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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Power

Signal Signal Name Package Pin Number | Pin Type Supply Notes
LAD[0:31] Muxed data / address K22,L21,L22,K23,K24, I/0 BVpp 5,9,29
L24,L25,K25,L.28,L27,
K28,K27,J28,H28,H27,
G27,G26,F28,F26,F25,
E28,E27,E26,F24,E24,
C26,G24,E23,G23,F22,
G22,G21
LDP[0:3] Data parity K26,G28,B27,E25 I/0 BVpp 29
LA[27] Burst address L19 O BVpp 5,9,29
LA[28:31] Port address K16,K17,H17,G17 (0] BVpp 5,7,9,29
LCS[0:4] Chip selects K18,G19,H19,H20,G16 (0] BVpp 29
LCS5/DMA_DREQ2 Chips selects / DMA Request [H16 I/0 BVpp 1,29
LCS6/DMA_DACK2 Chips selects / DMA Ack J16 (0] BVpp 1,29
LCS7/DMA_DDONE2 Chips selects / DMA Done L18 (0] BVpp 1,29
LWEO/LBSO/LFWE Write enable / Byte select J22 (0] BVpp 5,9,29
LWE[1:3]/LBS[1:3] Write enable / Byte select H22,H23,H21 (0] BVpp 5,9,29
LBCTL Buffer control J25 (0] BVpp 5,8,9,29
LALE Address latch enable J26 O BVpp 5,8,9,29
LGPLO/LFCLE UPM general purpose line 0/ {J20 (0] BVpp 5,9,29
FLash command latch enable
LGPL1/LFALE UPM general purpose line 1/ (K20 (0] BVpp 5,9,29
Flash address latch enable
LGPL2/LOE/LFRE UPM general purpose line 2/ |G20 (0] BVpp 5,8,9,29
Output enable/Flash read
enable
LGPL3/LFWP UPM general purpose line 3/ [H18 (0] BVpp 5,9,29
Flash write protect
LGPL4/LGTA/LUPWAIT UPM general purpose line 4 / |L20 /0 BVpp 29, 35
/LPBSE/LFRB Target Ack/Wait/SDRAM
parity byte select/Flash
Ready-busy
LGPL5 UPM general purpose line 5/ |[K19 (0] BVpp 5,9,29
Amux
LCLKJ0:2] Local bus clock H24,J24,H25 (0] BVpp 29
LSYNC_IN Synchronization D27 | BVpp 29
LSYNC_OUT Local bus DLL D28 0] BVpp 29
DMA
DMA_DACK]J0:1] DMA Acknowledge AD6,AE10 (0] OVpp —
/GPIO[10:11]
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type :3:’;; Notes
DMA_DREQ[0:1] DMA Request AB10,AD11 I OVpp —
/GPI0O[14:15]

