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Features

— Up to 8 Kbytes of dual-port RAM
— 16 serial DMA (SDMA) channels
— Three parallel I/O registers with open-drain capability

• Four baud-rate generators (BRGs)
— Independent (can be tied to any SCC or SMC)
— Allows changes during operation 
— Autobaud support option

• Four serial communications controllers (SCCs)
— Ethernet/IEEE 802.3® standard optional on SCC1–4, supporting full 10-Mbps operation 

(available only on specially programmed devices)
— HDLC/SDLC (all channels supported at 2 Mbps)
— HDLC bus (implements an HDLC-based local area network (LAN))
— Asynchronous HDLC to support point-to-point protocol (PPP)
— AppleTalk 

— Universal asynchronous receiver transmitter (UART)
— Synchronous UART
— Serial infrared (IrDA)
— Binary synchronous communication (BISYNC)
— Totally transparent (bit streams)
— Totally transparent (frame-based with optional cyclic redundancy check (CRC))

• Two SMCs (serial management channels)
— UART
— Transparent
— General circuit interface (GCI) controller
— Can be connected to the time-division multiplexed (TDM) channels

• One SPI (serial peripheral interface)
— Supports master and slave modes
— Supports multimaster operation on the same bus

• One I2C (inter-integrated circuit) port
— Supports master and slave modes
— Multiple-master environment support

• Time-slot assigner (TSA)
— Allows SCCs and SMCs to run in multiplexed and/or non-multiplexed operation
— Supports T1, CEPT, PCM highway, ISDN basic rate, ISDN primary rate, user defined
— 1- or 8-bit resolution
— Allows independent transmit and receive routing, frame synchronization, and clocking
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— Allows dynamic changes
— Can be internally connected to six serial channels (four SCCs and two SMCs)

• Parallel interface port (PIP)
— Centronics interface support
— Supports fast connection between compatible ports on the MPC860 or the MC68360

• PCMCIA interface
— Master (socket) interface, release 2.1 compliant
— Supports two independent PCMCIA sockets
— Supports eight memory or I/O windows

• Low power support
— Full on—all units fully powered
— Doze—core functional units disabled except time base decrementer, PLL, memory controller, 

RTC, and CPM in low-power standby
— Sleep—all units disabled except RTC and PIT, PLL active for fast wake up
— Deep sleep—all units disabled including PLL except RTC and PIT
— Power down mode—all units powered down except PLL, RTC, PIT, time base, and 

decrementer
• Debug interface

— Eight comparators: four operate on instruction address, two operate on data address, and two 
operate on data

— Supports conditions: = ≠ < >
— Each watchpoint can generate a break-point internally.

• 3.3-V operation with 5-V TTL compatibility except EXTAL and EXTCLK
• 357-pin ball grid array (BGA) package
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Maximum Tolerated Ratings

3 Maximum Tolerated Ratings
This section provides the maximum tolerated voltage and temperature ranges for the MPC860. Table 2 
provides the maximum ratings.

This device contains circuitry protecting against damage due to high-static voltage or electrical fields; 
however, it is advised that normal precautions be taken to avoid application of any voltages higher than 
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic voltage level (for example, either GND or VDD).

Table 2. Maximum Tolerated Ratings
(GND = 0 V)

Rating Symbol Value Unit

Supply voltage1

1 The power supply of the device must start its ramp from 0.0 V.

VDDH –0.3 to 4.0 V

VDDL –0.3 to 4.0 V

KAPWR –0.3 to 4.0 V

VDDSYN –0.3 to 4.0 V

Input voltage2

2 Functional operating conditions are provided with the DC electrical specifications in Table 6. Absolute maximum ratings are 
stress ratings only; functional operation at the maxima is not guaranteed. Stress beyond those listed may affect device 
reliability or cause permanent damage to the device.
Caution: All inputs that tolerate 5 V cannot be more than 2.5 V greater than the supply voltage. This restriction applies to 
power-up and normal operation (that is, if the MPC860 is unpowered, voltage greater than 2.5 V must not be applied to its 
inputs).

Vin GND – 0.3 to VDDH V

Temperature3 (standard)

3 Minimum temperatures are guaranteed as ambient temperature, TA. Maximum temperatures are guaranteed as junction 
temperature, Tj.

TA(min) 0 °C

Tj(max) 95 °C

Temperature3 (extended) TA(min) –40 °C

Tj(max) 95 °C

Storage temperature range Tstg –55 to 150 °C
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Thermal Calculation and Measurement

Figure 2. Effect of Board Temperature Rise on Thermal Behavior

If the board temperature is known, an estimate of the junction temperature in the environment can be made 
using the following equation:

TJ = TB + (RθJB × PD)

where:
RθJB = junction-to-board thermal resistance (ºC/W)
TB = board temperature (ºC)
PD = power dissipation in package

If the board temperature is known and the heat loss from the package case to the air can be ignored, 
acceptable predictions of junction temperature can be made. For this method to work, the board and board 
mounting must be similar to the test board used to determine the junction-to-board thermal resistance, 
namely a 2s2p (board with a power and a ground plane) and by attaching the thermal balls to the ground 
plane.

