input high voltage Vin 1,2,3 2.0
Input low voltage Vi 1,2,3 0.90
Input high current lin OVpp = Max, Vin=2.1V 1,2,3 40 A
55/

Input low current I OVbp = Max, Vin=0.5V 1,2,3 -600

MIl Management AC Timing
(see FIGURE 22)

Specifications (At Recommended Operating Conditions with OVDD is

3.3V +5%) 56/

MDC frequency 51/ 57/ fmpe 9,10 ,11 0.72 2.5 8.3 MHz
58/
MDC period tmpbc 9,10,11 120.5 1389 ns
MDC clock pulse width high tmocH 167/ 32
MDC to MDIO valid 59/ tMDKHDV 9,10 ,11 16 x tccs
MDC to MDIO delay 59/ tmMDKHDX 9,10 ,11 (16 x tces (16 x tccs
x8)-3 x8)+3
MDIO to MDC setup time tMDDVKH 9,10 ,11 5
MDIO to MDC hold time tMDDXKH 9,10,11 0
MDC rise time 51/ tmMDCcR 9,10 ,11 10
MDC fall time 51/ tMDHF 9,10 ,11 10
LOCAL BUS(see FIGURE 23 and FIGURE 24)

Local Bus DC Electrical Characteristics (3.3 V DC)
High-level input voltage ViH 1,2,3 2 BVop + 0.3 \%
Low-level input voltage Vi 1,2,3 -0.3 0.8
Input current (Vin 60/ = OV I Vin = 0V or Vin = BVpp 1,2,3 5 WA
or Vin = BVop) 60/
High-level output voltage VoH BVpb = min, lon = -2 mA 1,2, 3 BVpp — 0.2 \Y
Low-level output voltage VoL BVpp = min, lo. =2 mA 1,2,3 0.2
Local Bus DC Electrical Characteristics (2.5 V DC)
High-level input voltage Vin 1,2,3 1.70 BVop + 0.3 \Y
Low-level input voltage Vi 1,2,3 -0.3 0.7

liH 1,2,3 10 MA
Input current (Vin 60/ = OV
or ViNn = BVbp) I 1,2,3 -15
High-level output voltage VoH BVpp = min, lon = -1 mA 1,2, 3 2.0 BVop + 0.3 \Y
Low-level output voltage VoL BVpb = min, lo. =1 mA 1,2,3 GND - 0.3 0.4
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/
Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min | Typ | Max
LOCAL BUS - Continued.
Local Bus General Timing Parameters (BVop = 3.3 V DC) — PLL Enabled 61/ (see FIGURE 25 to FIGURE 29 )
Local bus cycle time 62/ LBk 9,10 ,11 7.5 12 ns
Local bus duty cycle tuekh/tLex 167/ 43 57 %
LCLK|n] skew to LCLK[m] or LSYNC_OUT tLBKsKEW 167/ 150 ps
34/ 67/
Input setup to local bus clock (except tLBIVKH1 9,10 ,11 1.8 ns
LGTA/LUPWAIT) 63/ 64/
LGTA/LUPWAIT input setup to local bus tLBIvKH2 9,10 ,11 1.7
clock 63/ 64/
Mhold from local bus clock (except tLBIXKH1 9,10 ,1 1.0
LGTA/LUPWAIT) 63/ 64/
LGTA/LUPWAIT input hold from local bus tLBIXKH2 9,10 ,11 1.0
clock 63/ 64/
LALE output transition to LAD/LDP output tLeoToT 9,10 ,11 1.5
transition (LATCH hold time) 66/
Local bus clock to output valid (except tLekHOVA 9,10 ,11 2.0
LAD/LDP and LALE)
Local bus clock to data valid for LAD/LDP tLBkHOV2 9,10 ,1 2.2
63/
Local bus clock to address valid for LAD tLBkHOV3 9,10 ,11 2.3
63/
Local bus clock to LALE assertion 63/ tLBKHOV4 9,10,11 2.3
Output hold from local bus clock (except tLekHOX1 9,10 ,11 0.7
LAD/LDP and LALE)
63/
Output hold from local bus clock for tuBkHOX2 9,10 ,11 0.7
LAD/LDP 63/
Local bus clock to output high Impedance tLBKHOZA 9,10 ,11 25
(except LAD/LDP and LALE) 65/
Local bus clock to output high impedance tLBkHOZ2 9,10 ,11 2.5
for LAD/LDP 65/
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/
Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min | Typ | Max
LOCAL BUS - Continued.
Local Bus Timing Parameters (BVop = 2.5 V) - PLL Enabled 61/ (see FIGURE 23 to FIGURE 29)
Local bus cycle time 62/ LBk 9,10 ,11 7.5 12 ns
Local bus duty cycle tLekH/tLBK 167/ 43 57 %
LCLK|n] skew to LCLK[m] or LSYNC_OUT | tiskskew 167/ 150 ps
34/ 67/
Input setup to local bus clock (except tLBIVKH1 9,10 ,11 1.9 ns
LGTA/LUPWAIT) 63/ 64/
LGTA/LUPWAIT input setup to local bus tLBIvKH2 9,10 ,11 1.8
clock 63/ 64/
Input hold from local bus clock (except tLBIXKH1 9,10 ,11 1.1
LGTA/LUPWAIT) 63/ 64/
LGTA/LUPWAIT input hold from local bus tLBIXKH2 9,10 ,11 1.1
clock 63/ 64/
LALE output transition to LAD/LDP output tLeoToT 9,10 ,11 1.5
transition (LATCH hold time) 68/
Local bus clock to output valid (except tLekHOVA 9,10 ,11 2.1
LAD/LDP and LALE)
Local bus clock to data valid for LAD/LDP tLBKHOV2 9,10 ,11 2.3
63/
Local bus clock to address valid for LAD tLBkHOV3 9,10 ,11 2.4
63/
Local bus clock to LALE assertion 63/ fLBKHOV4 9,10 ,11 2.4
Output hold from local bus clock (except tLBKHOX1 9,10 ,11 0.8
LAD/LDP and LALE) 63/
Output hold from local bus clock for tLBKHOX2 9,10 ,11 0.8
LAD/LDP 63/
Local bus clock to output high Impedance tLBKHOZ1 9,10 ,11 26
(except LAD/LDP and LALE) 65/
Local bus clock to output high impedance tLBKkHOZ2 9,10 ,11 2.6
for LAD/LDP 65/
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/
Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min | Typ | Max
LOCAL BUS - Continued.
Local Bus Timing Parameters: PLL Bypassed 61/ (see FIGURE 23 to FIGURE 29 )
Local bus cycle time 68/ LBk 9,10 ,11 12 ns
Local bus duty cycle tLekH/tLBK 167/ 43 57 %
Internal launch/capture clock to LCLK tLBKHKT 9,10 ,11 2.3 4.4 ns
delay 51/
Input setup to local bus clock (except tLBIVKH1 9, 10,11 6.2 4.4
LGTA/LUPWAIT) 70/ 71/
LGTA/LUPWAIT input setup to local bus tLBivkL2 9,10 ,11 6.1
clock 70/ 71/
Input hold from local bus clock (except tLBIXKH1 9, 10,11 -1.8
LGTA/LUPWAIT) 70/ 71/
LGTA/LUPWAIT input hold from local bus tLBIXKL2 9,10 ,11 -1.3
clock 70/ 71/
LALE output transition to LAD/LDP tLeoToT 9,10 ,11 1.5
output transition (LATCH hold time) 72/
Local bus clock to output valid (except tuBkHOV1 9, 10,11 -0.3
LAD/LDP and LALE)
Local bus clock to data valid for tLBKHOV2 9,10 ,11 -01
LAD/LDP 70/
Local bus clock to address valid for LAD tLBkHOV3 9,10 ,11 0
70/
Output hold from local bus clock (except tuBkHOX1 9, 10,11 -3.7
LAD/LDP and LALE) 70/
Output hold from local bus clock for tLBkHOX2 9,10 ,11 -3.7
LAD/LDP 70/
Local bus clock to output high tLBKHOZ1 9,10 ,11 0.2
Impedance (except LAD/LDP and LALE)
73/
Local bus clock to output high tLBkHOZ2 9,10 ,11 0.2
impedance for LAD/LDP 73/
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued. 1/
Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min Max
JTAG (See FIGURE 30)
JTAG DC Electrical Characteristics
High-level input voltage ViH 1,2,3 2.0 OVop + \Y,
0.3
Low-level input voltage Vi 1,2,3 -0.3 0.8 V
Input current Iin Vin=0VorVi=Vop 1,2,3 15 MA
74/
High-level output voltage Von OVpp = min, lon = -2 mA 1,2,3 2.4 \%
Low-level output voltage VoL OVbp = min, loL =2 mA 1,2,3 0.4 V