DMA_DDONEJ0:1] DMA Done AA11,AB11 0 OVpp —
/GPIO[12:13]
DMA_DREQ[2)/LCSI[5] Chips selects / DMA Request |H16 110 BVpp 1,29
DMA_DACKJ[2])/LCS[6] Chips selects / DMA Ack J16 (0] BVpp 1,29
DMA_DDONE[2]/LCS[7] Chips selects / DMA Done L18 (0] BVpp 1,29
DMA_DREQI[3)/IRQ[9] External interrupt/DMA AE13 I OVpp 1
request
DMA_DACK[3}/IRQ[10] External interrupt/DMA Ack |AD13 1’0 OVpp 1
DMA_DDONE[3]/IRQ[11] External interrupt/DMA done |AD14 I/0 OVpp 1
USB Port 1
USB1_D[7:0] USB1 Data bits AF1,AE2,AE1,AD2, /0 OVpp —
AC2,AC1,AB2,AB1
USB1_NXT USB1 Next data AF2 | OVpp —
USB1_DIR USB1 Data Direction AHA1 | OVpp —
USB1_STP USB1 Stop AG1 o) OVpp 5,9
USB1_PWRFAULT USB1 bus power fault. AH2 | OVpp —
USB1_PCTL0/GPIO[6] USB1 Port control 0 AC3 (0] OVpp —
USB1_PCTL1/GPIO[7] USB1 Port control 1 AC4 (0] OVpp —
USB1_CLK USB1 bus clock AD1 I OVpp —
USB Port 2
USB2_D[7:0] USB2 Data bits AEG6,AC6,AF5,AES5, /0 OVpp —
AF4,AE4,AE3,AD3
USB2_NXT USB2 Next data AC7 | OVpp —
USB2_DIR USB2 Data Direction AF7 | OVpp —
USB2_STP USB2 Stop AD7 o) OVpp 5,9
USB2_PWRFAULT USB2 bus power fault. AC8 | OVpp —
USB2_PCTL0/GPIO[8] USB2 Port control 0 AG9 (0] OVpp —
USB2_PCTL1/GPIO[9] USB2 Port control 1 AC9 (0] OVpp —
USB2_CLK USB2 bus clock AD5 | OVpp —
Reserved — AH8 — — —
Reserved — AH7,AG6,AH6,AG5, — — 27
AG4,AH4,AG3,AH3,
AG7, AG8, AH9,AH5
MPC8535E PowerQUICC lil Integrated Processor Hardware Specifications, Rev. 5
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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type :3:’;; Notes
UART_SOUTI[0:1] Transmit data AF10,AA12 0] OVpp 5,9,22,
10,29
I2C interface
IIC1_SCL Serial clock AG21 I/0 OVpp 4,21,29
1IC1_SDA Serial data AH22 /0 OVpp 4,21,29
1IC2_SCL Serial clock AH15 /0 OVpp 4,21,29
11IC2_SDA Serial data AG14 /0 OVpp 4,21,29
SerDes1(x4)
SD1_TX[7:4] Transmit Data (+) Y23,w21,v23,U21 (0] XVpp —
SD1_TX[7:4] Transmit Data(-) Y22,W20,V22,U20 0 XVpp —
SD1_RX[7:4] Receive Data(+) AC28,AB26,AA28,Y26 | XVpp —
SD1_RX[7:4] Receive Data(-) AC27,AB25,AA27,Y25 I XVpp —
Reserved — R21,P23,N21,M23, — — 18
R20,P22,N20,M22
Reserved — T26,R28,P26,N28, — — 33
T25,R27,P25,N27
SD1_PLL_TPD PLL test point Digital V28 0] XVpp 18
SD1_REF_CLK PLL Reference clock u28 | XVpp —
SD1_REF_CLK PLL Reference clock u27 [ XVpp —
complement
Reserved — T22 — — 18
Reserved — T23 — — 18
SerDes2(x1)
SD2_TX[0] Transmit data(+) P11 O X2Vpp —
SD2_TX[0] Transmit data(-) P12 o X2Vpp —
SD2_RX[0] Receive data(+) P6 | X2Vpp —
SD2_RX[0] Receive data(-) P7 [ X2Vpp —
Reserved — M11,M12 — — 18
Reserved — N8, N9 — — 34
SD2_PLL_TPD PLL test point Digital L7 0] X2Vpp 18
SD2_REF_CLK PLL Reference clock M6 | X2Vpp —
SD2_REF_CLK PLL Reference clock M7 [ X2Vpp —
complement
Reserved — L8 — X2Vpp 18
Reserved — L9 — X2Vpp 18
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Electrical Characteristics

2.4 Input Clocks

241 System Clock Timing
Thistable provides the system clock (SY SCLK) AC timing specifications for the chip.

Table 6. SYSCLK AC Timing Specifications
At recommended operating conditions (see Table 2) with OVpp = 3.3 V + 165 mV.

Parameter/Condition Symbol Min Typical Max Unit Notes
SYSCLK frequency fsyscLk 33 — 133 MHz 1
SYSCLK cycle time tsyscLk 7.5 — 30 ns —
SYSCLK rise and fall time tkns tke 0.6 1.0 2.1 ns 2
SYSCLK duty cycle tknk/tsyscLk 40 — 60 % —
SYSCLK jitter — — — +/-150 ps 3,4

Notes:

1. Caution: The CCB clock to SYSCLK ratio and €500 core to CCB clock ratio settings must be chosen such that the resulting
SYSCLK frequency, €500 (core) frequency, and CCB clock frequency do not exceed their respective maximum or minimum
operating frequencies. See Section 2.23.2, “CCB/SYSCLK PLL Ratio,” and Section 2.23.3, “€500 Core PLL Ratio,” for ratio
settings.

