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SECTION 10
PORT B

 

Port B is a dual-purpose I/O port that can be used as 1) 15 general-purpose pins individ-
ually configurable as either inputs or outputs or as 2) an 8-bit bidirectional host interface
(HI) (see Figure 10-1). When configured as general-purpose I/O, port B can be used for
device control. When configured as the HI, port B provides a convenient connection to
another processor. This section describes both port B configurations, including examples
of how to configure and use the port.
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Figure  10-1  Port B Interface
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10.1 GENERAL PURPOSE I/O

 

When it is configured as general-purpose I/O, port B can be viewed as three memory-
mapped registers (see Figure 10-2) that control 15 I/O pins (see Figure 10-3). The soft-
ware and hardware reset configure port B as general-purpose I/O with all 15 pins as inputs
by clearing all three registers (external circuitry connected to these pins may need pullups
until the pins are configured for operation). These registers are the port B control register
(PBC), port B data direction register (PBDDR), and port B data register (PBD). Selection
between general-purpose I/O and HI is made by setting PBC bit 0 (memory location
X:$FFE0) to zero for general-purpose I/O or to one for HI. The PBDDR (memory location
X:$FFE2) selects each corresponding pin in the PBD (memory location X:$FFE4), as an
input pin if the PBDDR bit equals zero or as an output pin if the PBDDR bit equals one.

The port B I/O pin control logic is shown in Figure 10-4. Writing to PBD will write data to
the pins designated as outputs by the PBDDR; reading the PBD will read the level on the
pins designated as inputs by the PBDDR. When a pin is designated as an output and the
PBD is read, the output of the output data bit latch is read, not the logic level on the pin
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Figure  10-2  Parallel Port B Registers
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itself. When the port is configured as the HI and the bit in the PBDDR is zero (input), then

P
O
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Figure  10-3  Parallel Port B Pinout
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DATA DIRECTION
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Figure  10-4  Port B I/O Pin Control Logic
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reading the PBD will show the logic level on the pin even though port B is configured as
the HI. The HI function may be using the pin as an input or an output. This feature can be
very useful when debugging the HI.

 

10.1.1 Programming Parallel I/O

 

Port B is a memory-mapped peripheral as are all of the DSP56000/DSP56001 peripherals
(see Figure 10-5). The standard MOVE instruction transfers data between port  B and a
register; as a result, MOVE takes two instructions to perform a memory-to-memory data
transfer and uses a temporary holding register. The MOVEP instruction is specifically
designed for I/O data transfer as shown in Figure 10-6. Although the MOVEP instruction
may take twice as long to execute as a MOVE instruction, only one MOVEP is required
for a memory-to-memory data transfer, and MOVEP does not use a temporary register.
Using the MOVEP instruction allows a fast interrupt to move data to/from a peripheral to
memory and execute one other instruction or move the data to an absolute address.
MOVEP is the only memory-to-memory move instruction; however, one of the operands
must be in the top 64 locations of either X: or Y: memory.

The bit-oriented instructions that use I/O short addressing (BCHG, BCLR, BSET, BTST,
JCLR, JSCLR, JSET, and JSSET) can also be used to address individual bits for faster
I/O processing. The digital signal processor (DSP) does not have a hardware data strobe
to strobe data out of the parallel I/O port. If a strobe is needed, it can be implemented
using software to toggle one of the parallel I/O pins. The process of programming port B
as general-purpose I/O is shown in Figure 10-7 and detailed in Figure 10-8. Normally, it
is not good programming practice to activate a peripheral before programming it. How-
ever, reset activates the port B general-purpose I/O as all inputs; the alternative is to
configure port B as an HI, which may not be desirable. In this case, it is probably better to
insure that port B is initially configured for general-purpose I/O, and then configure the
data direction and data registers. It may be better in some situations to program the data
direction or the data registers first to prevent two devices from driving one signal. The
order of steps 1, 2, and 3 in Figure 10-7 is optional and can be changed as needed.

•
MOVEP #$0,X:$FFE0 ;Select Port B to be general-purpose I/O

MOVE #$7F00,X:$FFE2 ;Select pins PB0–PB7 to be inputs
 • ;and pins PB8–PB14 to be outputs

•
MOVEP #data_out,X:$FFE4 ;Put bits 8–14 of ‘‘data_out’’ on pins

;PB8–PB14 bits 0–7 are ignored.
MOVEP X:$FFE4,#data_in ;Put PB0–PB7 in bits 0–7 of ‘‘data_in’’

Figure  10-6  Write/Read Parallel Data with Port B
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X:$FFFF

X:$FFFE

X:$FFFD

X:$FFFC

X:$FFFB

X:$FFFA

X:$FFF9

X:$FFF8

X:$FFF7

X:$FFF6

X:$FFF5

X:$FFF4

X:$FFF3

X:$FFF2

X:$FFF1

X:$FFF0

X:$FFEF

X:$FFEE

X:$FFED

X:$FFEC

X:$FFEB

X:$FFEA

X:$FFE9

X:$FFE8

X:$FFE7

X:$FFE6

X:$FFE5

X:$FFE4

X:$FFE3

X:$FFE2

X:$FFE1

X:$FFE0

X:$FFDF

INTERRUPT PRIORITY REGISTER (IPR)

PORT A — BUS CONTROL REGISTER (BCR)

RESERVED

RESERVED

RESERVED

RESERVED

RESERVED

RESERVED

RESERVED

SCI HI - REC/XMIT DATA REGISTER (SRX/STX)

SCI MID - REC/XMIT DATA REGISTER (SRX/STX)

SCI LOW - REC/XMIT DATA REGISTER (SRX/STX)

SCI TRANSMIT DATA ADDRESS REGISTER (STXA)

SCI CONTROL REGISTER (SCCR)

SCI INTERFACE STATUS REGISTER (SSR)

SCI INTERFACE CONTROL REGISTER (SCR)

SSI RECIEVE/TRANSMIT DATA REGISTER (RX/TX)

SSI STATUS/TIME SLOT REGISTER (SSISR/TSR)

SSI CONTROL REGISTER B (CRB)

SSI CONTROL REGISTER A (CRA)

HOST RECEIVE/TRANSMIT REGISTER (HRX/HTX)

RESERVED

HOST STATUS REGISTER (HSR)

HOST CONTROL REGISTER (HCR)

RESERVED

RESERVED

PORT C — DATA REGISTER (PCD)

PORT B — DATA REGISTER (PBD)

PORT C — DATA DIRECTION REGISTER (PCDDR)

PORT B — DATA DIRECTION REGISTER (PBDDR)

PORT C — CONTROL REGISTER (PCC)

PORT B — BUS CONTROL REGISTER (PBC)

RESERVED

X:$FFC0 RESERVED

= Read as random number; write as don’t care.

