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Figure 1. MPC8641 and MPC8641D
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Electrical Characteristics

Table 2. Recommended Operating Conditions (continued)

Multiprocessor Interrupts, System
Control & Clocking, Debug, Test,
Power management, I2C, JTAG
and Miscellaneous I/O voltage

Characteristic Symbol Reco\l;; T:'aned Unit Notes
SerDes Serial /0 Supply Port 1 XVpp_SRDS1 1.10 £ 50 mV \Y 8
1.05 + 50 mV 7
SerDes Serial 1/0 Supply Port 2 XVpp_SRDS2 1.10 £ 50 mV Vv 8
1.05 £ 50 mV 7
SerDes DLL and PLL supply voltage for Port 1 and Port 2 AVpp_SRDS1, 1.10 £ 50 mV Vv 8
AVpp_SRDS2 1.05 + 50 mV 7
Platform Supply voltage Vpp_PLAT 1.10 £+ 50 mV \Y 8
1.05 + 50 mV 7
Local Bus and Platform PLL supply voltage AVpp_LB, 1.10 £ 50 mV \" 8
AVpp_PLAT 1.05 + 50 mV 7
DDR and DDR2 SDRAM I/O supply voltages D1_GVpp, 25V +125mV \ 9
D2_GVbp 18Vzo0mvV | V 9
eTSEC 1 and 2 1/O supply voltage LVpp 3.3V +165mV \ 10
25V +125mV Vv 10
eTSEC 3 and 4 1/0O supply voltage TVpp 3.3V +165mV \Y 10
25V 125 mV V 10
Local Bus, DUART, DMA, Multiprocessor Interrupts, System OVpp 3.3V =165 mV V 5
Control & Clocking, Debug, Test, Power management, I20,
JTAG and Miscellaneous I/O voltage
Input voltage DDR and DDR2 SDRAM signals Dn_MVy GND to Dn_GVpp Vv 3,6
DDR and DDR2 SDRAM reference Dn MVReg Dn_GVpp/2 £ 1% \
Three-speed Ethernet signals LViN GND to LVpp Vv 4,6
TViN GND to TVpp
DUART, Local Bus, DMA, OV GND to OVpp Vv 5,6
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Electrical Characteristics

213 Output Driver Characteristics

Table 3 provides information on the characteristics of the output driver strengths. The values are
preliminary estimates.

Table 3. Output Drive Capability

Programmable Suppl
Driver Type Output Impedance PRy Notes
Voltage
(©)
DDR1 signal 18 Dn_GVpp=25V 4,9
36 (half strength mode)
DDR2 signall 18 Dn_GVpp=1.8V 1,5,9
36 (half strength mode)
Local Bus signals 45 OVpp=3.3V 2,6
25
eTSEC/10/100 signals 45 T/LVpp=3.3V 6
30 T/WWpp=25V
DUART, DMA, Multiprocessor Interrupts, System 45 OVpp=3.3V
Control & Clocking, Debug, Test, Power management,
JTAG and Miscellaneous 1/O voltage
1’C 150 OVpp =3.3V 7
SRIO, PCI Express 100 SVpp=1.1/1.05V 3,8

Notes:

1. See the DDR Control Driver registers in the MPC8641D reference manual for more information.

2. Only the following local bus signals have programmable drive strengths: LALE, LAD[0:31], LDP[0:3], LA[27:31], LCKE,
LCS[1:2], LWE[0:3], LGPL1, LGPL2, LGPL3, LGPL4, LGPL5, LCLKJ[0:2]. The other local bus signals have a fixed drive
strength of 45 Q. See the POR Impedance Control register in the MPC8641D reference manual for more information about
local bus signals and their drive strength programmability.

3. See Section 17, “Signal Listings,” for details on resistor requirements for the calibration of SDn_IMP_CAL_TX and

SDn_IMP_CAL_RX transmit and receive signals.

. Stub Series Terminated Logic (SSTL-25) type pins.

. Stub Series Terminated Logic (SSTL-18) type pins.

. Low Voltage Transistor-Transistor Logic (LVTTL) type pins.

. Open Drain type pins.

. Low Voltage Differential Signaling (LVDS) type pins.

- The drive strength of the DDR interface in half strength mode is at T = 105C and at Dn_GVpp (min).

© 00N O A

2.2 Power Up/Down Sequence

The MPC8641 requires its power rails to be applied in a specific sequence in order to ensure proper device
operation.

NOTE

The recommended maximum ramp up time for power supplies is 20
milliseconds.

The chronological order of power up is as follows:
1. All power rails other than DDR I/O (Dn_GVpp, and Dun MVygp).
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The maximum power dissipation for individual power supplies of the MPC8641D is shown in Table 5.

