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Thermal Characteristics

Figure 1 shows the undershoot and overshoot voltages at the interface of the MPC860.

Figure 1. Undershoot/Overshoot Voltage for VDDH and VDDL

4 Thermal Characteristics
Table 3. Package Description

Package Designator Package Code (Case No.) Package Description

ZP 5050 (1103-01) PBGA 357 25*25*0.9P1.27

ZQ/VR 5058 (1103D-02) PBGA 357 25*25*1.2P1.27

GND
GND – 0.3 V

GND – 0.7 V
Not to Exceed 10%

VDDH/VDDL + 20%

VDDH/VDDL

VDDH/VDDL + 5%

of tinterface
1

1. tinterface refers to the clock period associated with the bus clock interface.

VIH

VIL

Note:
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Thermal Characteristics

Table 4 shows the thermal characteristics for the MPC860.
Table 4. MPC860 Thermal Resistance Data

Rating Environment Symbol
ZP

MPC860P
ZQ / VR

MPC860P
Unit

Mold Compound Thickness 0.85 1.15 mm

Junction-to-ambient 1

1 Junction temperature is a function of on-chip power dissipation, package thermal resistance, mounting site (board) 
temperature, ambient temperature, airflow, power dissipation of other components on the board,  and board thermal 
resistance.

Natural convection Single-layer board (1s) RθJA
2

2 Per SEMI G38-87 and JEDEC JESD51-2 with the single-layer board horizontal.

34 34 °C/W

Four-layer board (2s2p) RθJMA
3

3 Per JEDEC JESD51-6 with the board horizontal.

22 22

Airflow (200 ft/min) Single-layer board (1s) RθJMA
3 27 27

Four-layer board (2s2p) RθJMA
3 18 18

Junction-to-board 4

4 Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured 
on the top surface of the board near the package.

RθJB 14 13

Junction-to-case 5

5 Indicates the average thermal resistance between the die and the case top surface as measured by the cold plate method 
(MIL SPEC-883 Method 1012.1) with the cold plate temperature used for the case temperature. For exposed pad 
packages where the pad would be expected to be soldered, junction-to-case thermal resistance is a simulated value from 
the junction to the exposed pad without contact resistance.

RθJC 6 8

Junction-to-package top 6

6 Thermal characterization parameter indicating the temperature difference between the package top and the junction 
temperature per JEDEC JESD51-2.

Natural convection ΨJT 2 2
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Power Dissipation

5 Power Dissipation
Table 5 provides power dissipation information. The modes are 1:1, where CPU and bus speeds are equal, 
and 2:1, where CPU frequency is twice the bus speed.

NOTE

Values in Table 5 represent VDDL-based power dissipation and do not 
include I/O power dissipation over VDDH. I/O power dissipation varies 
widely by application due to buffer current, depending on external circuitry.

6 DC Characteristics
Table 6 provides the DC electrical characteristics for the MPC860.

Table 5. Power Dissipation (PD)

Die Revision Frequency (MHz) Typical 1

1 Typical power dissipation is measured at 3.3 V.

Maximum 2

2 Maximum power dissipation is measured at 3.5 V.

Unit

D.4
(1:1 mode)

50 656 735 mW

66 TBD TBD mW

D.4
(2:1 mode)

66 722 762 mW

80 851 909 mW

Table 6. DC Electrical Specifications

Characteristic Symbol Min Max Unit

Operating voltage at 40 MHz or less VDDH, VDDL, VDDSYN 3.0 3.6 V

KAPWR 
(power-down mode)

2.0 3.6 V

KAPWR
(all other operating modes)

VDDH – 0.4 VDDH V

Operating voltage greater than 40 MHz VDDH, VDDL, KAPWR, 
VDDSYN

3.135 3.465 V

KAPWR 
(power-down mode)

2.0 3.6 V

KAPWR 
(all other operating modes)

VDDH – 0.4 VDDH V

Input high voltage (all inputs except EXTAL and 
EXTCLK)

VIH 2.0 5.5 V

Input low voltage1 VIL GND 0.8 V

EXTAL, EXTCLK input high voltage VIHC 0.7 × (VDDH) VDDH + 0.3 V

Input leakage current, Vin = 5.5 V (except TMS, TRST, 
DSCK, and DSDI pins)