7.4 Estimation Using Simulation
When the board temperature is not known, a thermal simulation of the application is needed. The simple 
two-resistor model can be used with the thermal simulation of the application [2], or a more accurate and 
complex model of the package can be used in the thermal simulation.

7.5 Experimental Determination
To determine the junction temperature of the device in the application after prototypes are available, the 
thermal characterization parameter (ΨJT) can be used to determine the junction temperature with a 
measurement of the temperature at the top center of the package case using the following equation:

TJ = TT + (ΨJT × PD)

Board Temperature Rise Above Ambient Divided by Package Power
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Bus Signal Timing

Figure 7 provides the timing for the synchronous input signals.

Figure 7. Synchronous Input Signals Timing

Figure 8 provides normal case timing for input data. It also applies to normal read accesses under the 
control of the UPM in the memory controller.

Figure 8. Input Data Timing in Normal Case
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Bus Signal Timing

Figure 17 provides the timing for the external bus controlled by the UPM.

Figure 17. External Bus Timing (UPM Controlled Signals)
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Bus Signal Timing

Figure 18 provides the timing for the asynchronous asserted UPWAIT signal controlled by the UPM.

Figure 18. Asynchronous UPWAIT Asserted Detection in UPM Handled Cycles Timing

Figure 19 provides the timing for the asynchronous negated UPWAIT signal controlled by the UPM.

Figure 19. Asynchronous UPWAIT Negated Detection in UPM Handled Cycles Timing
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Bus Signal Timing

Table 9 shows the PCMCIA timing for the MPC860.
Table 9. PCMCIA Timing

Num Characteristic
33 MHz 40 MHz 50 MHz 66 MHz

Unit
Min Max Min Max Min Max Min Max

P44 A(0:31), REG valid to PCMCIA Strobe 
asserted1

1 PSST = 1. Otherwise add PSST times cycle time.
PSHT = 0. Otherwise add PSHT times cycle time.

These synchronous timings define when the WAITx signals are detected in order to freeze (or relieve) the 
PCMCIA current cycle. The WAITx assertion will be effective only if it is detected 2 cycles before the 
PSL timer expiration. See Chapter 16, “PCMCIA Interface,” in the MPC860 PowerQUICC™ Family 
User’s Manual.

20.73 — 16.75 — 13.00 — 9.36 — ns

P45 A(0:31), REG valid to ALE negation1 28.30 — 23.00 — 18.00 — 13.15 — ns

P46 CLKOUT to REG valid 7.58 15.58 6.25 14.25 5.00 13.00 3.79 11.84 ns

P47 CLKOUT to REG invalid 8.58 — 7.25 — 6.00 — 4.84 — ns

P48 CLKOUT to CE1, CE2 asserted 7.58 15.58 6.25 14.25 5.00 13.00 3.79 11.84 ns

P49 CLKOUT to CE1, CE2 negated 7.58 15.58 6.25 14.25 5.00 13.00 3.79 11.84 ns

P50 CLKOUT to PCOE, IORD, PCWE, IOWR 
assert time

— 11.00 11.00 — 11.00 — 11.00 ns

P51 CLKOUT to PCOE, IORD, PCWE, IOWR 
negate time

2.00 11.00 2.00 11.00 2.00 11.00 2.00 11.00 ns

P52 CLKOUT to ALE assert time 7.58 15.58 6.25 14.25 5.00 13.00 3.79 10.04 ns

P53 CLKOUT to ALE negate time — 15.58 14.25 — 13.00 — 11.84 ns

P54 PCWE, IOWR negated to D(0:31) invalid1 5.58 — 4.25 — 3.00 — 1.79 — ns

P55 WAITA and WAITB valid to CLKOUT rising 
edge1

8.00 — 8.00 — 8.00 — 8.00 — ns

P56 CLKOUT rising edge to WAITA and WAITB 
invalid1

2.00 — 2.00 — 2.00 — 2.00 — ns
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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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Figure 32 shows the reset timing for the data bus configuration.

Figure 32. Reset Timing—Configuration from Data Bus

Figure 33 provides the reset timing for the data bus weak drive during configuration.

Figure 33. Reset Timing—Data Bus Weak Drive During Configuration 
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CPM Electrical Characteristics

11 CPM Electrical Characteristics
This section provides the AC and DC electrical specifications for the communications processor module 
(CPM) of the MPC860.