23 16 15 8 7 0

Figure  10-5  On-Chip Peripheral Memory Map
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10.1.2 Port B Parallel I/O Timing

 

Parallel data written to port B is synchronized to the central processing unit (CPU) but

STEP 1
ACTIVATE PORT B CONTROL REGISTER

ADDR X:$FFE0

STEP 2
SELECT DATA DIRECTION (IN/OUT)

ADDR X:$FFE2

STEP 3
READ/WRITE PORT B DATA

ADDR X:$FFE4

Figure  10-7  Port B Configuration Flowchart

* * * * * * * * * * * * * *
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PB
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PB
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PB
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PB
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13*
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STEP 1. ACITIVATE PORT B FOR GENERAL - PURPOSE I/O:
SET BIT 0 TO ZERO

X:$FFE0

15 0

PORT B
CONTROL REGISTER (PBC)

X:$FFE2
PORT B DATA DIRECTION
REGISTER (PBDDR)

15 0

STEP 2. SET INDIVIDUAL PINS TO INPUT OR OUTPUT:
BDxx = 0 INPUT

OR

BDxx = 1 OUTPUT

15 0

X:$FFE4
PORT B DATA 
REGISTER (PBD)

*Reserved; write as zero.

STEP 3. WRITE OR READ DATA:
PBxx INPUT IF BDxx = 0

OR

PBxx OUTPUT IF BDxx = 1

Figure  10-8  I/O Port B Configuration
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delayed by one instruction cycle. For example,  the instruction

MOVE    DATA15,X:PORTB DATA24,Y:EXTERN

1) writes15 bits of data to the port B register, but the output pins do not change until the
following instruction cycle, and 2) writes 24 bits of data to the external Y memory, which
appears on port A during T2 and T3 of the current instruction.

 

As a result, if it is desirable to synchronize port A and port B outputs, two instructions must be
used:

MOVE    DATA15,X:PORTB
NOP DATA24,Y:EXTERN

The NOP can be replaced by any instruction that allows parallel moves. Inserting one or more
‘‘MOVE DATA15,X:PORTB DATA24,Y:EXTERN’’ instructions between the first and second
instruction effectively produces an external 39-bit write each instruction cycle with only one
instruction cycle lost in setup time:

MOVE DATA15,X:PORTB
MOVE DATA15,X:PORTB DATA24,Y:EXTERN
MOVE DATA15,X:PORTB DATA24,Y:EXTERN

 

:
:

 

MOVE DATA15,X:PORTB DATA24,Y:EXTERN
NOP DATA24,Y:EXTERN

 

One application of this technique is to create an extended address for port A by concatenating the port A address bits (instead of data bits) to the port B general-purpose output bits. The port B general-purpose I/O register would then work as a base address register,

allowing the address space to be extended from 64K words (16 bits) to two billion words (16 bits+15 bits=31 bits).

Port B uses the DSP CPU four-phase clock for its operation. Therefore, if wait states are inserted in the DSP CPU timing, they also affect Port B timing. The result is that ports A and B in the previous synchronization example will always stay synchronized, regardless

of how many wait states are used.

 

10.2 HOST INTERFACE (HI)

 

The HI is a byte-wide, full-duplex, double-buffered, parallel port which may be connected directly to the data bus of a host processor. The host processor may be any of a number of industry standard microcomputers or microprocessors, another DSP, or DMA hardware

because this interface looks like static memory. The HI is asynchronous and consists of two banks of registers – one bank accessible to the host processor and a second bank accessible to the DSP CPU (see Figure 10-9). A brief description of the HI features is

presented in the following listing:

 

Speed

 

8 Mbyte/Sec Burst Data Transfer Rate
1.71 Million Word/Sec Interrupt Driven Data Transfer Rate (This is the maximum inter-
rupt rate for theDSP56000/DSP56001 running at 20.5 MHz – i.e., one interrupt every 
six instruction cycles.)

 

Signals (15 Pins)

 

H0–H7 Host Data Bus
HA0-HA2 Host Address Select
HR/W Host Read/Write Control
HEN Host Transfer Enable
HREQ Host Request
HACK Host Acknowledge

 

Interface – DSP CPU Side
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Mapping: Three X: Memory Locations
Data Word: 24 Bits

Transfer Modes:
DSP to Host
Host to DSP
Host Command

Handshaking Protocols:
Software Polled
Interrupt Driven (Fast or Long)
Direct Memory Access

Instructions:
Memory-mapped registers allow the standard MOVE instruction to be used.
Special MOVEP instruction provides for I/O service capability using fast interrupts.
Bit addressing instructions (BCHG, BCLR, BSET, BTST, JCLR, JSCLR, JSET, JS-
SET) simplify I/O service routines.
I/O short addressing provides faster execution with fewer instruction words.

 

Interface – Host Side

 

Mapping:
Eight Consecutive Memory Locations
Memory-Mapped Peripheral for Microprocessors, DMA Controllers, etc.

Data Word: Eight Bits

Transfer Modes:
DSP to Host
Host to DSP
Host Command
Mixed 8-, 16-, and 24-Bit Data Transfers

Handshaking Protocols:
Software Polled
Interrupt Driven and Compatible with MC68000
Cycle Stealing DMA with Initialization

Dedicated Interrupts:
Separate Interrupt Vectors for Each Interrupt Source
Special host commands force DSP CPU interrupts under host processor control, 
which are useful for:

Real-Time Production Diagnostics
Debugging Window for Program Development
Host Control Protocols and DMA Setup

 

Figure 10-9 is a block diagram showing the registers in the HI. These registers can be divided vertically down the middle into registers visible to the host processor on the left and registers visible to the DSP on the right. They can also be divided horizontally into control

at the top, DSP-to-host data transfer in the middle (HTX, RXH, RXM, and RXL), and host-to-DSP data transfer at the bottom (THX, TXM, TXL, and HRX).

 

10.2.1 Host Interface – DSP CPU Viewpoint

 

The DSP CPU views the HI as a memory-mapped peripheral occupying three 24-bit words in data memory space. The DSP may use the HI as a normal memory-mapped peripheral, using either standard polled or interrupt programming techniques. Separate transmit

and receive data registers are double buffered to allow the DSP and host processor to efficiently transfer data at high speed. Memory mapping allows DSP CPU communication with the HI registers to be accomplished using standard instructions and addressing modes.

In addition, the MOVEP instruction allows HI-to-memory and memory-to-HI data transfers without going through an intermediate register. Both hardware and software reset disable the HI and change port B to general-purpose I/O with all pins designated as inputs.
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10.2.2 Programming Model – DSP CPU Viewpoint

 

The HI has two programming models: one for the DSP programmer and one for the host processor
programmer. In most cases, the notation used reflects the DSP perspective. The HI – DSP pro-
gramming model is shown in Figure 10-10. There are three registers:  a control register (HCR), a
status register (HSR), and a data transmit/receive register (HTX/HRX). These registers can only
be accessed by the DSP56000/DSP56001; they can not be accessed by the host processor. The
HI host processor programming model is shown in Figure 10-13.