JTAG AC Timing Specifications (Independent of SYSCLK) 75/ 76/ (See FIGURE 31 to FIGURE 33)
JTAG external clock frequency of operation fite 9,10 ,11 0 33.3 MHz
JTAG external clock cycle time tte 9,10 ,11 30 ns
JTAG external clock pulse width measured tUTKHKL 167/ 15
at 1.4V
JTAG external clock rise and fall times 34/ titer & 167/ 0 2.0
tuTer
TRST assert time 77/ tTrsT 9,10 ,11 25
Input setup times: 78/ Boundary-scan tyTDVKH 9,10,11 4
data
TMS, TDI tTIVKH 9,10 ,11 0
Input hold times: 78/ Boundary-scan tuTDXKH 9,10 ,11 20
data
TMS, TDI tUTIXKH 9,10 ,11 25
Valid times: 79/ Boundary-scan tuTkLDV 9,10 ,11 4 20
data
TDO tuTkLOV 9,10 ,11 2 10
Output hold times: 79/ Boundary-scan tuTKLDX 9,10 ,11 30
data
TDO tuTkLOX 9,10 ,11 30
JTAG external clock to Boundary-scan tutkLDZ 9,10 ,1 3 19
output high impedance: data
34/ 79/ TDO tuTkLOZ 9,10 ,11 3 9
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions Group A Limits Unit
2 subgroups Min | Max
I2C (See FIGURE 34 to FIGURE 35)
I2C DC Electrical Characteristics (At Recommended Operating Conditions with OVop of 3.3V * 5%)
Input high voltage level ViH 1,2,3 0.7 x OVobp | OVop + 0.3 \%
Input low voltage level Vi 1,2,3 -0.3 0.3 x OVpp
Low level output voltage 80/ VoL 1,2,3 0 0.2 x OVpop
Pulse width of spikes which must be ti2kHKL 1,2,3 0 50 ns
suppressed by the input filter 81/
Input current each 1/O pin (input I 1,2,3 -10 10 MA
voltage is between 0.1 x OVpp and
0.9 x OVbp (max) 82/
Capacitance for each 1/O pin Ci 167/ 10 pF
I2C AC Electrical Specifications (All Values Refer to Vii (min) and Vi (max) Levels, see I2C DC Electrical
Characteristics table) 83/ 167/
SCL clock frequency fizc 9,10 ,11 0 400 kHz
Low period of the SCL clock tiecL 34/ 9,10 ,11 1.3 us
High period of the SCL clock tocn 34/ 9,10 ,11 0.6
Setup time for a repeated START tiesvkn 34/ 9,10 ,11 0.6
condition
Hold time (repeated) START tiosxkL 34/ 9,10 ,11 0.6
condition (after this period, the first T
clock pulse is generated)
Data setup time tizovkn 34/ 9,10 ,11 100 ns
CBUS compatible tizpxkL 9,10 ,11 us
Data hold time: | masters 86/
12C bus devices 9, 10,11 0 84/ 0.9 85/
Set-up time for STOP condition tizPvkH 9,10 ,11 0.6
Bus free time between a STOP and tizkHDX 9,10 ,11 1.3
START condition
Noise margin at the LOW level for VL 9,10 ,11 0.1 x OVpop V
each connected device (including
hysteresis)
Noise margin at the HIGH level for VNH 9,10 ,11 0.2 x OVbp
each connected device (including
hysteresis)
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions Group A Limits Unit
2 subgroups Min Max
GPout/GPN
GPour DC Electrical Characteristics (3.3 V DC)
Supply voltage 3.3V BVbb 1,2,3 3.13 3.47 \%
High-level output voltage Vo BVobp = min, lon =—2 mA 1,2,3 BVpp -0.2
Low-level output voltage VoL BVpb = min, loL = 2.mA 1,2,3 0.2
GPout DC Electrical Characteristics (2.5 V DC)
Supply voltage 2.5V BVbb 1,2,3 2.37 2.63 \%
High-level output voltage VoH BVpp = min, lon = -1 mA 1,2,3 2.0 BVop + 0.3
Low-level output voltage VoL BVpb = min, loL = 1mA 1,2,3 GND - 0.3 0.4
GPin DC Electrical Characteristics (3.3 V DC)
Supply voltage 3.3V BVbb 1,2,3 3.13 3.47 \%
High-level input voltage ViH 1,2,3 2 BVop + 0.3
Low-level input voltage Vi 1,2,3 -0.3 0.8
Input current Iin BVin =0V or BViN = BVbp 1,2,3 5 MA
87/
GPin DC Electrical Characteristics (2.5 V DC)
Supply voltage 2.5V BVbb 1,2,3 2.37 2.63 \%
High-level input voltage ViH 1,2,3 1.70 BVop + 0.3
Low-level input voltage Vi 1,2,3 -0.3 0.7
Input current Iin BVin =0V or BViN = BVbp 1,2,3 10 MA
87/
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol Test conditions Group A Limits Unit
2 subgroups Min Max
PCI/PCI-X (See FIGURE 36 to FIGURE 38)
PCI/PCI-X DC Electrical Characteristics 88/
High-level input voltage ViH 1,2,3 2 OVop + 0.3 \Y,
Low-level input voltage Vi 1,2,3 -0.3 0.8
Input current Iin Vin= 0V or ViNn = Vbp 89/ 1,2,3 +5 A
High-level output voltage VoH OVob = min, lon =-100 pA 1,2,3 OVop - 0.2 Vv
Low-level output voltage VoL OVbp = min, loL = 100 pA 1,2,3 0.2
PCI AC Timing Specifications at 66 MHz 90/
SYSCLK to output valid trckHov 9,10 ,11 6 ns
91/ 92/
Output hold from SYSCLK tpckHOX 9,10 ,1 2
51/ 91
SYSCLK to output high tpckHOZ 9,10 ,1 14
impedance 91/ 93/ 34/
Input setup to SYSCLK 51/ | trcivkH 9,10 ,11 3
91/ 94/
Input hold from SYSCLK 51/ | tpcixkn 9,10 ,11 0
91/ 94/
REQ64 to HRESET setup time tPCRVRH 9,10 ,11 10 x tsys clocks
34/ 95/ 96/ 98/
HRESET to REQ64 hold time tPCRHRX 9,10 ,11 0 50 ns
34/ 96/
HRESET high to first FRAME trcrHFV 9,10 ,11 10 clocks
assertion 34/ 97/
PCI-X AC Timing Specifications at 66 MHz
SYSCLK to signal valid delay trckHov 9,10 ,11 3.8 ns
99/ 100/ 101/ 105/ 106/
Output hold from SYSCLK trckHOX 9,10 ,11 0.7
51/ 99/
SYSCLK to output high trckHOZ 9,10 ,11 7
impedance 34/ 99/ 102/ 106/
Input setup time to SYSCLK tPcivkH 9,10 ,11 1.7
101/ 103/
Input hold time from SYSCLK tPCIXKH 9,10 ,11 0.5
51/
REQ64 to HRESET setup time tPCRVRH 9,10 ,11 10 clocks
34/
HRESET to REQ64 hold time tPCRHRX 9,10 ,11 0 50 ns
34/
HRESET high to first FRAME trcrHFV 9,10 ,11 10 clocks
assertion 34/ 107/
PCI-X initialization pattern to tPcivrH 9,10 ,11 10 clocks
HRESET setup time 34/
HRESET to PCI-X initialization tPCrRHIX 9,10 ,11 0 50 ns
pattern hold time 34/ 104/
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol Test conditions Group A Limits Unit
2 subgroups Min Max
PCI/PCI-X - Continued (See FIGURE 36 to FIGURE 38)PCI-X AC Timing Specifications at 133 MHz 82/
SYSCLK to signal valid delay tpckHov 9,10 ,11 3.8 ns
99/ 100/ 101/ 105/ 106/
Output hold from SYSCLK 51/ tPckHOX 9,10 ,11 0.7
99/
SYSCLK to output high impedance | teckHoz 9,10 ,11 7
34/ 99/ 102/ 106/
Input setup time to SYSCLK trcivkH 9,10 ,1 1.2
51/ 101/ 103/ 108/
Input hold time from SYSCLK tPcixkH 9,10 ,11 0.5
51/
REQ64 to HRESET setup time 34/ | tpcrvrH 9,10 ,11 10 clocks
HRESET to REQ64 hold time 34/ | tpcrHRX 9,10 ,11 0 50 ns
HRESET high to first FRAME tPCRHFV 9,10,11 10 clocks
assertion 34/ 107/
PCI-X initialization pattern to tpcivrH 9,10 ,1 10 clocks
HRESET setup time 34/
HRESET to PCI-X initialization tPcRHIX 9,10 ,11 0 50 ns
pattern hold time 34/ 104/
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions GQOUP A Limits Unit
2/ subgroups Min | Typ | Max
PCI EXPRESS

