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Table 2. Absolute Maximum Ratings' (continued)

Characteristic Symbol Max Value Unit Note
Input voltage DDR DRAM signals MVn —-0.3to (GVpp + 0.3) \ 2,4
DDR DRAM reference MVgee —-0.3to (GVpp + 0.3) \ 2,4
Three-speed Ethernet signals LViN —-0.3 to (LVpp + 0.3) \ —
PCI, DUART, CLKIN, system control and power OV|n —-0.3to (OVpp + 0.3) \ 3,4,5
management, 1°C, and JTAG signals
Local Bus LBy —-0.3 to (LBVpp + 0.3) \ —
Storage temperature range Tstg -55t0 150 °C —

Notes:

1.

Functional and tested operating conditions are given in Table 3. Absolute maximum ratings are stress ratings only, and
functional operation at the maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause
permanent damage to the device.

Caution: MV |y must not exceed GVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during
power-on reset and power-down sequences.

Caution: OV|y must not exceed OVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during
power-on reset and power-down sequences.

(M,0)V,y and MVggg may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2.
Overshoot/undershoot by OV on the PCl interface does not comply to the PCI Electrical Specification for 3.3-V operation,
as shown in Figure 2.

L[1,2]_nVpp includes SDAVpp o, XCOREVpp, and XPADVpp power inputs.

2.1.2 Power Supply Voltage Specification

Thistable provides recommended operating conditions for the device. Notethat thevaluesin thistable are
the recommended and tested operating conditions. Proper device operation outside of these conditionsis

not guaranteed.
Table 3. Recommended Operating Conditions
Characteristic Symbol Recommended Unit | Note
Value
Core supply voltage up to 667 MHz Vpp 1.0 50 mV \Y 1
800 MHz 1.05+ 50 mV \'% 1
PLL supply voltage (€300 core, eLBC and up to 667 MHz AVpp 1.0 50 mV \Y 1,2
system)
800 MHz 1.05+ 50 mV \'% 1,2
DDR1 and DDR2 DRAM I/O voltage GVpp 25V +125mV \% 1
1.8V +90 mV
Three-speed Ethernet I/O, MIl management voltage LVppl[1,2] 3.3V +165mV \% —
25V +125mV
PCI, local bus, DUART, system control and power management, 12C, and OVpp 3.3V +165mV \% 1
JTAG I/O voltage
Local Bus LBVpp 1.8V +90mV \ —
25V +125mV
3.3V +165mV
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Table 3. Recommended Operating Conditions (continued)

Characteristic Symbol Recommended Unit | Note
Value
SerDes up to 667 MHz L[1,2]_nVpp 1.0 £ 50 mV Vv 1,3
800 MHz 1.05V =50 mV \' 1,3
Operating temperature range commerical T, T,=0 (min)— °C —
Tj Tj=1 25 (maX)
extended temperature T, T,=—40 (min)— °C —
Tj Tj=1 25 (maX)
Notes:
1. GVpp, OVpp, AVpp, and Vpp must track each other and must vary in the same direction—either in the positive or negative
direction.

2. AVpp is the input to the filter discussed in Section 25.1, “PLL Power Supply Filtering,” and is not necessarily the voltage at
the AVDD pin.
3. L[1,2]_nVpp, SDAVpp o, XCOREVpp, and XPADVpp power inputs.

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

G/L/O/LBVDD+20°/Q —_——— — = — [ —— — o
G/L/O/LBVDD+5°/0 - 1 - 4 — — — — — — — — - - - — -
Viy G/L/O/LBVpp - - -/ - \NA
||
||
||
||
||
||
||
||
GND ... R R R T &
GND-03V - — — — — — — — — — — — — —
ViL I
GND-o07v L _ _ __
| |- Not to Exceed 10%
L of tinterface 1
Note:

1. Note that t;e14ce refers to the clock period associated with the bus clock interface.

2. 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 PCI Rev. 2.3 Specification (Section 4.2.2.3).

Figure 2. Overshoot/Undershoot Voltage for GVpp/LVpp/OVpp/LBVpp
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Table 5. Power Dissipation 1 (continued)

Core Frequency | CSB/DDR Frequency | Sleep Power | Typical Application | Typical Application| Max Application
(MH2) (MHz) at Tj=65°C (W) 2| atT;=65°C(W)? | atT;=125°C(W)3 |at T;=125°C (W)*
400 1.45 2.1 3.4 4.1
600
300 1.45 2.0 3.3 4.0
333 1.45 2.1 3.3 4.1
667
266 1.45 2.0 3.3 3.9
800 400 1.45 25 3.8 4.3
Notes:

1. The values do not include 1/O supply power (OVpp, LVpp, GVpp) or AVpp. For I/O power values, see Table 6.

2. Typical power is based on a voltage of Vpp = 1.0 V for core frequencies < 667 MHz or Vpp = 1.05 V for core frequencies of
800 MHz, and running a Dhrystone benchmark application.