The following paragraphs describe the purpose and operation of each bit in each register of the
HI visible to the DSP CPU. The effects of the different types of reset on these registers are
shown. A brief discussion of interrupts and operation of the DSP side of the HI complete the pro-
gramming model from the DSP viewpoint. The programming model from the host viewpoint

RECEIVE BYTE
REGISTERS 

 (READ ONLY)

TRANSMIT BYTE
REGISTERS

(WRITE ONLY)

INTERRUPT CONTROL
REGISTER
(READ/WRITE)

DSP CPU GLOBAL
DATA BUS

$0
ICR

$1
CVR

HCR

HSR

$2
ISR

$3
IVR

CONTROL

LOGIC

HTX

HRX

$5
RXH

$6
RXM

$7
RXL

$5
TXH

$6
TXM

$7
TXL

X:$FFE8

X:$FFE9

X:$FFEB

X:$FFEB

HOST CONTROL REGISTER
(READ/WRITE)

HOST STATUS REGISTER
(READ ONLY)

HOST TRANSMIT 
DATA REGISTER
(WRITE ONLY)

HOST RECIEVE 
DATA REGISTER
(READ ONLY)

COMMAND VECTOR
REGISTER
(READ/WRITE)

INTERRUPT STATUS
REGISTER
(READ ONLY)

INTERRUPT VECTOR
REGISTER
(READ/WRITE)

24

24

24

8

HOST MPU
DATA BUS

H0 - H7

Figure  10-9  HI Block Diagram

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



 

10- 10

 

DSP56000/DSP56001 USER’S MANUAL

 

MOTOROLA

0 0 0
HF3

(0)

HF2

(0)

HCIE

(0)

HTIE

(0)

HRIE

(0)
X:$FFE8

7 0

DSP CPU HI FLAGS
HOST FLAG 3
HOST FLAG 2

INTERRUPT ENABLES
HOST RECEIVE
HOST TRANSMIT
HOST COMMAND

HOST CONTROL REGISTER (HCR)
(READ/WRITE)

0 0
HF1

(0)

HF0

(0)

HCP

(0)

HTDE

(1)

HRDF

(0)
X:$FFE9

7 0

HOST HI FLAGS
HOST FLAG 1
HOST FLAG 0

HOST RECEIVE DATA FULL
HOST TRANSMIT DATA EMPTY
HOST COMMAND PENDING

HOST STATUS REGISTER (HSR)
(READ ONLY)

DMA

(0)

X:$FFEB

X:$FFEB

RECEIVE HIGH BYTE RECEIVE MIDDLE BYTE RECEIVE LOW BYTE

TRANSMIT HIGH BYTE TRANSMIT MIDDLE BYTE TRANSMIT LOW BYTE

HOST RECEIVE DATA REGISTER 
(HRX) (READ ONLY)

HOST TRANSMIT DATA REGISTER 
(HTX) (WRITE ONLY)

7 0 7 0 7 0

23 16 15 8 7 0

NOTE: The numbers in parentheses are reset values.

Figure  10-10  Host Interface Programming Model – DSP Viewpoint
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begins at 10.2.3.1 Programming Model – Host Processor Viewpoint.

 

10.2.2.1 Host Control Register (HCR)

 

The HCR is an 8-bit read/write control register used by the DSP to control the HI interrupts and flags. The HCR cannot be accessed by the host processor. The HCR occupies the low-order byte of the internal data bus; the high-order portion is zero filled. HCR is a

read/write register to allow individual control register bits to be set or cleared. Any reserved bits are read as zeros and should be programmed as zeros for future compatibility. The bit manipulation instructions are useful for accessing the individual bits. The contents

of HCR are cleared on hardware or software reset. The control bits are described in the following paragraphs.

 

10.2.2.1.1 HCR Host Receive Interrupt Enable (HRIE) Bit 0

 

The HRIE bit is used to enable a DSP interrupt when the host receive data full (HRDF) status bit in the host status register (HSR) is set. When HRIE is cleared, HRDF interrupts are disabled. When HRIE is set, a host receive data interrupt request will occur if HRDF

is set. Hardware and software resets clear HRIE.

 

10.2.2.1.2 HCR Host Transmit Interrupt Enable (HTIE) Bit 1

 

The HTIE bit is used to enable a DSP interrupt when the host transmit data empty (HTDE) status bit in the HSR is set. When HTIE is cleared, HTDE interrupts are disabled. When HTIE is set, a host transmit data interrupt request will occur if HTDE is set. Hardware

and software resets clear the HTIE.

 

10.2.2.1.3 HCR Host Command Interrupt Enable (HCIE) Bit 2

 

The HCIE bit is used to enable a vectored DSP interrupt when the host command pending (HCP) status bit in the HSR is set. When HCIE is cleared, HCP interrupts are disabled. When HCIE is set, a host command interrupt request will occur if HCP is set. The starting

address of this interrupt is determined by the host vector (HV). Hardware and software resets clear the HCIE.

 

10.2.2.1.4 HCR Host Flag 2 (HF2) Bit 3

 

The HF2 bit is used as a general-purpose flag for DSP-to-host communication. HF2 may be set or cleared by the DSP. HF2 is visible in the interrupt status register (ISR) on the host processor side (see Figure 10-11). Hardware and software resets clear HF2.

There are four host flags: two used by the host to signal the DSP (HF0 and HF1) and two used by the DSP to signal the host processor (HF2 and HF3). These flags are not designated for any specific purpose but are general-purpose flags. The host flags do not cause

interrupts; they must be polled to see if they have changed. These flags can be used individually or as encoded pairs. See 10.2.2.7 Host Port Usage Considerations – DSP Side for additional information. An example of the usage of host flags is the bootstrap loader,which

is listed in the 

 

DSP56001 Advance Information Data Sheet (ADI1290)

 

. Host flags are used to tell the bootstrap program whether or not to terminate early.
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10.2.2.1.5 HCR Host Flag 3 (HF3) Bit 4

 

The HF3 bit is used as a general-purpose flag for DSP-to-host communication. HF3 may be set
or cleared by the DSP. HF3 is visible in the ISR on the host processor side (see Figure 10-11).
Hardware and software resets clear HF3.

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



 

MOTOROLA

 

 DSP56000/DSP56001 USER’S MANUAL

 

10 - 13

 

10.2.2.1.6 HCR Reserved Control (Bits 5, 6, and 7). 

 

These unused bits are reserved
for future expansion and should be written with zeros for upward compatibility.

 

10.2.2.2 Host Status Register (HSR). 

 

The HSR is an 8-bit read-only status register
used by the DSP to interrogate status and flags of the HI. It can not be directly accessed by
the host processor. When the HSR is read to the internal data bus, the register contents
occupy the low-order byte of the data bus; the high-order portion is zero filled. The status bits
are described in the following paragraphs.

 

10.2.2.2.1 HSR Host Receive Data Full (HRDF) Bit 0. 

 

The HRDF bit indicates that the
host receive data register (HRX) contains data from the host processor. HRDF is set when
data is transferred from the TXH:TXM:TXL registers to the HRX register. HRDF is cleared
when HRX is read by the DSP. HRDF can also be cleared by the host processor using the
initialize function. Hardware, software, individual, and STOP resets clear HRDF.

 

10.2.2.2.2 HSR Host Transmit Data Empty (HTDE) Bit 1. 

 

The HTDE bit indicates that
the host transmit data register (HTX) is empty and can be written by the DSP. HTDE is set
when the HTX register is transferred to the RXH:RXM:RXL registers. HTDE is cleared when
HTX is written by the DSP. HTDE can also be set by the host processor using the initialize
function. Hardware, software, individual, and STOP sets HTDE.