2. Rise and fall times for SYSCLK are measured at 0.6 V and 2.7 V.

3. The SYSCLK driver’s closed loop jitter bandwidth should be <500 kHz at -20 dB. The bandwidth must be set low to allow
cascade-connected PLL-based devices to track SYSCLK drivers with the specified jitter.

4. For spread spectrum clocking, guidelines are +0% to -1% down spread at a modulation rate between 20 KHz and 60 KHz on
SYSCLK.

24.2 PCI Clock Timing

When the PCI controller isconfigured for asynchronous operation, thereference clock for the PCI controller isnot the SY SCLK
input, but instead the PCI_CLK. This table provides the PCI reference clock AC timing specifications for the chip.

Table 7. PCICLK AC Timing Specifications
At recommended operating conditions (see Table 2) with OVpp =3.3V + 165 mV.

Parameter/Condition Symbol Min Typical Max Unit Notes
PCICLK frequency fecicLk 33 — 66 MHz —
PCICLK cycle time tpcicLK 15 — 30 ns —
PCICLK rise and fall time tkns tke 0.6 1.0 2.1 ns 1
PCICLK duty cycle tknk/tpcicLK 40 — 60 % —

Notes:
1. Rise and fall times for PCICLK are measured at 0.6 V and 2.7 V.

243 Real Time Clock Timing

The RTC input is sampled by the platform clock (CCB clock). The output of the sampling latch is then used as an input to the
counters of the PIC and the TimeBase unit of the €500. Thereis no jitter specification. The minimum pulse width of the RTC
signal should be greater than 2x the period of the CCB clock. That is, minimum clock high timeis2 X tccg, and minimum clock
low timeis 2 x tccg. Thereis no minimum RTC frequency; RTC may be grounded if not needed.
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Electrical Characteristics

Table 19. DDR SDRAM Output AC Timing Specifications (continued)

At recommended operating conditions with GVbD of 1.8 V + 5% for DDR2 or 1.5 V + 5% for DDRS3.

Parameter Symbol * Min Max Unit Notes
<= 667 MHz 0.9 X tyek 7
MDQS epilogue end tDDKHME ns 6
<= 667 MHz 0.4 X tyek 0.6 X tyek 7

Note:

1

w

. The symbols used for timing specifications follow the pattern of t(ﬁrst two letters of functional block)(signal)(state) (reference)(state) for

inputs and irst 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 ty,cx 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/MECC/MDM/MDQS.
. Note that tppknmn follows the symbol conventions described in note 1. For example, tppknmn describes the DDR timing (DD)

from the rising edge of the MCK|n] clock (KH) until the MDQS signal is valid (MH). tppknmn €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 MPC8536E PowerQUICC Il 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 tppkHpp follows the

symbol conventions described in note 1.

. Maximum DDR2 and DDR3 frequency is 667 MHz

NOTE

For the ADDR/CMD setup and hold specificationsin Table 19, it isassumed that the Clock
Control register is set to adjust the memory clocks by 1/2 applied cycle.
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Electrical Characteristics

Table 25. RGMII, RTBI, and FIFO DC Electrical Characteristics

Parameters Symbol Min Max Unit Notes
Supply voltage 2.5 V LVpo/TVpp 2.37 2.63 Y% 1.2
Output high voltage Vou 2.00 LVpp/TVpp + 0.3 \ —
(LVpp/TVpp = Min, IOH = -1.0 mA)
Qutput low voltage VoL GND -0.3 0.40 \Y —
(LVDD/ﬂ@_Z Min, |OL= 1.0 mA)
Input high voltage Viy 1.70 LVpp/TVpp + 0.3 \ —
Input low voltage Vi -0.3 0.70 \ —
Input high current liy — 10 A 1,23
(Vin=LVpp, Vin=TVpD)
Input low current I -15 — uA 3
(Vin = GND)
Note:

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

2.9.2 FIFO, GMII, Mil, TBI, RGMII, RMIl, and RTBI AC Timing Specifications
The AC timing specifications for FIFO, GMII, M1, TBI, RGMII, RMII, and RTBI are presented in this section.