AC Requirements for PCI Express SerDes Clocks
SD_REF_CLK and SD_REF_CLK AC Requirements

REFCLK cycle time 109/ trREF 9,10 ,11 10 ns
REFCLK cycle-to-cycle jitter. trReFCY 167/ 100 ps
Difference in the period of any two
adjacent REFCLK cycles
Phase jitter. Deviation edge location trReFPJ 167/ -50 50 ps
in edge location with respect to
mean
Physical Layer Specifications 168/
Differential Transmitter (TX) Output Specifications
Unit Interval Ul 110/ 111/ 9,10,11 | 399.98 400 | 400.12 | ps
Differential Peak-to-Peak Output VTX-DIFFp-p 112/ 113/ 9,10 ,11 0.8 1.2 \Y%
Voltage
De- Emphasized Differential Output V/Tx-DE-RATIO 114/ 113/ 9,10 ,11 -3.0 -3.5 -4.0 dB
Voltage (Ratio)
Minimum TX Eye Width Trx-EYE 115/ 113/ 116/ 9,10,11 0.70 ul
Maximum time between the jitter Trx-EvE-MEDIAN-t0- | 117/ 113/ 116/ 9,10 ,11 0.15
median and maximum deviation MAX-JITTER
from the median
D+/D- TX Output Rise/Fall Time Trx-RisE, Trx-FaLL | 113/ 119/ 9,10 ,11 0.125
RMS AC Peak Common Mode VT1x-cM-ACp 123/ 113/ 9,10 ,11 20 mV
Output Voltage
Absolute Delta of DC Common V1x-cM-DC- 124/ 113/ 9,10 ,11 0 100
Mode Voltage During LO and ACTIVEIDLE- DELTA
Electrical Idle
Absolute Delta of DC Common VTx-cm-DC- 125/ 113/ 9,10 ,11 0 25
Mode between D+ and D— LINEDELTA
Electrical Idle differential Peak VTX-IDLE-DIFFp 126/ 113/ 9,10 ,11 0 20
Output Voltage
The amount of voltage change VtxRev-petect | 127/ 120/ 9,10 ,11 600
allowed during Receiver Detection
109/
The TX DC Common Mode Voltage V1x-DC-CM 128/ 120/ 9,10 ,11 0 3.6 V
TX Short Circuit Current Limit ITX-SHORT 129/ 9,10 ,11 90 mA
Minimum time spent in Electrical TTX-IDLE-MIN 130/ 9,10 ,11 50 ul
Idle
Maximum time to transition to a TTX-IDLE-SET- 131/ 9,10 ,11 20
valid Electrical idle after sending an TOIDLE
Electrical Idle ordered set
Maximum time to transition to valid TTx-IDLE-TO- 132/ 9,10 ,11 20
TX specifications after leaving an DIFFDATA
Electrical idle condition
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions Group A Limits Unit
2/ subgroups Min | Typ | Max
PCI EXPRESS - Continued
Physical Layer Specifications - Continued
Differential Transmitter (TX) Output Specifications - Cotinued
Differential Return Loss RLtx-DIFF 133/ 118/ 1,2,3 12 ul
Common Mode Return Loss RLtx-cm 133/ 118/ 1,2,3 6
DC Differential TX Impedance ZTX-DIFF-DC 134/ 1,2,3 80 100 120 Q
Transmitter DC Impedance Z1x-DC 135/ 1,2,3 40
Lane-to-Lane Output Skew LTx-skew 136/ 1,2,3 50 + ps
2 Ul
AC Coupling Capacitor Crx 137/ 122/ 1,2,3 75 200 nF
Crosslink Random Timeout Tcrosslink 138/ 121/ 1,2,3 0 1 ms
Differential Receiver (RX) Input Specifications
Unit Interval Ul 139/ 140/ 1,2,3 399.98 400 | 400.12 | ps
Differential Peak-to-Peak VRX-DIFFp-p 141/ 142/ 1,2,3 0.175 1.200 \%
Output Voltage
Minimum Receiver Eye Width TRX-EYE 143/ 142/ 144/ 1,2,3 0.4 ul
Maximum time between the TRx-EYE-MEDIAN-to- | 145/ 142/ 144/ 1,2,3 0.3
jitter median and maximum MAX -JITTER 155/
deviation from the median
AC Peak Common Mode Input VRX-CM-ACp 146/ 142/ 1,2,3 150 mV
Voltage
Differential Return Loss RLRx-DIFF 147/ 148/ 1,2,3 15 dB
Common Mode Return Loss RLrx-cM 149/ 148/ 1,2, 3 6
DC Differential Input ZRX-DIFF-DC 150/ 151/ 1,2, 3 80 100 120 Q
Impedance
DC Input Impedance ZRx-DC 152/ 151/ 142/ 1,2,3 40 50 60
Powered Down DC Input ZRX-HIGH-IMP-DC 153/ 154/ 1,2,3 200 k
Impedance
Electrical Idle Detect Threshold | VRrx-iDLE-DET-DIFFpp | 156/ 1,2,3 65 175 mV
Unexpected Electrical Idle TRx-IDLE-DET-DIFF- | 157/ 1,2,3 10 ms
Enter Detect Threshold ENTERTIME
Integration Time
Total Lrx-skew 158/ 1,2, 3 Skew 20 ns
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test conditions Group A Limits | Unit
2/ subgroups Min | Typ | Max |
SERIAL RAPIDIO 168/
SDn_REF_CLK and SDn_REF_CLK AC Requirements 103/
REFCLK cycle time trReF 159/ 9,10 ,11 10 (8) ns
REFCLK cycle-to-cycle jitter. Difference trercy 9,10 ,11 80 ps
in the period of any two adjacent
REFCLK cycles
Phase jitter. Deviation in edge location trReFPY 9,10 ,11 -40 40
with respect to mean edge location
Short Run Transmitter AC Timing Specifications: 1.25 GBaud
Output Voltage Vo 160/ 9,10 ,11 -0.40 2.30 \Y
Differential Output Voltage VbirFpp 9,10 ,11 500 1000 | mV p-p
Deterministic Jitter Jo 9,10,11 0.17 Ul p-p
Total Jitter JT 9,10 ,11 0.35
Multiple output skew Swmo 161/ 9,10 ,11 1000 ps
Unit Interval ul 162/ 9,10,11 800 800
Short Run Transmitter AC Timing Specifications: 2.5 GBaud
Output Voltage Vo 160/ 9,10 ,11 -0.40 2.30 \
Differential Output Voltage Voirrpp 9,10 ,11 500 1000 | mV p-p
Deterministic Jitter Jb 9,10 ,11 0.17 Ul p-p
Total Jitter Jr 9,10 ,11 0.35
Multiple output skew Swmo 161/ 9,10 ,11 1000 ps
Unit Interval ul 162/ 9,10,11 400 400
Short Run Transmitter AC Timing Specifications: 3.125 GBaud
Output Voltage Vo 160/ 9,10 ,11 -0.40 2.30 \
Differential Output Voltage Voirrpp 9,10 ,11 500 1000 | mV p-p
Deterministic Jitter Jb 9,10 ,11 0.17 Ul p-p
Total Jitter Jr 9,10 ,11 0.35
Multiple output skew Swmo 161/ 9,10 ,11 1000 ps
Unit Interval ul 162/ 9,10,11 320 320
Long Run Transmitter AC Timing Specifications: 1.25 GBaud
Output Voltage Vo 160/ 9,10 ,11 -0.40 2.30 \Y
Differential Output Voltage VbirFpp 9,10 ,11 800 1600 | mV p-p
Deterministic Jitter Jo 9,10,11 0.17 Ul p-p
Total Jitter JT 9,10 ,11 0.35
Multiple output skew Swmo 161/ 9,10 ,11 1000 ps
Unit Interval ul 162/ 9,10,11 800 800
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

Test Symbol | Test conditions Group A Limits Unit
2/ subgroups Min Typ Max
SERIAL RAPIDIO - Continued

Long Run Transmitter AC Timing Specifications: 2.5 GBaud
Output Voltage Vo 160/ 9,10 ,11 -0.40 2.30 \
Differential Output Voltage Voirrpp 9,10,11 800 1600 mV p-p
Deterministic Jitter Jb 9,10 ,11 0.17 Ul p-p
Total Jitter Jr 9,10 ,11 0.35
Multiple output skew Smo 161/ 9, 10,11 1000 ps
Unit Interval ul 162/ 9,10 ,11 400 400
Long Run Transmitter AC Timing Specifications: 3.125 GBaud
Output Voltage Vo 160/ 9,10,11 -0.40 2.30 \Y
Differential Output Voltage VbirFpp 9, 10,11 800 1600 mV p-p
Deterministic Jitter Jb 9,10 ,11 0.17 Ul p-p
Total Jitter JT 9,10 ,11 0.35
Multiple output skew Smo 161/ 9,10,11 1000 ps
Unit Interval ul 162/ 9,10 ,11 320 320
Transmitter Differential Output Eye Diagram Parameters (see FIGURE 34)

Transmitter Type VDI_FF VDIFF A (Ul) B (Ul)

min max (mV)
(mV)
1.25 GBaud short range 250 500 0.175 0.39
1.25 GBaud long range 400 800 0.175 0.39
2.5 GBaud short range 250 500 0.175 0.39
2.5 GBaud long range 400 800 0.175 0.39
3.125 GBaud short range 250 500 0.175 0.39
3.125 GBaud long range 400 800 0.175 0.39
See footnote at end of table.
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TABLE I. Electrical performance characteristics - Continued. 1/

Test Symbol Test Group A Limits Unit
concﬁ;ions subgroups Min Typ Max
SERIAL RAPIDIO - Continued
Receiver AC Timing Specifications: 1.25 GBaud
Differential Input Voltage VIN 164/ 9,10 ,11 200 1600 | mV p-
p
Deterministic Jitter Tolerance Jo 164/ 9,10 ,11 0.37 Ul p-p
Combined Deterministic and Random Jor 164/ 9,10 ,11 0.55
Jitter Tolerance
Total Jitter Tolerance 165/ Jr 164/ 9,10,11 0.65
Multiple Input Skew Swmi 166/ 9,10 ,11 24 ns
Bit Error Rate BER 9,10 ,11 10712
Unit Interval Ul 162/ 9,10 ,11 800 800 ps
Receiver AC Timing Specifications: 2.5 GBaud
Differential Input Voltage ViN 164/ 9, 10,11 200 1600 | mV p-
p
Deterministic Jitter Tolerance Jo 164/ 9,10 ,11 0.37 Ul p-p
Combined Deterministic and Random JDR 164/ 9,10 ,11 0.55
Jitter Tolerance
Total Jitter Tolerance 165/ JT 164/ 9,10 ,11 0.65
Multiple Input Skew Swmi 166/ 9,10 ,11 24 ns
Bit Error Rate BER 9,10 ,11 10712
Unit Interval Ul 162/ 9,10 ,11 400 400 ps
Receiver AC Timing Specifications: 3.125 GBaud
Differential Input Voltage VIN 164/ 9,10 ,11 200 1600 | mV p-
p
Deterministic Jitter Tolerance Jo 164/ 9,10 ,11 0.37 Ul p-p
Combined Deterministic and Random JorR 164/ 9,10 ,11 0.55
Jitter Tolerance
Total Jitter Tolerance 165// JT 164/ 9,10 ,11 0.65
Multiple Input Skew Swmi 166/ 9,10 ,11 22 ns
Bit Error Rate BER 9, 10,11 1012
Unit Interval Ul 162/ 9,10 ,11 320 320 ps
Receiver Input Compliance Mask Parameters Exclusive of Sinusoidal Jitter
: VDirr min | VDirr | A (Ul B (Ul
Receiver Type (mV) max (U (un
(mV)
1.25 GBaud 100 800 0.275 0.4
2.5 GBaud 100 800 0.275 04
3.125 GBaud 100 800 0.275 0.4
See footnote at end of table.
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TABLE |. Electrical performance characteristics - Continued.

At Recommended Operating Conditions with OVpp = 3.3V + 165 mV

Caution: The CCB clock to SYSCLK ratio and €500 core to CCB clock ratio settings must be chosen such SYSCLK
frequency, €500 (core) frequency, and CCB clock frequency do not exceed their respective maximum operating
frequencies. Refer to manufacturer data on "CCB/SYSCLK PLL Ratio” and "e500 Core PLL Ratio”, for ratio settings.

This parameter has been adjusted slower according to the workaround for device erratum GEN-13.

For spread spectrum clocking. Guidelines are + 0% to —1% down spread at modulation rate between 20 and 60 kHz on
SYSCLK.

System with operating core frequency less than 1200 MHz must limit SYSCLK frequency to 100 MHz maximum.
Rise and fall times for SYSCLK are measured at 0.6V and 2.7V.
Timing is guaranteed by design and characterization.

This represents the total input jitter — short term and long term — and is guaranteed by design.
The SYSCLK driver’s closed loop jitter bandwidth should be < 500 kHz at —20 dB. The bandwidth must cascade-
connected PLL-based devices to track SYSCLK drivers with the specified jitter.

Rise and fall times for EC_GTX_CLK125 are measured from 0.5V and 2.0V for L/TVDD = 2.5V, and from 0.6 and 2.7V
for L/TVDD = 3.3V.

EC_GTX_CLK125 is used to generate the GTX clock TSECn_GTX_CLK for the eTSEC transmitter with 2% degradation
EC_GTX_CLK125 duty cycle can be loosened from 47/53% as long as the PHY device can tolerate the duty cycle
generated by the TSECn_ GTX_CLK. See manufacturer data sheet for "RGMII and RTBI AC Timing Specifications” for
duty cycle for 10Base-T and 100Base-T reference clock.

Rise and fall times for SYSCLK are measured at 0.6V and 2.7V.
SYSCLK is identical to the PCI_CLK signal and is the primary clock input for this device.
Maximum ramp rate from 200 to 500 mV is most critical as this range may falsely trigger the ESD circuitry.

Vop itself is not vulnerable to false ESD triggering; however, as per manufacturer data sheet on "PLL Power Supply
Filtering” the recommended AVDD_CORE, AVDD_PLAT, AvDD_LBIU, AVDD_PCI1 and AVDD_PCI2 filters are all
connected to VDD. Their ramp rates must be equal to or less than the VDD ramp rate.

GVDD(typ) = 2.5V for DDR SDRAM, and GVDD(typ) = 1.8V for DDR2 SDRAM.
GV is expected to be within 50 mV of the DRAM GVpp at all times.