INIT HM1 HM0 HF1 HF0 0 TREQ RREQ

HOST TO DSP56000 STATUS FLAGS

7 0

$0HOST
INTERRUPT CONTROL REGISTER (ICR)
(READ/WRITE)

DMA 0 0 HF1 HF0 HCP HTDE HRDF

7 0

X:$FFE9
HOST STATUS REGISTER (HSR)
(READ ONLY)DSP56000

HREQ DMA 0 HF3 HF2 TRDY TXDE RXDF

DSP56000 TO HOST STATUS FLAGS

7 0

$2HOST
INTERRUPT STATUS REGISTER (ISR)
(READ ONLY)

0 0 0 HF3 HF2 HCIE HTIE HRIE

7 0

X:$FFE8
HOST CONTROL REGISTER (HCR)
(READ/WRITE)DSP56000

Figure  10-11  Host Flag Operation
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10.2.2.2.3 HSR Host Command Pending (HCP) Bit 2

 

The HCP bit indicates that the host has set the HC bit and that a host command interrupt
is pending. The HCP bit reflects the status of the HC bit in the command vector register
(CVR). HC and HCP are cleared by the DSP exception hardware when the exception is
taken. The host can clear HC, which also clears HCP. Hardware, software, individual,
and STOP resets clear HCP.

 

10.2.2.2.4 HSR Host Flag 0 (HF0) Bit 3

 

The HF0 bit in the HSR indicates the state of host flag 0 in the ICR on the host processor
side. HF0 can only be changed by the host processor (see Figure 10-11). Hardware,
software, individual, and STOP resets clear HF0.

 

10.2.2.2.5 HSR Host Flag 1 (HF1) Bit 4

 

The HF1 bit in the HSR indicates the state of host flag 1 in the ICR on the host processor
side. HF1 can only be changed by the host processor (see Figure 10-11). Hardware,
software, individual, and STOP resets clear HF1.

 

10.2.2.2.6 HSR Reserved Status (Bits 5 and 6)

 

These status bits are reserved for future expansion and read as zero during DSP read
operations.

 

10.2.2.2.7 HSR DMA Status (DMA) Bit 7

 

The DMA bit indicates that the host processor has enabled the DMA mode of the HI by
setting HM1 or HM0 to one. When DMA bit is zero, it indicates that the DMA mode is dis-
abled by the HM0 and HM1 bits in the ICR and that no DMA operations are pending.
When DMA bit is set, the DMA mode has been enabled by one or more of the host mode
bits being set to one. The channel not in use can be used for polled or interrupt operation
by the DSP. Hardware, software, individual, and STOP resets clear the DMA bit.

 

10.2.2.3 Host Receive Data Register (HRX)

 

The HRX register is used for host-to-DSP data transfers. The HRX register is viewed as
a 24-bit read-only register by the DSP CPU. The HRX register is loaded with 24-bit data
from the transmit data registers (TXH:TXM:TXL) on the host processor side when both
the transmit data register empty TXDE (host processor side) and DSP host receive data
full (HRDF) bits are cleared. This transfer operation sets TXDE and HRDF. The HRX reg-
ister contains valid data when the HRDF bit is set. Reading HRX clears HRDF. The DSP
may program the HRIE bit to cause a host receive data interrupt when HRDF is set.
Resets do not affect HRX.
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10.2.2.4 Host Transmit Data Register (HTX)

 

The HTX register is used for DSP-to-host data transfers. The HTX register is viewed as a
24-bit write-only register by the DSP CPU. Writing the HTX register clears HTDE. The
DSP may program the HTIE bit to cause a host transmit data interrupt when HTDE is set.
The HTX register is transferred as 24-bit data to the receive byte registers
(RXH:RXM:RXL) if both the HTDE bit (DSP CPU side) and receive data full (RXDF) status
bits (host processor side) are cleared. This transfer operation sets RXDF and HTDE. Data
should not be written to the HTX until HTDE is set to prevent the previous data from being
overwritten. Resets do not affect HTX.

 

10.2.2.5 Register Contents After Reset
Table 10-1 shows the results of four reset types on bits in each of the HI registers seen
by the DSP CPU. The hardware reset (HW) is caused by the RESET signal; the software
reset (SW) is caused by executing the RESET instruction; the individual reset (IR) is
caused by clearing the PBC register bit 0, and the stop reset  (ST) is caused by executing
the STOP instruction.

10.2.2.6 Host Interface DSP CPU Interrupts
The HI may request interrupt service from either the DSP or the host processor. The DSP
CPU interrupts are internal and do not require the use of an external interrupt pin (see Fig-
ure 10-12). When the appropriate mask bit in the HCR is set, an interrupt condition caused

Register
Name

Register
Data

Reset Type

HW
Reset

SW
Reset

IR
Reset

ST
Reset

HCR

HF(3 - 2) 0 0 — —

HCIE 0 0 — —

HTIE 0 0 — —

HRIE 0 0 — —

HSR

DMA 0 0 0 0

HF(1 - 0) 0 0 0 0

HCP 0 0 0 0

HTDE 1 1 1 1

HRDF 0 0 0 0

HRX HRX (23 - 0) — — — —

HTX HTX (23 - 0) — — — —

Table 10-1 Host Registers after 
Reset–DSP CPU Side
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10- 16 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

by the host processor sets the appropriate bit in the HSR, which generates an interrupt
request to the DSP CPU. The DSP acknowledges interrupts caused by the host processor
by jumping to the appropriate interrupt service routine. The three possible interrupts are
1) receive data register full, 2) transmit data register empty, and 3) host command. The
host command can access any interrupt vector in the interrupt vector table although it has
a set of vectors reserved for host command use. The DSP interrupt service routine must
read or write the appropriate HI register (clearing HRDF or HTDE, for example) to clear
the interrupt. In the case of host command interrupts, the interrupt acknowledge from the
program controller will clear the pending interrupt condition.

10.2.2.7 Host Port Usage Considerations – DSP Side
Careful synchronization is required when reading multibit registers that are written by
another asynchronous system. This is a common problem when two asynchronous sys-
tems are connected. The situation exists in the HI. However, if the HI is used in the way
it was designed, proper operation is guaranteed. The considerations for proper operation
on the DSP CPU side are discussed in the following paragraphs, and considerations for
the host processor side are discussed in 10.2.6.5 Host Port Usage Considerations–Host
Side. Careful synchronization is required when reading multi-bit registers that are written
by another asynchronous system. Synchronization is a common problem when two asyn-
chronous systems are connected. The situation exists in the host port. However, if the port
is used in the way it was designed, proper operation is guaranteed. The considerations
for proper operation are discussed below..

7 0

0 0 0 HF3 HF2 HCIE HTIE HRIE

MASK

HCR

DMA 0 0 HF1 HF2 HCP HTDE HRDF

7 0

X:$FFE

X:$FFE

DSP CPU INTERRUPTS

RECIEVE DATA FULL
P:$0020

TRANSMIT DATA EMPTY
P:$0022

HOST COMMAND
P:(2XHV ➞ $0000 - $003E)
RESET ➞ HV = $0012

HCR

STATUS

Figure  10-12  HSR–HCR Operation
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DMA, HF1, HF0, HCP, HTDE, and HRDF status bits are set or cleared by the host pro-
cessor side of the interface. These bits are individually synchronized to the DSP clock.

