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Thermal Characteristics

4 Thermal Characteristics

Table 4 shows the thermal characteristics for the MPC866/859.
Table 4. MPC866/859 Thermal Resistance Data

Rating Environment Symbol Value Unit
Junction-to-ambient * Natural Convection Single-layer board (1s) Reua 2 37 °C/W
Four-layer board (2s2p) | Rgyya > 23
Airflow (200 ft/min) Single-layer board (1s) RGJMAS 30
Four-layer board (2s2p) | Rgjua> 19
Junction-to-board ReJs 13
Junction-to-case ° Resc 6
Junction-to-package top 6 Natural Convection YT 2
Airflow (200 ft/min) Yyr 2

T 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.

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

Per JEDEC JESD51-6 with the board horizontal.

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.

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.

Thermal characterization parameter indicating the temperature difference between package top and junction
temperature per JEDEC JESD51-2.
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Thermal Calculation and Measurement
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Figure 3. 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:

T3=Tg +(Rg3s x Pp)
where:
Rgg = junction-to-board thermal resistance (°C/W)
Tg = board temperature °C
Pp = 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 vias attaching the thermal balls to the ground plane.

7.4 Estimation Using Simulation

When the board temperatureis not known, athermal simulation of the application isneeded. The simpletwo-resistor
model can be used with the thermal simulation of the application [2], or amore accurate and complex model of the
package can be used in the thermal simulation.
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Table 9. Bus Operation Timings (continued)

Bus Signal Timing

Num

Characteristic

33 MHz

40 MHz

50 MHz

66 MHz

Min

Max

Min

Max

Min

Max

Min

Max

Unit

B30

CS, WE(0:3) negated to A(0:31),
BADDR(28:30) invalid GPCM write
access / (MIN = 0.25 x B1 —2.00)

5.60

4.30

3.00

1.80

ns

B30a

WE(0:3) negated to A(0:31),
BADDR(28:30) invalid GPCM, write
access, TRLX =0, CSNT =1, CS
negated to A(0:31) invalid GPCM write
access TRLX =0,CSNT =1 ACS=10,
or ACS ==11, EBDF =0 (MIN = 0.50 x
B1—2.00)

13.20

10.50

8.00

5.60

ns

B30b

WE(0:3) negated to A(0:31) invalid
GPCM BADDR(28:30) invalid GPCM
write access, TRLX =1, CSNT=1.CS
negated to A(0:31) invalid GPCM write
access TRLX =1, CSNT =1, ACS =
10, or ACS == 11 EBDF =0 (MIN =
1.50 x B1 - 2.00)

43.50

35.50

28.00

20.70

ns

B30c

WE(0:3) negated to A(0:31),
BADDR(28:30) invalid GPCM write
access, TRLX =0, CSNT =1.CS
negated to A(0:31) invalid GPCM write
access, TRLX =0, CSNT =1 ACS =
10,ACS==11,EBDF =1 (MIN=0.375
x B1—3.00)

8.40

6.40

4.50

2.70

ns

B30d

WE(0:3) negated to A(0:31),
BADDR(28:30) invalid GPCM write
access TRLX = 1, CSNT =1, CS
negated to A(0:31) invalid GPCM write
access TRLX=1,CSNT=1,ACS=10
or11, EBDF =1

38.67

31.38

24.50

17.83

ns

B31

CLKOUT falling edge to CS valid, as
requested by control bit CST4 in the
corresponding word in the UPM (MAX
=0.00 X B1 + 6.00)

1.50

6.00

1.50

6.00

1.50

6.00

1.50

6.00

ns

B31a

CLKOUT falling edge to CS valid, as
requested by control bit CST1 in the
corresponding word in the UPM (MAX
=0.25 x B1 + 6.80)

7.60

14.30

6.30

13.00

5.00

11.80

3.80

10.50

ns

B31b

CLKOUT rising edge to CS valid, as
requested by control bit CST2 in the
corresponding word in the UPM (MAX
=0.00 x B1 + 8.00)

1.50

8.00

1.50

8.00

1.50

8.00

1.50

8.00

ns

B31c

CLKOUT rising edge to CS valid, as
requested by control bit CST3 in the
corresponding word in the UPM (MAX
=0.25 xB1 + 6.30)

