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Overview

1 Overview

The MPC875/MPC870 is a versatile single-chip integrated microprocessor and peripheral combination
that can be used in avariety of controller applications and communications and networking systems. The
MPC875/MPC870 provides enhanced ATM functionality over that of other ATM-enabled members of the
MPC860 family.

Table 1 shows the functionality supported by the MPC875/M PC870.
Table 1. MPC875/MPC870 Devices

Cache (Kbytes) Ethernet Securit
Part scc | sMc | usB |- iney
| Cache D Cache | 10BaseT 10/100 9
MPC875 8 8 1 2 1 1 1 Yes
MPC870 8 8 — 2 — 1 1 No

2 Features

The MPC875/MPC870 is comprised of three modules that each use the 32-bit internal bus: a MPC8xx
core, asystem integration unit (SIU), and a communications processor module (CPM).

The following list summarizes the key MPC875/MPC870 features:

» Embedded MPC8xx core up to 133 MHz
* Maximum freguency operation of the external busis 80 MHz (in 1:1 mode)
— The 133-MHz core frequency supports 2:1 mode only
— The 66-/80-MHz core frequencies support both the 1:1 and 2:1 modes
» Single-issue, 32-bit core (compatible with the Power Architecture definition) with thirty-two
32-bit general-purpose registers (GPRS)
— The core performs branch prediction with conditional prefetch and without conditional
execution
— 8-Kbyte data cache and 8-Kbyte instruction cache (see Table 1)
Instruction cache is two-way, set-associative with 256 setsin 2 blocks
— Data cacheis two-way, set-associative with 256 sets
Cache coherency for both instruction and data caches is maintained on 128-bit (4-word)
cache blocks

Caches are physically addressed, implement a least recently used (LRU) replacement
algorithm, and are lockable on a cache block basis

— MMUswith 32-entry TLB, fully associative instruction and data TLBs

— MMUSs support multiple page sizes of 4, 16, and 512 Kbytes, and 8 Mbytes; 16 virtual address
spaces and 16 protection groups

— Advanced on-chip emulation debug mode
» Upto 32-hit data bus (dynamic bus sizing for 8, 16, and 32 bits)
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Features

— ECB, CBC, and counter modes
— 128-, 192-, and 256-bit key lengths
— Message digest execution unit (MDEU)
— SHA with 160- or 256-bit message digest
— MD5 with 128-bit message digest
— HMAC with either algorithm
— Master/slave logic, with DMA
— 32-bit address/32-bit data
— Operation at MPC8xx bus frequency
— Crypto-channel supporting multi-command descriptors
— Integrated controller managing crypto-execution units
— Buffer size of 256 bytes for each execution unit, with flow control for large data sizes
* Interrupts
— Six external interrupt request (IRQ) lines
— Twelve port pinswith interrupt capability
— Twenty-three internal interrupt sources
— Programmable priority between SCCs
— Programmable highest priority request
»  Communications processor module (CPM)
— RISC controller

— Communi cation-specific commands (for example, GRACEFUL STOP TRANSMIT, ENTER HUNT
MODE, and RESTART TRANSMIT)

— Supports continuous mode transmission and reception on al seria channels
— 8-Kbytes of dual-port RAM
— Severa serial DMA (SDMA) channelsto support the CPM
— Three parallel 1/0 registers with open-drain capability
*  On-chip 16 x 16 multiply accumulate controller (MAC)
— One operation per clock (two-clock latency, one-clock blockage)
— MAC operates concurrently with other instructions
— FIR loop—Four clocks per four multiplies
* Four baud-rate generators
— Independent (can be connected to SCC or SMC)
— Allows changes during operation
— Autobaud support option
» SCC (serial communication controller)
— Ethernet/|EEE 802.3® standard, supporting full 10-Mbps operation
— HDLC/SDLC

MPC875/MPC870 PowerQUICC™ Hardware Specifications, Rev. 4
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Features

— HDLC bus (implements an HDL C-based local area network (LAN))

— Asynchronous HDL C to support point-to-point protocol (PPP)

— AppleTak

— Universal asynchronous receiver transmitter (UART)