The only system problem with reading status occurs with HF1 and HF0 if they are
encoded as a pair because the four combinations (00, 01, 10, and 11) each have signifi-
cance. This problem occurs because there is a very small probability that the DSP will
read the status bits during the transition. The solution to this potential problem is to read
the bits twice for consensus (See 10.2.6.5 Host Port Usage Considerations–Host Side.
Careful synchronization is required when reading multi-bit registers that are written by
another asynchronous system. Synchronization is a common problem when two asyn-
chronous systems are connected. The situation exists in the host port. However, if the port
is used in the way it was designed, proper operation is guaranteed. The considerations
for proper operation are discussed below. for additional information).

10.2.3 Host Interface – Host Processor Viewpoint
The HI appears to the host processor as eight words of byte-wide static memory. The host
may access the HI asynchronously by using polling techniques or interrupt-based tech-
niques. Separate transmit and receive data registers are double buffered to allow the DSP
CPU and host processor to transfer data efficiently at high speed. The HI contains a rudi-
mentary DMA controller, which makes generating addresses (HA0–HA2) for the TX/RX
registers in the HI unnecessary.

10.2.3.1 Programming Model – Host Processor Viewpoint
The HI appears to the host processor as a memory-apped peripheral occupying eight
bytes in the host processor address space (see Figures 10-13 and 10-14). These regis-
ters can be viewed as one control register (ICR), one status register (ISR), three data
registers (RXH/TXH, RXM/TXM, and RXL/TXL), and two vector registers (IVR and CVR).
The CVR is a special command register that is used by the host processor to issue com-
mands to the DSP. These registers can be accessed only by the host processor; they can
not be accessed by the DSP CPU. Host processors may use standard host processor
instructions (e.g., byte move) and addressing modes to communicate with the HI regis-
ters. The HI registers are addressed so that 8-bit MC6801-type host processors can use
16-bit load (LDD) and store (STD) instructions for data transfers. The 16-bit
MC68000/MC68010 host processor can address the HI using the special MOVEP instruc-
tion for word (16-bit) or long-word (32-bit) transfers. The 32-bit MC68020 host processor
can use its dynamic bus sizing feature to address the HI using standard MOVE word (16-
bit), long-word (32-bit) or quad-word (64-bit) instructions. The HREQ and HACK hand-
shake flags are provided for polled or interrupt-driven data transfers with the host
processor. Because the DSP interrupt response is sufficiently fast, most host micropro-
cessors can load or store data at their maximum programmed I/O (non-DMA) instruction
rate without testing the handshake flags for each transfer. If the full handshake is not
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10- 18 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

needed, the host processor can treat the DSP as fast memory, and data can be trans-
ferred between the host processor and the DSP at the fastest host processor data rate.
DMA hardware may be used with the handshake flags to transfer data without host pro-
cessor intervention.

One of the most innovative features of the host interface is the host command feature.
With this feature, the host processor can issue vectored exception requests to the
DSP56000/DSP56001. The host may select any one of 32 DSP56000/DSP56001 excep-
tion routines to be executed by writing a vector address register in the HI. This flexibility
allows the host programmer to execute up to 32 preprogrammed functions inside the
DSP56000/DSP56001. For example, host exceptions can allow the host processor to
read or write DSP56000/DSP56001 registers (X, Y, or program memory locations), force
exception handlers (e.g., SSI, SCI, IRQA, IRQB exception routines), and perform control
and debugging operations if exception routines are implemented in the
DSP56000/DSP56001 to perform these tasks.

10.2.3.2 Interrupt Control Register (ICR)
The ICR is an 8-bit read/write control register used by the host processor to control the HI
interrupts and flags. ICR cannot be accessed by the DSP CPU. ICR is a read/write regis-
ter, which allows the use of bit manipulation instructions on control register bits. The
control bits are described in the following paragraphs.

10.2.3.2.1 ICR Receive Request Enable (RREQ) Bit 0
The RREQ bit is used to control the HREQ pin for host receive data transfers.

In interrupt mode (DMA off), RREQ is used to enable interrupt requests via the external

ICR

CVR

ISR

IVR

0 0 0 0 0 0 0 0

RXH/TXH

RXM/TXM

RXL/TXL

INTERRUPT CONTROL

COMMAND VECTOR

INTERRUPT STATUS

INTERRUPT VECTOR

UNUSED

RECEIVE/TRANSMIT
BYTES

HOST DATA BUS
H0 - H7

0

1

2

3

4

5

6

7

H
O
S
T

A
D
D
R
E
S
S

HA0 - HA2

Figure  10-14  HI Register Map
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host request (HREQ) pin when the receive data register full (RXDF) status bit in the ISR
is set. When RREQ is cleared, RXDF interrupts are disabled. When RREQ is set, the
external HREQ pin will be asserted if RXDF is set.

HF1

(0)

HF0

(0) 0
TREQ

(0)

RREQ

(0)
$0

7 0

INTERRUPT CONTROL REGISTER (ICR)
(READ/WRITE)

INTERRUPT VECTOR NUMBER

($0F)

7 0

FLAGS

INTERRUPT VECTOR REGISTER (IVR)
(READ/WRITE)

0 0 0 0 0 0 0 0
RXH

RECEIVE HIGH BYTE
RXM

RECEIVE MIDDLE BYTE

NOT USED
TXH

TRANSMIT HIGH BYTE
TXM

TRANSMIT MIDDLE BYTE

7 0 7 0 7 0 7 0

NOTE: The numbers in parentheses are reset values.

HM1

(0)

HM0

(0)

INIT

(0)

MODES

0 0 Interrupt Mode (DMA Off)

0 1 24-Bit DMA Mode

1 0 16-Bit DMA Mode

1 1 8-Bit DMA Mode

0 0
HOST VECTOR

($12)

7 4 0

COMMAND VECTOR REGISTER (CVR)
(READ/WRITE)

HC

(0)
$1

HF3

(0)

HF2

(0)0
TXDE

(1)

RXDF

(0)
$2

7 0

INTERRUPT STATUS REGISTER (ISR)
(READ ONLY)

STATUS

DMA

(0)

HREQ

(0)

FLAGS

TRDY

(1)

$3

RXL
RECEIVE LOW BYTE

TXL
TRANSMIT LOW BYTE

31 $4 24 23 $5 16 15 $6 8 7 $7 0

RECEIVE BYTE REGISTERS (RXH:RXM:RXL)
(READ ONLY)

TRANSMIT BYTE REGISTERS (TXH:TXM:TXL)
(WRITE ONLY)

Figure  10-13  Host Processor Programming Model–Host Side
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10- 20 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

In DMA modes, RREQ must be set or cleared by software to select the direction of DMA
transfers. Setting RREQ sets the direction of DMA transfer to be DSP to host and enables
the HREQ pin to request data transfer. Hardware, software, individual, and STOP resets
clear RREQ.

10.2.3.2.2 ICR Transmit Request Enable (TREQ) Bit 1
The TREQ bit is used to control the HREQ pin for host transmit data transfers.

In interrupt mode (DMA off), TREQ is used to enable interrupt requests via the external HREQ pin when the transmit data register empty (TXDE) status bit in the ISR is set. When TREQ is cleared, TXDE interrupts are disabled. When TREQ is set, the external HREQ

pin will be asserted if TXDE is set.

In DMA modes, TREQ must be set or cleared by software to select the direction of DMA transfers. Setting TREQ sets the direction of DMA transfer to be host to DSP and enables the HREQ pin to request data transfer. Hardware, software, individual, and STOP resets

clear TREQ.

Table 10-2 summarizes the effect of RREQ and TREQ on the HREQ pin.