7.60

13.80

6.30

12.50

5.00

11.30

3.80

10.00

ns
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Bus Signal Timing

Table 9. Bus Operation Timings (continued)

33 MHz 40 MHz 50 MHz 66 MHz
Num Characteristic Unit
Min Max Min Max Min Max Min Max

B35 | A(0:31), BADDR(28:30) to CS valid, as | 5.60 — 4.30 — 3.00 — 1.80 — ns
requested by control bit BST4 in the
corresponding word in the UPM (MIN =
0.25 x B1 - 2.00)

B35a | A(0:31), BADDR(28:30), and D(0:31) | 13.20 — 1050 | — 8.00 — 5.60 — ns
to BS valid, as Requested by BST1 in
the corresponding word in the UPM
(MIN =0.50 x B1 — 2.00)

B35b | A(0:31), BADDR(28:30), and D(0:31) | 20.70 — 16.70 | — 13.00 | — 9.40 — ns
to BS valid, as requested by control bit
BST2 in the corresponding word in the
UPM (MIN =0.75 x B1 —2.00)

B36 [A(0:31), BADDR(28:30), and D(0:31) | 5.60 — 4.30 — 3.00 — 1.80 — ns
to GPL valid as requested by control bit
GxT4 in the corresponding word in the
UPM (MIN = 0.25 x B1 —2.00)

B37 | UPWAIT valid to CLKOUT falling 600 | — |600| — |600| — |600| — |ns
edge & (MIN = 0.00 x B1 + 6.00)

B38 | CLKOUT falling edge to UPWAIT 1.00 — 1.00 — 1.00 — 1.00 — ns
valid® (MIN =0.00 x B1 + 1.00)

B39 | AS valid to CLKOUT rising edgeg (MIN | 7.00 — 7.00 — 7.00 — 7.00 — ns
=0.00 x B1 + 7.00)

B40 [A(0:31), TSIZ(0:1), RD/WR, BURST, | 7.00 — 700 | — | 700 | — | 700 | — | ns
valid to CLKOUT rising edge (MIN =
0.00 x B1 + 7.00)

B41 | TS valid to CLKOUT rising edge (setup | 7.00 — 7.00 — 7.00 — 7.00 — ns
time) (MIN = 0.00 x B1 + 7.00)

B42 |CLKOUT rising edge to TS valid (hold | 2.00 — 2.00 — 2.00 — 2.00 — ns
time) (MIN = 0.00 x B1 + 2.00)

B43 |AS negation to memory controller — | TBD — | TBD| — | TBD| — | TBD | ns
signals negation (MAX = TBD)

For part speeds above 50 MHz, use 9.80 ns for Bi1a.

The timing required for BR input is relevant when the MPC866/859 is selected to work with the internal bus arbiter.
The timing for BG input is relevant when the MPC866/859 is selected to work with the external bus arbiter.

For part speeds above 50 MHz, use 2 ns for B17.

4 The D(0:31) and DP(0:3) input timings B18 and B19 refer to the rising edge of CLKOUT, in which the TA input signal
is asserted.
For part speeds above 50 MHz, use 2 ns for B19.

6 The D(0:31) and DP(0:3) input timings B20 and B21 refer to the falling edge of CLKOUT. This timing is valid only for
read accesses controlled by chip-selects under control of the UPM in the memory controller, for data beats, where
DLT3 =1 in the UPM RAM words. (This is only the case where data is latched on the falling edge of CLKOUT.)

7 The timing B30 refers to CS when ACS = 00 and to WE(0:3) when CSNT = 0.

MPC866/MPC859 Hardware Specifications, Rev. 2
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Bus Signal Timing

8 The signal UPWAIT is considered asynchronous to CLKOUT and synchronized internally. The timings specified in
B37 and B38 are specified to enable the freeze of the UPM output signals as described in Figure 20.

9 The AS signal is considered asynchronous to CLKOUT. The timing B39 is specified in order to allow the behavior
specified in Figure 23.

