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FEATURES

¢ CMOS technology

¢ 32-bit internal structure

¢ Enhanced bus error handling

¢ 4 decoded interrupt inputs

* 2 programmable interrupt inputs

¢ Decoded interrupt acknowledge

* Built-in clock generator - maximum 35 MHz crystal
¢ On-chip MMU; supporting virtual memory
¢ 2-channel DMA controlier

¢ |2C serial bus interface

e UART serial bus interface

¢ 16-bit timer/counter

* Two 16-bit match/count/capture registers
* Fully 68000 object code compatible

¢ Bus interface similar to 68000

* 56 powerful instruction types

¢ 5 basic data types

* 16 Mbyte addressing range

¢ 14 addressing modes

¢ Memory mapped I/O

» Vectored and auto-vectored interrupts

e 7 interrupt levels

e Maximum internal clock frequency: 17.5 MHz
¢ 84-pin PLCC or a 120-pin QFP package

GENERAL DESCRIPTION

The SCC68070 is a 16/32-bit central processing unit
suitable for use in a large variety of applications. It is fully
object code compatible with the 68000. By integrating
standard and advanced peripheral functions on the
SCC68070, system costs are drastically reduced.
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SCC68070

16/32-bit microprocessor

The internal architecture is built around a bus
interconnecting the CPU and the various on-chip
peripheral functions. Each function has several dedicated
connections to the external circuitry. The SCC68070
includes powerful programmable interrupt processing
circuitry for interrupts generated by internal and external
sources. An on-chip clock generator provides a half
crystal frequency clock signal for CPU and peripheral
interfaces.

The on-chip MMU, if selected takes care of address
translation and memory protection. Two DMA channels
increase data throughput and the i2C-bus interface allows
easy and low-cost addition of peripherals. The SCC68070
also includes a UART interface. A built-in timer/counter
with two independently programmable match/count/
capture registers, means that the SCC68070 can be
programmed with two of the following options
simultaneously:

- pulse generator
- external event counter
- reference timer

This document gives an overview of the basic functions,
internal structure and electrical characteristics. For
further details on the features and operation of the
SCC68070 refer to "User Manual, Part 1 - Hardware”.
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ORDERING INFORMATION
EXTENDED PACKAGE CLOCK | TEMPERATURE
TYPE NUMBER FREQUENCY | ""pANGE (°C)
PINS | PIN POSITION | MATERIAL CODE (MHz)
SCC68070CBA84 | 84 | PLCC plastic SOT189CG, AGA | 12.5 Oto 70
SCC68070CCA84 |84 | PLCC plastic SOT189CG, AGA | 15.0 0to 70
SCC68070CDA84 | 84 | PLCC plastic SOT189CG,AGA | 17.5 0to 70
SCC68070ABAB4 | 84 | PLCC plastic SOT189CG, AGA | 12.5 401085
SCC68070ACA84 |84 | PLCC plastic SOT189CG,AGA | 15.0 401085
SCC68070ADAS4 | 84 | PLCC plastic SOT189CG,AGA | 17.5 —40t0 85
SCC68070CBB | 120 | QFP plastic SOT220 125 0to 70
SCC68070CCB | 120 | QFP plastic SOT220 15.0 0to 70
SCC68070CDB | 120 | QFP plastic SOT220 175 0to 70
SCC68070ABB | 120 | QFP plastic SOT220 125 401085
SCC68070ACB | 120 | QFP plastic SOT220 15.0 401085
SCC68070ADB | 120 | QFP plastic SOT220 17.5 4010 85
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Fig.1 Block diagram.

November 1990 3



Philips Components

Product specification

16/32-bit microprocessor

SCC68070

p4
X
Q
tE¢8ss3838885888:3282823¢83%
EEEEEEAEEEEESEEESEEE EaEEEaEaEEEaEaEaENEE
REQIN C/ T8 ™) SDA
ACKIN ] ] XD
REQ2N [ ) RXD
ACK2N (] ] RTSN
DONEN ] [ CTSN
DTeN [ [ xCKi
RDYN [ ] T
ASN O [ T2
ubsN (O ] IN2N
LosN - ] [] 1ACK2N
Vss 68070 B Vss
R/WN ; [] INaN
DTACKN [} [) 1ACKaN
AVN (B [ ] INTIN
BERRN (] ] INT2N
HALTN ] ] INSN
RESETN [] ] 1ACKSN
CKouT [} [} NMIN
xTAL1 ] ] IACK7N
xTaL2 ] A23
A1 d ) A22
I O O 6 0
¥ 23:22x223:8333285828¢8 @
Fig.2 Pinning diagram for PLCC84.
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Fig.3 Pinning diagram for QFP120.