Iin — 100 µA
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DC Characteristics

Input leakage current, Vin = 3.6 V (except TMS, TRST, 
DSCK, and DSDI pins)

IIn — 10 µA

Input leakage current, Vin = 0 V (except TMS, TRST, 
DSCK, and DSDI pins)

IIn — 10 µA

Input capacitance2 Cin — 20 pF

Output high voltage, IOH = –2.0 mA, VDDH = 3.0 V 
(except XTAL, XFC, and open-drain pins)

VOH 2.4 — V

Output low voltage
IOL = 2.0 mA, CLKOUT
IOL = 3.2 mA 3

IOL = 5.3 mA 4

IOL = 7.0 mA, TXD1/PA14, TXD2/PA12
IOL = 8.9 mA, TS, TA, TEA, BI, BB, HRESET, SRESET

VOL — 0.5 V

1 VIL(max) for the I2C interface is 0.8 V rather than the 1.5 V as specified in the I2C standard.
2 Input capacitance is periodically sampled.
3 A(0:31), TSIZ0/REG, TSIZ1, D(0:31), DP(0:3)/IRQ(3:6), RD/WR, BURST, RSV/IRQ2, IP_B(0:1)/IWP(0:1)/VFLS(0:1), 

IP_B2/IOIS16_B/AT2, IP_B3/IWP2/VF2, IP_B4/LWP0/VF0, IP_B5/LWP1/VF1, IP_B6/DSDI/AT0, IP_B7/PTR/AT3, 
RXD1/PA15, RXD2/PA13, L1TXDB/PA11, L1RXDB/PA10, L1TXDA/PA9, L1RXDA/PA8, TIN1/L1RCLKA/BRGO1/CLK1/PA7, 
BRGCLK1/TOUT1/CLK2/PA6, TIN2/L1TCLKA/BRGO2/CLK3/PA5, TOUT2/CLK4/PA4, TIN3/BRGO3/CLK5/PA3, BRGCLK2/
L1RCLKB/TOUT3/CLK6/PA2, TIN4/BRGO4/CLK7/PA1, L1TCLKB/TOUT4/CLK8/PA0, REJCT1/SPISEL/PB31, SPICLK/
PB30,SPIMOSI/PB29, BRGO4/SPIMISO/PB28, BRGO1/I2CSDA/PB27, BRGO2/I2CSCL/PB26, SMTXD1/PB25, SMRXD1/
PB24, SMSYN1/SDACK1/PB23, SMSYN2/SDACK2/PB22, SMTXD2/L1CLKOB/PB21, SMRXD2/L1CLKOA/PB20, L1ST1/
RTS1/PB19, L1ST2/RTS2/PB18, L1ST3/L1RQB/PB17, L1ST4/L1RQA/PB16, BRGO3/PB15, RSTRT1/PB14, L1ST1/RTS1/
DREQ0/PC15, L1ST2/RTS2/DREQ1/PC14, L1ST3/L1RQB/PC13, L1ST4/L1RQA/PC12, CTS1/PC11, TGATE1/CD1/PC10, 
CTS2/PC9, TGATE2/CD2/PC8, SDACK2/L1TSYNCB/PC7, L1RSYNCB/PC6, SDACK1/L1TSYNCA/PC5, L1RSYNCA/PC4, 
PD15, PD14, PD13, PD12, PD11, PD10, PD9, PD8, PD5, PD6, PD7, PD4, PD3, MII_MDC, MII_TX_ER, MII_EN, MII_MDIO, 
and MII_TXD[0:3] 

4 BDIP/GPL_B(5), BR, BG, FRZ/IRQ6, CS(0:5), CS(6)/CE(1)_B, CS(7)/CE(2)_B, WE0/BS_B0/IORD, WE1/BS_B1/IOWR, 
WE2/BS_B2/PCOE, WE3/BS_B3/PCWE, BS_A(0:3), GPL_A0/GPL_B0, OE/GPL_A1/GPL_B1, GPL_A(2:3)/GPL_B(2:3)/
CS(2:3), UPWAITA/GPL_A4, UPWAITB/GPL_B4, GPL_A5, ALE_A, CE1_A, CE2_A, ALE_B/DSCK/AT1, OP(0:1), 
OP2/MODCK1/STS, OP3/MODCK2/DSDO, and BADDR(28:30)

Table 6. DC Electrical Specifications (continued)

Characteristic Symbol Min Max Unit
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Bus Signal Timing

Figure 5 provides the timing for the synchronous output signals.