Figure 5 shows the control timing diagram.

cLKouT wf N
N YOVy
4>
20V 20V
Outputs 0.8V 0.8V
-—
20V 20V
Outputs 08V 08V
20V 20V
Inputs 0.8V 08V
20V 20V
Inputs 0.8V 08V
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e Minimum output hold time
@ Minimum input setup time specification

@ Minimum input hold time specification

Figure 5. Control Timing
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Bus Signal Timing

Figure 6 shows the timing for the external clock.
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Figure 6. External Clock Timing

Figure 7 shows the timing for the synchronous output signals.
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Figure 7. Synchronous Output Signals Timing
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Bus Signal Timing

Figure 12 through Figure 15 show the timing for the external bus read controlled by various GPCM factors.
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Bus Signal Timing

Figure 25 shows the interrupt detection timing for the external level-sensitive lines.
CLKOUT
o XX

Figure 25. Interrupt Detection Timing for External Level Sensitive Lines

Figure 26 shows the interrupt detection timing for the external edge-sensitive lines.

CLKOUT m

o \ / \

Figure 26. Interrupt Detection Timing for External Edge Sensitive Lines

Table 11 shows the PCM CIA timing for the M PC866/859.
Table 11. PCMCIA Timing

33 MHz 40 MHz 50 MHz 66 MHz
Num Characteristic Unit
Min Max Min Max Min Max Min Max
A(0:31), REG valid to PCMCIA 20.70 — 16.70 — 13.00 — 9.40 — ns
P44 |Strobe asserted ' (MIN =0.75 x B1
—2.00)
P45 A(0:31), REG valid to ALE 28.30 — 23.00 — 18.00 — 13.20 — ns
negation! (MIN = 1.00 x B1 — 2.00)
CLKOUT to REG valid (MAX=0.25 | 7.60 | 15.60 | 6.30 | 14.30 | 5.00 | 13.00 | 3.80 | 11.80 | ns
P46
x B1 + 8.00)
P47 CLKOUT to REG invalid (MIN = 8.60 — 7.30 — 6.00 — 4.80 — ns
0.25 x B1 + 1.00)
Pasg CLKOUT to CE1, CE2 asserted 7.60 | 15,60 | 6.30 | 14.30 | 5.00 | 13.00 | 3.80 | 11.80 | ns
(MAX =0.25 x B1 + 8.00)
P49 CLKOUT to CE1, CE2 negated 7.60 | 15,60 | 6.30 | 14.30 | 5.00 | 13.00 | 3.80 | 11.80 | ns
(MAX =0.25 x B1 + 8.00)

MPC866/MPC859 Hardware Specifications, Rev. 2
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Bus Signal Timing

Figure 27 shows the PCMCI A access cycle timing for the external bus read.
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Figure 27. PCMCIA Access Cycles Timing External Bus Read
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Bus Signal Timing

Table 13 shows the debug port timing for the MPC866/859.
Table 13. Debug Port Timing

All Frequencies
Num Characteristic Unit
Min Max

D61 |DSCK cycle time 3XTcLockouT —

D62 |DSCK clock pulse width 1.25xTeLockouT| —

D63 |DSCK rise and fall times 0.00 3.00 ns
D64 | DSDI input data setup time 8.00 — ns
D65 |DSDI data hold time 5.00 — ns
D66 |DSCK low to DSDO data valid 0.00 15.00 | ns
D67 |DSCK low to DSDO invalid 0.00 2.00 ns

Figure 32 shows the input timing for the debug port clock.

DSCK

Figure 32. Debug Port Clock Input Timing

Figure 33 shows the timing for the debug port.
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Figure 33. Debug Port Timings
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CPM Electrical Characteristics
TS
(Output)

CLKO
(Output)

RIW
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Figure 50. SDACK Timing Diagram—Peripheral Read, Internally-Generated TA

12.4 Baud Rate Generator AC Electrical Specifications

Table 19 shows the baud rate generator timings as shown in Figure 51.
Table 19. Baud Rate Generator Timing

All Frequencies
Num Characteristic Unit
Min Max
50 BRGO rise and fall time — 10 ns
51 BRGO duty cycle 40 60 %
52 BRGO cycle 40 — ns

BRGOX

(=i

4—@—>C

Figure 51. Baud Rate Generator Timing Diagram
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CPM Electrical Characteristics

12.5 Timer AC Electrical Specifications

Table 20 shows the general-purpose timer timings as shown in Figure 52.