Power Characteristics

Table 5. MPC8641D Individual Supply Maximum Power Dissipation 1

Component Description Supr()\l}(/) I\::)Itage (|\:;\7:¥te; ) Notes
Per Core voltage Supply Vpp_Core0/Vpp_Core1 =1.1 V @ 1500 MHz 21.00
Per Core PLL voltage supply AVpp_Core0/AVpp_Core1 =1.1 V @ 1500 MHz 0.0125
Per Core voltage Supply Vpp_Core0/Vpp_Core1 =1.05V @ 1333 MHz 17.00
Per Core PLL voltage supply AVpp_Core0/AVpp_Core1 =1.05V @ 1333 MHz 0.0125
Per Core voltage Supply Vpp_Core0/Vpp_Core1 =0.95V @ 1000 MHz 11.50 5
Per Core PLL voltage supply AVpp_Core0/AVpp_Core1 =0.95V @ 1000 MHz 0.0125 5
DDR Controller I/O voltage supply Dn_GVpp=2.5V @ 400 MHz 0.80 2
Dn_GVpp=1.8V @ 533 MHz 0.68 2
Dn_GVpp = 1.8 V @ 600 MHz 0.77 2
16-bit FIFO @ 200 MHz L/TVpp=3.3V 0.11 2,3
eTsec 1&2/3&4 Voltage Supply
non-FIFO eTsecn Voltage Supply L/TVpp=3.3V 0.08 2
x8 SerDes transceiver Supply SVpp=1.1V 0.70 2
x8 SerDes 1/0 Supply XVpp_SRDSn=1.1V 0.66 2
SerDes PLL voltage supply Port 1 or 2 AVpp_SRDS1/AVpp_SRDS2=1.1V 0.10
Platform I/O Supply OVpp=3.3V 0.45 4
Platform source Supply Vpp_PLAT =1.1 V @ 600 MHz 12.00
Platform source Supply Vpp_PLAT =1.05 Vn @ 500 MHz 9.80 5
Platform source Supply Vpp_PLAT =1.05 Vn @ 400 MHz 7.70
Platform, Local Bus PLL voltage Supply AVpp_PLAT, AVpp_LB=1.1V 0.0125

Notes:

1. This is a maximum power supply number which is provided for power supply and board design information. The numbers are
based on 100% bus utilization for each component. The components listed are not expected to have 100% bus usage
simultaneously for all components. Actual numbers may vary based on activity.

2. Number is based on a per port/interface value.

3. This is based on one eTSEC port used. Since 16-bit FIFO mode involves two ports, the number will need to be multiplied by
two for the total. The other eTSEC protocols dissipate less than this number per port. Note that the power needs to be
multiplied by the number of ports used for the protocol for the total eTSEC port power dissipation.

4.This includes Local Bus, DUART, I2C, DMA, Multiprocessor Interrupts, System Control & Clocking, Debug, Test, Power
management, JTAG and Miscellaneous I/O voltage.

5. These power numbers are for Part Number MC8641xxx1000NX only. Vpp_Coren=0.95V and Vpp_PLAT = 1.05 V.
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

Table 24. GMII, Mil, RMIl, TBI and FIFO DC Electrical Characteristics (continued)

Parameter Symbol Min Max Unit Notes
Input low current I -600 — nA 8
(Vin = GND)
Notes:
1 LVpp supports eTSECs 1 and 2.
2 TVpp supports eTSECs 3 and 4.
8 The symbol V|, in this case, represents the LV,y and TV, symbols referenced in Table 1 and Table 2.
Table 25. GMII, RGMII, RTBI, TBI and FIFO DC Electrical Characteristics
Parameters Symbol Min Max Unit Notes
Supply voltage 2.5 V LVpp/TVpp 2.375 2.625 \% 1.2
Output high voltage Vou 2.00 — Vv —
(LVDD/TVDD = Min, lOH =-1.0 mA)
Output low voltage VoL — 0.40 Vv —
(LVDD/TVDD = Min, lOL =1.0 mA)
Input high voltage ViH 1.70 — \Y —
Input low voltage VL — 0.90 \Y% —
Input high current i — 10 A 1,23
(Vin=LVpp, Vin=TVpD)
Input low current I -15 — A 3
(Vin=GND)
Note:

T LVpp supports eTSECs 1 and 2.
2 TVpp supports eTSECs 3 and 4.
3 Note that the symbol V), in this case, represents the LV, and TV,y symbols referenced in Table 1 and Table 2.

8.2  FIFO, GMII, MIl, TBI, RGMII, RMIl, and RTBI AC Timing
Specifications

The AC timing specifications for FIFO, GMII, MII, TBI, RGMII, RMII and RTBI are presented in this
section.