Figure 5. Synchronous Output Signals Timing

Figure 6 provides the timing for the synchronous active pull-up and open-drain output signals.

Figure 6. Synchronous Active Pull-Up Resistor and Open-Drain Outputs Signals Timing
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Bus Signal Timing

Figure 26 provides the PCMCIA access cycle timing for the external bus write.

Figure 26. PCMCIA Access Cycle Timing External Bus Write

Figure 27 provides the PCMCIA WAIT signal detection timing.

Figure 27. PCMCIA WAIT Signal Detection Timing
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Bus Signal Timing

Table 10 shows the PCMCIA port timing for the MPC860.

Figure 28 provides the PCMCIA output port timing for the MPC860.

Figure 28. PCMCIA Output Port Timing

Figure 29 provides the PCMCIA output port timing for the MPC860.

Figure 29. PCMCIA Input Port Timing

Table 10. PCMCIA Port Timing

Num Characteristic
33 MHz 40 MHz 50 MHz 66 MHz

Unit
Min Max Min Max Min Max Min Max

P57 CLKOUT to OPx valid — 19.00 — 19.00 — 19.00 — 19.00 ns

P58 HRESET negated to OPx drive1

1 OP2 and OP3 only.

25.73 — 21.75 — 18.00 — 14.36 — ns

P59 IP_Xx valid to CLKOUT rising edge 5.00 — 5.00 — 5.00 — 5.00 — ns

P60 CLKOUT rising edge to IP_Xx invalid 1.00 — 1.00 — 1.00 — 1.00 — ns

CLKOUT

HRESET

Output
Signals

OP2, OP3

P57

P58

CLKOUT

Input
Signals

P59

P60
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Bus Signal Timing

Table 11 shows the debug port timing for the MPC860.

Figure 30 provides the input timing for the debug port clock.

Figure 30. Debug Port Clock Input Timing

Figure 31 provides the timing for the debug port.

Figure 31. Debug Port Timings

Table 11. Debug Port Timing

Num Characteristic
All Frequencies

Unit
Min Max

P61 DSCK cycle time 3 × TCLOCKOUT — —

P62 DSCK clock pulse width 1.25 × TCLOCKOUT — —

P63 DSCK rise and fall times 0.00 3.00 ns

P64 DSDI input data setup time 8.00 — ns

P65 DSDI data hold time 5.00 — ns

P66 DSCK low to DSDO data valid 0.00 15.00 ns

P67 DSCK low to DSDO invalid 0.00 2.00 ns

DSCK

D61

D61

D63

D62

D62

D63

DSCK

DSDI

DSDO

D64

D65

D66

D67
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Bus Signal Timing

Table 12 shows the reset timing for the MPC860.
Table 12. Reset Timing

Num Characteristic
33 MHz 40 MHz 50 MHz 66 MHz

Unit
Min Max Min Max Min Max Min Max

R69 CLKOUT to HRESET high impedance — 20.00 — 20.00 — 20.00 — 20.00 ns

R70 CLKOUT to SRESET high impedance — 20.00 — 20.00 — 20.00 — 20.00 ns

R71 RSTCONF pulse width 515.15 — 425.00 340.00 — 257.58 — ns

R72 — — — — — — — — —

R73 Configuration data to HRESET rising edge 
setup time

504.55 — 425.00 — 350.00 — 277.27 — ns

R74 Configuration data to RSTCONF rising 
edge setup time

350.00 — 350.00 — 350.00 — 350.00 — ns

R75 Configuration data hold time after 
RSTCONF negation

0.00 — 0.00 — 0.00 — 0.00 — ns

R76 Configuration data hold time after 
HRESET negation

0.00 — 0.00 — 0.00 — 0.00 — ns

R77 HRESET and RSTCONF asserted to data 
out drive

— 25.00 25.00 — 25.00 — 25.00 ns

R78 RSTCONF negated to data out high 
impedance

— 25.00 — 25.00 — 25.00 — 25.00 ns

R79 CLKOUT of last rising edge before chip 
three-state HRESET to data out high 
impedance