Table 20. Timer Timing

All Frequencies

Num Characteristic Unit
Min Max
61 | TIN/TGATE rise and fall time 10 — ns
62 | TIN/TGATE low time 1 — clk
63 | TIN/TGATE high time 2 — clk
64 | TIN/TGATE cycle time 3 — clk
65 |CLKO low to TOUT valid 3 25 ns

0 ®

TIN/TGATE 4 A

(Input)
5 ©

TOUT
(Output)

Figure 52. CPM General-Purpose Timers Timing Diagram

12.6 Serial Interface AC Electrical Specifications

Table 21 shows the serid interface timings as shown in Figure 53 through Figure 57.
Table 21. Sl Timing

All Frequencies
Num Characteristic Unit
Min Max
70  |L1RCLK, L1TCLK frequency (DSC =0) ! 2 — SYNCCLK/2.5 MHz
71 L1RCLK, L1TCLK width low (DSC = 0) 2 P+10 — ns
71a  |L1RCLK, L1TCLK width high (DSC =0) 3 P+10 — ns
72 | L1TXD, L1ST(1-4), L1RQ, L1CLKO rise/fall time — 15.00 ns
73  |L1RSYNC, L1TSYNC valid to L1CLK edge (SYNC 20.00 — ns
setup time)

MPC866/MPC859 Hardware Specifications, Rev. 2

54 Freescale Semiconductor



CPM Electrical Characteristics

Figure 58 through Figure 60 show the NMSI timings.

RCLK1

RxD1
(Input)

cD1
(Input)

(]
(SYNC Input)

TCLK1

TxD1
(Output)

RTS1
(Output)

CTSt1
(Input)

CTS1
(SYNC Input)

el (e
T w x
@ % <—>» {108
\Y
- e
\

Figure 58. SCC NMSI Receive Timing Diagram
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Figure 59. SCC NMSI Transmit Timing Diagram
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CPM Electrical Characteristics
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TCLK1

G

omn AKX KAKXAXN
Cs ()

TENA(RTST)
(Input)

RENA(CD1)

(Input) / \
Notes:

1. Transmit clock invert (TCI) bit in GSMR is set.
2. If RENA is deasserted before TENA, or RENA is not asserted at all during transmit, then the
CSL bit is set in the buffer descriptor at the end of the frame transmission.

Figure 63. Ethernet Transmit Timing Diagram

(E’;% 0 >< 1 >< 1 >< BIT1 >< BIT2 ><

-«———— Start Frame Delimiter ——

RSTRT
(Output)

Figure 64. CAM Interface Receive Start Timing Diagram

REJECT

Figure 65. CAM Interface REJECT Timing Diagram

12.9 SMC Transparent AC Electrical Specifications

Table 25 shows the SMC transparent timings as shown in Figure 66.

MPC866/MPC859 Hardware Specifications, Rev. 2

Freescale Semiconductor 65



UTOPIA AC Electrical Specifications

Figure 71 shows the 1°C bus timing.
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205—<—>
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Figure 71. I2C Bus Timing Diagram

13 UTOPIA AC Electrical Specifications

Table 30 through Table 32 show the AC electrical specifications for the UTOPIA interface.
Table 30. UTOPIA Master (Muxed Mode) Electrical Specifications

A

SCL

Num Signal Characteristic Direction Min Max Unit
U1 UtpClk rise/fall time (Internal clock option) Output — 4 ns
Duty cycle 50 50 %
Frequency — 33 MHz
U2 |UTPB, SOC, RxEnb, TxEnb, RxAddr, and TxAddr-active Output 2 16 ns
delay (and PHREQ and PHSEL active delay in MPHY mode)
us UTPB, SOC, Rxclav and Txclav setup time Input 4 — ns
U4 UTPB, SOC, Rxclav and Txclav hold time Input 1 — ns