2.9.2.1 FIFO AC Specifications

The basisfor the AC specifications for the eTSEC’s FIFO modes is the double data rate RGMI 1 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 sourcesto the relevant €T SEC interface.
That is, the transmit clock must be applied to the eTSECNn's TSECn_TX_CLK, while the receive clock must be applied to pin
TSECn_RX_CLK. TheeTSEC internally usesthetransmit clock to synchronously generate transmit dataand 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 isintended that external receivers capture eT SEC transmit data using the clock on TSECn_GTX_CLK asasource-
synchronous timing reference. Typically, the clock edge that launched the data can be used, since the clock is delayed by the
€T SEC to allow acceptable set-up margin at the receiver. Note that there is relationshi p between the maximum FIFO speed and
the platform speed. For more information see Section 2.4.6, “Platform to FIFO Restrictions.”

A summary of the FIFO AC specifications appears in the following tables.
Table 26. FIFO Mode Transmit AC Timing Specification

Parameter/Condition Symbol Min Typ Max Unit
TX_CLK, GTX_CLK clock period2 tRT 6.0 8.0 100 ns
TX_CLK, GTX_CLK duty cycle terTH 45 50 55 %
TX_CLK, GTX_CLK peak-to-peak jitter ey — — 250 ps
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Electrical Characteristics

Thisfigure shows the RGMII and RTBI AC timing and multiplexing diagrams.

«<——tRaT
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(At Transmitter)
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(At PHY)

Figure 25. RGMII and RTBI AC Timing and Multiplexing Diagrams

2.9.2.7 RMII AC Timing Specifications

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

29.2.71 RMII Transmit AC Timing Specifications

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

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

Parameter/Condition Symbol 1 Min Typ Max Unit
TSECn_TX_CLK clock period tRvT 15.0 20.0 25.0 ns
TSECn_TX_CLK duty cycle tRMTH 35 50 65 %
TSECn_TX_CLK peak-to-peak jitter trRMTY — — 250 ps

MPC8535E PowerQUICC Il Integrated Processor Hardware Specifications, Rev. 5

Freescale Semiconductor 51



Electrical Characteristics

Thisfigures provide the AC test load and signals for the USB, respectively.

Output 4@ Zy=50Q WOVDD/2
| R.=50Q

—> < tysixkH

USBO_CLK/USB1_CLK/DR_CLK ‘
|
: tusivkH —> -
|

Input Signals ;- - - - - - - - - -1 N

< tyskHov tuskHox ——> ’(*
Output Signals: 'r ......... > _______ fmmm e ;

Figure 37. USB Signals
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Electrical Characteristics
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Figure 42. Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] = 8 or 16(PLL Enabled)

2.13 Enhanced Secure Digital Host Controller (eSDHC)

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

2.13.1 eSDHC DC Electrical Characteristics

Thistable providesthe DC €electrical characteristics for the eSDHC interface of the chip.
Table 55. eSDHC interface DC Electrical Characteristics

At recommended operating conditions (see Table 3)

Characteristic Symbol Condition Min Max Unit Notes
Input high voltage ViH — 0.625 *OvDD | OVDD+0.3 \" —
Input low voltage Vi — -0.3 0.25 * OVDD \ —
Input/Output leakage current In'loz — -10 10 UA —
Output high voltage Vou lop=-100 uA @0OVDDmin| 0.75* OVDD — \ —
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Electrical Characteristics

Thisfigure provides the eSDHC clock input timing diagram.

eSDHC
External Clock
operational mode

tsHscKL

—>

t
VM = Midpoint Voltage (OVpp/2) tsHsckR SHSCKF

Figure 43. eSDHC Clock Input Timing Diagram

Thisfigure provides the data and command input/output timing diagram.