— 25.00 — 25.00 — 25.00 — 25.00 ns

R80 DSDI, DSCK setup 90.91 — 75.00 — 60.00 — 45.45 — ns

R81 DSDI, DSCK hold time 0.00 — 0.00 — 0.00 — 0.00 — ns

R82 SRESET negated to CLKOUT rising edge 
for DSDI and DSCK sample

242.42 — 200.00 — 160.00 — 121.21 — ns
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CPM Electrical Characteristics

Figure 43. Parallel I/O Data-In/Data-Out Timing Diagram

11.2 Port C Interrupt AC Electrical Specifications
Table 15 provides the timings for port C interrupts.

Figure 44 shows the port C interrupt detection timing.

Figure 44. Port C Interrupt Detection Timing

11.3 IDMA Controller AC Electrical Specifications
Table 16 provides the IDMA controller timings as shown in Figure 45 through Figure 48.

Table 15. Port C Interrupt Timing

Num Characteristic
≥ 33.34 MHz1

1 External bus frequency of greater than or equal to 33.34 MHz.

Unit
Min Max

35 Port C interrupt pulse width low (edge-triggered mode) 55 — ns

36 Port C interrupt minimum time between active edges 55 — ns

Table 16. IDMA Controller Timing

Num Characteristic
All Frequencies

Unit
Min Max

40 DREQ setup time to clock high 7 — ns

41 DREQ hold time from clock high 3 — ns

CLKO

DATA-IN

29

31

30

DATA-OUT

Port C

35

36

(Input)
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CPM Electrical Characteristics

Figure 47. SDACK Timing Diagram—Peripheral Write, Internally-Generated TA 

Figure 48. SDACK Timing Diagram—Peripheral Read, Internally-Generated TA 

DATA
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(Output)
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SDACK

DATA

42 45
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(Output)
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CPM Electrical Characteristics

Figure 55. IDL Timing
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CPM Electrical Characteristics

11.7 SCC in NMSI Mode Electrical Specifications
Table 20 provides the NMSI external clock timing.

Table 21 provides the NMSI internal clock timing.

Table 20. NMSI External Clock Timing

Num Characteristic
All Frequencies

Unit
Min Max

100 RCLK1 and TCLK1 width high1

1 The ratios SYNCCLK/RCLK1 and SYNCCLK/TCLK1 must be greater than or equal to 2.25/1.

1/SYNCCLK — ns

101 RCLK1 and TCLK1 width low 1/SYNCCLK + 5 — ns

102 RCLK1 and TCLK1 rise/fall time — 15.00 ns

103 TXD1 active delay (from TCLK1 falling edge) 0.00 50.00 ns

104 RTS1 active/inactive delay (from TCLK1 falling edge) 0.00 50.00 ns

105 CTS1 setup time to TCLK1 rising edge 5.00 — ns

106 RXD1 setup time to RCLK1 rising edge 5.00 — ns

107 RXD1 hold time from RCLK1 rising edge2

2 Also applies to CD and CTS hold time when they are used as external sync signals.

5.00 — ns

108 CD1 setup Time to RCLK1 rising edge 5.00 — ns

Table 21. NMSI Internal Clock Timing

Num Characteristic
All Frequencies

Unit
Min Max

100 RCLK1 and TCLK1 frequency1

1 The ratios SYNCCLK/RCLK1 and SYNCCLK/TCLK1 must be greater than or equal to 3/1.

0.00 SYNCCLK/3 MHz

102 RCLK1 and TCLK1 rise/fall time — — ns

103 TXD1 active delay (from TCLK1 falling edge) 0.00 30.00 ns

104 RTS1 active/inactive delay (from TCLK1 falling edge) 0.00 30.00 ns

105 CTS1 setup time to TCLK1 rising edge 40.00 — ns

106 RXD1 setup time to RCLK1 rising edge 40.00 — ns

107 RXD1 hold time from RCLK1 rising edge2

2 Also applies to CD and CTS hold time when they are used as external sync signals.

0.00 — ns

108 CD1 setup time to RCLK1 rising edge 40.00 — ns
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CPM Electrical Characteristics

11.10 SPI Master AC Electrical Specifications
Table 24 provides the SPI master timings as shown in Figure 65 and Figure 66.