— Synchronous UART

— Serid infrared (IrDA)

— Binary synchronous communication (BISYNC)

— Totaly transparent (bit streams)

— Totally transparent (frame based with optional cyclic redundancy check (CRC))
* SMC (seriad management channel)

— UART (low-speed operation)

— Transparent

* Universal serial bus (USB)—Supports operation as a USB function endpoint, a USB host
controller, or both for testing purposes (loopback diagnostics)

— USB 2.0 full-/low-speed compatible
— The USB function mode has the following features:

Four independent endpoints support control, bulk, interrupt, and isochronous data transfers
CRC16 generation and checking

CRCS5 checking

NRZI encoding/decoding with bit stuffing

12- or 1.5-Mbpsdatarate

Flexible data buffers with multiple buffers per frame

Automatic retransmission upon transmit error

— The USB host controller has the following features:

Supports control, bulk, interrupt, and isochronous data transfers
CRC16 generation and checking
NRZI encoding/decoding with bit stuffing

Supports both 12- and 1.5-Mbps data rates (automatic generation of preamble token and
data rate configuration). Note that low-speed operation requires an external hub.

Flexible data buffers with multiple buffers per frame
Supports local loopback mode for diagnostics (12 M bps only)

» Serial peripheral interface (SPI)

— Supports master and slave modes

— Supports multiple-master operation on the same bus
« Inter-integrated circuit (1°C) port

— Supports master and slave modes

— Supports a multiple-master environment

MPC875/MPC870 PowerQUICC™ Hardware Specifications, Rev. 4
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The MPC875 block diagram is shown in Figure 1.

Features
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Figure 1. MPC875 Block Diagram
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Bus Signal Timing

Table 10. Bus Operation Timings (continued)

33 MHz 40 MHz 66 MHz 80 MHz
Num Characteristic Unit
Min Max Min Max Min Max Min Max

B30d |WE(0:3)/BS_B[0:3] negated to A(0:31), 38.67| — |3138| — |[17.83| — |1419| — ns
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=100r 11, EBDF =1

B31 |CLKOUT falling edge to CS valid as requested | 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 | ns
by control bit CST4 in the corresponding word
in the UPM (MAX = 0.00 x B1 + 6.00)

B3la | CLKOUT falling edge to CS valid as requested | 7.60 | 14.30 | 6.30 | 13.00 | 3.80 | 10.50 | 3.13 | 10.00 | ns
by control bit CST1 in the corresponding word
in the UPM (MAX = 0.25 x B1 + 6.80)

B31b | CLKOUT rising edge to CS valid, as requested | 1.50 | 8.00 | 1.50 | 8.00 | 1.50 | 8.00 | 1.50 | 8.00 | ns
by control bit CST2 in the corresponding word
in the UPM (MAX = 0.00 x B1 + 8.00)

B31lc |CLKOUT rising edge to CS valid, asrequested | 7.60 | 13.80 | 6.30 | 12.50 | 3.80 | 10.00 | 3.13 | 9.40 | ns
by control bit CST3 in the corresponding word
in the UPM (MAX = 0.25 x B1 + 6.30)

B31d | CLKOUT falling edge to CS valid as requested | 13.30 | 18.00 | 11.30 | 16.00 | 7.60 | 12.30 | 4.69 | 11.30 | ns
by control bit CST1 in the corresponding word
in the UPM EBDF =1

(MAX =0.375 x B1 + 6.6)

B32 |CLKOUT falling edge to BS valid as requested | 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 ns
by control bit BST4 in the corresponding word
in the UPM (MAX = 0.00 x B1 + 6.00)

B32a |CLKOUT falling edge to BS valid as requested | 7.60 | 14.30 | 6.30 | 13.00 | 3.80 | 10.50 | 3.13 | 10.00 | ns
by control bit BST1 in the corresponding word
in the UPM, EBDF =0

(MAX = 0.25 x B1 + 6.80)

B32b | CLKOUT rising edge to BS valid, as requested | 1.50 | 8.00 | 1.50 | 8.00 | 1.50 | 8.00 | 1.50 | 8.00 ns
by control bit BST2 in the corresponding word
in the UPM (MAX = 0.00 x B1 + 8.00)