8.2.1 FIFO AC Specifications

The basis for the AC specifications for the eTSEC’s FIFO modes is the double data rate RGMII and RTBI
specifications, since they have similar performance and are described in a source-synchronous fashion like
FIFO modes. However, the FIFO interface provides deliberate skew between the transmitted data and
source clock in GMII fashion.

When the eTSEC is configured for FIFO modes, all clocks are supplied from external sources to the
relevant eTSEC interface. That is, the transmit clock must be applied to the eTSECn’s TSECn_TX CLK,
while the receive clock must be applied to pin TSECrn_ RX CLK. The eTSEC internally uses the transmit
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

clock to synchronously generate transmit data and outputs an echoed copy of the transmit clock back out
onto the TSECn_GTX CLK pin (while transmit data appears on TSECn_TXD[7:0], for example). It is
intended that external receivers capture eTSEC transmit data using the clock on TSECn_GTX CLK as a
source-synchronous timing reference. Typically, the clock edge that launched the data can be used, since
the clock is delayed by the eTSEC to allow acceptable set-up margin at the receiver. Note that there is
relationship between the maximum FIFO speed and the platform speed. For more information see
Section 18.4.2, “Platform to FIFO Restrictions.”

NOTE

The phase between the output clocks TSEC1 _GTX CLK and
TSEC2 GTX CLK (ports 1 and 2) is no more than 100 ps. The phase
between the output clocks TSEC3 GTX CLK and TSEC4 GTX CLK
(ports 3 and 4) is no more than 100 ps.

A summary of the FIFO AC specifications appears in Table 26 and Table 27.

Table 26. FIFO Mode Transmit AC Timing Specification
At recommended operating conditions with L/TVpp of 3.3V + 5% and 2.5 V + 5%.

Parameter/Condition Symbol Min Typ Max Unit
TX_CLK, GTX_CLK clock period (GMII mode) triT 7.0 8.0 100 ns
TX_CLK, GTX_CLK clock period (Encoded mode) terT 5.3 8.0 100 ns
TX_CLK, GTX_CLK duty cycle teThART 45 50 55 %
TX_CLK, GTX_CLK peak-to-peak jitter terry — — 250 ps
Rise time TX_CLK (20%—-80%) terTR — — 0.75 ns
Fall time TX_CLK (80%—20%) teiTe — — 0.75 ns
FIFO data TXD[7:0], TX_ER, TX_EN setup time to GTX_CLK|  tgTpy 2.0 — — ns
GTX_CLK to FIFO data TXD[7:0], TX_ER, TX_EN hold time trITDX 0.5 — 3.0 ns

Table 27. FIFO Mode Receive AC Timing Specification
At recommended operating conditions with L/TVpp of 3.3 V £ 5% and 2.5 V + 5%.

Parameter/Condition Symbol Min Typ Max Unit
RX_CLK clock period (GMII mode) teR’ 7.0 8.0 100 ns
RX_CLK clock period (Encoded mode) teg ! 5.3 8.0 100 ns
RX_CLK duty cycle trirn/tFIR 45 50 55 %
RX_CLK peak-to-peak jitter triRy — — 250 ps
Rise time RX_CLK (20%—-80%) trIRR — — 0.75 ns
Fall time RX_CLK (80%—20%) triRF — — 0.75 ns
RXD[7:0], RX_DV, RX_ER setup time to RX_CLK trIRDY 1.5 — — ns
RXDI[7:0], RX_DV, RX_ER hold time to RX_CLK triRDX 0.5 — — ns

' 100 ppm tolerance on RX_CLK frequency
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

Timing diagrams for FIFO appear in Figure 8 and Figure 9.

triTe triTR
D — |— — |—
GTX_CLK
~— trmH trTov tFITDX
TXD[7:0]
TX_EN
TX_ER
Figure 8. FIFO Transmit AC Timing Diagram
triRR
-~ g — |—
RX_CLK
~— trRH \
FIRF
RXD[7:0]
RX_DV valid data
RX_ER

trrRov  tRIRDX
Figure 9. FIFO Receive AC Timing Diagram
8.2.2 GMII AC Timing Specifications

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

8.2.2.1 GMII Transmit AC Timing Specifications
Table 28 provides the GMII transmit AC timing specifications.

Table 28. GMII Transmit AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V + 5% and 2.5 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
GMII data TXD[7:0], TX_ER, TX_EN setup time taTKHDV 25 — — ns
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_EN delay tGTKHDX 0.5 — 5.0 ns
GTX_CLK data clock rise time (20%-80%) taTxR> — — 1.0 ns
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