Figure 65. SPI Master (CP = 0) Timing Diagram

Table 24. SPI Master Timing

Num Characteristic
All Frequencies

Unit
Min Max

160 MASTER cycle time 4 1024 tcyc

161 MASTER clock (SCK) high or low time 2 512 tcyc

162 MASTER data setup time (inputs) 50 — ns

163 Master data hold time (inputs) 0 — ns

164 Master data valid (after SCK edge) — 20 ns

165 Master data hold time (outputs) 0 — ns

166 Rise time output — 15 ns

167 Fall time output — 15 ns

SPIMOSI
(Output)

SPICLK
(CI = 0)

(Output)

SPICLK
(CI = 1)

(Output)

SPIMISO
(Input)

162

Data

166167161

161 160

msb lsb msb

msb Data lsb msb

167 166

163

166

167

165 164
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CPM Electrical Characteristics

Figure 67. SPI Slave (CP = 0) Timing Diagram

Figure 68. SPI Slave (CP = 1) Timing Diagram
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CPM Electrical Characteristics

11.12 I2C AC Electrical Specifications
Table 26 provides the I2C (SCL < 100 kHz) timings.

Table 27 provides the I2C (SCL > 100 kHz) timings.

Table 26. I2C Timing (SCL < 100 kHZ)

Num Characteristic
All Frequencies

Unit
Min Max

200 SCL clock frequency (slave) 0 100 kHz

200 SCL clock frequency (master)1

1 SCL frequency is given by SCL = BRGCLK_frequency / ((BRG register + 3 × pre_scaler × 2).
The ratio SYNCCLK/(BRGCLK/pre_scaler) must be greater than or equal to 4/1.

1.5 100 kHz

202 Bus free time between transmissions 4.7 — μs

203 Low period of SCL 4.7 — μs

204 High period of SCL 4.0 — μs

205 Start condition setup time 4.7 — μs

206 Start condition hold time 4.0 — μs

207 Data hold time 0 — μs

208 Data setup time 250 — ns

209 SDL/SCL rise time — 1 μs

210 SDL/SCL fall time — 300 ns

211 Stop condition setup time 4.7 — μs

Table 27. . I2C Timing (SCL > 100 kHZ)

Num Characteristic Expression
All Frequencies

Unit
Min Max

200 SCL clock frequency (slave) fSCL 0 BRGCLK/48 Hz

200 SCL clock frequency (master)1

1 SCL frequency is given by SCL = BRGCLK_frequency / ((BRG register + 3) × pre_scaler × 2). 
The ratio SYNCCLK/(BRGCLK / pre_scaler) must be greater than or equal to 4/1.

fSCL BRGCLK/16512 BRGCLK/48 Hz

202 Bus free time between transmissions 1/(2.2 * fSCL) — s

203 Low period of SCL 1/(2.2 * fSCL) — s

204 High period of SCL 1/(2.2 * fSCL) — s

205 Start condition setup time 1/(2.2 * fSCL) — s

206 Start condition hold time 1/(2.2 * fSCL) — s

207 Data hold time 0 — s

208 Data setup time 1/(40 * fSCL) — s

209 SDL/SCL rise time — 1/(10 * fSCL) s

210 SDL/SCL fall time — 1/(33 * fSCL) s

211 Stop condition setup time 1/2(2.2 * fSCL) — s
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UTOPIA AC Electrical Specifications

Figure 69 shows the I2C bus timing.

Figure 69. I2C Bus Timing Diagram

12 UTOPIA AC Electrical Specifications
Table 28 shows the AC electrical specifications for the UTOPIA interface.

Table 28.  UTOPIA AC Electrical Specifications

Num Signal Characteristic Direction Min Max Unit

U1 UtpClk rise/fall time (Internal clock option) Output — 3.5 ns

Duty cycle 50 50 %

Frequency — 50 MHz

U1a UtpClk rise/fall time (external clock option) Input — 3.5 ns

Duty cycle 40 60 %

Frequency — 50 MHz

U2 RxEnb and TxEnb active delay Output 2 16 ns

U3 UTPB, SOC, Rxclav and Txclav setup time Input 8 — ns

U4 UTPB, SOC, Rxclav and Txclav hold time Input 1 — ns

U5 UTPB, SOC active delay (and PHREQ and PHSEL active delay in 
MPHY mode)

Output 2 16 ns

SCL

202

205

203

207

204

208

206 209 211210

SDA
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Mechanical Data and Ordering Information

Figure 75 shows the MII serial management channel timing diagram.