B32c |CLKOUT rising edge to BS valid, as requested | 7.60 | 14.30 | 6.30 | 13.00 | 3.80 | 10.50 | 3.13 | 10.00| ns
by control bit BST3 in the corresponding word
in the UPM (MAX = 0.25 x B1 + 6.80)

B32d | CLKOUT falling edge to BS valid as requested | 13.30 | 18.00 | 11.30 | 16.00 | 7.60 | 12.30 | 4.49 | 11.30 | ns
by control bit BST1 in the corresponding word
in the UPM, EBDF =1

(MAX = 0.375 x B1 + 6.60)

B33 |CLKOUT falling edge to GPL valid as 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 | 1.50 | 6.00 | ns
requested by control bit GxT4 in the
corresponding word in the UPM
(MAX = 0.00 x B1 + 6.00)
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Bus Signal Timing

Table 10. Bus Operation Timings (continued)

33 MHz 40 MHz 66 MHz 80 MHz

Num Characteristic Unit
Min Max Min Max Min Max Min Max

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

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

1 For part speeds above 50 MHz, use 9.80 ns for Bl1la.
2 The timing required for BR input is relevant when the MPC875/MPC870 is selected to work with the internal bus arbiter. The

o g~ W

© o ~

timing for BG input is relevant when the MPC875/MPC870 is selected to work with the external bus arbiter.

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

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

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

This formula applies to bus operation up to 50 MHz.

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

The signal UPWAIT is considered asynchronous to the 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.

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

in Figure 23.
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Bus Signal Timing

CLKOUT

B11

=

B27 >

oF <oy 0\

oo )
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Bus Signal Timing
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Figure 17. External Bus Write Timing (GPCM Controlled—TRLX =0, CSNT = 1)
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CPM Electrical Characteristics

CLKO
(Output)

()

DREQ
(Input)

Figure 42. IDMA External Requests Timing Diagram
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Figure 43. SDACK Timing Diagram—Peripheral Write, Externally-Generated TA
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CPM Electrical Characteristics

13.3 Baud Rate Generator AC Electrical Specifications

Table 19 provides the baud rate generator timings as shown in Figure 46.
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

A

52 »

Figure 46. Baud Rate Generator Timing Diagram

13.4 Timer AC Electrical Specifications

Table 20 provides the general-purpose timer timings as shown in Figure 47.
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

MPC875/MPC870 PowerQUICC™ Hardware Specifications, Rev. 4
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CPM Electrical Characteristics

Table 21. SI Timing (continued)

All Frequencies
Num Characteristic Unit
Min Max
83a |L1RCLKB, LITCLKB width high (DSC = 1)3 P+ 10 — ns
84 L1CLKB edge to L1CLKOB valid (DSC =1) — 30.00 ns
85 L1RQB valid before falling edge of LITSYNCB* 1.00 — L1TCLK
86 |L1GRB setup time? 42.00 — ns
87 L1GRB hold time 42.00 — ns
88 |L1CLKB edge to LISYNCB valid (FSD = 00) CNT = 0000, BYT =0, — 0.00 ns
DSC =0)

1 The ratio SYNCCLK/L1RCLKB must be greater than 2.5/1.
2 These specs are valid for IDL mode only.
3 Where P = 1/CLKOUT. Thus, for a 25-MHz CLKO1 rate, P = 40 ns.
4 These strobes and TxD on the first bit of the frame become valid after the LLCLKB edge or LISYNCB, whichever comes later.
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(FE =0, CE = 0)
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Figure 48. Sl Receive Timing Diagram with Normal Clocking (DSC = 0)
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CPM Electrical Characteristics

Figure 53 through Figure 55 show the NM S timings.
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Figure 53. SCC NMSI Receive Timing Diagram
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Figure 54. SCC NMSI Transmit Timing Diagram

MPC875/MPC870 PowerQUICC™ Hardware Specifications, Rev. 4

58 Freescale Semiconductor



CPM Electrical Characteristics

TCLK3 @ . - L
o j X Y
- H{

Figure 55. HDLC Bus Timing Diagram

13.7 Ethernet Electrical Specifications

Table 24 provides the Ethernet timings as shown in Figure 56 through Figure 58.
Table 24. Ethernet Timing