10.2.3.2.3 ICR Reserved Bit (Bit 2)
This bit, which is reserved and unused, reads as a logic zero.

10.2.3.2.4 ICR Host Flag 0 (HF0) Bit 3
The HF0 bit is used as a general-purpose flag for host-to-DSP communication. HF0 may be set or cleared by the host processor and cannot be changed by the DSP. HF0 is visible in the HSR on the DSP CPU side of the HI (see Figure 10-11). Hardware, software,

individual, and STOP resets clear HF0.

10.2.3.2.5 ICR Host Flag 1 (HF1) Bit 4
The HF1 bit is used as a general-purpose flag for host-to-DSP communication. HF1 may be set or cleared by the host processor and cannot be changed by the DSP. Hardware, software, individual, and STOP resets clear HF1.

10.2.3.2.6 ICR Host Mode Control (HM1 and HM0 bits) Bits 5 and 6
The HM0 and HM1 bits select the transfer mode of the HI (see Table 10-3). HM1 and HM0 enable the DMA mode of operation or interrupt (non-DMA) mode of operation.

When both HM1 and HM0 are cleared, the DMA mode is disabled, and the TREQ and RREQ control bits are used for host processor interrupt control via the external HREQ output pin. Also, in the non-DMA mode, the HACK input pin is used for the MC68000 Family

vectored interrupt acknowledge input.

TREQ RREQ HREQ Pin

Interrupt Mode

0 0 No Interrupts (Polling)

0 1 RXDF Request (Interrupt)

1 0 TXDE Request (Interrupt)

1 1 RXDF and TXDE Request (Interrupts)

DMA Mode

0 0 No DMA

0 1 DSP to Host Request (RX)

1 0 Host to DSP Request (TX)

1 1 Undefined (Illegal)

Table 10-2 HREQ Pin Definition
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When HM1 or HM0 are set, the DMA mode is enabled, and the HREQ pin is used to request DMA transfers. When the DMA mode is enabled, the TREQ and RREQ bits select the direction of DMA transfers. The HACK input pin is used as a DMA transfer acknowledge

input. If the DMA direction is from DSP to host, the contents of the selected register are enabled onto the host data bus when HACK is asserted. If the DMA direction is from host to DSP, the selected register is written from the host data bus when HACK is asserted.

The size of the DMA word to be transferred is determined by the DMA control bits, HM0 and HM1. The HI register selected during a DMA transfer is determined by a 2-bit address counter, which is preloaded with the value in HM1 and HM0. The address counter

substitutes for the HA1 and HA0 bits of the HI during a DMA transfer. The host address bit (HA2) is forced to one during each DMA transfer. The address counter can be initialized with the INIT bit feature. After each DMA transfer on the host data bus, the address

counter is incremented to the next register. When the address counter reaches the highest register (RXL or TXL), the address counter is not incremented but is loaded with the value in HM1 and HM0. This allows 8-, 16- or 24-bit data to be transferred in a circular

fashion and eliminates the need for the DMA controller to supply the HA2, HA1, and HA0 pins. For 16- or 24-bit data transfers, the DSP CPU interrupt rate is reduced by a factor of 2 or 3, respectively, from the host request rate – i.e., for every two or three host processor

data transfers of one byte each, there is only one 24-bit DSP CPU interrupt.

Hardware, software, individual, and STOP resets clear HM1 and HM0.

10.2.3.2.7 ICR Initialize Bit (INIT) Bit 7
The INIT bit is used by the host processor to force initialization of the HI hardware. Initialization consists of configuring the HI transmit and receive control bits and loading HM1 and HM0 into the internal DMA address counter. Loading HM1 and HM0 into the DMA

address counter causes the HI to begin transferring data on a word boundary rather than transferring only part of the first data word.

There are two methods of initialization: 1) allowing the DMA address counter to be automatically set after transferring a word, and 2) setting the INIT bit, which sets the DMA address counter. Using the INIT bit to initialize the HI hardware may or may not be necessary,

depending on the software design of the interface.

The type of initialization done when the INIT bit is set depends on the state of TREQ and RREQ in the HI. The INIT command, which is local to the HI, is designed to conveniently configure the HI into the desired data transfer mode. The commands are described in

the following paragraphs and in Table 10-4. The host sets the INIT bit, which causes the HI hardware to execute the INIT command. The interface hardware clears the INIT bit when the command has been executed. Hardware, software, individual, and STOP resets

clear INIT.

INIT execution always loads the DMA address counter and clears the channel according to TREQ and RREQ. INIT execution is not affected by HM1 and HM0.

HM1 HM0 Mode

0 0 Interrupt Mode (DMA Off)

0 1 DMA Mode (24 Bit)

1 0 DMA Mode (16 Bit)

1 1 DMA Mode (8 Bit)

Table 10-3 Host Mode Bit Definition
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TREQ RREQ After INIT Execution
Transfer
Direction
Initialized

Interrupt Mode (HM1 = 0, HM0 = 0) INIT Execution

0 0 INIT = 0; Address Counter = 00 None

0 1 INIT = 0; RXDF = 0; HTDE = 1; Address 
Counter = 00

DSP to Host

1 0 INIT = 0; TXDE = 1; HRDF = 0; Address 
Counter = 00

Host to DSP

1 1 INIT = 0; RXDF = 0; HTDE = 1; TXDE = 
1; HRDF = 0; Address Counter = 00

Host to/from DSP

DMA Mode (HM1 or HM0 = 1) INIT Execution

0 0 INIT = 0; Address Counter = HM1, HM0 None

0 1 INIT = 0; RXDF = 0; HTDE = 1; Address 
Counter = HM1, HM0

DSP to Host

1 0 INIT = 0; TXDE = 1; HRDF = 0; Address 
Counter = HM1, HM0

Host to DSP

1 1 Undefined (Illegal) Undefined

Table 10-4 HREQ Pin Definition
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The internal DMA counter is incremented with each DMA transfer (each HACK pulse) until it
reaches the last data register (RXL or TXL). When the DMA transfer is completed, the counter is
loaded with the value of the HM1 and HM0 bits. When changing the size of the DMA word (chang-
ing HM0 and HM1 in the ICR), the DMA counter is not automatically updated, and, as a result, the
DMA counter will point to the wrong data register immediately after HM1 and HM0 are changed.
The INIT function must be used to preset the internal DMA counter correctly. Always set INIT after
changing HM0 and HM1. However, the DMA counter can not be initialized in the middle of a DMA
transfer. Even though the INIT bit is set, the internal DMA controller will wait until after completing
the data transfer in progress before executing the initialization.

10.2.3.3 Command Vector Register (CVR). The CVR is used by the host processor to
cause the DSP to execute a vectored interrupt. The host command feature is independent of any
of the data transfer mechanisms in the HI. It can be used to cause any of the 32 possible inter-
rupt routines in the DSP CPU to be executed.

10.2.3.3.1 CVR Host Vector (HV) Bits 0–4. The five HV bits select the host command
exception address to be used by the host command exception logic. When the host command
exception is recognized by the DSP interrupt control logic, the starting address of the exception
taken is 2×HV. The host can write HC and HV in the same write cycle, if desired.