Figure 75. MII Serial Management Channel Timing Diagram

14 Mechanical Data and Ordering Information

14.1 Ordering Information
Table 33 provides information on the MPC860 Revision D.4 derivative devices.

Table 33. MPC860 Family Revision D.4 Derivatives

Device
Number of

SCCs1

1 Serial communications controller (SCC)

Ethernet Support2

(Mbps)

2 Up to 4 channels at 40 MHz or 2 channels at 25 MHz

Multichannel
HDLC Support

ATM
Support

MPC855T 1 10/100 Yes Yes

MPC860DE 2 10 N/A N/A

MPC860DT 10/100 Yes Yes

MPC860DP 10/100 Yes Yes

MPC860EN  4 10 N/A N/A

MPC860SR 10 Yes Yes

MPC860T 10/100 Yes Yes

MPC860P 10/100 Yes Yes

M11

MII_MDC (Output)

MII_MDIO (Output)

M12
M13

MII_MDIO (Input)

M10

M14

MM15
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Mechanical Data and Ordering Information

14.3 Mechanical Dimensions of the PBGA Package
Figure 77 shows the mechanical dimensions of the ZP PBGA package.

Figure 77. Mechanical Dimensions and Bottom Surface Nomenclature of the ZP PBGA Package
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NOTE
1. Dimensions and tolerance per ASME Y14.5M, 1994.

2. Dimensions in millimeters.

3. Dimension b is the maximum solder ball diameter 
measured parallel to data C.

DIM MIN MAX
MILLIMETERS

A --- 2.05
0.50 0.70

A2 0.95 1.35
A3 0.70 0.90
b 0.60 0.90
D 25.00 BSC

D1 22.86 BSC
D2 22.40 22.60
e 1.27 BSC
E 25.00 BSC

E1 22.86 BSC
E2 22.40 22.60

A1
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Document Revision History

15 Document Revision History
Table 35 lists significant changes between revisions of this hardware specification.

Table 35. Document Revision History

Revision Date Changes

10 09/2015 In Table 34, moved MPC855TCVR50D4 and MPC855TCVR66D4 under the extended 
temperature (–40° to 95°C) and removed MC860ENCVR50D4R2 from the normal 
temperature Tape and Reel.

9 10/2011 Updated orderable part numbers in Table 34, “MPC860 Family Package/Frequency 
Availability.”

8 08/2007  • Updated template.
 • On page 1, added a second paragraph.
 • After Table 2, inserted a new figure showing the undershoot/overshoot voltage 

(Figure 1) and renumbered the rest of the figures.
 • In Figure 3, changed all reference voltage measurement points from 0.2 and 0.8 V to 

50% level.
 • In Table 16, changed num 46 description to read, “TA assertion to rising edge ...”
 • In Figure 46, changed TA to reflect the rising edge of the clock.

7.0 9/2004  • Added a tablefootnote to Table 6 DC Electrical Specifications about meeting the VIL 
Max of the I2C Standard

 • Replaced the thermal characteristics in Table 4 by the ZQ package
 • Add the new parts to the Ordering and Availablity Chart in Table 34
 • Added the mechanical spec of the ZQ package in Figure 78
 • Removed all of the old revisions from Table 5

6.3 9/2003  • Added Section 11.2 on the Port C interrupt pins
 • Nontechnical reformatting

6.2 8/2003  • Changed B28a through B28d and B29d to show that TRLX can be 0 or 1
 • Changed reference documentation to reflect the Rev 2 MPC860 PowerQUICC Family 

Users Manual
 • Nontechnical reformatting

6.1 11/2002  • Corrected UTOPIA RXenb* and TXenb* timing values
 • Changed incorrect usage of Vcc to Vdd
 • Corrected dual port RAM to 8 Kbytes

6 10/2002  • Added the MPC855T. Corrected Figure 26 on page -36.

5.1 11/2001  • Revised template format, removed references to MAC functionality, changed Table 7 
B23 max value @ 66 MHz from 2ns to 8ns, added this revision history table