Table 31. UTOPIA Master (Split Bus Mode) Electrical Specifications

Num Signal Characteristic Direction Min Max Unit
U1 UtpClk rise/fall time (Internal clock option) Output — 4 ns
Duty cycle 50 50 %
Frequency — 33 MHz
U2 UTPB, SOC, RxEnb, TxEnb, RxAddr and TxAddr active OQutput 2 16 ns
delay (PHREQ and PHSEL active delay in MPHY mode)
uUs UTPB_Aux, SOC_Aux, Rxclav, and Txclav setup time Input 4 — ns
U4 UTPB_Aux, SOC_Aux, Rxclav, and Txclav hold time Input 1 — ns

MPC866/MPC859 Hardware Specifications, Rev. 2
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FEC Electrical Characteristics

Figure 73 shows signa timings during UTOPIA transmit operations.
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Figure 73. UTOPIA Transmit Timing

14 FEC Electrical Characteristics

This section provides the AC electrical specifications for the fast Ethernet controller (FEC). Note that the timing
specifications for the M1l signals are independent of system clock frequency (part speed designation). Also, Ml
signalsuse TTL signal levels compatible with devices operating at either 5.0 or 3.3 V.

14.1 MIl Receive Signal Timing (MII_RXD [3:0], MII_RX_DV,
MII_RX_ER, MII_RX_CLK)
Thereceiver functionscorrectly up toaMIl_RX_CLK maximum frequency of 25 MHz + 1%. Thereisno minimum

frequency requirement. In addition, the processor clock frequency must exceed the MI1_RX_CLK frequency — 1%.
Table 33 shows the timings for M1 receive signal.

Table 33. MIl Receive Signal Timing

Num Characteristic Min Max Unit
M1 MII_RXDI[3:0], MII_RX_DV, MII_RX_ER to MII_RX_CLK setup 5 — ns
M2 MII_RX_CLK to MII_RXD[3:0], MII_RX_DV, MII_RX_ER hold 5 — ns
M3 MII_RX_CLK pulse width high 35% 65% | MIl_RX_CLK period
M4 MII_RX_CLK pulse width low 35% 65% | MIl_RX_CLK period

Figure 74 shows the timings for M1 receive signal.
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Mechanical Data and Ordering Information

15.1 Pin Assignments

Figure 78 shows the top view pinout of the PBGA package. For additional information, see the MPC866

Power QUICC Family User’s Manual.

NOTE: This is the top view of the device.
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Figure 78. Pinout of the PBGA Package
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Mechanical Data and Ordering Information

Table 39. Pin Assignments (continued)

Name Pin Number Type
IP_A5 us Input
UTPB_Split52
MII-RXERR
IP_A6 T6 Input
UTPB_Split6®
MII-TXERR
IP_A7 T3 Input
UTPB_Split72
MII-RXDV
ALE_B J1 Bidirectional
DSCK/AT1 Three-state
IP_BJ[0:1] H2, J3 Bidirectional
IWP[0:1]
VFLS[0:1]
IP_B2 J2 Bidirectional
101S16_B Three-state
AT2
IP_B3 G1 Bidirectional
IWP2
VF2
IP_B4 G2 Bidirectional
LWPO
VFO
IP_B5 J4 Bidirectional
LWP1
VF1
IP_B6 K3 Bidirectional
DSDI Three-state
ATO
IP_B7 HA1 Bidirectional
PTR Three-state
AT3
OPO L4 Bidirectional
MII-TXDO
UtpClk_Split?
OP1 L2 Output
OP2 L1 Bidirectional
MODCK1
STS
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Mechanical Data and Ordering Information

Table 39. Pin Assignments (continued)

Name Pin Number Type

PB16 N16 Bidirectional

L1RQa (Optional: Open-drain)
L1ST4
RTS4
PHREQO'
RXADDRO0?

PB15 R17 Bidirectional
BRGOS3
TxClav

RxClav

PB14 ui18 Bidirectional
RXADDR22
RSTRT1

PC15 D16 Bidirectional
DREQO
RTS1
L1ST1
RxClav
TxClav

PC14 D18 Bidirectional
DREQ1
RTS2
L1ST2

PC13 E18 Bidirectional
L1RQb
L1ST3
RTS3

PC12 F18 Bidirectional
L1RQa
L1ST4
RTS4

PC11 J19 Bidirectional
CTSH

PC10 K19 Bidirectional
CD1
TGATE1

PC9 L18 Bidirectional
CTS2

PC8 M18 Bidirectional
CcDh2
TGATE2
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