8.2.7 RMII AC Timing Specifications

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

8.2.71 RMII Transmit AC Timing Specifications

The RMII transmit AC timing specifications are in Table 36.
Table 36. RMIl Transmit AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ? Min Typ Max Unit
REF_CLK clock period tRvT — 20.0 — ns
REF_CLK duty cycle tRMTHARMT 35 50 65 %
REF_CLK peak-to-peak jitter trMTY — — 250 ps
Rise time REF_CLK (20%—80%) tRMTR 1.0 — 2.0 ns
Fall time REF_CLK (80%—20%) tRMTE 1.0 — 2.0 ns
REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 1.0 — 10.0 ns

Note:

1. The symbols used for timing specifications herein follow the pattern of first two letters of functional block)(signal)(state) (reference)(state)
for inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tytkHpx Symbolizes Ml
transmit timing (MT) for the time tyy1x 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 ty;x 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).

Figure 20 shows the RMII transmit AC timing diagram.

l<

< tRMT > tRMTR
REF_CLK
tRMTH trRmTF —>
TXD[1:0]
TX_EN ><
TX_ER
—>| tRMmTDX

Figure 20. RMII Transmit AC Timing Diagram
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MIl Management

8.2.7.2 RMII Receive AC Timing Specifications

Table 37. RMII Receive AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
REF_CLK clock period tRMR 15.0 20.0 25.0 ns
REF_CLK duty cycle tRMRH/tRMR 35 50 65 %
REF_CLK peak-to-peak jitter tRMRY — — 250 ps
Rise time REF_CLK (20%—80%) tRMRR 1.0 — 2.0 ns
Fall time REF_CLK (80%—20%) tRMRE 1.0 — 2.0 ns
RXDI[1:0], CRS_DV, RX_ER setup time to REF_CLK rising
tRMRDV 4.0 — — ns

edge
RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK rising
ed tRMRDX 2.0 — — ns

ge
Note:

1. The symbols used for timing specifications herein follow the pattern of tsirst 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, tyrpykH Symbolizes Mil receive
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tyygx clock reference (K) going
to the high (H) state or setup time. Also, t\yrpxkL Symbolizes Ml receive timing (GR) with respect to the time data input signals
(D) went invalid (X) relative to the tyygx 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 tyygx 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).

Figure 21 provides the AC test load for eTSEC.

Output —{) Zp=50Q (>_\/\/\/\—LVDD/2
R, =50 O

Figure 21. eTSEC AC Test Load

Figure 22 shows the RMII receive AC timing diagram.

tRMR ————> tRMRR
REF_CLK 7
tRMRH tRMRF —>
RXD[1:0]
CRS_DV Valid Data
RX_ER
trRMRDV <
—> tRMRDX

Figure 22. RMIl Receive AC Timing Diagram
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10 Local Bus

Local Bus

This section describes the DC and AC electrical specifications for the local bus interface of the MPC8641.

10.1 Local Bus DC Electrical Characteristics
Table 40 provides the DC electrical characteristics for the local bus interface operating at OVpp =3.3 V
DC.
Table 40. Local Bus DC Electrical Characteristics (3.3 V DC)
Parameter Symbol Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current N — +5 pA
(Vin'=0V or Viy=0Vpp)
High-level output voltage VoH OVpp—-0.2 — \
(OVDD =min, lOH =2 mA)
Low-level output voltage VoL — 0.2 \Y
(OVDD = min, lOL =2 mA)

Note:

1. Note that the symbol V|, in this case, represents the OV, symbol referenced in Table 1 and Table 2.

10.2 Local Bus AC Electrical Specifications

Table 41 describes the timing parameters of the local bus interface at OVpp = 3.3 V with PLL enabled.
For information about the frequency range of local bus see Section 18.1, “Clock Ranges.”

Table 41. Local Bus Timing Parameters (OVpp = 3.3 V)m - PLL Enabled

Parameter Symbol ' Min Max Unit Notes

Local bus cycle time t Bk 7.5 — ns 2
Local Bus Duty Cycle t skH/tLBK 45 55 % —
LCLKIn] skew to LCLK[m] or LSYNC_OUT t BKSKEW — 150 ps 7,8
Input setup to local bus clock (except LGTA/LUPWAIT) t BIVKHT 1.8 — ns 3,4
LGTA/LUPWAIT input setup to local bus clock t BIVKH2 1.7 — ns 3,4
Input hold from local bus clock (except LGTA/LUPWAIT) t BIXKHT 1.0 — ns 3,4
LGTA/LUPWAIT input hold from local bus clock t BIXKH2 1.0 — ns 3,4
LALE output transition to LAD/LDP output transition (LATCH hold tLeoTOT 1.5 — ns 6
time)

Local bus clock to output valid (except LAD/LDP and LALE) t BKHOV1 — 2.0 ns —
Local bus clock to data valid for LAD/LDP t BkHOV2 — 2.2 ns —
Local bus clock to address valid for LAD t BKHOV3 — 2.3 ns —
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Table 45. 12C DC Electrical Characteristics (continued)

At recommended operating conditions with OVpp of 3.3 V + 5%.