3. Typical power is based on a voltage of Vpp = 1.0 V for core frequencies < 667 MHz or Vpp = 1.05 V for core frequencies of
800 MHz, and running a Dhrystone benchmark application.

4. Maximum power is based on a voltage of Vpp = 1.0 V for core frequencies < 667 MHz or Vpp = 1.05 V for core frequencies
of 800 MHz, worst case process, and running an artificial smoke test.

This table shows the estimated typical 1/0 power dissipation for the device.
Table 6. Typical /O Power Dissipation

GVpp GVpp/LBVpp | OVpp | LVpp | LVpp | LI1,2]_nVpp .
Interface Parameter (1.8 V) 2.5 V) (3:3V) (33 V)| (25 V) (1.0V) Unit Comments
200 MHz data 0.28 0.35 — — — — w —
rate, 32-bit
200 MHz data 0.41 0.49 — — — — w
rate, 64-bit
266 MHz data 0.31 0.4 — — — — w
rate, 32-bit
266 MHz data 0.46 0.56 — — — — w
rate, 64-bit
300 MHz data 0.33 0.43 — — — — w
DDRI/O | rate, 32-bit
65%
utilization |300MHzdata 0.48 0.6 — — — — W
2 pair of rate, 64-bit
clocks  [333MHzdata | 0.35 0.45 — [ =1 = — w
rate, 32-bit
333MHzdata 0.51 0.64 — — — — w
rate, 64-bit
400 MHz 0.38 — — — — — w
data rate,
32-bit
400 MHz 0.56 — — — — — w
data rate,
64-bit
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Table 21. DDR1 and DDR2 SDRAM Output AC Timing Specifications (continued)

Parameter Symbol1 Min Max Unit Note

MDQS epilogue end {DDKHME -0.6 0.6 ns 6,8

Notes:

1.

@

The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state) (reference)(state) for
inputs and tirst 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,
tbpkHas symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until
outputs (A) are setup (S) or output valid time. Also, tppk| px symbolizes DDR timing (DD) for the time tyycx 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 0.1 V.

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

Note that tppkHmH follows the symbol conventions described in Note 1. For example, thpknmn describes the DDR timing
(DD) from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tppkpmn €an be modified through
control of the DQSS override bits in the TIMING_CFG_2 register. This will typically be set to the same delay as the clock
adjust in the CLK_CNTL register. The timing parameters listed in the table assume that these 2 parameters have been set
to the same adjustment value. See the MPC8379E PowerQUICC Il Pro Host Processor Reference Manualfor 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, 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 MCKn at the pins of the microprocessor. Note that tppgpmp follows the
symbol conventions described in Note 1.

Clock Control register is set to adjust the memory clocks by 1/2 the applied cycle.

See AN3665, “MPC837xE Design Checklist,” for proper DDR termination.

The minimum frequency for DDR2 is 250 MHz datarate (125 MHz clock), 167 MHz data rate (83 MHz
clock) for DDR1. Thisfigure showsthe DDR1 and DDR2 SDRAM output timing for the MCK to MDQS
skew measurement (tppkHMH)-

MCK][n] !
[€<— tMCK —>>

| | |
| {DDKHMHMax) = 0.6 ns
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MDQS
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|

|
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| |

tDDKHMH(min) = —0.6 hs
|

MDQS

Figure 4. DDR Timing Diagram for tppkHmH
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Thisfigure shows the DDR1 and DDR2 SDRAM output timing diagram.
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Figure 5. DDR1 and DDR2 SDRAM Output Timing Diagram

Thisfigure provides AC test load for the DDR bus.

OQutput 4€> Zy=50Q

VV\N GVDD/2

L=50Q

-~
! |—\/
By

Figure 6. DDR AC Test Load

7 DUART

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

7.1 DUART DC Electrical Characteristics

Thistable provides the DC electrical characteristics for the DUART interface of the device.
Table 22. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage OVpp Vi -0.3 0.8 \
High-level output voltage, Vou OVpp—-0.2 — \
lon =—100 pA
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Dueto the special implementation of the eSDHC, there are constraintsregarding the clock and datasignals
propagation delay on the user board. The constraints are for minimum and maximum delays, aswell as
skew between the CLK and DAT/CMD signals.

Infull speed mode, there isno need to add special delay on the dataor clock signals. The user should make
sure to meet the timing requirements as described further within this document.

If the system is designed to support both high-speed and full-speed cards, the high-speed constraints
should be fulfilled. If the systemsis designed to operate up to 25 MHz only, full-speed modeis
recommended.