VM
sooc W[ w Wi
External Clock L
tshsivkl | | sHsIxkH
SD_DAT/CMD
Inputs
SD_DAT/CMD
Outputs ><
tsHskHOV

VM = Midpoint Voltage (OVpp/2)
Figure 44. eSDHC Data and Command Input/Output Timing Diagram Referenced to Clock

2.14 Programmable Interrupt Controller (PIC)

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

2.15 JTAG

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

2.15.1 JTAG DC Electrical Characteristics

Thistable providesthe DC electrical characteristics for the JTAG interface.
Table 57. JTAG DC Electrical Characteristics

Parameter Symbol 1 Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
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Electrical Characteristics

2.16.2 Differential Transmitter (TX) Output Characteristics

Thistable provides the differential transmitter (TX) output characteristics for the SATA interface.

Table 60. Differential Transmitter (TX) Output Characteristics

Parameter Symbol Min Typical Max Units Notes
Channel Speed —
1.5G tCH_SPEED — 1.5 — Gbps
3.0G 3.0
Unit Interval —
1.5G Tul 666.4333 666.4333 670.2333 ps
3.0G 333.2167 333.3333 335.1167
DC Coupled
Common Mode Vdc_cm 200 250 450 mV 3
Voltage
TX Diff Output Voltage —
1.5G VSATA_TXD|FF 400 500 600 mV
3.0G 400 — 700
TX rise/fall time —
1.5G tSATA_ZO-BOTX 100 — 273 ps
3.0G 67 — 136
TX differential skew tSATA_TXSKEW —_— —_— 20 ps —
TX Differential pair —
impedance ZSATA_TXDIFFIM ohm
1.5G 85 — 115
TX Single ended —
impedance ZgATA_TXSEIM ohm
1.5G 40 — —

TX AC common mode —
voltage (peak to peak)

1.5G VSATA_TXCMMOD — — — mV

3.0G — — 50

OOB Differential Delta VSATA_OOBvdoff — — 25 mV 1
OOB Common mode VsATA_0OBem — — 50 mV 1
Delta

TX Rise/Fall Imbalance TSATA_TXR/FbaI — — 20 % —
TX Amplitude Imbalance | Tsata_Txampbal — — 10 % —
TX Differential Mode

Return loss

150 MHz - 300 MHz — — 14

300 MHz - 600 MHz — — 8 1,2
600 MHz - 1.2 GHz RLSATA_TXDD'I'I — — 6 dB

1.2 GHz - 2.4 GHz 6

2.4 GHz - 3.0 GHz — — 3

3.0 GHz - 5.0 GHz — — 1
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2.18 GPIO

Electrical Characteristics

This section describes the DC and AC electrica specifications for the GPIO interface of the chip.

2.18.1

GPIO DC Electrical Characteristics

Thistable providesthe DC electrica characteristics for the GPIO interface.
Table 65. GPIO DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -03 0.8 \
Input current N — +5 uA
(Vin'=0Vor Viy=Vpp,
High-level output voltage Vou 2.4 — \
(OVpp = min, Igy = -2 mA)
Low-level output voltage VoL — 0.4 \"
(OVpp = min, Ig =2 mA)
Note:
1. The symbol V|, in this case, represents the OV, symbol referenced in Table 1 and Table 2.
2.18.2 GPIO AC Electrical Specifications
Thistable provides the GPIO input and output AC timing specifications.
Table 66. GPIO Input and Output AC Timing Specifications’
Characteristic Symbol 2 Min Unit Notes
GPIO inputs—minimum pulse width tPiwiD 7.5 ns 3
GPIO outputs—minimum pulse width taTOoWID 12 ns —

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

3. The minimum pulse width is a function of the MPX/Platform clock. The minimum pulse width must be greater than or equal
to 4 times the MPX/Platform clock period.

Thisfigure provides the AC test load for the GPIO.