All pins designated "NC” or "RESERVED” must not be connected externally.
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Signal description (PLCC84)

MNEMONIC

TYPE

PIN NO.

FUNCTION

A1to A23

o)

32-42, 44-55

Address bus (active HIGH, 3-state). For direct addressing of 16 Mbytes of
memory.

DOto D15

/10

8-2,84-76

Data bus (active HIGH, 3-state, bidirectional). 16-bit wide.

ASN

19

Address Strobe (active LOW, 3-state). Indicates a valid address on the bus.

LDSN

21

Lower Data Strobe (active LOW, 3-state). Indicates that:

- For a WRITE cycle, the data is valid on the lower half of the data bus
(DO to D7).

- For a READ cycle, the data is to be placed on the lower half of the bus
(DO to D7).

UDSN

20

Upper Data Strobe (active Low, 3-state). Indicates that:

- For a WRITE cycle, the data is valid on the lower half of the data bus
(D8 to D15).

-For a READ cycle, the data is to be placed on the upper half of the bus
(D8 to D15).

R/WN

23

Read (active HIGH)/Write (active LOW). This controls the direction of data
flow.

DTACKN

24

Data Transfer Acknowledge (active LOW). Asserted by the peripheral
during CPU or DMA bus cycles when data is either received from or placed
on the bus. If not asserted punctually, it causes the CPU or DMA controlier to
insert wait states.

BRN

11

Bus Request (active LOW). Asserted by wired-ORed external DMA devices
that request bus ownership.

BGN

Bus Grant (active LOW). A daisy chain output that is asserted by the
SCC68070 when the bus is granted by the CPU and the DMA does not have
a bus request pending.

BGACKN

/O

10

Bus Grant Acknowledge (active LOW, open drain). Asserted by any DMA
device (internal or external) that has control of the bus. As long as this line is
held LOW externally, the SCC68070 will hold the bus signals in the high
impedance state. When BGACKN is released, the SCC68070 will have
access to the bus.

Interrupts cannot be serviced while BGACKN is held LOW.

RESETN

7e]

28

Reset (active LOW, open drain, bidirectional). If asserted externally together
with the HALTN line, it will cause the processor to enter the Reset state. It is
driven LOW by the processor when the Reset instruction resets external
hardware.

HALTN

/0

27

Halt (active LOW, open drain, bidirectional). If asserted externally together
with RESETN, it causes the SCC68070 to enter the Reset state. If asserted
alone, it will cause the CPU or DMA controller to stop after compietion of the
current bus cycle. If HALTN and BERRN are asserted together, the CPU will
complete the current bus cycle, stop operation, and place all 3-state lines in
their high impedance state until HALTN and BERRN have been released, and
then it will re-run the same bus cycle. BERRN should be released before
HALTN. As long as HALTN is held LOW all control signals are inactive and all
3-state lines are placed in their high impedance state. When the processor
has stopped executing instructions (e.g. after a double bus fault) the
processor drives this line LOW.

BERRN

i’0

26

Bus Error (active LOW, open drain). If this line is asserted during a bus cycle,
it indicates that there was a fault in the bus cycle access. If asserted together
with HALTN, the same bus cycle will re-run after both HALTN and BERRN
have been released. If BERRN is asserted alone, the SCC68070 will start
bus-error exception processing. BERRN is driven LOW by the SCC68070
when the MMU indicates a bus error.
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MNEMONIC | TYPE PIN NO. FUNCTION

INT1N, I 61, 60 Latched Interrupt inputs (active LOW). A LOW level of > 1 clock pulse will

INT2N be stored as a pending interrupt request. Priority levels are programmable.

IN2N, INAN, 11 66, 63, 59 Decoded Interrupt priority inputs (active LOW). IN2N has the iower and

INSN INSN has the higher priority.

NMIN | 57 Non-maskable interrupt (level 7) (active LOW). While the other interrupts
may be masked (disabled), this interrupt is always enabled.

IACK2N, 0 65, 62, 58, Decoded Interrupt acknowledge (active Low). Asserted during an interrupt

IACK4N, 56 acknowledge sequence to indicate to a peripheral that its interrupt request is

IACK5N, being serviced.

IACK7N

AVN 25 Autovectored interrupts (active LOW). If held LOW during the interrupt
acknowledge sequence, the processor calculates the appropriate vector
from a fixed vector table. If kept HIGH, the peripheral must provide an 8-bit
vector number.