12c

Parameter Symbol Min Max Unit Notes
Capacitance for each I/O pin C — 10 pF —
Notes:

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

2. Refer to the MPC8641 Integrated Host Processor Reference Manual for information on the digital filter used.

3. 1/0 pins will obstruct the SDA and SCL lines if OVpp is switched off.

12.2 I2C AC Electrical Specifications

Table 46 provides the AC timing parameters for the 12C interfaces.

Table 46. 12C AC Electrical Specifications
All values refer to V| (min) and V| (max) levels (see Table 45).
Parameter Symbol ! Min Max Unit

SCL clock frequency floc 0 400 kHz
Low period of the SCL clock tioeL 4 1.3 — us
High period of the SCL clock tioen 0.6 — us
Setup time for a repeated START condition tosviH 0.6 — us
Hold time (repeated) START condition (after this period, the first togxkL 0.6 — us
clock pulse is generated)

Data setup time tioovkH 100 — ns
Data input hold time: tioDXKL

CBUS compatible masters — —
I°C bus devices 02 — us

Rise time of both SDA and SCL signals tiocR 20 +0.1 Cgd® 300 ns
Fall time of both SDA and SCL signals tiocE 20+0.1Cp° 300 ns
Data output delay time tioOVKL — 093 us
Set-up time for STOP condition tloPVKH 0.6 — us
Bus free time between a STOP and START condition tiokHDX 1.3 — us
Noise margin at the LOW level for each connected device VL 0.1 x OVpp — \'

(including hysteresis)
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PCI Express

Table 50. Differential Receiver (RX) Input Specifications (continued)

Symbol Parameter Min Nom Max Units Comments
TRX-IDLE-DET-DIFF- Unexpected — — 10 ms An unexpected Electrical Idle (VRX_D|FFp_p <
ENTERTIME Electrical Idle VRX_lDLE_DET_D”:Fp_p) must be recognized no

Enter Detect Ionger than TRX-lDLE-DET—DlFF-ENTERlNG to
Threshold signal an unexpected idle condition.

Integration Time

Lrx-skew Total Skew — — 20 ns Skew across all lanes on a Link. This includes
variation in the length of SKP ordered set (for
example, COM and one to five 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 52 should be used as
the RX device when taking measurements (also refer to the Receiver compliance eye diagram shown in Figure 51). If the clocks
to the RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul must be used
as a reference for the eye diagram.

3. A Trx.eye = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the Transmitter and
interconnect collected any 250 consecutive Uls. The Try_pve-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 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 50 Q to ground for both the D+ and D- line (that is, as measured by a Vector
Network Analyzer with 50 ohm probes - see Figure 52). Note: that the series capacitors Cry 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 un-configured 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 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.

7. 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.

14.5 Receiver Compliance Eye Diagrams

The RX eye diagram in Figure 51 is specified using the passive compliance/test measurement load (see
Figure 52) in place of any real PCI Express RX component.

Note: In general, the minimum Receiver eye diagram measured with the compliance/test measurement
load (see Figure 52) will be larger than the minimum Receiver eye diagram measured over a range 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 which cause the
real PCI Express component to vary in impedance from the compliance/test measurement load. The input
Receiver eye diagram is implementation specific and is not specified. RX component designer should
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Table 58. Transmitter Differential Output Eye Diagram Parameters

Transmitter Type VD(';F\';)"" VD(';f\';;ax A (UI) B (UI)
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

15.7 Receiver Specifications

Serial RapidlO

LP-Serial receiver electrical and timing specifications are stated in the text and tables of this section.

Receiver input impedance shall result in a differential return loss better that 10 dB and a common mode
return loss better than 6 dB from 100 MHz to (0.8)*(Baud Frequency). This includes contributions from
on-chip circuitry, the chip package and any off-chip components related to the receiver. AC coupling
components are included in this requirement. The reference impedance for return loss measurements is
100 Ohm resistive for differential return loss and 25 Ohm resistive for common mode.