11.1 eSDHC DC Electrical Characteristics

This table provides the DC electrical characteristics for the eSDHC (SD/MMC) interface of the device.
Table 41. eSDHC interface DC Electrical Characteristics

Parameter Symbol Condition Min Max Unit

Input high voltage ViH — 0.625 x OVpp OVpp + 0.3 \

Input low voltage Vi — -0.3 0.25 x OVpp \

Input current IIN — — +30 A

Output high voltage Vou loy=-100 uA, 0.75 x OVpp — \
at OVDD(min)

Output low voltage VoL loL=+100 uA, — 0.125 x OVpp \
at OVDD(min)

11.2 eSDHC AC Timing Specifications (Full-Speed Mode)

This section describes the AC electrical specificationsfor the eSDHC (SD/MMC) interface of the device.
Thistable provides the eSDHC AC timing specifications for full-speed mode as defined in Figure 27 and
Figure 28.

Table 42. eSDHC AC Timing Specifications for Full-Speed Mode
At recommended operating conditions OVpp = 3.3V + 165 mV.

Parameter Symbol1 Min Max Unit Note

SD_CLK clock frequency—full speed mode fsEsck 0 25 MHz —
SD_CLK clock cycle tsesck 40 — ns —
SD_CLK clock frequency—identification mode fsipck 0 400 KHz —
SD_CLK clock low time tsesckL 15 — ns 2
SD_CLK clock high time tsEsckH 15 — ns 2
SD_CLK clock rise and fall times tsesckr/ — 5 ns 2
tsFsCKF
Input setup times: SD_CMD, SD_DATx, SD_CD to tsESIVKH 5 — ns 2
SD_CLK
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11.2.1  Full-Speed Output Path (Write)

Thisfigure provides the data and command output timing diagram.

<—— tgegck (clock cycle) ——>

SD CLK at the Driving
MPCB8377E pin Edge Y
—> tcLk_DELAY
SD CLK at A Sampling
the card pin edge

Qutput valid time: tsEskHOV ——>
Output hold time: tseskHox

Qutput from the
MPC8377E Pins

<— tgFrsckL —>

Input at the
MPC8377E pins

toatA_DELAY > “‘ tjy (5 ns)
tisu (5 ns)

Figure 27. Full Speed Output Path

11.2.1.1  Full-Speed Write Meeting Setup (Maximum Delay)

The following equations show how to calcul ate the allowed skew range between the SD_CLK and
SD_DAT/CMD signals on the PCB.

No clock delay:
tseskHov * tpaTa_DELAY * tisu < tsesckL Eqn. 1
With clock delay:
tsrskHov + tpATA_DELAY *+ tisu < tsrsckL + tcLk_DELAY Eqn. 2
tpata_peLay * tsrsckL < tsrsck * teLk_peLay — tisu— tsFskHov Eqn. 3

This means that data can be delayed versus clock up to 11 nsin ideal case of tgggck = 20 ns:

toata_peLAY +20<40 +1tc K pELAY -9-4
toata_DELAY <11 +tcik DELAY

11.2.1.2 Full-Speed Write Meeting Hold (Minimum Delay)

The following equations show how to calculate the allowed skew range between the SD_CLK and
SD_DAT/CMD signals on the PCB.

tcLk DELAY < tsrsckL + tsFskHox * tDATA DELAY — tiH Eqn. 4
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Thisfigure provides the AC test |oad for PCI.

Output 4€> Zo=50Q ()—\A/\/;OVDDQ
R, =50 Q

Figure 39. PCI AC Test Load

Thisfigure shows the PCI input AC timing conditions.

CLK

tpeivkH —>

<— tpcixkH
Input

Figure 40. PCI Input AC Timing Measurement Conditions

This figure shows the PCI output AC timing conditions.

—> <— tpckHoOV
<— tpckHOX

Output Delay >

<— tpckHoZz —>

High-Impedance

OQutput \
Figure 41. PCI Output AC Timing Measurement Condition

15 PCI Express

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

15.1 DC Requirements for PCI Express SD_REF_CLK and
SD_REF_CLK

For more information see Section 21, “High-Speed Serial Interfaces (HSSI).”
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Table 52. Differential Transmitter (Tx) Output Specifications (continued)

Parameter Conditions Symbol Min Typical Max | Units | Note
Common mode return |Measured over 50 MHz to RlLrx.cm 6 — — dB 4
loss 1.25 GHz.

DC differential Tx Tx DC differential mode low Z1X-DIFF-DC 80 100 120 Q —
impedance impedance
Transmitter DC Required Tx D+ as well as D— Z1x.pC 40 — — Q —
impedance DC impedance during all
states
Lane-to-Lane output Static skew between any two Lrx-skew — — 500 + ps —
skew transmitter lanes within a 2 Ul
single link
AC coupling capacitor |[All transmitters should be AC Crx 75 — 200 nF —
coupled. The AC coupling is
required either within the
media or within the
transmitting component itself.
Crosslink random This random timeout helps T crosslink 0 — 1 ms 7
timeout resolve conflicts in crosslink
configuration by eventually
resulting in only one
downstream and one
upstream port.
Notes:

1.
2.

3.

1

No test load is necessarily associated with this value.

Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 44 and measured
over any 250 consecutive Tx Uls. (Also refer to the transmitter compliance eye diagram shown in Figure 42.)

A Trx.gye = 0.70 Ul provides for a total sum of deterministic and random jitter budget of Ttx.ytrER-MAX = 0.30 Ul for the
transmitter collected over any 250 consecutive Tx Uls. The T1x.gyE-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.

The transmitter input impedance will 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 Q to ground for both the D+
and D- line (that is, as measured by a vector network analyzer with 50-Q probes, see Figure 44). Note that the series
capacitors, Cry, is optional for the return loss measurement.

Measured between 20%—80% at transmitter package pins into a test load as shown in Figure 44 for both V1y_p, and Vry_p..
See Section 4.3.1.8 of the PCI Express Base Specifications, Rev 1.0a.

See Section 4.2.6.3 of the PCI Express Base Specifications, Rev 1.0a.

15.4.2 Transmitter Compliance Eye Diagrams

The Tx eye diagram in Figure 42 is specified using the passive compliance/test measurement load (see
Figure 44) in place of any real PCl Expressinterconnect + Rx component. There are two eye diagramsthat
must be met for the transmitter. Both diagrams must be aligned in time using the jitter median to locate the
center of the eye diagram. The different eye diagrams differ in voltage depending on whether itisa
transition bit or a de-emphasized bit. The exact reduced voltage level of the de-emphasized bit is always
relative to the trangition bit.
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Table 53. Differential Receiver (Rx) Input Specifications (continued)

Parameter Comments Symbol Min | Typical | Max Units Note
Unexpected Electrical Idle | An unexpected electrical idle TRX-IDLE-DET-DIFF- — — 10 ms —
Enter Detect Threshold | (Vrx-diffp-p < ENTERTIME
Integration Time Vrx-idle-det-diffp-p) must be

recognized no longer than
Trx-idle-det-diff-entertime to
signal an unexpected idle
condition.

Total Skew Skew across all lanes on a link. LRx-SKEW — — 20 ns —
This includes variation in the
length of SKP ordered set (e.g.
COM and one to five SKP
Symbols) at the Rx as well as
any delay differences arising
from the interconnect itself.

Notes:

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

2. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 44 should be used
as the Rx device when taking measurements (also refer to the receiver compliance eye diagram shown in Figure 43). If the
clocks to the Rx and Tx are not derived from the same reference clock, the Tx Ul recovered from 3500 consecutive Ul must
be used as a reference for the eye diagram.

3. A Tgry.gye = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the transmitter and
interconnect collected any 250 consecutive Uls. The TRx-EYE-MEDIAN-to-MAX-JITTER specification ensures a jitter
distribution in which the median and the maximum deviation from the median is less than half of the total. Ul jitter budget
collected over any 250 consecutive 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.

4. The receiver input impedance will result in a differential return loss greater than or equal to 10 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 50 Q to ground for both the D+ and D- line (that is, as measured
by a vector network analyzer with 50-Q probes, see Figure 44). Note that the series capacitors, C+,, is optional for the return
loss measurement.

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

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

7. ltis 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.

15.5 Receiver Compliance Eye Diagrams

The Rx eye diagram in Figure 43 is specified using the passive compliance/test measurement load (see
Figure 44) in place of any real PCl Express Rx component. In general, the minimum receiver eye diagram
measured with the compliance/test measurement load (see Figure 44) islarger than the minimum receiver
eye diagram measured over arange of systems at the input receiver of any real PCI Express component.
The degraded eye diagram at the input receiver is due to traces internal to the package as well as silicon
parasitic characteristics that cause the real PCl Express component to vary in impedance from the
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19.1

IPIC DC Electrical Characteristics

This table provides the DC electrical characteristics for the external interrupt pins of the chip.
Table 67. IPIC DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit

Input high voltage — Viy 2.0 OVpp + 0.3 \
Input low voltage — Vi -0.3 0.8 \
Input current — N — +30 A
Output low voltage loL =6.0 mA VoL — 0.5
Output low voltage loL=3.2mA VoL — 0.4
Note: L
1. This table applies for pins IRQ[0:7], IRQ_OUT, MCP_OUT.
2. IRQ_OUT and MCP_OUT are open drain pins, thus Vgy is not relevant for those pins.
19.2 IPIC AC Timing Specifications
This table provides the IPIC input and output AC timing specifications.

Table 68. IPIC Input AC Timing Specifications

Parameter Symbol Min Unit
IPIC inputs—minimum pulse width tpiwiD 20 ns

Note:

1. Input specifications are measured from the 50% level of the signal to the 50% level of the rising edge of CLKIN. Timings are

measured at the pin.

2. IPIC inputs and outputs are asynchronous to any visible clock. IPIC outputs should be synchronized before use by any
external synchronous logic. IPIC inputs are required to be valid for at least tp)\yp Ns to ensure proper operation when working

in edge triggered mode.