MVRer is expected to be equal to 0.5 x GVbp, and to track GVop DC variations as measured at the receiver. Peak-to-peak
noise on MVRer may not exceed * 2% of the DC value.

V1t is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVRer. This rail should track variations in the DC level of MVrer.

Output leakage is measured with all outputs disabled, 0V < Vout < GVpp.

This parameter is sampled. GVop = 1.8V £ 0.090V, f = 1 MHz, Ta = 25°C, Vout = GVbp/2, Vout (peak-to peak) = 0.2V.
MVrer is expected to be equal to 0.5 x GVbp, and to track GVop DC variations as measured at the receiver. Peak-to-
peak noise on MVgrer may not exceed +2% of the DC value.

This parameter is sampled. GVop = 2.5V £ 0.125 V, f = 1 MHz, Ta = 25°C, Vout = GVbp/2, Vout (peak-to-peak) = 0.2V.
The voltage regulator for MVrer must be able to supply up to 500 pA current.

tciskew represents the total amount of skew consumed by the controller between MDQS|[n] and any corresponding bit that
will be captured with MDQSIn]. This should be subtracted from the total timing budget.

The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called toiskew. This can be
determined by the following equation: toiskew = + (T/4 - abs(tciskew)) where T is the clock period and abs(tciskew) is the
absolute value of tciskew.
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TABLE |. Electrical performance characteristics - Continued.

The symbols used for timing specifications follow the pattern of t(irst two letters of functional block)(signal)(state) (reference)(state) for
inputs and tfirst 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, tDDKHAS 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, tookLox 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.

All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1V.

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

Note that tDDKHMH follows the symbol conventions described in note 27/. For example, tooknmn describes the DDR
timing (DD) from the rising edge of the MCK]n] clock (KH) until the MDQS signal is valid (MH). tooksmH can be modified
through control of the MDQS override bits (called WR_DATA_DELAY) in the TIMING_CFG_2 register. This will typically
be set to the same delay as in DDR_SDRAM_CLK_CNTL[CLK_ADJUST]. The timing parameters listed in the table
assume that these 2 parameters have been set to the same adjustment value. See the PC8548E Integrated Processor
Reference Manual for a description and understanding of the timing modifications enabled by use of these bits.
Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ),
ECC(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the
microprocessor.

All outputs are referenced to the rising edge of MCK[n] at the pins of the microprocessor. Note that tooknmp follows the
symbol conventions described in note 27/.

Note that the symbol Vi, in this case, represents the OVin symbol see manufacturer for more info.

Guaranteed by design.

fces refers to the internal platform clock.

Actual attainable baud rate will be limited by the latency of interrupt processing.

The middle of a start bit is detected as the 8th sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values
are sampled each 16" sample.

LVop supports eTSECs 1 and 2.

TVop supports eTSECs 3 and 4.

The symbol Vi, in this case, represents the LVin and TVin symbols referenced in manufacturer data.

The minimum cycle period of the TX_CLK and RX_CLK is dependent on the maximum platform frequency of the speed
bins the part belongs to as well as the FIFO mode under operation. Refer to manufacturer data “Platform to FIFO
restriction”.

The symbols used for timing specifications herein follow the pattern t(first 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, tetkHpov symbolizes GMII transmit
timing (GT) with respect to the teTx clock reference (K) going to the high state (H) relative to the time date input signals
(D) reaching the valid state (V) to state or setup time. Also, tetkHpx symbolizes GMII transmit timing (GT) with respect to
the tetx clock reference (K) going to the high state (H) relative to the time date input signals (D) going invalid (X) or hold
time. Note that, in general, the clock reference symbol representation is based on three letters representing the clock of a
particular functional. For example, the subscript of teTx represents the GMII(G) transmit (TX) clock. For rise and fall times,
the latter convention is used with the appropriate letter: R (rise) or F (fall).

The symbols used for timing specifications herein follow the pattern f(first 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. For example, tutkHpox symbolizes MII transmit
timing (MT) with respect to the turx clock reference (K) going to the high state (H) relative to the time date input signals
(D) reaching the invalid state (X). Note that, in general, the clock reference symbol representation is based on two to
three letters representing the clock of a particular functional. For example, the subscript of turx represents the MII(M)
transmit (TX) clock. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).
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TABLE |. Electrical performance characteristics - Continued.

The symbols used for timing specifications herein follow the pattern 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. For example, tMRDVKH symbolizes MIl receive tlmlng
(MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tmrx clock reference (K) going
to the high (H) state or setup time. Also, turoxkL symbolizes Ml receive timing (GR) with respect to the time data input
signals (D) went invalid (X) relative to the tuwrx clock reference (K) going to the low (L) state or hold time. Note that, in
general, the clock reference symbol representation is based on three letters representing the clock of a particular
functional. For example, the subscript of turx represents the Mll (M) receive (RX) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

The symbols used for timing specifications herein follow the pattern 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. For example, trTkHDV Symbolizes the TBI transmit
timing (TT) with respect to the time from trrx (K) going high (H) until the referenced data signals (D) reach the valid state
(V) or setup time. Also, trtkipx symbolizes the TBI transmit timing (TT) with respect to the time from trrx (K) going high
(H) until the referenced data signals (D) reach the invalid state (X) or hold time. Note that, in general, the clock reference
symbol representation is based on three letters representing the clock of a particular functional. For example, the
subscript of trrx represents the TBI (T) transmit (TX) clock. For rise and fall times, the latter convention is used with the
appropriate letter: R (rise) or F (fall).

The symbols used for timing specifications herein follow the pattern f(irst 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. For example, tTRDVKH symbolizes TBI receive timing
(TR) with respect to the time data input signals (D) reach the valid state (V) relative to the ttrx clock reference (K) going
to the high (H) state or setup time. Also, trroxkH symbolizes TBI receive timing (TR) with respect to the time data input
signals (D) went invalid (X) relative to the trrx clock reference (K) going to the high (H) state. Note that, in general, the
clock reference symbol representation is based on three letters representing the clock of a particular functional. For
example, the subscript of ttrx represents the TBI (T) receive (RX) clock. For rise and fall times, the latter convention is
used with the appropriate letter: R (rise) or F (fall). For symbols representing skews, the subscript is skew (SK) followed
by the clock that is being skewed (TRX).

Note that, in general, the clock reference symbol representation for this section is based on the symbols RGT to
represent RGMII and RTBI timing. For example, the subscript of treT represents the TBI (T) receive (RX) clock. Note also
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).

This implies that PC board design will require clocks to be routed such that an additional trace delay of greater than 1.5
ns will be added to the associated clock signal.

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

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

Guaranteed by characterization.

In rev 1.0 silicon, due to errata, tskraT is =650 ps (Min) and 650 ps (Max). Please refer to “eTSEC 10” in the device errata
document.

The symbols used for timing specifications herein follow the pattern 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. For example, tMTKHDX Symbolizes MII transmit tlmlng
(MT) for the time twrx clock reference (K) going high (H) until data outputs (D) are invalid (X). Note that, in general, the
clock reference symbol representation is based on two to three letters representing the clock of a particular functional.
For example, the subscript of twrx represents the MII(M) transmit (TX) clock. For rise and fall times, the latter convention
is used with the appropriate letter: R (rise) or F (fall).

The symbols used for timing specifications herein follow the pattern 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. For example, tMRDVKH symbolizes MIl receive tlmlng
(MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tMRX clock reference (K)
going to the high (H) state or setup time. Also, tmroxkL symbolizes MII receive timing (GR) with respect to the time data
input signals (D) went invalid (X) relative to the tmrx clock reference (K) going to the low (L) state or hold time. Note that,
in general, the clock reference symbol representation is based on three letters representing the clock of a particular
functional. For example, the subscript of tmrx represents the MIl (M) receive (RX) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

Note that the symbol VIN, in this case, represents the OVIN symbol referenced in section 1.3 and section 1.4 herein.
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TABLE |. Electrical performance characteristics - Continued.

The symbols used for timing specifications herein follow the pattern 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. For example, tMDKHDX 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, tvpopvkr symbolizes management data timing (MD) with respect to the time data input signals (D) reach the valid
state (V) relative to the tmpc clock reference (K) going to the high (H) state or setup time. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

This parameter is dependent on the eTSEC system clock speed, which is half of the Platform Frequency (fccs). The
actual ECn_MDC output clock frequency for a specific eTSEC port can be programmed by configuring the MgmtClk bit
field of PC8548E’s MIIMCFG register, based on the platform (CCB) clock running for the device. The formula is: Platform
Frequency (CCB)/(2*Frequency Divider determined by MIICFG[MgmtCIk] encoding selection). For example, if
MIICFG[MgmtCIk] = 000 and the platform (CCB) is currently running at 533 MHz, fuoc = 533/(2*4*8) = 533/64 = 8.3 MHz.
That is, for a system running at a particular platform frequency (fccs), the ECn_MDC output clock frequency can be
programmed between maximum fuoc = fccs/64 and minimum fuoc = fcce/448. Refer to MPC8572E reference manual’s
MIIMCFG register section for more detail.

The maximum ECn_MDC output clock frequency is defined based on the maximum platform frequency for PC8548E
(533 MHz) divided by 64, while the minimum ECn_MDC output clock frequency is defined based on the minimum
platform frequency for PC8548E (333 MHz) divided by 448, following the formula described in Note 57/ above.

tees is the platform (CCB) clock period.
Note that the symbol Vi, in this case, represents the BVin symbol referenced in manufacturer data.

The symbols used for timing specifications herein follow the pattern 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. For example, tLBIXKH1 Symbolizes local bus tlmlng
(LB) for the input (I) to go invalid (X) with respect to the time the tLsk clock reference (K) goes high (H), in this case for
clock one(1). Also, tLskHox symbolizes local bus timing (LB) for the tisk clock reference (K) to go high (H), with respect to
the output (O) going invalid (X) or output hold time.

All timings are in reference to LSYNC_IN for PLL enabled and internal local bus clock for PLL bypass mode.

All signals are measured from BVDD/2 of the rising edge of LSYNC _IN for PLL enabled or internal local bus clock for
PLL bypass mode to 0.4 BVop of the signal in question for 3.3 V signaling levels.

Input timings are measured at the pin.

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

tsoToT is @ measurement of the minimum time between the negation of LALE and any change in LAD. tisoTor is
programmed with the LBCR[AHD] parameter.

Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at BVpo/2.

All timings are in reference to local bus clock for PLL bypass mode. Timings may be negative with respect to the local
bus clock because the actual launch and capture of signals is done with the internal launch/capture clock, which
preceeds LCLK by tiekHkT.

Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at BVo/2.