Table 59. Receiver AC Timing Specifications—1.25 GBaud

Range
Characteristic Symbol Unit Notes
Min Max

Differential Input Voltage VIN 200 1600 mV p-p | Measured at receiver
Deterministic Jitter Tolerance Jp 0.37 — Ul p-p Measured at receiver
Combined Deterministicand Random | Jpg 0.55 — Ul p-p Measured at receiver
Jitter Tolerance
Total Jitter Tolerance' Jr 0.65 — Ul p-p Measured at receiver
Multiple Input Skew Smi — 24 ns Skew at the receiver input

between lanes of a multilane

link
Bit Error Rate BER — 10712 —
Unit Interval ul 800 800 ps +/— 100 ppm

Note:

1. Total jitter is composed of three components, deterministic jitter, random jitter and single frequency sinusoidal jitter. The
sinusoidal jitter may have any amplitude and frequency in the unshaded region of Figure 55. The sinusoidal jitter component
is included to ensure margin for low frequency jitter, wander, noise, crosstalk and other variable system effects.
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Serial RapidlO

8.5 Ul p-p

Sinusoidal
Jitter
Amplitude

0.10 Ul p-p

22.1 kHz 1.875 MHz 20 MHz

Frequency

Figure 55. Single Frequency Sinusoidal Jitter Limits

15.8 Receiver Eye Diagrams

For each baud rate at which an LP-Serial receiver is specified to operate, the receiver shall meet the
corresponding Bit Error Rate specification (Table 59, Table 60, Table 61) when the eye pattern of the
receiver test signal (exclusive of sinusoidal jitter) falls entirely within the unshaded portion of the Receiver
Input Compliance Mask shown in Figure 56 with the parameters specified in Table . The eye pattern of the
receiver test signal is measured at the input pins of the receiving device with the device replaced with a

100 Q +/— 5% differential resistive load.

MPC8641 and MPC8641D Integrated Host Processor Hardware Specifications, Rev. 3

Freescale Semiconductor 85



Serial RapidlO

Continuous Jitter Test Pattern (CJPAT) defined in Annex 48A of IEEE 802.3ae. All lanes of the LP-Serial
link shall be active in both the transmit and receive directions, and opposite ends of the links shall use
asynchronous clocks. Four lane implementations shall use CJPAT as defined in Annex 48A. Single lane
implementations shall use the CJPAT sequence specified in Annex 48A for transmission on lane 0. The
amount of data represented in the eye shall be adequate to ensure that the bit error ratio is less than 10712,
The eye pattern shall be measured with AC coupling and the compliance template centered at 0 Volts
differential. The left and right edges of the template shall be aligned with the mean zero crossing points of
the measured data eye. The load for this test shall be 100 Q resistive +/— 5% differential to 2.5 GHz.

15.9.2 Jitter Test Measurements

For the purpose of jitter measurement, the effects of a single-pole high pass filter with a 3 dB point at (Baud
Frequency)/1667 is applied to the jitter. The data pattern for jitter measurements is the Continuous Jitter
Test Pattern (CJPAT) pattern defined in Annex 48A of IEEE 802.3ae. All lanes of the LP-Serial link shall
be active in both the transmit and receive directions, and opposite ends of the links shall use asynchronous
clocks. Four lane implementations shall use CJPAT as defined in Annex 48A. Single lane implementations
shall use the CJPAT sequence specified in Annex 48A for transmission on lane 0. Jitter shall be measured
with AC coupling and at 0 Volts differential. Jitter measurement for the transmitter (or for calibration of a
jitter tolerance setup) shall be performed with a test procedure resulting in a BER curve such as that
described in Annex 48B of IEEE 802.3ae.

15.9.3 Transmit Jitter

Transmit jitter is measured at the driver output when terminated into a load of 100 Q resistive +/— 5%
differential to 2.5 GHz.

15.9.4 Jitter Tolerance

Jitter tolerance is measured at the receiver using a jitter tolerance test signal. This signal is obtained by first
producing the sum of deterministic and random jitter defined in Section 8.6 and then adjusting the signal
amplitude until the data eye contacts the 6 points of the minimum eye opening of the receive template
shown in Figure 8-4 and Table 8-11. Note that for this to occur, the test signal must have vertical waveform
symmetry about the average value and have horizontal symmetry (including jitter) about the mean zero
crossing. Eye template measurement requirements are as defined above. Random jitter is calibrated using
a high pass filter with a low frequency corner at 20 MHz and a 20 dB/decade roll-off below this. The
required sinusoidal jitter specified in Section 8.6 is then added to the signal and the test load is replaced
by the receiver being tested.
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Table 63. MPC8641 Signal Reference by Functional Block (continued)