20 SPI

This section describes the DC and AC electrical specifications for the SPI of the chip.

20.1

SPI DC Electrical Characteristics
This table provides the DC electrical characteristics for the device SPI.

Table 69. SPI DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit
Input high voltage — Viy 2.0 OVpp + 0.3 \
Input low voltage — Vi -0.3 0.8 \
Input current — N — +30 A
Output high voltage lon=-8.0 mA Vou 24 — \Y
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Table 69. SPI DC Electrical Characteristics (continued)

Parameter Condition Symbol Min Max Unit
Output low voltage lor=8.0mA VoL — 0.5 \
Output low voltage loL=3.2mA VoL — 0.4 \

20.2 SPI AC Timing Specifications

This table provides the SPI input and output AC timing specifications.
Table 70. SPI AC Timing Specifications

Parameter Symbol’ Min Max Unit
SPI outputs—Master mode (internal clock) delay tNIKHOV 0.5 6 ns
SPI outputs—Slave mode (external clock) delay tNEKHOV 2 8 ns
SPI inputs—Master mode (internal clock) input setup time tNIIVKH 4 — ns
SPI inputs—Master mode (internal clock) input hold time tNIIXKH 0 — ns
SPI inputs—Slave mode (external clock) input setup time tNEIVKH 4 — ns
SPI inputs—Slave mode (external clock) input hold time INEIXKH 2 — ns

Notes:
1. The symbols used for timing specifications follow the pattern of tfirst two letters of functional block)(signal)(state) (reference)(state) for

inputs and tirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tyikHov symbolizes the internal
timing (NI) for the time SPICLK clock reference (K) goes to the high state (H) until outputs (O) are invalid (X).

2. Output specifications are measured from the 50% level of the rising edge of CLKIN to the 50% level of the signal. Timings
are measured at the pin. The maximum SPICLK input frequency is 66.666 MHz.

Thisfigure provides the AC test load for the SPI.

Output {) Zo=50Q ()—\AMOVDDQ
R.=50Q

Figure 48. SPI AC Test Load

These figures represent the AC timing from Table 70. Note that although the specifications generally
reference the rising edge of the clock, these AC timing diagrams also apply when the falling edge is the
active edge.
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Using this waveform, the definitions are as follows. To smplify illustration, the following definitions
assume that the SerDes transmitter and receiver operate in afully symmetrical differential signaling
environment.

Single-Ended Swing

The transmitter output signals and the receiver input signals SDn_TX, SDn_TX, SDn_RX and
SDn_RX each have a peak-to-peak swing of A - B volts. Thisisalso referred as each signal wire's
single-ended swing.

Differential Output Voltage, Vop (or Differential Output Swing):

The differential output voltage (or swing) of the transmitter, V qp, is defined as the difference of
the two complimentary output voltages: Vspn 7x-Vson Tx- TheV op value can be either positive
or negative. B B

Differential Input Voltage, V,p (or Differential Input Swing):

Thedifferential input voltage (or swing) of thereceiver, V p, isdefined asthe difference of thetwo
complimentary input voltages: Vepp, rx - Vopn rx, 1he V| p vaue can be either positive or
negative. B B

Differential Peak VOltage, VDl FFp

The peak value of the differential transmitter output signal or the differential receiver input signal
is defined as differential peak voltage, Vp,rrp = |A - B| volts.

Differential Peak-to-Peak, Vp, FFp-p

Sincethedifferential output signal of the transmitter and the differential input signal of thereceiver
each range from A — B to <A — B) volts, the peak-to-peak value of the differential transmitter
output signal or the differential receiver input signal isdefined asdifferential peak-to-peak voltage,
Vbirrpp = 2% Vpirrp = 2% |(A — B)| volts, which istwice of differential swing in amplitude, or
twice of the differential peak. For example, the output differential peak-peak voltage can also be
CaICUIated aSVTx_D”:Fp_p =2x |VOD|

Differential Waveform

The differential waveform is constructed by subtracting the inverting signal (SDn_TX, for
example) from the non-inverting signal (SDn_TX, for example) within adifferential pair. Thereis
only one signal trace curve in a differential waveform. The voltage represented in the differential
waveform isnot referenced to ground. Refer to Figure 60 as an example for differential waveform.