All signals are measured from BVbp/2 of the rising edge of local bus clock for PLL bypass mode to 0.4 x BVbp of the
signal in question for 3.3V signaling levels.

Input timings are measured at the pin.

The value of tLeoToT is the measurement of the minimum time between the negation of LALE and any change in LAD.
For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered
through the component pin is less than or equal to the leakage current specification.

The symbol VIN, in this case, represents the OVIN.

All outputs are measured from the midpoint voltage of the falling/rising edge of trcLk to the midpoint of the signal in
question. The output timings are measured at the pins. All output timings assume a purely resistive 504 load (see Figure
30). Timeof-flight delays must be added for trace lengths, vias, and connectors in the system.
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TABLE |. Electrical performance characteristics - Continued.

The symbols used for timing specifications herein follow the pattern 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. For example, tuTDVKH Symbolizes JTAG device tlmlng
(JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the tiyrc clock reference (K)
going to the high (H) state or setup time. Also, titoxkns symbolizes JTAG timing (JT) with respect to the time data input
signals (D) went invalid (X) relative to the tyrc clock reference (K) going to the high (H) state. Note that, in general, the
clock reference symbol representation is based on three letters representing the clock of a particular functional. For rise
and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.
Non-JTAG signal input timing with respect to trcik.

Non-JTAG signal output timing with respect to trcik.

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

Refer to the PC8548E PowerQUICC Ill Integrated Host Processor Reference Manual for information on the digital filter
used.

I/0O pins will obstruct the SDA and SCL lines if OVop is switched off.

The symbols used for timing specifications herein follow the pattern 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. For example, tizovkH Symbolizes 12C tlmlng (|2) with
respect to the time data input signals (D) reach the valid state (V) relative to the tI2C clock reference (K) going to the high
(H) state or setup time. Also, tizsxkL symbolizes I2C timing (I?) for the time that the data with respect to the start condition
(S) went invalid (X) relative to the t12C clock reference (K) going to the low (L) state or hold time. Also, tizpvkn Symbolizes
I2C timing (I?) for the time that the data with respect to the stop condition (P) reaching the valid state (V) relative to the tiac
clock reference (K) going to the high (H) state or setup time. For rise and fall times, the latter convention is used with the
appropriate letter: R (rise) or F (fall).

PCB8548E provides a hold time of at least 300 ns for the SDA signal (referred to the Vimin of the SCL signal) to bridge the
undefined region of the falling edge of SCL. As a transmitter, the PC8548E 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 Start or Stop condition. When PC8548Eacts as the 12C bus master while transmitting,
PCB8548E drives both SCL and SDA. As long as the load on SCL and SDA are balanced, PC8548E would not cause
unintended generation of 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 PC8548E as transmitter, the following setting is
recommended for the FDR bit field of the I>CFDR register to ensure both the desired I12C SCL clock frequency and SDA
output delay time are achieved, assuming that the desired I2C SCL clock frequency is 400 KHz and the Digital Filter
Sampling Rate Register (I2CDFSRR) is programmed with its default setting of 0x10 (decimal 16):

I2C Source Clock Frequency 333 MHz 266 MHz 200 MHz 133 MHz
FDR Bit Setting 0x2A 0x05 0x26 0x00
Actual FDR Divider Selected 896 704 512 384
Actual 12C SCL Frequency Generated 371 KHz 378 KHz 390 KHz 346 KHz

For the detail of I2C frequency calculation, refer to the application note AN2919 “Determining the I12C Frequency Divider
Ratio for SCL”. Note that the 12C Source Clock Frequency is half of the CCB clock frequency for PC8548E.

The maximum tizovkH has only to be met if the device does not stretch the LOW period (ti2cL) of the SCL signal.

Cs = capacitance of one bus line in pF.

The symbol BV, in this case, represents the BVin symbol referenced manufacturer data Table 1.

Ranges listed do not meet the full range of the DC specifications of the PCI 2.2 Local Bus Specifications in manufacturer
data.

Note that the symbol VIN, in this case, represents the OVIN symbol referenced in Table 2-1 and Table 2-2 in
manufacturer data.
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TABLE I. Electrical performance characteristics - Continued. 1/

The symbols used for timing specifications herein follow the pattern 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. For example, trcivkH Symbolizes PCI/PCI-X tlmlng
(PC) with respect to the time the input signals () reach the valid state (V) relative to the SYSCLK clock, tsys, reference
(K) going to the high (H) state or setup time. Also, trcrriry symbolizes PCI/PCI-X timing (PC) with respect to the time hard
reset (R) went high (H) relative to the frame signal (F) going to the valid (V) state.

See the timing measurement conditions in the PCI 2.2 Local Bus Specifications in the manufacturer data sheet.

All PCI signals are measured from OVpp/2 of the rising edge of PCI_SYNC_IN to 0.4 x OVop of the signal in question for
3.3 V PCI signaling levels

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

Input timings are measured at the pin.

The timing parameter tsvs indicates the minimum and maximum CLK cycle times for the various specified frequencies.
The system clock period must be kept within the minimum and maximum defined ranges. For values see Section 20.
"Clocking” on page 94 of the manufacturer data sheet.

The setup and hold time is with respect to the rising edge of HRESET.

The timing parameter tecrrrv is @ minimum of 10 clocks rather than the minimum of 5 clocks in the PCI 2.2 Local Bus
Specifications.

The reset assertion timing requirement for HRESET is 100 ps.
See the timing measurement conditions in the PCI-X 1.0a Specification from manufacturer data sheet.

Minimum times are measured at the package pin (not the test point). Maximum times are measured with the test point
and load circuit.

Setup time for point-to-point signals applies to REQ and GNT only. All other signals are bused.
For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered
through the component pin is less than or equal to the leakage current specification.

Setup time applies only when the device is not driving the pin. Devices cannot drive and receive signals at the same time.

Maximum value is also limited by delay to the first transaction (time for HRESET high to first configuration access,
trcrrrv). The PCI-X initialization pattern control signals after the rising edge of HRESET must be negated no later than
two clocks before the first FRAME and must be floated no later than one clock before FRAME is asserted.

A PCI-X device is permitted to have the minimum values shown for teckHov and tcyc only in PCI-X mode. In conventional
mode, the device must meet the requirements specified in PCI 2.2 for the appropriate clock frequency.

Device must meet this specification independent of how many outputs switch simultaneously.

The timing parameter tecrrrv is @ minimum of 10 clocks rather than the minimum of 5 clocks in the PCI-X 1.0a
Specification from manufacturer data sheet.

The timing parameter tecivkr is @ minimum of 1.4 ns rather than the minimum of 1.2 ns in the PCI-X 1.0a Specification
from manufacturer data sheet.

Typical based on PCI Express Specification 2.0 in the manufacturer data sheet.

Each Ul is 400 ps £ 300 ppm. Ul does not account for Spread Spectrum Clock dictated variations.

No test load is necessarily associated with this value.

V1x-DIFFp-p = 2*|VTx-D+ — VTX-D].

Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 51 and measured
over any 250 consecutive TX Uls. (Also refer to the transmitter compliance eye diagram shown in Figure 49).

Ratio of the Vrx-nirrp-p Of the second and following bits after a transition divided by the Vrx.oirrp-p Of the first bit after a
transition.

The maximum Transmitter jitter can be derived as Ttxmax-JtTer = 1 — Ttx-eve = 0.3 UL

A Ttx-eve = 0.70 Ul provides for a total sum of deterministic and random jitter budget of TTx-uITTER-MAX = 0.30 Ul for the
Transmitter collected over any 250 consecutive TX Uls. The TTx-EYE-MEDIAN-to-MAX-JITTER median is less than half of the
total TX jitter budget collected over any 250 consecutive TX Uls. It should 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.
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TABLE I. Electrical performance characteristics - Continued. 1/

Jitter is defined as the measurement variation of the crossing points (VTX-DIFFp-p = 0 V) in relation to a recovered TX
UI. A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. Jitter is measured using all
edges of the 250 consecutive Ul in the center of the 3500 Ul used for calculating the TX UI.

The Transmitter input impedance shall result in a differential return loss greater than or equal to 12 dB and a common
mode return loss greater than or equal to 6 dB over a frequency range of 50 MHz to 1.25 GHz. This input impedance
requirement applies to all valid input levels. The reference impedance for return loss measurements is 50[Jto ground for
both the D+ and D- line (that is, as measured by a Vector Network Analyzer with 50Q probes; see Figure 51). Note that
the series capacitors CTX is optional for the return loss measurement.

Measured between 20—80% at transmitter package pins into a test load as shown in Figure 51 for both Vrx.0+ and V1x-o-.
See Section 4.3.1.8 of the PCI Express Base Specifications Rev 1.0a from manufacturer data sheet.
See Section 4.2.6.3 of the PCI Express Base Specifications Rev 1.0a from manufacturer data sheet.

PCB8548E SerDes transmitter does not have CTX built in. An external AC coupling capacitor is required.
VTx-cm-acp = RMS(|Vtxp+ + V1xo—|/2 —=V1x-cm-DC)
V1x-cm-nc = DCavg) Of |VTx-D+ + VTx-D-|/2.
|VTx-CM-DC (during L0) + VTX-CM-Idle-DC (during electrical idle)] <=100 mV
V1x-cm-nc = DCavg) of [V1x-p+ + V1xp-|/2 [LO]
V1x-cM-idie-nc = DCoavg) Of |VTx-D+ + VTx-D-|/2 [electrical idle]
|Vx-cm-pc-p+ — VTx-cm-De-D-| <= 25 mV
Vrx-cMm-pe-D+ = DCavg) Of |VTx-D+|
V1x-cm-c-D-= DCavg) Of [VTx-D-|.
V1x-IDLE-DIFFp = |VTX-IDLE-D+ — VTx-IDLE-D-| <= 20 mV.
The total amount of voltage change that a transmitter can apply to sense whether a low impedance Receiver is present.
The allowed DC Common Mode voltage under any conditions.
The total current the Transmitter can provide when shorted to its ground
Minimum time a Transmitter must be in Electrical Idle Utilized by the Receiver to start looking for an Electrical Idle Exit
after successfully receiving an Electrical |dle ordered set.
After sending an Electrical Idle ordered set, the Transmitter must meet all Electrical Idle Specifications within this time.
This is considered a debounce time for the Transmitter to meet Electrical Idle after transitioning from LO.
Maximum time to meet all TX specifications when transitioning from Electrical Idle to sending differential data. This is
considered a debounce time for the TX to meet all TX specifications after leaving Electrical Idle.
Measured over 50 MHz to 1.25 GHz.
TX DC Differential mode Low Impedance.
Required TX D+ as wellall states.
Static skew between any two Transmitter Lanes within a single Link.
All Transmitters shall be AC coupled. The AC coupling is required either within the media or within the transmitting
component itself.
This random timeout helps resolve conflicts in crosslink configuration by eventually resulting in only one Downstream and
one Upstream Port.
Each Ul is 400 ps + 300 ppm. Ul does not account for Spread Spectrum Clock dictated variations.
No test load is necessarily associated with this value.
VRx-DIFFp-p = 2*|VRx-D+ — VRX-D-].
Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 51 should be
used as the RX device when taking measurements (also refer to the Receiver compliance eye diagram shown in Figure
50). If the clocks to the RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500
consecutive Ul must be used as a reference for the eye diagram.
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TABLE I. Electrical performance characteristics - Continued. 1/

The maximum interconnect media and Transmitter jitter that can be tolerated by the Receiver can be derived as
Trx-MAX-JITTER = 1 =Trx-eYE = 0.6 ULl.