Vbbp - 1,43 Supply voltage + 5.0 V nominal.

Vss - 22,64 Ground.

XTALA1, 30, 31 External crystal inputs. XTAL1 can be used as a clock input if an external

XTAL2 clock generator is used. The crystal or external clock frequency is divided by
2 to obtain the internal clock and CKOUT signals.

CKOUT (6] 29 Clock out. This is the reference from the internal system clock.

REQ1N, | 12,14 DMA Request (active LOW). These are inputs from I/0O devices requesting

REQ2N service from the DMA controller and causes it to request control of the bus. In
burst mode, the inputs are level sensitive and the DMA controller releases the
bus after REQ1N (or REQ2N) becomes active and the current DMA cycle is
completed. In cycle-stealing mode, REQ1N or REQ2N inputs are triggered by
a negative pulse. This pulse must occur at least one clock cycle before DTCN
is asserted to ensure continuous transfer.

ACK1N, 0 13,15 DMA Request Acknowledge (active LOW). ACK1N (or ACK2N) is asserted

ACK2N by the DMA controller to indicate that it has acquired the bus and the
requested device bus cycle is now beginning. It is active at the beginning of
every device cycle together with ASN, and is deactived at the end of every
device bus cycle.

RDYN | 18 Device Ready (active LOW). The requesting device asserts RDYN to indicate
to the DMA controller that valid data has either been stored or put on the bus.
If RDYN remains inactive, it indicates that the data has neither been stored
nor put on the bus, causing the DMA controlier to insert wait states. RDYN
can be held LOW permanently if the device is fast enough, indicating that the
device is always ready and so no wait states are required. RDYN is not
monitored by Channel 2 in the dual address mode.

DTCN (0] 17 Device Transfer Complete (active LOW, open drain). In DMA mode DTCN is
asserted by the DMA controller to indicate to the device that the requested
data transfer is complete. On a write-to-memory operation, it indicates that
the data provided by the device has been stored successfully. On a read-
from-memory operation, it indicates that the data from memory is present on
the data bus and should be latched.

DONEN 170 16 Done (active LOW, open drain). With DONEN as an output, the DMA
controlier asserts it simultaneously with the ACK1N (or ACK2N) output to
indicate to the device that the transfer count is zero and therefore, the DMA
controller’s operation is complete. If, as an input, DONEN is asserted by the
device before the transfer count reaches zero, it causes the DMA controller
to abort the operation and generate an interrupt request (if the interrupts are
enabled).
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MNEMONIC | TYPE PIN NO. FUNCTION

SCL I/0 75 Serial Clock (open drain). SCL is the clock signal for the 12C-bus operation. It
is either driven by the SCC68070 when the 12C interface is in the master
mode, or is the clock input if the I2C interface is in the slave mode.

SDA 110 74 Serial Data (open drain). SDA is the data signal for the 12C-bus.

T1,T2 I/0 68, 67 Timers 1 and 2 (3-state). These are the I/0 signals for the capture timers of
channels 1 and 2 respectively. They can be programmed as either outputs for
pulses or inputs for count cycles and events.

RXD I 72 Receive Data. RXD is the data input for the UART serial interface.

TXD O 73 Transmit Data. TXD is data output for the UART serial interface.

RTSN 0 71 Request To Send (active LOW). This output of the UART serial interface
indicates that the receiver is ready to accept data on the RXD line.

CTSN I 70 Clear To Send (active LOW). This input to the UART serial interface indicates
that the remote receiving device is ready. RTSN and CTSN can be connected
together if no control lines are needed.

XCKI 69 External clock. When selected, XCKI is the clock input for the UART serial
interface. This signal can be used either:

- to generate special baud rates or,

- when a crystal frequency other than 19.6608 MHz is used by the
SCC68070, an external clock of 4.9152 MHz (or 9.8304 for 38200 bauds) can
be connected to this input to generate the standard baud rates.

Note

The signal descriptions given for the PLCC84 package
also apply to the QFP120 package. However, the pinning
arrangement for the QFP120 is different, as can be seen in

Fig.3.
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CPU FUNCTIONAL DESCRIPTION

General

The CPU of the SCC68070 is software compatible with
the 68000, consequently programs written for the 68000
will run on the SCC68070 unchanged. However, for
certain applications the following differences between the
processors should be noted:

* Differences exist in the exception error processing
since the SCC68070 can provide full bus-error
recovery.

¢ The timing is different because of the SCC68070’s new
architecture and technology. Although the bus timing is
similar to the 68000, instruction execution timing is
completely different. For execution timing see Tables 7
to 19.