Common Mode Voltage, V

The common mode voltage is equal to one half of the sum of the voltages between each conductor
of abalanced interchange circuit and ground. In this example, for SerDes output,

Vem out = Vson mx + Veon 7¢) + 2= (A + B) + 2, which is the arithmetic mean of the two
complimentary output voltages within a differential pair. In a system, the common mode voltage
may often differ from one component’s output to the other’s input. Sometimes it may be even
different between the receiver input and driver output circuitswithin the same component. Itisalso
referred as the DC offset in some occasion.
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200 mV < Input Amplitude or Differential Peak < 800 mV

SDn_REF_CLK / 150

4/ fdafdVmgy < Vom + 400 m'

V < Vem +400 mV
max cm vem

SDn_REF_CLK Vinin > Vem — 400m V

Figure 54. Differential Reference Clock Input DC Requirements (External AC-Coupled)

400 mV < SDn_REF_C}_K Input Amplitude < 800 mV

SDn_REF_CLK A/

N

ov

SDn_REF_CLK/

Figure 55. Single-Ended Reference Clock Input DC Requirements

21.2.3 Interfacing With Other Differential Signaling Levels

The following list provides information about interfacing with other differential signaling levels.
* Withon-chip terminationto SGND_SRDSn (xcorevss), the differential reference clocksinputs are
HCSL (high-speed current steering logic) compatible DC-coupled.
* Many other low voltage differential type outputslike LV DS (low voltage differential signaling) can
be used but may need to be AC-coupled due to the limited common mode input range allowed
(100 mV to 400 mV) for DC-coupled connection.

* LVPECL outputs can produce signal with too large amplitude and may need to be DC-biased at
clock driver output first, then followed with series attenuation resistor to reduce the amplitude, in
addition to AC-coupling.
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Table 72. TePBGA Il Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
MDQ2 Cc7 /0 GVDD 11
MDQ3 D8 I/0 GVDD 11
MDQ4 A7 /0 GVDD 11
MDQ5 A5 I/0 GVDD 11
MDQ6 A3 I/0 GVvVDD 11
MDQ7 C6 /0 GVDD 11
MDQ8 D7 /0 GVDD 11
MDQ9 ES8 I/0 GVvVDD 11
MDQ10 B1 I/0 GVvVDD 11
MDQ11 D5 /0 GVDD 11
MDQ12 B3 /0 GVDD 11
MDQ13 D6 I/0 GVvDD 11
MDQ14 C3 /0 GVDD 11
MDQ15 c2 I/0 GVDD 11
MDQ16 D4 I/0 GVvVDD 11
MDQ17 E6 /0 GVDD 11
MDQ18 Fé I/0 GVvVDD 11
MDQ19 G4 I/0 GVvVDD 11
MDQ20 F8 I/0 GVvVDD 11
MDQ21 E4 /0 GVDD 11
MDQ22 C1 /0 GVDD 11
MDQ23 G6 I/0 GVvVDD 11
MDQ24 F2 /0 GVDD 11
MDQ25 G5 /0 GVDD 11
MDQ26 Hé I/0 GVvVDD 11
MDQ27 H4 /0 GVDD 11
MDQ28 D1 I/0 GVvVDD 11
MDQ29 G3 I/0 GVvVDD 11
MDQ30 H5 /0 GVDD 11
MDQ31 F1 /0 GVDD 11
MDQ32 W6 /0 GVDD 11
MDQ33 ACH I/0 GVvVDD 11
MDQ34 AC3 I/0 GVvVDD 11
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Table 72. TePBGA Il Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note

Programmable Interrupt Controller (PIC) Interface
MCP_OUT_B AD14 (0] OvDD 2
IRQ_BO/MCP_IN_B/GP102[12] F9 I/0 OvVDD —
IRQ_B1/GP102[13] E9 I/0 OovDD —
IRQ_B2/GPI02[14] F10 /0 OvDD —
IRQ_B3/GPI102[15] D9 I/0 OovDD —
IRQ_B4/GPIO02[16)/SD_WP C9 I/0 OovDD —
IRQ_B5/GPIO2[17]/ AE10 /0 OvDD —

USBDR_PWRFAULT
IRQ_B6/GP102[18] AD10 I/0 OovDD —
IRQ_B7/GP102[19] AD9 I/0 OovDD —
PMC Interface
QUIESCE_B D13 0] OovDD —
SerDes1 Interface

L1_SD_IMP_CAL_RX AJ14 | L1_XPADVDD —
L1_SD_IMP_CAL_TX AG19 | L1_XPADVDD —
L1_SD_REF_CLK AJ17 | L1_XPADVDD —
L1_SD_REF_CLK_B AH17 | L1_XPADVDD —
L1_SD_RXA_N AJ15 | L1_XPADVDD —
L1_SD_RXA_P AH15 | L1_XPADVDD —
L1_SD_RXE_N AJ19 | L1_XPADVDD —
L1_SD_RXE_P AH19 | L1_XPADVDD —
L1_SD_TXA_N AF15 (0] L1_XPADVDD —
L1_SD_TXA_P AE15 (0] L1_XPADVDD —
L1_SD_TXE_N AF18 (0] L1_XPADVDD —
L1_SD_TXE_P AE18 (0] L1_XPADVDD —
L1_SDAVDD_0O AJ18 SerDes PLL — —

Power

(1.00r 1.05V)

L1_SDAVSS 0 AG17 SerDes PLL — —

GND
L1_XCOREVDD AH14, AJ16, AF17, AH20, AJ20 SerDes Core — —

Power

(1.00r1.05V)
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Table 79. e300 Core PLL Configuration (continued)

RCWLR[COREPLL]
core_clk : csb_clk Ratio VCO Divider !