Output 4®

Zy=50Q

WOVDD/2
R. =50 Q

Figure 53. GPIO AC Test Load
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Electrical Characteristics

Table 71. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments
VTX-DE-RATIO De- Emphasized -3.0 | -85 | 4.0 dB |Ratio of the Vx.pirrp-p Of the second and following
Differential Output bits after a transition divided by the V1y_piFrp-p Of the
Voltage (Ratio) first bit after a transition. See Note 2.
Trx-EYE Minimum TX Eye | 0.70 — — Ul | The maximum Transmitter jitter can be derived as
Width Trx-max-irteR = 1 = Trx-gye= 0.3 Ul.
See Notes 2 and 3.
T1x-EYE-MEDIAN-to- Maximum time — — 0.15 Ul |Jitter is defined as the measurement variation of the
MAX-JITTER between the jitter crossing points (V1x.pirrp-p = 0 V) in relation to a
median and recovered TX Ul. A recovered TX Ul is calculated over
maximum 3500 consecutive unit intervals of sample data. Jitter
deviation from the is measured using all edges of the 250 consecutive Ul
median. in the center of the 3500 Ul used for calculating the TX
Ul. See Notes 2 and 3.
Tx-RISEs TTX-FALL D+/D-TX Qutput | 0.125 | — — Ul |See Notes2 and 5
Rise/Fall Time
VTx-cM-ACp RMS AC Peak — — 20 | mV |Vrx.cm-acp = BMS(IV1xp, +Vrxp-l/2 = Vrx-cm-po)
Common Mode VTX-CM-DC = DC(an) of lVTX-D+ +VTX-D-V2
Output Voltage See Note 2
Vx-cm-Dc-AcTIVE- | Absolute Delta of 0 — 100 | mV |IV1x.cMm-DC (during LO) = VTX-CM-Idle-DC (During Electrical
IDLE-DELTA DC Common |d|e)|<=100 mV
Mode Voltage VTX-CM-DC = DC(an) of lVTX-D+ +VTX-D-|/2 [LO]
During LO and VTX-CNHC"G-DC = DC(an) of lVTX-D+ + VTX-D-|/2
Electrical Idle [Electrical Idle]
See Note 2.
VTx-cM-DC-LINE-DELTA |Absolute Delta of 0 — 25 | mV |IVrx.cm-Dc-D+ — VTx-cm-Dc-D-l <= 25 mV
DC Common VIx-CM-DC-D+ = DC(avg) of IVrx.p4l
Mode between D+ VIx-CM-DC-D- = DC(avg) of IV1x.p.l
and D— See Note 2.
VTX-IDLE-DIFFp Electrical Idle 0 - 20 | mV |VixpLe-DiFFp = IVTx-IDLE-D+ “VTX-IDLE-D-| <= 20 MV
differential Peak See Note 2.
Output Voltage
VTIX-RCV-DETECT The amount of — — 600 mV | The total amount of voltage change that a transmitter
voltage change can apply to sense whether a low impedance
allowed during Receiver is present. See Note 6.
Receiver Detection
V1x-DC-CM The TX DC 0 — 3.6 V  |The allowed DC Common Mode voltage under any
Common Mode conditions. See Note 6.
Voltage
lTx-SHORT TX Short Circuit — — 90 mA | The total current the Transmitter can provide when
Current Limit shorted to its ground
TTX-IDLE-MIN Minimum time 50 — — Ul [Minimum time a Transmitter must be in Electrical Idle

spent in Electrical
Idle

Utilized by the Receiver to start looking for an
Electrical Idle Exit after successfully receiving an
Electrical Idle ordered set
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Electrical Characteristics

Table 72. Differential Receiver (RX) Input Specifications (continued)

Symbol Parameter Min Nom Max Units Comments

Ltx-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 71 should be used
as the RX device when taking measurements (also refer to the Receiver compliance eye diagram shown in Figure 70). 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 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 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 ohms to ground for both the D+ and D- line (that is, as measured
by a Vector Network Analyzer with 50 ohm probes - see Figure 71). Note: that the series capacitors CTX 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. Itis recommended that the recovered TX Ul is calculated using all edges in the 3500 consecutive Ul interval with a fit algorithm
using a minimization merit function. Least squares and median deviation fits have worked well with experimental and simulated
data.

2.22 Receiver Compliance Eye Diagrams

The RX eye diagram in Figure 70 is specified using the passive compliance/test measurement load (see Figure 71) in place of
any rea PCI Express RX component.