Programming model and data organization

The programming model is identical to that of the 68000
and is shown in Fig.4. It contains seventeen 32-bit
registers, a 32-bit Program Counter and a 16-bit Status
Register (see Fig.6). The first eight registers (DO to D7) are
used for data registers for byte, word and long-word
operations. The second group of registers (A0 to A6) and
the system stack pointer (A7) can be used as software
stack pointers and base address registers. in addition,
these registers can be used for word and long-word
address operations. All seventeen registers can be used
as index registers.

The SCC68070 supports bit data, integer data of 8, 16
and 32 bits, 32-bit addresses and BCD data. Each data
type is arranged in the memory as shown in Fig.5.

3 16 15 8 7 o
l l 00
i | | D1
|| | D2
I D3 Eight
B | | — Data
D4 Registers
— | | i
| D5
| |l o
b7
| I
3 16 15 0
! A0
| !
A2
| A3 Seven
B | — Address
| A4 Registers
| A5
A6
|
USER STACK POINTER A7 Two Stack
int
SUPERVISOR STACK POINTER Pointers
31 o
I Program
Counter
15 8 7 0
Status
SYSTEM BYTE ]
7280649 USER BYTE Register

Fig.4 Programming Model.
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Fig.5 Memory data organization.
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CL-Tel-T-Tefofo - [-[-Ix vl ]e
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State Mask Overflow
Trace Mode Zero
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Fig.6 Status Register.

Internal and external operation

The SCC68070 operates with a maximum internal clock
frequency of 17.5 MHz and a minimum of 4 MHz. Each
clock cycle is divided into 2 states. A non-access
machine cycle has 3 clock cycles or 6 states (SO to S5).
An on-chip or external bus access normally consists of
3 clock cycles plus 1 clock cycle (2 SB states). When
DTACKN is not asserted, indicating that data has not
been received or put on the bus, wait states (SW) are
inserted in multiples of 2.

S5 S0 S1 S2 S3 S4 S5 S0 S1 S2 S3 SB SB S4 S5 SO S1 S2 S3 SB SBSWSW S4 S5 SO

SR EEEEEREREREREEERERE R NN

NO ACCESS ON-CHIP OR ON-CHIP OR
CPU CYCLE EXTERNAL EXTERNAL
BUS ACCESS BUS ACCESS
NO WAIT STATES WITH WAIT STATES 7280657
Fig.7 Machine cycles.

November 1990 11



Philips Components

Product specification

16/32-bit microprocessor

SCC68070

S5 S0 S1 S2 S3 SB SB S4 S5 S0 S1 S2 S3 SB SB S4 S5 S0 S1 S2 S3 SB SB SWSWSWSW S4 S5 SO

aoas < < < o -
N A W A /S
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Fig.8 Read, write and slow read cycle timing.

7280660.1

Bus timing

Bus cycles in the SCC68070 are similar to those of a
68000 running at a CKOUT frequency. However, if the
DTACKN signal is not asserted by the time the SCC68070
is ready to transmit or receive data, it will insert wait
cycles. Upper and lower data strobes (UDSN and LDSN)
are asserted independently with respect to the type of
transfer (low byte - LDSN asserted, high byte - UDSN
asserted, and word - both strobes asserted).

Bus arbitration

Because a DMA controller is integrated on the SCC68070
as a possible bus master, the bus arbitration needs a
priority protocol. This is done by a daisy-chain using the
BUS GRANT (BGN}) of the CPU such that Channel 1 of the
DMA controller has highest priority, followed by Channel 2
and then the external devices. The CPU grants bus
acquisition and therefore has lowest priority. Once the
DMA controller has submitted the internal bus grant to an
outside master it will not interrupt the line until BUS
GRANT ACKNOWLEDGE (BGACKN) has been negated
externally. If the DMA controller has a DMA request

November 1990

pending, it will acquire the bus as soon as the external
device has negated BGACKN. In this event, it will not
submit BGN to an outside master, even if the prospective
masters BRN signal had been asserted before the DMA
controller’s pending request.

Processing states

The CPU is always in one of three processing states:
normal, exception or halted.

The normal processing state is that associated with
instruction execution; the memory references are to fetch
instructions and operands, and to store results. A special
case of the normal state is the stopped state which the
processor enters when a STOP instruction is executed.

In this state, no further memory accesses are made by the
CPU.