Signal Listings

Name' Package Pin Number Pin Type Power Supply Notes
SENSEVgg Core0 P14 Core0 GND — 31
sensing pin
SENSEVgg_Corel | V20 Core1 GND — 12,31, S3
sensing pin
SENSEVpp_PLAT  |N18 Vpp_PLAT — 28
sensing pin
SENSEVgg_PLAT P18 Platform GND — 29
sensing pin
D1_GVpp B11, B14, D10, D13, F9, F12, H8, H11, SDRAM 11/0 | D1_GVpp —
H14, K10, K13, L8, P8, R6, U8, V6, W10, supply 25- DDR
Y8, AAG, AB10, AC8, AD12, AE10, AF8, 1.8 DDR2
AG12, AH10, AJ8, AJ14, AK12, AL10, AL16
D2_GVpp B2, B5, B8, D4, D7, E2, F6, G4, H2, J6, K4, | SDRAM21/0 | D2_GVpp —
L2, M6, N4, P2, T4, U2, W4, Y2, AB4, AC2, supply 25\)’ 'ggg
ADS, AE4, AF2, AG6, AH4, AJ2, AK6, AL4, 1.8V -DDR2
AM2
OVpp B22, B25, B28, D17, D24, D27, F19, F22, | DUART, Local —
F26, F29, G17, H21, H24, K19, K23, M21, |Bus, DMA,
AM30 Multiprocessor
Interrupts, OVpp
System Control
& Clocking,
Debug, Test, 3.3V
JTAG, Power
management,
12C, JTAG and
Miscellaneous
1/0 voltage
LVpp AC20, AD23, AH22 TSEC1 and LVpp —
TSEC2 1/0 2.5/3.3V
voltage
TVpp AC17, AG18, AK20 TSEC3 and TVpp —
TSEC4 1/0 2.5/3.3V
voltage
SVpp H31, J29, K28, K32, L30, M28, M31, N29, Transceiver —
R30, T31, U29, V32, W30, Y31, AA29, Power Supply SVpp
AB32, AC30, AD31, AE29, AG30, AH31, SerDes 1.05/1.1V
AJ29, AK32, AL30, AM31
XVpp SRDSH1 K26, L24, M27, N25, P26, R24, R28, T27, Serial /O | XVpp SRDSH1 —
u25, V26 Power Supply
for SerDes 1.051.1V
Port 1
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Clocking

18.4.1 SYSCLK to Platform Frequency Options

Table 70 shows some SYSCLK frequencies and the expected MPX frequency values based on the MPX
clock to SYSCLK ratio. Note that frequencies between 400 MHz and 500 MHz are NOT supported on the
platform. See note regarding cfg platform_freq in Section 17, “Signal Listings,” because it is a reset
configuration pin that is related to platform frequency.

Table 70. Frequency Options of SYSCLK with Respect to Platform/MPX Clock Speed

MPX to
SYSCLK SYSCLK (MHz)
Ratio
66 83 100 111 133 167
Platform/MPX Frequency (MHz)1

2
3 400 500
4 400 533
5 500 555
6 400 500 600
8 533
9 600

1 SYSCLK frequency range is 66-167 MHz. Platform clock/ MPX frequency
range is 400 MHz, 500-600 MHz.

18.4.2 Platform to FIFO Restrictions
Please note the following FIFO maximum speed restrictions based on platform speed.
For FIFO GMII mode:

FIFO TX/RX clock frequency <= platform clock frequency/4.2

For example, if the platform frequency is 533 MHz, the FIFO TX/RX clock frequency should be no more
than 127 MHz

For FIFO encoded mode:
FIFO TX/RX clock frequency <= platform clock frequency/3.2

For example, if the platform frequency is 533 MHz, the FIFO TX/RX clock frequency should be no more
than 167 MHz
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Thermal

Conductivity Value Unit
Die
Die (12.4x15.3x0.86 mm)
z T Bump and Underfill
Silicon Temperature
dependent Substrate

C5 solder layer

Bump and Underfill (12.4 x 15.3 x 0.07 mm)

Collapsed Resistance Side View of Model (Not to Scale)
k, 5.3 W/(m  K) )
Substrate (33 x 33 x 1.2 mm) -
Ky 13.5 W/(m ¢ K) Substrate
ky 13.5
Kk, 5.3
C5 Solder layer (33 x 33 x 0.4 mm) Die
Ky 0.034 W/(m « K)
ky 0.034
Kk, 9.6 y

Top View of Model (Not to Scale)

Figure 62. Recommended Thermal Model of MPC8641

19.2.4 Temperature Diode

The MPC8641 has a temperature diode on the microprocessor that can be used in conjunction with other
system temperature monitoring devices (such as Analog Devices, ADT7461™). These devices use the
negative temperature coefficient of a diode operated at a constant current to determine the temperature of
the microprocessor and its environment. It is recommended that each device be individually calibrated.