A Trx-eve = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the Transmitter and
interconnect collected any 250 consecutive Uls. The Trx-EvE-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 TX Uls. It should be noted that the median is not the same as the mean. The jitter median describes
the point in time where the number of jitter points on either side is approximately equal as opposed to the averaged time
value. If the clocks to the RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500
consecutive Ul must be used as the reference for the eye diagram.

Jitter is defined as the measurement variation of the crossing points (VRX-DIFFp-p = 0 V) in relation to a recovered TX
UI. A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. Jitter is measured using all
edges of the 250 consecutive Ul in the center of the 3500 Ul used for calculating the TX UI.

VRrx-cm-acp = |VRxp+ — VRxD-|/2 + VRx-cM-DC

VRrx-cm-bc = DCavg) Of [VRx-D+ + VRx-D-|/2.

Measured over 50 MHz to 1.25 GHz with the D+ and D-lines biased at +300 mV and —300 mV, respectively.

The Receiver input impedance shall result in a differential return loss greater than or equal to 15 dB with the D+ line
biased to 300 mV and the D- line biased to —300 mV and a common mode return loss greater than or equal to 6 dB (no
bias required) over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement applies to all valid input
levels. The reference impedance for return loss measurements for is 50Q to ground for both the D+ and D- line (that is,
as measured by a Vector Network Analyzer with 50Q probes - see Figure 51). Note: that the series capacitors CTX is
optional for the return loss measurement.

Measured over 50 MHz to 1.25 GHz with the D+ and D-lines biased at OV.

RX DC Differential

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 un-configured Lanes of a
Port.

Required RX D+ as well as D-DC Impedance (50 + 20% tolerance).

Required RX D+ as well as D-DC Impedance when the Receiver terminations do not have power.

The RX DC Common Mode Impedance that exists when no power is present or Fundamental Reset is asserted. This
helps ensure that the Receiver Detect circuit will not falsely assume a Receiver is powered on when it is not. This term
must be measured at 300 mV above the RX ground.

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

VRx-IDLE-DET-DIFFp-p = 2*|VRx-D+ -VRx-D-|. Measured at the package pins of the Receiver

An unexpected Electrical Idle (Vrx-biFFp-p < VRX-IDLE-DET-DIFFp-p) Must be recognized no longer than TRx-IDLE-DET-DIFF-ENTERING
to signal an unexpected idle condition.

Skew across all lanes on a Link. This includes variation in the length of SKP ordered set (e.g. COM and one to five
Symbols) at the RX as well as any delay differences arising from the interconnect itself.

8 ns applies only to serial RapidlO with 125-MHz reference clock.

Voltage relative to COMMON of either signal comprising a differential pair.
Skew at the transmitter output between lanes of a multilane link.

+ 100 ppm.

Measured at receiver.

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

Skew at the receiver input between lanes of a multilane link.
Guaranteed by design or characterization. Not by electrical test.
This subject is guaranteed by design or characterization. Not by electrical test.
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Notes:
1. All dimensions are in millimeters.
2. Dimensioning and tolerancing per ASME Y14.5M-1994.
3. Maximum solder ball diameter measured parallel to datum A.
4. Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
5. Parallelism measurement shall exclude any effect of mark on top surface of package.
6. All dimensions are symmetric across the package center lines unless dimensioned otherwise.
FIGURE 1. Case outline.
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Notes:

All dimensions are in millimeters.

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

Maximum solder ball diameter measured parallel to datum A.

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

All dimensions are symmetric across the package center lines unless dimensioned otherwise.
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FIGURE 2. Case outline.
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DOR DDR/DDRY
-] SECURITY
SDRAM MEMORY CONTROLLER ENGINE
FLASH XOR 512-KEYTE
SDRAM =+—=s={  LOCAL BUS CONTROLLER ENGINE L2 CACHE/ e500 CORE
GPIO SRAM
PROGRAMMABLE INTERRUPT
IRQs™=—" CONTROLLER (PIC) ? 32-KBYTE L1 32-KBYTE
2500 ! INSTRUCTION L1 DATA
COHERENCY CACHE CACHE
MODULE CORE COMPLEX
SE RIAL-=—= DUART ] BUS
12 -t 12c L
CONTROLLER
, 2¢ - SERIALOP;APIDIO 4x RAPIDIO
M ILGMILTEI eTSEC Oceal
RTE LRG| == - SWITCH
RMII 10M00MGh EABRIC
MILGMILTEI STSEC 32-BITPCIBUS INTERFACE 4+ PC132BIT
RTE LRG| == - {IF 64-BIT NOT USED) 66 MHz
EMIl 101001 Ghb :><:
32-BIT PCV
M ILGMILTEI &TSEC GABIT PCIPCIX 4+ PCIPCIX
RTBLRGMII BUS INTE REACE 133 MHz
RMII 10M00MGh
RTELRGMI eTSEC 4 CHANNEL DMA
RMII — CONTROLLER
FIGURE 3. Block diagram.
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Vin BIGILIOV +5% — 7 4 ———--/\: ————————————————————————————————————
11
BIGILIOVpy —f T
Vo
11
I 1
11
1 1
1 1
11
11
I 1
1 1
1 1
11
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I 1
1 1
1 1
I 1
11
. A
GHND : : v,
GND-0.3 W === 1= F === o= oo oo oo -
ViL ! il fi
i1
GNDOT YW — -+ — - - —— o
1 1 ] 1
[ I 1
—u—JI IL-._ MNOT TO EXCEED 10% OF bLOCK_H. Il--l—

NOTES:

SEEMNOTE1

1. tcrock refers to the clock period associated with the respective interface:
For I2C and JTAG, tcLock references SYSCLK.

For DDR, tcLock references MCLK.

For eTSEC, tcLock references EC_GTX_CLK125.

For LBIU, tcLock references LCLK.

For PCI, tcLock references PCIn_CLK or SYSCLK.

For SerDes, tcLock references SD_REF_CLK.
2. Please note that with the PCI overshoot allowed (as specified above), the device does not fully comply with the
maximum AC ratings and device protection guideline outlined in the PCl rev. 2.2 standard (section 4.2.2.3).

FIGURE 4. Overshoot/Undershoot Voltage for GVDD/OVDD/LVDD/BVDD.
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FIGURE 5. Timing Diagram for tbpkHmH.
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FIGURE 6. DDR SDRAM Output Timing Diagram.
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FIGURE 7. DDR AC Test Load.
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FIGURE 8. FIFO Transmit AC Timing Diagram.
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LaTx ’

bTxR

J

o GTxH taTxr

TX_EM

TX_ER >< X

GTkHoy T loTkHDx T
FIGURE 10. GMII Transmit AC Timing Diagram.
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Sty S S S S
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X
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FIGURE 11. GMII Receive AC Timing Diagram.
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biTxr

TX_CLK m
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A

FIGURE 12. MIl Transmit AC Timing Diagram.

OuUTPUT —6
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11—

FIGURE 13. eTSEC AC Test Load.

N ™ hyrxn T WRxF
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FIGURE 14. MIl Receive AC Timing Diagram.
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FIGURE 15. TBI Transmit AC Timing Diagram.
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FIGURE 16. TBI Receive AC Timing Diagram.
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~—trran I'|
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FIGURE 17. TBI Single-Clock Mode Receive AC Timing Diagram.
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FIGURE 18. RGMII and RTBI AC Timing and Multiplexing Diagrams.
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FIGURE 19. RMII Transmit AC Timing Diagram.
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FIGURE 20. eTSEC AC Test Load
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FIGURE 21. RMII Receive AC Timing Diagram.
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FIGURE 22. MIl Management Interface Timing Diagram.

FIGURE 23. Local Bus AC Test Load.
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FIGURE 24. Local Bus Signals, (PLL Enabled).
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NOTES:
1. In PLL bypass mode, LCLK[n] is the inverted version of the internal clock with the delay of tiekrkT. In this mode,

signals are launched at the rising edge of the internal clock and are captured at falling edge of the internal clock
withe the exception of LGTA/LUPWAIT (which is captured on on the rising edge of the internal clock).

FIGURE 25. Local Bus Signals (PLL Bypass Mode).
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FIGURE 26. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Enabled).
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FIGURE 27. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 4 (PLL Bypass Mode).
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FIGURE 28. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =8 or 16 (PLL Enabled).
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FIGURE 29. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =8 or 16 (PLL Bypass Mode).
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FIGURE 30. AC Test Load for the JTAG Interface.
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FIGURE 31. JTAG Clock Input Timing Diagram.
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NOTES:
1. VM = Midpoint Voltage (OVbo/2).
FIGURE 32. TRST Timing Diagram.
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NOTES:
1. VM = Midpoint Voltage (OVbo/2).
FIGURE 33. Boundary-scan Timing Diagram.
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FIGURE 34. 12C Bus AC Test Load.
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FIGURE 35. 12C Bus AC Timing Diagram.
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FIGURE 37. PCI/PCI-X Input AC Timing Measurement Conditions.
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FIGURE 38. PCI/PCI-X Output AC Timing Measurement Condition.
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AVOLTS

BVOLTS

DIFFERENTIAL SWING, V5 OR Vo =A-B
DIFFERENTIAL PEAK VOLTAGE, VDIFFp =AB

DIFFERENTIAL PEAK-PEAK BOLTAGE, VD{FFpp = QWDIFFp { NOT SHOWN )

Vey=(A+B)/2

FIGURE 39. Differential Voltage Definitions for Transmitter or Receiver.