The exception processing state is associated with
interrupts, trap instructions, tracing and other exceptional
conditions. The exception may be generated internally by
an instruction or an unusual condition arising during the
execution of an instruction. Externally, exception
processing can be forced by an interrupt, by bus error or
by a reset. Exception processing is designed to provide



Philips Components

Product specification

16/32-bit microprocessor

SCC68070

an efficient context switch so that the processor can
handle unusual conditions.

The halted processing state is an indication of a
catastrophic hardware failure. For example, if during
exception processing of a bus error another bus error
occurs, the CPU assumes that the system is unusable
and halts. Only an external reset can restart a halted
processor. Note that a CPU in the stopped state is not in
the halted state or vice versa.

The processor can work in the 'user’ or 'supervisor’ state
determined by the state of the S-bit in the Status Register.
Accesses to the on-chip peripherals must be in the
supervisor state.

Exception processing

Exception processing occurs in four steps. First, a copy is
made of the contents of the Status Register and then the
S-bit is asserted, putting the processor into the privileged
supervisor state. Second, the vector number of the
exception is determined,; this is used to generate the
address of the exception routine. The next step saves the
current processor status. Copies of the current program
counter, the Status Register and the Format plus vector

number are saved on the supervisor stack using the
supervisor stack pointer. Finally the contents of the
exception vector location are fetched and loaded into the
Program Counter and the exception handling routine
starts normal instruction execution.

Exception vectors

Exception vectors are memory locations from which the
CPU fetches the address of a routine that will handle that
exception. All exception vectors are 2 words in length (see
Fig.9) except the reset vector, which is made up of 4
words. All exception vectors are contained in the
supervisor data space. When the reset vector is fetched
after a RESETN, the MMU is disabled and the reset vector
is located at physical address 0. A vector number is an 8-
bit number that, when multiplied by 4, gives the address
of an exception vector. Vector numbers are generated
internally or externally depending on the cause of the
exception. During the interrupt acknowledge bus cycle,
an external peripheral may send the CPU an 8-bit vector
number (see Fig.10) on the data bus lines DO to D7. The
CPU translates the vector number into the full 24-bit
address as shown in Fig.11. The memory layout for the
exception vectors is given in Table 1.

Word 0 New Program Counter (High) A0=0 A1=0
Word 1 New Program Counter (Low) A0 =0 A1=1
7280662
Fig.9 Exception vector format.
D15 D8 D7 DO
Ignored I v7 l v6[ v5 l v4l v3 |v2 | vt [VO
Where:

v7 is the MSB of the Vector Number
v0 is the LSB of the Vector Number

Fig.10 External peripheral vector format.

7280663

A23 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

All Zeros

v7|v6|v5

v4 | v3 | v2 | V1

o[o]]

Fig.11 Address translated from 8-bit vector number.

7Z280664.1
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Table 1 Exception vector assignment.

VECTOR NOS. DEC HEX ASSIGNMENT
0 0 000 Reset:initial SSP
1 4 004 Reset:initial PC
2 8 008 Bus error
3 12 00C Address error
4 16 010 lllegal instruction
5 20 014 Zero divide
6 24 018 CHK instruction
7 28 01C TRAPV instruction
8 32 020 Privilege violation
9 36 024 Trace
10 40 028 Line 1010 emulator
11 44 02C Line 1111 emulator
12" 48 030 (Unassigned, reserved)
13" 52 034 (Unassigned, reserved)
14 56 038 Format error
15 60 03C Uninitialized vector interrupt
16-23" 64 040 (Unassigned, reserved)
- 95 05F -
24 96 060 Spurious interrupt
25 100 064 Level 1 interrupt autovector
26 104 068 Level 2 interrupt autovector
27 108 06C Level 3 interrupt autovector
28 112 070 Level 4 interrupt autovector
29 116 074 Level 5 interrupt autovector
30 120 078 Level 6 interrupt autovector
31 124 07C Level 7 interrupt autovector
32-47 128 080 TRAP instruction vectors
- 191 0BF -
48-56" 192 0Co (Unassigned, reserved)
- 227 OE3 -
57 228 OE4 Level 1 on-chip interrupt autovector
58 232 OE8 L.evel 2 on-chip interrupt autovector
59 236 OEC Level 3 on-chip interrupt autovector
60 240 OFO0 Level 4 on-chip interrupt autovector
61 244 OF4 Level 5 on-chip interrupt autovector
62 248 OF8 Level 6 on-chip interrupt autovector
63 252 OFC Level 7 on-chip interrupt autovector
64-255 256 100 User interrupt vectors

* Vectors 12, 13, 16 to 23, and 48 to 56 are reserved for
future enhancements. No user peripheral devices
should be assigned to these numbers.
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