0-1 2-5 6

01 0001 1 1.5:1 4
10 0001 1 1.5:1 8
00 0010 0 2:1 2
01 0010 0 2:1 4
10 0010 0 2:1 8
00 0010 1 2.5:1 2
01 0010 1 2.5:1 4
10 0010 1 2.5:1 8
00 0011 0 3:1 2
01 0011 0 3:1 4
10 0011 0 3:1 8
00 0011 1 3.5:1 2
01 0011 1 3.5:1 4
10 0011 1 3.5:1 8
00 0100 0 4:1 2
01 0100 0 4:1 4
10 0100 0 4:1 8

Notes:
1. Core VCO frequency = Core frequency x VCO divider. Note that VCO divider has to be set properly so that the core VCO
frequency is in the range of 800-1600 MHz.

23.3 Suggested PLL Configurations
This table shows suggested PLL configurations for different input clocks (LBCM = 0).

Table 80. Example Clock Frequency Combinations

eLBC €300 Core !
Ref ! |LBCM | DDRCM |svcop |spuF | SYS, | cspt3|PPRdata ) 1 | g | 1 [x1.5] x2 |x25| x3
vCO" rate’
250 | 0 1 2 5 | 500 | 125 250 | 62.5 313|156 — | — | — | — | 375
250 | 0 1 2 6 | 600 | 150 300 | 756|375 188 — | — | — | 375 | 450
333 | 0 1 2 5 | e67 | 167 333 (8336|416 |208| — | — | 333|416 | 500
333 | 0 1 2 4 | 533 | 133 267 | 66.7 | 33.3 |167| — | — | — | 333 | 400
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Table 80. Example Clock Frequency Combinations (continued)

eLBC' €300 Core

Ref ! |LBCM | DDRCM |Svcop |spmF | SYS, | cspt3|PPRdata )\ 1 | g | w1 [x1.5] x2 |x25| x3

vCO" rate’
48.0 0 1 2 3 576 144 288 726 | 36 18 | — | — | — | 360 | 432
66.7 0 1 2 2 533 133 266 66.7 | 33.3 |16.7| — | — | — | 333 | 400
25.0 0 0 4 8 800 200 200 1008 | 50 25 | — | — | 400 | 500 | 600
33.3 0 0 2 8 533 266.7 267 1336 | 66.7 | 33.3| — | 400 | 533 | 667 | 800
50.0 0 0 4 4 800 200 200 1008 | 50 25 | — | — | 400 | 500 | 600
500 | 0 0 2 8 800 400 4005 — |1008| 50 | — | 600|800 | — | —
66.7 0 0 2 4 533 266.7 267 1336 66.7 | 33.3| — | 400 | 533 | 667 | 800
66.7 0 0 2 5 667 333 333 — |8336|416|333|500|667 | — | —
66.7 0 0 2 6 800 400 4005 — |1008| 50 | 400|600 | 800 | — | —
Notes:
1. Values in MHz.
2. System PLL VCO range: 400-800 MHz.
3. CSB frequencies less than 133 MHz will not support Gigabit Ethernet rates.
4. Minimum data rate for DDR2 is 250 MHz and for DDR1 is 167 MHz.
5. Applies to DDR2 only.
6. Applies to eLBC PLL-enabled mode only.

24 Thermal

This section describes the thermal specifications of this chip.

24.1 Thermal Characteristics

This table provides the package thermal characteristics for the 689 31 x 31mm TePBGA 11 package.
Table 81. Package Thermal Characteristics for TePBGA Il

Parameter Symbol Value Unit Note
Junction-to-ambient natural convection on single layer board (1s) Rgua 21 °C/W 1,2
Junction-to-ambient natural convection on four layer board (2s2p) Roua 15 °C/W 1,2,3
Junction-to-ambient (at 200 ft/min) on single layer board (1s) Rosma 16 °C/W 1,3
Junction-to-ambient (at 200 ft/min) on four layer board (2s2p) Rouma 12 °C/W 1,3
Junction-to-board thermal Reus 8 °C/W 4
Junction-to-case thermal ReJc 6 °C/W 5
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These capacitors should have avalue of 0.01 or 0.1 pF. Only ceramic SMT (surface mount technology)
capacitors should be used to minimize lead inductance, preferably 0402 or 0603 sizes.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB,
feeding the VDD, OVDD, GVDD, and LVDD planes, to enable quick recharging of the smaller chip
capacitors. These bulk capacitors should have alow ESR (equivalent series resistance) rating to ensure the
quick responsetime necessary. They should a so be connected to the power and ground planesthrough two
vias to minimize inductance. Suggested bulk capacitors—100-330 uF (AV X TPS tantalum or Sanyo
OSCON).