All Frequencies
Num Characteristic Unit

Min Max
120 | CLSN width high 40 — ns
121 |RCLKS3 rise/fall time — 15 ns
122 | RCLK3 width low 40 — ns
123 |RCLK3 clock period® 80 120 ns
124 |RXD3 setup time 20 — ns
125 |RXD3 hold time 5 — ns
126 |RENA active delay (from RCLK3 rising edge of the last data bit) 10 — ns
127 | RENA width low 100 — ns
128 |TCLKS3 rise/fall time — 15 ns
129 |TCLK3 width low 40 — ns
130 |TCLK3 clock period® 99 101 ns
131 |TXD3 active delay (from TCLKS3 rising edge) — 50 ns
132 | TXD3 inactive delay (from TCLKS rising edge) 6.5 50 ns
133 | TENA active delay (from TCLK3 rising edge) 10 50 ns
134 | TENA inactive delay (from TCLKS3 rising edge) 10 50 ns

MPC875/MPC870 PowerQUICC™ Hardware Specifications, Rev. 4
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CPM Electrical Characteristics

Table 24. Ethernet Timing (continued)

All Frequencies
Num Characteristic Unit
Min Max
138 |CLKO1 low to SDACK asserted? — 20 ns
139 |CLKO1 low to SDACK negated? — 20 ns

1 The ratios SYNCCLK/RCLK3 and SYNCCLK/TCLK3 must be greater than or equal to 2/1.
2 SDACK is asserted whenever the SDMA writes the incoming frame DA into memory.

CLSN(CTSI)
(Input)
Figure 56. Ethernet Collision Timing Diagram
RCLK3 / /
- 1—@
<—> R —
"\
RxD3 .
(Input) N Last Bt ><><><><
-
RENA(CD3)
(Input)

Figure 57. Ethernet Receive Timing Diagram
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FEC Electrical Characteristics

Figure 65 shows MII receive signa timing.

15.2 MIl and Reduced MIl Transmit Signal Timing

MIl_RX_CLK (Input)

MII_RXDI[3:0] (Inputs)

M3

M4

MII_RX_DV
MII_RX_ER

<
-

M1 >
M2

Figure 65. MIl Receive Signal Timing Diagram

The transmitter functions correctly up to aMIl_TX_CLK maximum frequency of 25 MHz + 1%. Thereis
no minimum frequency regquirement. In addition, the processor clock frequency must exceed the
MII_TX_CLK freguency — 1%.

Table 32 provides information on the M1 transmit signal timing.

Table 32. MIl Transmit Signal Timing

Num Characteristic Min Max Unit

M5 MII_TX_CLK to MII_TXD[3:0], MIl_TX_EN, MIl_TX_ER invalid 5 — ns

M6 MII_TX_CLK to MII_TXD[3:0], MII_TX_EN, MIl_TX_ER valid — 25 ns

M7 MII_TX_CLK pulse width high 35% 65% MII_TX_CLK period

M8 MII_TX_CLK pulse width low 35% 65% MII_TX_CLK period
M20_RMIl | RMII_TXD[1:0], RMII_TX_EN to RMII_REFCLK setup 4 — ns
M21_RMII | RMII_TXD[1:0], RMIl_TX_EN data hold from RMII_REFCLK rising 2 — ns

edge
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Mechanical Data and Ordering Information

16.1 Pin Assignments

Figure 69 shows the JEDEC pinout of the PBGA package as viewed from the top surface. For additional

information, see the MPC885 Power QUICC Family User’s Manual.

NOTE
The pin numbering starts with B2 in order to conform to the JEDEC standard for

23-mm body size using a 16 x 16 array.