The host processor can select any of the 32 possible exception routine starting addresses in the
DSP by writing the exception routine starting address divided by 2 into HV. This means that the
host processor can force any of the existing exception handlers (SSI, SCI, IRQA, IRQB, etc.) and
can use any of the reserved or otherwise unused starting addresses provided they have been pre-
programmed in the DSP. HV is set to $12 (vector location $0024) by hardware, software,
individual, and STOP resets. Vector location $0024 is the first of thirteen special host command
vectors.

CAUTION
The HV should not be used with a value of zero because the reset location is nor-
mally programmed with a JMP instruction. Doing so will cause an improper fast in-
terrupt.

10.2.3.3.2 CVR Reserved Bits (Bits 5 and 6). Reserved bits are unused and are
read by the host processor as zeros.

10.2.3.3.3 CVR Host Command Bit (HC) Bit 7. The HC bit is used by the host processor to
handshake the execution of host command exceptions. Normally, the host processor sets HC=1
to request the host command exception from the DSP. When the host command exception is
acknowledged by the DSP, the HC bit is cleared by the HI hardware. The host processor can
read the state of HC to determine when the host command has been accepted. The host proces-
sor may elect to clear the HC bit, canceling the host command exception request at any time
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10- 24 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

before it is accepted by the DSP CPU.

CAUTION
The command exception might be recognized by the DSP and executed be-
fore it can be canceled by the host, even if the host clears the HC bit.

Setting HC causes host command pending (HCP) to be set in the HSR. The host can write
HC and HV in the same write cycle if desired. Hardware, software, individual, and STOP
resets clear HC.

10.2.3.4 Interrupt Status Register (ISR)
The ISR is an 8-bit read-only status register used by the host processor to interrogate the
status and flags of the HI. The host processor can write this address without affecting the
internal state of the HI, which is useful if the user desires to access all of the HI registers
by stepping through the HI addresses. The ISR can not be accessed by the DSP. The sta-
tus bits are described in the following paragraphs.

10.2.3.4.1 ISR Receive Data Register Full (RXDF) Bit 0
The RXDF bit indicates that the receive byte registers (RXH, RXM, and RXL) contain
data from the DSP CPU and may be read by the host processor. RXDF is set  when the
HTX is transferred to the receive byte registers. RXDF is cleared when the receive data
low (RXL) register is read by the host processor. RXL is normally the last byte of the
receive byte registers to be read by the host processor. RXDF can be cleared by the host
processor using the initialize function. RXDF may be used to assert the external HREQ
pin if the RREQ bit is set. Regardless of whether the RXDF interrupt is enabled, RXDF
provides valid status so that polling techniques may be used by the host processor.
Hardware, software, individual, and STOP resets clear RXDF.

10.2.3.4.2 ISR Transmit Data Register Empty (TXDE) Bit 1
The TXDE bit indicates that the transmit byte registers (TXH, TXM, and TXL) are empty
and can be written by the host processor. TXDE is set when the transmit byte registers
are transferred to the HRX register. TXDE is cleared when the transmit byte low (TXL)
register is written by the host processor. TXL is normally the last byte of the transmit byte
registers to be written by the host processor. TXDE can be set by the host processor
using the initialize feature.  TXDE may be used to assert the external HREQ pin if the
TREQ bit is set.  Regardless of whether the TXDE interrupt is enabled, TXDE provides
valid status so that polling techniques may be used by the host processor. Hardware,
software, individual, and STOP resets set TXDE.

10.2.3.4.3 ISR Transmitter Ready (TRDY) Bit 2
The TRDY status bit indicates that both the TXH,TXM,TXL and the HRX registers are
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MOTOROLA DSP56000/DSP56001 USER’S MANUAL 10 - 25

empty.

TRDY=TXDE •  HRDF

When TRDY is set to one, the data that the host processor writes to TXH,TXM, and TXL
will be immediately transferred to the DSP CPU side of the HI. This has many applica-
tions.  For example, if the host processor issues a host command which causes the DSP
CPU to read the HRX, the host processor can be guaranteed that the data it just trans-
ferred to the HI is what is being received by the DSP CPU.

Hardware, software, individual, and STOP resets set TRDY.

10.2.3.4.4 ISR Host Flag 2 (HF2) Bit 3
The HF2 bit in the ISR indicates the state of host flag 2 in the HCR on the CPU side. HF2
can only be changed by the DSP (see Figure 10-11). HF2 is cleared by a hardware or
software reset.

10.2.3.4.5 ISR Host Flag 3 (HF3) Bit 4
The HF3 bit in the ISR indicates the state of host flag 3 in the HCR on the CPU side. HF3
can only be changed by the DSP (see Figure 10-11). HF3 is cleared by a hardware or
software reset.

10.2.3.4.6 ISR Reserved Bit (Bit 5)
 This status bit is reserved for future expansion and will read as zero during host proces-
sor read operations.

10.2.3.4.7 ISR DMA Status (DMA) Bit 6
The DMA status bit indicates that the host processor has enabled the DMA mode of the
HI (HM1 or HM0=1). When the DMA status bit is clear, it indicates that the DMA mode is
disabled (HM0=HM1=0) and no DMA operations are pending. When DMA is set, it indi-
cates that the DMA mode is enabled and the host processor should not use the active
DMA channel (RXH, RXM, RXL or TXH, TXM, TXL depending on DMA direction) to
avoid conflicts with the DMA data transfers. The channel not in use can be used for
polled operation by the host and operates in the interrupt mode for internal DSP excep-
tions or polling. Hardware, software, individual, and STOP resets clear the DMA status
bit.

10.2.3.4.8 ISR Host Request (HREQ) Bit 7
The HREQ bit indicates the status of the external host request output pin (HREQ). When
the HREQ status bit is cleared, it indicates that the external HREQ pin is deasserted and
no host processor interrupts or DMA transfers are being requested. When the HREQ sta-
tus bit is set, it indicates that the external HREQ pin is asserted, indicating that the DSP
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10- 26 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

is interrupting the host processor or that a DMA transfer request is occurring. The HREQ
interrupt request may originate from either or both of two sources – the receive byte reg-
isters are full or the transmit byte registers are empty. These conditions are indicated by
the ISR RXDF and TXDE status bits, respectively. If the interrupt source has been
enabled by the associated request enable bit in the ICR, HREQ will be set if one or more
of the two enabled interrupt sources is set. Hardware, software, individual, and STOP
resets clear HREQ.

10.2.3.5 Interrupt Vector Register (IVR)
The IVR is an 8-bit read/write register which typically contains the exception vector num-
ber used with MC68000 Family processor vectored interrupts. Only the host processor
can read and write this register. The contents of IVR are placed on the host data bus
(H0–H7) when both the HREQ and HACK pins are asserted and the DMA mode is dis-
abled. The contents of this register are initialized to $0F by a hardware or software reset,
which corresponds to the uninitialized exception vector in the MC68000 Family.