25.3 Connection Recommendations

To ensure reliable operation, it is highly recommended that unused inputs be connected to an appropriate
signal level. Unused active low inputs should be tied to OVDD, GVDD, or LVDD as required. Unused
active high inputs should be connected to GND. All NC (no-connect) signals must remain unconnected.

Power and ground connections must be made to al external VDD, GVDD, LVDD, OVDD, and GND pins
of the device.

25.4 Output Buffer DC Impedance

The device drivers are characterized over process, voltage, and temperature. For all buses, the driver isa
push-pull single-ended driver type (open drain for |2C).

To measure Z, for the single-ended drivers, an external resistor is connected from the chip pad to OVDD
or GND. Then, the value of each resistor is varied until the pad voltage is OV pp/2 (see Figure 66). The
output impedanceisthe average of two components, the resistances of the pull-up and pull-down devices.
When dataisheld high, SW1isclosed (SW2 isopen) and Rpistrimmed until the voltage at the pad equals
OV pp/2. Rpthen becomestheresistance of the pull-up devices. Rp and Ry are designed to be close to each
other in value. Then, Zg= (Rp+ Ry)/2.

OvDD

Sw2

Pad
Data

SwWi1

OGND
Figure 66. Driver Impedance Measurement
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Table 87. Document Revision History (continued)

Revision | Date Substantive Change(s)
6 07/2011 | In Section 2.2, “Power Sequencing,” updated power down sequencing information.
5 07/2011 | » In Table 2, “Absolute Maximum Ratings',” removed footnote 5 from LBy to OV)y. Also, corrected
footnote 5.
* In Table 3, “Recommended Operating Conditions,” added footnote 2 to AVpp,.
* In Figure 2, “Overshoot/Undershoot Voltage for GVpp/LVpp/OVpp/LBVpp,” added LBV pp.
* In Table 13, “DDR2 SDRAM DC Electrical Characteristics for GVpp(typ) = 1.8 V,” updated Igz min/max
to —50/50.
* In Figure 11, “RGMII and RTBI AC Timing and Multiplexing Diagrams,” added distinction between
tskraT_Rx @nd tskrat_TX Signals.
* In Table 33, “MIl Management AC Timing Specifications,” updated MDC frequency—removed Min and
Max values, added Typical value. Also, updated footnote 2 and removed footnote 3.
* In Table 48, “PCI DC Electrical Characteristics,” updated V|4 min value to 2.0.
* In Table 72, “TePBGA Il Pinout Listing,” added Note to LGPL4/LFRB_B/LGTA_B/LUPWAIT/LPBSE (to
be consistent with AN3665, “MPC837xE Design Checklist”
* In Table 74, “Operating Frequencies for TePBGA 1l,” added Minimum Operating Frequency for eTSEC,
and corrected DDR2 Minimum and Maximum Operating Frequency values.
4 11/2010| * In Table 25, “RGMII and RTBI DC Electrical Characteristics,” updated V| min value to 1.7.
* In Table 40, “Local Bus General Timing Parameters—PLL Bypass Mode,” added row for t; gk -
* In Section 10.2, “Local Bus AC Electrical Specifications,” and in Section 23, “Clocking,” updated LCCR
to LCRR.
* In Table 72, “TePBGA Il Pinout Listing,” added SD_WP to pin C9. Also clarified TEST_SELO and
TEST_SEL1 pins—no change in functionality.
3 03/2010 | » Added Section 4.3, “eTSEC Gigabit Reference Clock Timing.”

In Table 34, “USB DC Electrical Characteristics,” and Table 35, “USB General Timing Parameters (ULPI
Mode Only),” added table footnotes .

In Table 39, “Local Bus General Timing Parameters—PLL Enable Mode,” and Table 40, “Local Bus
General Timing Parameters—PLL Bypass Mode,” corrected footnotes for t; gotoT1, tLBOTOTS, tLBOTOTS:
In Figure 22, “Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] = 2 (PLL Enable Mode),” and
Figure 24, “Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] =4 (PLL Enable Mode),” shifted
“Input Signals: LAD[0:31]/LDP[0:3]” from the falling edge to the rising edge of LSYNC_IN.

In Figure 63, “Mechanical Dimensions and Bottom Surface Nomenclature of the TEPBGA 1I,” added
heat spreader.

In Section 25.6, “Pull-Up Resistor Requirements,” removed “Ethernet Management MDIO pin” from list
of open drain type pins.

In Table 72, “TePBGA Il Pinout Listing,” updated the Pin Type column for AVDD_C, AVDD_L, and
AVDD_P pins.

in Table 72, “TePBGA Il Pinout Listing,” added Note 16 to eTSEC pins.

In Table 77, “CSB Frequency Options for Host Mode,” and Table 78, “CSB Frequency Options for Agent
Mode,” updated csb_clk frequencies available.

In Table 84, “Part Numbering Nomenclature,” removed footnote to “e300 core Frequency.”
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