10 11 12 13 14 15 16 17

NOTE: This is the top view of the device.
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Figure 69. Pinout of the PBGA Package—JEDEC Standard
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Mechanical Data and Ordering Information

Table 36 contains alist of the MPC875/M PC870 input and output signals and shows multiplexing and pin

assignments.
Table 36. Pin Assignments—JEDEC Standard
Name Pin Number Type
A[0:31] R16, N14, M14, P15, P17, P16, N15, N16, M15, N17, L14, M16, Bidirectional
L15, M17, K14, L16, L17, K17, G17, K15, J16, J15, G16, J14, H17, | Three-state (3.3 V only)
H16, G15, K16, H14, J17, H15, F17
TSI1Z0, REG F16 Bidirectional
Three-state (3.3 V only)
TSIZ1 G14 Bidirectional
Three-state (3.3 V only)
RD/WR D13 Bidirectional
Three-state (3.3 V only)
BURST B9 Bidirectional
Three-state (3.3 V only)
BDIP, GPL_B5 C13 Output
TS C11 Bidirectional
Active pull-up (3.3 V only)
TA C12 Bidirectional
Active pull-up (3.3 V only)
TEA B12 Open-drain
BI B13 Bidirectional
Active pull-up (3.3 V only)
IRQ2, RSV C9 Bidirectional
Three-state (3.3 V only)
IRQ4, KR, RETRY, E9 Bidirectional
SPKROUT Three-state (3.3 V only)
D[0:31] L5,N3, L3,L2, R2,K2,H3, G2, R3, M3, N2, M2, M4, N4, K5, K3, K4, | Bidirectional
P3, J2, J3, J4, J5, H2, P2, H4, H5, G5, L4, G3, F2, F3, E2 Three-state (3.3 V only)
CR, IRQ3 E10 Input
FRZ, IRQ6 B10 Bidirectional
Three-state (3.3 V only)
BR B11 Bidirectional (3.3 V only)
BG D10 Bidirectional (3.3 V only)
BB C10 Bidirectional
Active pull-up (3.3 V only)
IRQO M6 Input (3.3 V only)
IRQ1 P5 Input (3.3 V only)
IRQ7 N5 Input (3.3 V only)
CS[0:5] B14, E11, C14, B15, E13, B16 Output
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Document Revision History

17 Document Revision History

Table 37 lists significant changes between revisions of this hardware specification.

Table 37. Document Revision History

Revision
Number Date Changes

0 2/2003 | Initial release.

0.1 3/2003 | Took out the time-slot assigner and changed the SCC for SCC3 to SCCA4.

0.2 5/2003 | Changed the package drawing, removed all references to Data Parity. Changed the SPI Master Timing
Specs. 162 and 164. Added the RMII and USB timing. Added the 80-MHz timing.

0.3 5/2003 | Made sure the pin types were correct. Changed the Features list to agree with the MPC885.

0.4 5/2003 | Corrected the signals that had overlines on them. Made corrections on two pins that were typos.

0.5 5/2003 |Changed the pin descriptions for PD8 and PD9.

0.6 5/2003 |Changed a few typos. Put back the I2C. Put in the new reset configuration, corrected the USB timing.

0.7 6/2003 | Changed the pin descriptions per the June 22 spec, removed Utopia from the pin descriptions,
changed PADIR, PBDIR, PCDIR and PDDIR to be 0 in the Mandatory Reset Config.

0.8 8/2003 | Added the reference to USB 2.0 to the Features list and removed 1.1 from USB on the block diagrams.

0.9 8/2003 | Changed the USB description to full-/low-speed compatible.

1.0 9/2003 |Added the DSP information in the Features list.
Put a new sentence under Mechanical Dimensions.
Fixed table formatting.
Nontechnical edits.
Released to the external web.

11 10/2003 | Added TDMb to the MPC875 Features list, the MPC875 Block Diagram, added 13.5 Serial Interface
AC Electrical Specifications, and removed TDMa from the pin descriptions.

2.0 12/2003 | Changed DBGC in the Mandatory Reset Configuration to X1.

Changed the maximum operating frequency to 133 MHz.

Put the timing in the 80 MHz column.

Put in the orderable part numbers.

Rounded the timings to hundredths in the 80 MHz column.

Put the pin numbers in footnotes by the maximum currents in Table 6.
Changed 22 and 41 in the Timing.

Put TBD in the Thermal table.
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