Note: In general, the minimum Receiver eye diagram measured with the compliance/test measurement | oad (see Figure 71) will
be larger than the minimum Recelver 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 aswell assilicon
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 provide additional margin to adequately compensate for the degraded minimum Receiver eye diagram (shown in
Figure 70) expected at the input Receiver based on some adequate combination of system simulations and the Return L oss
measured |ooking into the RX package and silicon. The RX eye diagram must be digned intime using thejitter median to locate
the center of the eye diagram.

The eye diagram must be valid for any 250 consecutive Uls.
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Electrical Characteristics

Please note that the DDR PLL reference clock input, DDRCLK, isonly required in asynchronous mode.

The DDRCLKDR configuration register in the Global Utilities block allows the DDR controller to be run in a divided down
mode where the DDR bus clock is half the speed of the default configuration. Changing of these defaults must be completed
prior to initialization of the DDR controller.

Table 77. DDR Clock Ratio

Functional Signals Reset C'\tl):r:guratlon Value (Binary) DDR:DDRCLK Ratio
000 3:1
001 4:1
010 6:1
TSEC_1588_TRIG_OUT[0:1], . 011 8:1
TSEC1_1588_CLK_OUT cfg_ddr_pli[0:2] 100 o1
101 12:1
110 Reserved
111 Synchronous mode

2.23.5 PCI Clocks

The integrated PCI controller in this chip supports PCI input clock frequency in the range of 33-66 MHz. The PCI input clock
can beapplied from SY SCLK in synchronous mode or PCI1_CLK inasynchronous mode. For specificationsonthe PCI1_CLK,
refer to the PCI 2.2 Specification.

The use of PCI1_CLK isoptiona if SYSCLK isintherange of 33-66 MHz. If SYSCLK is outside this range then use of
PCI1 CLK isrequired as a separate PCI clock source, asynchronous with respect to SY SCLK.
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2.23.6 Frequency Options

2.23.6.1 SYSCLK to Platform Frequency Options
Thistable shows the expected frequency values for the platform frequency when using a CCB clock to SY SCLK ratioin

comparison to the memory bus clock speed.

Electrical Characteristics

Table 78. Frequency Options of SYSCLK with Respect to Memory Bus Speeds

CCB to
SYSCLK Ratio SYSCLK (MHz)
33.33 41.66 66.66 83 100 111 133.33
Platform /CCB Frequency (MHz)
3 333 400
4 333 400 444
5 333 415 500
6 400 500
8 333
10 333 417
12 400 500
2.24 Thermal
This section describes the thermal specifications of the chip.
2.24.1 Thermal Characteristics
Thistable provides the package thermal characteristics.
Table 79. Package Thermal Characteristics
Characteristic JEDEC Board Symbol | Value Unit Notes
Junction-to-ambient Natural Convection Single layer board (1s) Roua 23 °C/W 1,2
Junction-to-ambient Natural Convection Four layer board (2s2p) Reya 18 °C/W 1,2
Junction-to-ambient (@200 ft/min) Single layer board (1s) Rgya 18 °C/W 1,2
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Figure 72. System-Level Thermal Model for the Chip (Not to Scale)

The Flotherm library files of the parts have a dense grid to accurately capture the laminar boundary layer for flow over the part
in standard JEDEC environments, as well asthe heat spreading in the board under the package. In area system, however, the
part will require a heat sink to be mounted on it. In this case, the predominant heat flow path will be from the die to the heat
sink. Grid density lower than currently in the package library file will suffice for these simulations. The user will need to
determine the optimal grid for their specific case.

2.24.3 Thermal Management Information

This section provides thermal management information for the flip chip plastic ball grid array (FC-PBGA) package for
air-cooled applications. Proper thermal control designis primarily dependent on the system-level design—the heat sink, airflow,
and thermal interface material.
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Hardware Design Considerations

The heat sink removes most of the heat from the chip for most applications. Heat generated on the active side of the chip is
conducted through the silicon and through the heat sink attach material (or thermal interface material), and finaly to the heat
sink. The junction-to-case thermal resistance islow enough that the heat sink attach material and heat sink thermal resistance
are the dominant terms.

2.24.3.2 Thermal Interface Materials

A thermal interface material is required at the package-to-heat sink interface to minimize the thermal contact resistance. The
performance of therma interface materialsimproves with increased contact pressure. This performance characteristic chart is
generally provided by the thermal interface vendors.