The following are the specifications of the MPC8641 on-board temperature diode:
Ve>040V
V<090V

An approximate value of the ideality may be obtained by calibrating the device near the expected operating
temperature.

Ideality factor is defined as the deviation from the ideal diode equation:

qVi
e nKT — 1
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System Design Information

designer place at least one decoupling capacitor at each OV, Dn GVpp, LVpp, TVpp, Vpp_Coren,
and Vpp_ PLAT pin of the device. These decoupling capacitors should receive their power from separate
OVpp, Dn_ GVpp, LVpp, TVpp, Vpp_Coren, and Vpp PLAT and GND power planes in the PCB,
utilizing short traces to minimize inductance. Capacitors may be placed directly under the device using a
standard escape pattern. Others may surround the part.

These capacitors should have a value 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 OVpp, D GVpp, LVpp, TVpp, Vpp_Coren, and Vp, PLAT planes, to enable quick
recharging of the smaller chip capacitors. They should also be connected to the power and ground planes
through two vias to minimize inductance. Suggested bulk capacitors—100-330 puF (AVX TPS tantalum
or Sanyo OSCON).

20.4 SerDes Block Power Supply Decoupling Recommendations

The SerDes block requires a clean, tightly regulated source of power (SVpp and XVpp SRDS#) to ensure
low jitter on transmit and reliable recovery of data in the receiver. An appropriate decoupling scheme is
outlined below.

Only surface mount technology (SMT) capacitors should be used to minimize inductance. Connections
from all capacitors to power and ground should be done with multiple vias to further reduce inductance.

 First, the board should have at least 10 x 10-nF SMT ceramic chip capacitors as close as possible
to the supply balls of the device. Where the board has blind vias, these capacitors should be placed
directly below the chip supply and ground connections. Where the board does not have blind vias,
these capacitors should be placed in a ring around the device as close to the supply and ground
connections as possible.

» Second, there should be a 1-uF ceramic chip capacitor on each side of the device. This should be
done for all SerDes supplies.

* Third, between the device and any SerDes voltage regulator there should be a 10-puF, low
equivalent series resistance (ESR) SMT tantalum chip capacitor and a 100-puF, low ESR SMT
tantalum chip capacitor. This should be done for all SerDes supplies.

20.5 Connection Recommendations

To ensure reliable operation, it is highly recommended to connect unused inputs to an appropriate signal
level. In general all unused active low inputs should be tied to OVpp, Dn_ GVpp, LVpp, TVpp,
Vpp_Coren, and Vpp PLAT, XV SRDS#, and SV as required and unused active high inputs should
be connected to GND. All NC (no-connect) signals must remain unconnected.

Special cases:

DDR - If one of the DDR ports is not being used the power supply pins for that port can be
connected to ground so that there is no need to connect the individual unused inputs of that port to
ground. Note that these power supplies can only be powered up again at reset for functionality to
occur on the DDR port. Power supplies for other functional buses should remain powered.
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System Design Information

From Target
Board Sources
(if any)

E] [ & [ [& [
&l @ [ [ & [

COP Connector
Physical Pinout

Notes:

1. The COP port and target board should be able to independently assert HRESET and TRST to the processor

SRESETO . ._D 10k SRESETO
‘ VAVAVax |
SRESETT ._D 10 k@ SRESETT
HRESET ® 10 kQ HRESET!
COP_HRESET
Rl e —
COP_SRESET 10 kQ
11 '
10 kQ
® e
1%1
10 kQ
COP_TRST Z) )o TRST!
4
COP_VDD_SENSE? 10Q
—— WV '
5 5 — NC
©
COP_CHKSTP_OUT .
Ja:"s 15 = = CKSTP_OUT
Y 10 kQ
3
g 14 T0kQ
COP_CHKSTP_IN
8 CKSTP_IN
COP_TMS
9 T™MS
COP_TDO
1 |- TDO
COP_TDI
3 TDI
COP_TCK
7 > TCK
10 kQ
21— NC T_\/\/\,—
10 |— NC
r—"
12 4
| I |
1 3

in order to fully control the processor as shown here.
2. Populate this with a 10 Q resistor for short-circuit/current-limiting protection.
3. The KEY location (pin 14) is not physically present on the COP header.

4. Although pin 12 is defined as a No-Connect, some debug tools may use pin 12 as an additional GND pin for
improved signal integrity.

5. This switch is included as a precaution for BSDL testing. The switch should be open during BSDL testing to avoid
accidentally asserting the TRST line. If BSDL testing is not being performed, this switch should be closed or removed.

Figure 68. JTAG/COP Interface Connection for one MPC8641 device
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