SDn_REF_CLK K———|

SDn_REF _CLK —
500

FIGURE 40. Receiver of SerDes Reference Clocks.
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200 mv < INPUT AMPLITURE OR DIFFERENTIAL

5Dn_REF CLK PEAK < 800 mV ; Vi < 800 MV
y
100 MV £V < 400 MV
1
Vimax < 0V

SDn_REF CLK

FIGURE 41. Differential Reference Clock Input DC Requirements (External DC-Coupled).
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SDn REE CLK 200 mV < INFUT AMFLITURE OR DIFFERENTIAL
n
_hEF_ PEAK =800 mV | Vimax < Vem+ 400

my

i — V_— zVom-400
SDn_REF _CLK min = 7€M

FIGURE 42. Differential Reference Clock Input DC Requirements (External AC-Coupled).

400 mV = SDn_REF_CLK Input Amplitude = 800 mV
L

L/

SDn_REF_CLK

mVy

~

SDn_REF_CLK

FIGURE 43. Single-Ended Reference Clock Input DC Requirements.
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I
SDn_REF_CLK
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[

CLK Out

I

I

|

|

_______________ d Clock driver vendor dependent !
source termination resistor

Total 5002. Assume clock dnver's
output impedance is about 160

SerDes Refer.
CLK Recever

FIGURE 44. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only).
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LVDS CLK Driver Chip

! 1 1 1
1 | I 1
: I i PCB548E i
! I
I 1 I I
| I I 1
| | 500 |
| CLK_Out i 10nF SDn_i_REF_CLK |
| | | |
]
X - ! ; ; ! SerDes Refer. i
i Clock Driver ! 10002 Differential PWB Trace i CLK Receiver i
I
i i 10nF \\ i i
| I
| g———— = & 0 |
i | SOn,REF CLK !
i CLK_Out i n _:r 500 i
i | i |
| I I 1
I 1 ] ]
! 1 | 1
! 1 | |
L a ' |

FIGURE 45. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only).

_________________________ - o e e e e
LVPECL CLK Driver Chip I |
: i PC8548E
! |
| 1
1
| SDniREF_CLK 500
CLK_Qut | R2 10|I'I|F : |
! 1 1
E T —d M
I
Clock Dri ISR N | SerDes Refer
ock Driver : 1000} Differential PWB Traco ! CLK Receiver
I 1
| 1
| R2 \\ 10nF :
I
H— — —(
|
CLK Out | ] '
|
|
|
I
I

1
T
SDn}REF CLK
R : 500

1
1
1
|
1
1

FIGURE 46. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only).
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Single_Ended CLK

PC8548E

i | | i
i river Chip ! i i
| i : I
i i Total 5002 Assume clock driver's i i
i i output impedance is about 160 | '
1 ! | 1
i | 500 !
: ; SDn IREF_CLK i
' | Clock Driver 5 } L H ;
! CLK Out | ! :
i ! 1000 Differential PWB Trace | Seres Refer i
1 I | 1
i a N | =
e | = — 0 ;
: ! SDn REF_CLK ;
: i 500 ! 500 :
1 ! | 1
1 ! | 1
| i : I
FIGURE 47. Single-Ended Connection (Reference Only).
SD1_TXn or SD1_RXn or
SD2_TXn SD2_RXn
500
Ay [ [ |
TRANSMITTOR Receiver
H00
]
SD1_TXnor
SD2_TXn
FIGURE 48. SerDes Transmitter and Receiver Reference Circuits.
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Vix_pipr =0 mV

(D+D-Crossing Point) .~

.
.
n
-

~

FIGURE 49. Minimum Transmitter Timing and Voltage Output Compliance Specifications.

566mV (3dB)>= V

- 07 UI=
{ Transition Bit ) -

\*‘t{T}(—DIFFp—p—MIN

. Vixppr=0mv

“.  (D+D-Crossing Point)
(Transition Bit)
V =800 mV

TX-DIFFp-p-MIN .

(De-emphasized Bit)
TXDIFFp-p_MIN"—20oMV (4dB)

UI-0.3 Ul Uy rotaLmax) 7™

-

= 800mV."

Vrx-pipF = 0mV
{D+D-Crossing Point)

V,

RX-DIFFp-p-MIN

i

Vex-pipr =0mV
{D+D-Crossing Point)

= 175mV

Y

0.4 Ul'=Tey evEmiN

FIGURE 50. Minimum Receiver Eye Timing and Voltage Compliance Specification.
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D+Package
Pin

I
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T i
Silicon i
+Package :
|
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o
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FIGURE 51. Compliance Test/Measurement Load.

TD or RD
A Volts --—---- L
B Volts - -—emmn TD or RD ]
Differential Peak-Peak = 2x (A-B)
FIGURE 52. Differential Peak-to-Peak Voltage of Transmitter or Receiver.
w
2 VoiFF MaX
=)
=
2 Vo min -
=
O
©
E 0
o
5 .
& Voippmin -
=
wy
©
= ~Vpipr Max
Time in Ul
FIGURE 53. Transmitter Output Compliance Mask.
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Sinusoidal
Jitter
Amplitude
i i -
22 1 kHz Frequency 1875 MHz 20 MHz
FIGURE 54. Single Frequency Sinusoidal Jitter Limits.
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o i i i
C 1 | 1
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'_ 1 ] :
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0 A B 1-B 1-A 1
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FIGURE 55. Receiver Input Compliance Mask.
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4. VERIFICATION

4.1 Sampling and inspection. For class Y device, sampling and inspection procedures shall be performed in accordance with
MIL-PRF-38535 or as modified in the device manufacturer's Quality Management (QM) plan. The modification in the QM plan
shall not affect the form, fit, or function as described herein

4.2 Screening. For class Y device, screening test shall be performed in accordance with MIL-PRF-38535, and shall be
conducted on all devices prior to qualification and technology conformance inspection.

4.2.1 Burn-in criteria for class Y device.

a. The manufacturers shall be provide appropriate burn-in information herein table Il in accordance with JEDEC
publication JEP163. The burn-in test duration, test condition and test temperature shall be as specified in the device
manufacturer's QM plan in accordance with MIL-PRF-38535. The burn-in test circuit shall be maintained under
document revision level control of the device manufacturer's Technology Review Board (TRB) in accordance with
MIL-PRF-38535 and shall be made available to the acquiring or preparing activity upon request. The test
circuit shall specify the inputs, outputs, biases, and power dissipation, as applicable, in accordance with
the intent specified in method 1015 of MIL-STD-883.

b. Interim and final electrical test parameters shall be as specified in table Ill herein.

c. Additional screening for device class Y shall be required as specified in MIL-PRF-38535, appendix B.

4.3 Qualification inspection for device class Y. Qualification inspection for device class Y shall be in accordance with

MIL-PRF-38535. Inspections to be performed shall be those specified in MIL-PRF-38535 and herein for groups A, B, C, D, and
E inspections (see 4.4.1 through 4.4.4).

4.4 Conformance inspection. Technology conformance inspection for class Y shall be performed in accordance with
MIL-PRF-38535 including groups A, B, C, D, and E (RHA test) and as specified.

4.4.1 Group A inspection.

a. Tests shall be as specified in table Il herein.

b. Devices induced latch-up tests are required for device class Y. These tests shall be performed only for initial
qualification and after process or design changes which may affect the performance of the device. Latch-up tests shall
be considered destructive. For latch-up tests, test all applicable pins on five devices with zero failures.

c. Cy, and C,y shall be measured only for initial qualification and after process or design changes which may affect
capacitance. C, shall be measured between the designated terminal and GND at a frequency of 1 MHz. C.j shall be
tested in accordance with the latest revision of JESD20 and table IA herein. For C, and Cgp, test all applicable pins on
five devices with zero failures.

d. For device class Y, subgroups 7 and 8 tests shall be sufficient to verify the truth table on figure 2 herein or verifying the
functionality of the device.

4.4.2 Group B inspection.

a. Forclass Y flip chip devices with lid/heat sink attached on the back side of a flip chip die require a lid shear or lid torque
test. Manufacturers shall submit test procedures of lid shear test for approval.

b. For ball grid array (BGA) packages, ball shear test shall be performed in accordance with JESD22-B117.

c. For column grid array (CGA) packages, solder column pull test shall be performed in accordance with TM 2038 of

MIL-STD-883.
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4.4.3. Group C inspection. The group C inspection end-point electrical parameters shall be as specified in table Il herein. For
device class Y steady-state life tests circuit shall be maintained by the manufacturer and shall be made available to the
acquiring or preparing activity upon request.

4.4.2.1 Additional criteria for device class Y. The steady-state life test duration, test condition and test temperature, or
approved alternatives shall be as specified in the device manufacturer's QM plan in accordance with MIL-PRF-38535. The test
circuit shall be maintained under document revision level control by the device manufacturer's TRB in accordance with
MIL-PRF-38535 and shall be made available to the acquiring or preparing activity upon request. The test circuit shall specify
the inputs, outputs, biases, and power dissipation, as applicable, in accordance with the intent specified in method 1005 of
MIL-STD-883.

4.4.3 Group D inspection. The group D inspection end-point electrical parameters shall be as specified in table Il herein.

4.4.4 Group E inspection. Group E inspection is required only for parts intended to be marked as radiation hardness assured
(see 3.5 herein).

a. End-point electrical parameters shall be as specified in table Il herein.

b. For device class Y, the devices or test vehicle shall be subjected to radiation hardness assured tests as specified in
MIL-PRF-38535 for the RHA level being tested. All device classes must meet the postirradiation end-point electrical
parameter limits as defined in table IA at Ta = +25°C +5°C, after exposure, to the subgroups specified in table Il herein.

4.4.41 Total dose irradiation testing. Total dose irradiation testing shall be performed in accordance with MIL-STD-883,
method 1019, condition A, and as specified herein.

4.4.4.1.1 Accelerated annealing testing. Accelerated annealing tests shall be performed on all devices requiring a RHA level
greater than 5K Rad (Si). The post-anneal end-point electrical parameter limits shall be as specified in table 1A herein and shall
be the pre-irradiation end-point electrical parameter limits at 25°C +5°C. Testing shall be performed at initial qualification and
after any design or process changes which may affect the RHA response of the device.

4.4.4.2 Dose rate induced latchup testing. When required by the customer, dose rate induced latchup testing shall be
performed in accordance with method 1020 of MIL-STD-883 and as specified herein. Tests shall be performed on devices,
SEC, or approved test structures at technology qualification and after any design or process changes which may affect the RHA
capability of the process.