3 Hardware Design Considerations

This section provides el ectrical and thermal design recommendations for successful application of the chip.

3.1 System Clocking

This chip includes seven PLLs:

» Theplatform PLL generates the platform clock from the externally supplied SY SCLK input. The frequency ratio
between the platform and SY SCLK is selected using the platform PLL ratio configuration bits as described in
Section 2.23.2, “CCB/SY SCLK PLL Ratio.”

» Thee500 core PLL generates the core clock as a slave to the platform clock. The frequency ratio between the €500
core clock and the platform clock is sel ected using the €500 PL L ratio configuration bits as described in Section 2.23.3,
“e500 Core PLL Ratio.”

* ThePCl PLL generatesthe clocking for the PCI bus

» Thelocd bus PLL generates the clock for the local bus.

» ThereisaPLL for the SerDesl block to be used for PCI Expressinterface

e ThereisaPLL for the SerDes2 block to be used for SGMII and SATA interfaces.

* TheDDR PLL generatesthe DDR clock from the externally supplied DDRCLK input in asynchronous mode. The
frequency ratio between the DDR clock and DDRCLK isdescribed in Section 2.23.4, “DDR/DDRCLK PLL Ratio.”

3.2 Power Supply Design and Sequencing

3.2.1 PLL Power Supply Filtering

Each of the PLLs listed above is provided with power through independent power supply pins (AVpp_PLAT, AVpp_CORE,
AV pp_PCl, AVpp_LBIU, and AV pp_SRDS respectively). The AV pp level should aways be equivalent to V pp, and
preferably these voltages will be derived directly from Vpp through alow frequency filter scheme such as the following.

There are anumber of waysto reliably provide power to the PLLS, but the recommended solution is to provide independent
filter circuits per PLL power supply asillustrated in Figure 75, one to each of the AV pins. By providing independent filters
to each PLL the opportunity to cause noise injection from one PLL to the other is reduced.

Thiscircuit isintended to filter noise in the PLL s resonant frequency range from a 500 kHz to 10 MHz range. It should be built
with surface mount capacitors with minimum Effective Series Inductance (ESL). Consistent with the recommendations of Dr.
Howard Johnson in High Speed Digital Design: A Handbook of Black Magic (Prentice Hall, 1993), multiple small capacitors
of equal value are recommended over a single large va ue capacitor.

Each circuit should be placed as close as possible to the specific AV pp pin being supplied to minimize noise coupled from
nearby circuits. It should be possible to route directly from the capacitors to the AV pp pin, which is on the periphery of 783
FC-PBGA the footprint, without the inductance of vias.
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4.1

Ordering Information

Part Numbers Fully Addressed by this Document

Thistable shows the part numbering nomenclature.

Table 82. Part Numbering Nomenclature

MPC nnnn E (0 vT AA X R
Product Part Security | Tiers and Temperature Package ! Processor DDR Revision Level
Code | Identifier | Engine Range 9 Frequency 2 Frequency®
MPC 8536 e A = Commercial tier e VT =FC-PBGA | * AK=600MHz |+ G =400 MHz
8535 standard temperature | ¢ (Pb-free) e AN =800 MHz | ¢ H=500MHz | « Blank = Ver.
range (0° to 90°C) ¢ PX = plastic * AQ=1000 MHz| « J =533 MHz 1.00r1.1
* B or Blank = industrial standard * AT=1250 MHz | » L =667 MHz (SVR =
E =included| tier standard e AU = 1333 MHz 0x803F0190,
temperature range (0° e AV = 1500 MHz 0x803F0191)
to 105°C) e A=Ver.1.2
e C = Industrial tier (SVR =
extended temperature 0x803F0192)
Blank = not range (—40° to 105°C)
included e Blank = Ver.
1.00r1.1
(SVR =
0x80370190,
0x80370191)
e A=Ver.1.2
(SVR =
0x80370192)
Notes:

1. See Section 5, “Package Information,” for more information on available package types.

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

3. See Table 84 for the corresponding maximum platform frequency.
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