11.1 PIP/PIO AC Electrical Specifications
Table 14 provides the PIP/PIO AC timings as shown in Figure 39 through Figure 43.

Figure 39. PIP Rx (Interlock Mode) Timing Diagram

Table 14. PIP/PIO Timing

Num Characteristic
All Frequencies

Unit
Min Max

21 Data-in setup time to STBI low 0 — ns

22 Data-in hold time to STBI high 2.5 – t31

1 t3 = Specification 23.

— CLK

23 STBI pulse width 1.5 — CLK

24 STBO pulse width 1 CLK – 5 ns — ns

25 Data-out setup time to STBO low 2 — CLK

26 Data-out hold time from STBO high 5 — CLK

27 STBI low to STBO low (Rx interlock) — 2 CLK

28 STBI low to STBO high (Tx interlock) 2 — CLK

29 Data-in setup time to clock high 15 — ns

30 Data-in hold time from clock high 7.5 — ns

31 Clock low to data-out valid (CPU writes data, control, or direction) — 25 ns

DATA-IN

STBI

23

24

22

STBO

27

21
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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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Figure 52. SI Receive Timing with Double-Speed Clocking (DSC = 1)
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CPM Electrical Characteristics

Figure 53. SI Transmit Timing Diagram (DSC = 0)

L1TXD
(Output)

L1TCLK
(FE = 0, CE = 0)

(Input)

L1TCLK
(FE = 1, CE = 1)

(Input)

L1TSYNC
(Input)

L1ST(4–1)
(Output)

71 70

72

73

75

74

80a

80

78

TFSD=0

81

79

BIT0



MPC860 PowerQUICC Family Hardware Specifications, Rev. 10

58 Freescale Semiconductor
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Figure 59. Ethernet Collision Timing Diagram

Figure 60. Ethernet Receive Timing Diagram

135 RSTRT active delay (from TCLK1 falling edge) 10 50 ns

136 RSTRT inactive delay (from TCLK1 falling edge) 10 50 ns

137 REJECT width low 1 — CLK

138 CLKO1 low to SDACK asserted2 — 20 ns

139 CLKO1 low to SDACK negated2 — 20 ns

1 The ratios SYNCCLK/RCLK1 and SYNCCLK/TCLK1 must be greater than or equal to 2/1.
2 SDACK is asserted whenever the SDMA writes the incoming frame DA into memory.

Table 22. Ethernet Timing (continued)

Num Characteristic
All Frequencies

Unit
Min Max

CLSN(CTS1)

120

(Input)

RCLK1

121

RxD1
(Input)

121

RENA(CD1)
 (Input)

125

124 123

127

126

Last Bit
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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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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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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



MPC860 PowerQUICC Family Hardware Specifications, Rev. 10

Freescale Semiconductor 71
 

Mechanical Data and Ordering Information

Table 34 identifies the packages and operating frequencies available for the MPC860.
 

Table 34. MPC860 Family Package/Frequency Availability

Package Type
Freq. (MHz) / 

Temp. (Tj)
Package Order Number

Ball grid array 
ZP suffix—leaded
ZQ suffix—leaded
VR suffix—lead-free

50
0° to 95°C

ZP/ZQ1 MPC855TZQ50D4
MPC860DEZQ50D4
MPC860DTZQ50D4
MPC860ENZQ50D4
MPC860SRZQ50D4
MPC860TZQ50D4
MPC860DPZQ50D4
MPC860PZQ50D4

Tape and Reel MPC855TZQ50D4R2
MPC860DEZQ50D4R2
MPC860ENZQ50D4R2
MPC860SRZQ50D4R2
MPC860TZQ50D4R2
MPC860DPZQ50D4R2
MPC855TVR50D4R2
MPC860ENVR50D4R2
MPC860SRVR50D4R2
MPC860TVR50D4R2

VR MPC855TVR50D4
MPC860DEVR50D4
MPC860DPVR50D4
MPC860DTVR50D4
MPC860ENVR50D4
MPC860PVR50D4
MPC860SRVR50D4
MPC860TVR50D4

66
0° to 95°C

ZP/ZQ1 MPC855TZQ66D4
MPC860DEZQ66D4
MPC860DTZQ66D4
MPC860ENZQ66D4
MPC860SRZQ66D4
MPC860TZQ66D4
MPC860DPZQ66D4
MPC860PZQ66D4

Tape and Reel MPC860SRZQ66D4R2
MPC860PZQ66D4R2

VR MPC855TVR66D4
MPC860DEVR66D4
MPC860DPVR66D4
MPC860DTVR66D4
MPC860ENVR66D4
MPC860PVR66D4
MPC860SRVR66D4
MPC860TVR66D4
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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