4.4.4.3 Dose rate upset testing. When required by the customer, dose rate upset testing shall be performed in accordance
with method 1021 of MIL-STD-883 and herein.

a. Transient dose rate upset testing shall be performed at initial qualification and after any design or process changes
which may affect the RHA performance of the devices. Test 10 devices with 0 defects unless otherwise specified.

b. Transient dose rate upset testing for class Y devices shall be performed as specified by a TRB approved radiation
hardness assurance plan and MIL-PRF-38535. Device parameters that influence upset immunity shall be monitored at
the wafer level in accordance with the wafer level hardness assurance plan and MIL-PRF-38535.
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4.4.4.4 Single event phenomena (SEP). When specified in the purchase order or contract, SEP testing shall be required on
class V devices. SEP testing shall be performed on the Standard Evaluation Circuit (SEC) or alternate SEP test vehicle as
approved by the qualifying activity at initial qualification and after any design or process changes which may affect the upset or
latchup characteristics. Test four devices with zero failures. ASTM F1192 or C JESD57 may be used as a guideline when
performing SEP testing. The test conditions for SEP are as follows:

a.

f.

g.

The ion beam angle of incidence shall be between normal to the die surface and 60° to the normal, inclusive
(i.e. 0° < angle < 60°). No shadowing of the ion beam due to fixturing or package related effects is allowed.

The fluence shall be > 100 errors or = 107 ions/cm?Z.

The flux shall be between 102 and 105 ions/cm?/s. The cross-section shall be verified to be flux independent by
measuring the cross-section at two flux rates which differ by at least an order of magnitude.

The particle range shall be adequate to detect latch-up, because the relevant junction is often buried deep below
the active chip. Range of the ion which shall be sufficiently penetrate well beyond the deepest part volume of the
devices to of the sensitive detect latch-up.

The upset test temperature shall be +25°C and the latchup test temperature is maximum rated operating temperature
+10°C.

Bias conditions shall be defined by the manufacturer for latchup measurements.

SEP test limits are available upon request.

4.4.4.5 Neutron irradiation/displacement damage testing. When required by the customer, neutron testing shall be performed
in accordance with method 1017 of MIL-STD-883 and herein. All device classes must meet the post irradiation end-point
electrical parameter limits as defined in table 1A, for the subgroups specified in table 1l1A herein at Ta = +25 °C 5 °C after an
exposure of 1 x 10'2 neutrons/cm? .
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TABLE Il. Electrical test requirements.

Test requirements
(in accordance with MIL-PRF-38535, screening
table IA, group A, B, C, D, E and MIL-STD-883
test method)

Subgroups
(in accordance with MIL-PRF-38535, table Ill)

Device class Y

Interim electrical parameters,
(screening table IA)

1,2,3,4,5,6,7,8,9,10, 11

Static burn-in I, Required
method 1015 (see 4.2.1a) 1/
Static burn-in Il Required
method 1015 (see 4.2.1a) 1/
Dynamic burn-in , Required
method 1015 (see 4.2.1a) 1/

Final electrical parameters,
(screening table IA)

1,2,3,4,5,6,7,8,9,10, 11 2/

Group A test requirements
(see 4.4.1)

1,2,3,4,5,6,7,8,9,10, 11

Group B end point electrical
parameters, (see 4.4.2)

1,2,3,4,5,6,7,8,9,10, 11

Group C end-point electrical
parameters, (see 4.4.3)

1,2,3,4,5,6,7,8,9,10, 11

Group D end-point electrical
parameters, (see 4.4.4)

1,2,3,4,5,6,7,8,9,10, 11

Group E end-point electrical
parameters, (see 4.4.5) 3/

1,79

Post-column attach electrical
parameters test (see 4.2) 3/

1

with burn-in publication JEP163.
2/ PDA applies to subgroups 1 and 7.

1/ The manufacturers shall be provide appropriate burn-in information herein table Il in accordance

3/ For flip chip class Y BGA/CGA devices, screening and group A, B, C, D and RHA test group E shall be
preformed at land grid array (LGA) level. i.e. before ball or column attached to the devices. After ball or
column attach, electrical test shall be performed at 25°C (Group A, subgroup 1) as a minimum to verify

that no electrical/mechanical damage has been introduced due to the column attach process.
x/ For flip chip Class Y device, Nondestructive bond pull (NDBP) test is not required.

x/ For devices without a cavity such as class Y or flip chip devices with underfill, Particle impact noise detection

(PIND) test is not applicable.

x/ For flip chip technology C-SAM inspection is required. C-SAM inspection shall be performed on each flip chip

device in accordance with TM 2030 of MIL-STD-883.

x/ C-SAM test shall be performed on each device when a heat sink or lid is attached directly to the back side of

the flip chip die in accordance with TM 2030 of MIL-STD-883.
x/ Seal test (TM 1014) is not required for class Y non-hermetic devices.
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TABLE Ill. Burn-in and operating life test delta parameters (+25°C).

All critical parameter 1/ 2/ Symbol Device types Delta limits
3/
t
Power Sleep power_mgmt_ A +0.250A
sleep_vdd
p_idd_max_core
Iop Max 1200 MHz A +10%
1200_0301_nom
11
s_fmax_elf_1801
Fmax Nom Level MHz +10%
_nom1045
Platform Fmax Nom Level s_fmax_tsecplat .
_3001_nom1033 MHz +10%

1/ These parameters shall be recorded before and after the required burn-in to
determine delta drift limits.
2/ Manufacturer shall be specified in table Il all critical parameters that have delta
drift values during burn-in test.
3/ The delta drift limit shall be computed with reference to the previous interim electrical parameters. The
delta drift limit shall be specified in table III.

4.5 Delta measurements for device class Y. Class Y devices, the device manufacturer shall maintain read-and-record data
(as a minimum on disk) for burn-in electrical parameters (group A, subgroup 1), in accordance with MIL-PRF-38535, table IlI.
Delta limits shall be required on class Y devices, and shall be recorded before and after the required burn-in screens and
steady-state life tests to determine delta limit compliance. The electrical parameters to be measured, with associated delta limits
are listed in table IIl.

5. PACKAGING

5.1 Packaging requirements. The requirements for packaging shall be in accordance with MIL-PRF-38535 for device class
Y.
6. NOTES

6.1 Intended use. Microcircuits conforming to this drawing are intended for use for Government microcircuit applications
(original equipment), design applications, and logistics purposes.

6.1.1 Replaceability. Microcircuits covered by this drawing will replace the same generic device covered by a contractor-
prepared specification or drawing.

6.2 Configuration control of SMD's. All proposed changes to existing SMD's will be coordinated with the users of record for
the individual documents. This coordination will be accomplished using DD Form 1692, Engineering Change Proposal.

6.3 Record of users. Military and industrial users should inform DLA Land and Maritime when a system application requires
configuration control and which SMD's are applicable to that system. DLA Land and Maritime will maintain a record of users
and this list will be used for coordination and distribution of changes to the drawings. Users of drawings covering
microelectronic devices (FSC 5962) should contact DLA Land and Maritime-VA, telephone (614) 692-8108.

6.4 Comments. Comments on this drawing should be directed to DLA Land and Maritime-VA, Columbus, Ohio 43218-3990,
or telephone (614) 692-0591.

6.5 Abbreviations, symbols, and definitions. The abbreviations, symbols, and definitions used herein are defined in
MIL-PRF-38535 and MIL-HDBK-1331.
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6.6 Sources of supply.

6.6.1 Sources of supply for device class Y. Sources of supply for device class Y are listed in MIL-HDBK-103 and
QML-38535. The vendors listed in QML-38535 have submitted a certificate of compliance (see 3.6 herein) to DLA Land and
Maritime-VA and have agreed to this drawing.

6.7 Package integrity demonstration test plan (PIDTP). For class Y microcircuits, the PIDTP must address issues unique to
non-hermetic construction and materials, such as potential materials degradation, moisture absorption, and resistance of active
devices, passive devices and interconnects to environmental effects and processing stresses. Flip chip PIDTP also shall
address the materials and processes unique to solder bump interconnect attach, underfill and thermal interface materials (TIM).
The QA approved PIDTP shall be documented in the product QM plan and shall be available upon requested in the purchase
order or contract.

6.8 CGA packages lead finish: Microcircuits devices for column grid array (CGA) packages are supplying to this drawing with
terminal lead finish mark “F”. Terminal lead finish F is tin (Sn) and lead (Pb) alloy with copper spiral column, and solder column
material contains compositions of Sn= 15% and Pb=85% and wrapped with copper spiral coil. A layer of eutectic solder plated
over the surface of the Cu spiral.

6.9 BGA packages lead finish: Microcircuits devices for ball grid array (BGA) packages are supplying to this drawing with
terminal lead finish mark “F”. Terminal lead finish F is tin (Sn) and lead (Pb) and Bismuth (Bi) alloy, and solder ball material
contains compositions of Sn=63% and Pb=37% .

6.10 Additional information. When specified in the purchase order or contract, a copy of the following additional data shall be
supplied:

a. RHA test conditions of SEP.
b. Number of upsets (SEU).

c.  Number of transients (SET).
d

Occurrence of latchup (SEL).
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STANDARD MICROCIRCUIT DRAWING BULLETIN

DATE: 21-03-09

Approved sources of supply for SMD 5962-20209 are listed below for immediate acquisition information only and
shall be added to MIL-HDBK-103 and QML-38535 during the next revision. MIL-HDBK-103 and QML-38535 will be
revised to include the addition or deletion of sources. The vendors listed below have agreed to this drawing and a
certificate of compliance has been submitted to and accepted by DLA Land and Maritime-VA. This information
bulletin is superseded by the next dated revision of MIL-HDBK-103 and QML-38535. DLA Land and Maritime
maintains an online database of all current sources of supply at https://landandmaritimeapps.dla.mil/programs/smctr/.

Standard Vendor Vendor
microcircuit drawing CAGE similar
PIN 1/ number PIN 2/
5962-2020901YXF F8385 PC8548EMGHBYLATGB
5962-2020901YYF F8385 PC8548EMGCBYLATGB
5962-2020902YXF F8385 PC8548EMGHBYLAUHB
5962-2020902YYF F8385 PC8548EMGCBYLAUHB
5962-2020903YXF F8385 PC8548MGHBYLATGB
5962-2020903YYF F8385 PC8548MGCBYLATGB
5962-2020904Y XF F8385 PC8548MGHBYLAUHB
5962-2020904YYF F8385 PC8548MGCBYLAUHB

1/ Microcircuits devices for column grid array (CGA) or ball grid array (BGA) packages are
supplied to this drawing with terminal lead finish mark “F” which are a tin (Sn) and lead (Pb)
alloy. See section 6.8 and 6.9 for the solder column material contains compositions.

2/ Caution. Do not use this number for item acquisition. ltems acquired to this number may
not satisfy the performance requirements of this drawing.

Vendor CAGE
number

F8385

Vendor name
and address

Teledyne e2v Semiconductors
Avenue De Rochepleine
BP 123
Saint Egreve CEDEX-38521, France

information bulletin.

The information contained herein is disseminated for convenience only and the
Government assumes no liability whatsoever for any inaccuracies in the
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