10.2.3.6 Receive Byte Registers (RXH, RXM, RXL)
The receive byte registers are viewed as three 8-bit read-only registers by the host pro-
cessor. These registers are called receive high (RXH), receive middle (RXM), and receive
low (RXL). These three registers receive data from the high byte, middle byte, and low
byte, respectively, of the HTX register and are selected by three external host address
inputs (HA2, HA1, and HA0) during a host processor read operation or by an on-chip
address counter in DMA operations. The receive byte registers (at least RXL) contain
valid data when the receive data register full (RXDF) bit is set. The host processor may
program the RREQ bit to assert the external HREQ pin when RXDF is set. This informs
the host processor or DMA controller that the receive byte registers are full. These regis-
ters may be read in any order to transfer 8-, 16-, or 24-bit data. However, reading RXL
clears the receive data full RXDF bit. Because reading RXL clears the RXDF status bit, it
is normally the last register read during a 16- or 24-bit data transfer. Reset does not affect
RXH, RXM, or RXL.

10.2.3.7 Transmit Byte Registers (TXH, TXM, TXL)
The transmit byte registers are viewed as three 8-bit write-only registers by the host pro-
cessor. These registers are called transmit high (TXH), transmit middle (TXM), and
transmit low (TXL). These three registers send data to the high byte, middle byte and low
byte, respectively, of the HRX register and are selected by three external host address
inputs (HA2, HA1, and HA0) during a host processor write operation. Data may be written
into the transmit byte registers when the transmit data register empty (TXDE) bit is set.
The host processor may program the TREQ bit to assert the external HREQ pin when
TXDE is set. This informs the host processor or DMA controller that the transmit byte reg-
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isters are empty. These registers may be written in any order to transfer 8-, 16-, or 24-bit
data. However, writing TXL clears the TXDE bit. Because writing the TXL register clears
the TXDE status bit, TXL is normally the last register written during a 16- or 24-bit data
transfer. The transmit byte registers are transferred as 24-bit data to the HRX register
when both TXDE and the HRDF bit are cleared. This transfer operation sets TXDE and
HRDF. Reset does not affect TXH, TXM, or TXL.

10.2.3.8 Registers After Reset
Table 10-5 shows the result of four kinds of reset on bits in each of the HI registers seen
by the host processor. The hardware reset is caused by asserting the RESET pin; the soft-
ware reset is caused by executing the RESET instruction; the individual reset is caused
by clearing the PBC register bit 0; and the stop reset is caused by executing the STOP
instruction.

10.2.4 Host Interface Pins
The 15 HI pins are described here for convenience. Additional information, including tim-
ing, is given in the DSP56001 Advance Information Data Sheet (ADI1290).

10.2.4.1 Host Data Bus (H0-H7)
This bidirectional data bus is used to transfer data between the host processor and the
DSP56000/DSP56001. This bus is an input unless enabled by a host processor read. H0-
H7 may be programmed as general purpose parallel I/O pins called PB0-PB7 when the
HI is not being used.

10.2.4.2 Host Address (HA0–HA2)
These inputs provide the address selection for each HI register. These inputs are stable
when HEN is asserted. HA0-HA2 may be programmed as general purpose parallel I/O
pins called PB8-PB10 when the HI is not being used.

10.2.4.3 Host Read/Write (HR/W)
This input selects the direction of data transfer for each host processor access. If HR/W
is high and HEN is asserted, H0-H7 are outputs and DSP data is transferred to the host
processor. If HR/W is low and HEN is asserted, H0-H7 are inputs and host data is trans-
ferred to the DSP. HR/W is stable when HEN is asserted. HR/W may be programmed as
a general purpose I/O pin called PB11 when the HI is not being used.

10.2.4.4 Host Enable (HEN)
This input enables a data transfer on the host data bus. When HEN is asserted and HR/W
is high, H0-H7 become outputs and DSP data may be latched by the host processor.
When HEN is asserted and HR/W is low, H0-H7 become inputs and host data is latched
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10- 28 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

inside the DSP when HEN is deasserted. When HEN is deasserted, H0-H7 are three-
stated. Normally a chip select signal derived from host address decoding and an enable
clock, is used to generate HEN. HEN may be programmed as a general purpose I/O pin
called PB12 when the HI is not being used.

10.2.4.5 Host Request (HREQ)
This open-drain output signal is used by the DSP56000/DSP56001 HI to request service
from the host processor, DMA controller, or a simple external controller. HREQ may be

Register
Name

Register
Data

Reset Type

HW
Reset

SW
Reset

IR
Reset

ST
Reset

ICR

INIT 0 0 0 0

HM (1 - 0) 0 0 0 0

TREQ 0 0 0 0

RREQ 0 0 0 0

HF (1 - 0) 0 0 0 0

CVR
HC 0 0 0 0

HV (4 - 0) $12 $12 $12 $12

ISR

HREQ 0 0 0 0

DMA 0 0 0 0

HF (3 - 2) 0 0 — —

TRDY 1 1 1 1

TXDE 1 1 1 1

RXDF 0 0 0 0

IVR IV (7 - 0) $0F $0F — —

RX

RXH (23 - 16) — — — —

RXM (15 - 8) — — — —

RXL (7 - 0) — — — —

TX

TXH (23 - 21) — — — —

TXM (15 - 8) — — — —

TXL (7 - 0) — — — —

Table 10-5 Host Registers after Reset 
(Host Side)
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connected to an interrupt request pin of a host processor, a transfer request of a DMA
controller or a control input of external circuitry. HREQ is asserted when an enabled
request occurs in the host interface. HREQ is deasserted when the enabled request is
cleared or masked, DMA HACK is asserted, or the DSP is reset. HREQ may be pro-
grammed as a general purpose I/O pin (not open-drain) called PB13 when the HI is not
being used.

10.2.4.6 Host Acknowledge (HACK)
This input has two functions: 1) to provide a Host Acknowledge handshake signal for DMA
transfers and, 2) to receive a Host Interrupt Acknowledge compatible with MC68000 Fam-
ily processors. If programmed as a host acknowledge signal, HACK may be used as a
data strobe for HI DMA data transfers. If programmed as a MC68000 host interrupt
acknowledge, HACK is used to enable the HI interrupt vector register (IVR) onto the host
data bus H0-H7 if HREQ is asserted. In this case, all other HI control pins are ignored and
the state of the HI is not affected. HACK may be programmed as a general purpose I/O
pin called PB14 when the HI is not being used.

10.2.5 Servicing the Host Interface
The HI can be serviced by using one of the following protocols:

1. Polling, or
2. Interrupts, which can be either

a. non-DMA or
b. DMA.

From the host processor viewpoint, the service consists of making a data transfer since
this is the only way to reset the appropriate status bits.

10.2.5.1 HI Host Processor Data Transfer
The HI looks like static RAM to the host processor. Accordingly, in order to transfer data
with the HI, the host processor

1. asserts the HI address (HA0, HA1, HA2) to select the register to be read or
written;

2. asserts HR/W to select the direction of the data transfer;
3. strobes the data transfer using HEN. When data is being written to the HI by

the host processor, the positive-going edge of HEN latches the data in the HI
register selected. When data is being read by the host processor, the nega-
tive-going edge of HEN strobes the data onto the data bus H0-H7.

This process is illustrated inFigure 10-15. The specified timing relationships are given in
the DSP56001 Advance Information Data Sheet (ADI1290). 

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



10- 30 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

10.2.5.2 HI Interrupts Host Request (HREQ)
The host processor interrupts are external and use the HREQ pin. HREQ is normally con-
nected to the host processor maskable interrupt (IPL0 or IPL1 or IPL2 in Figure 10-16)
input. The host processor acknowledges host interrupts by executing an interrupt service
routine. The most significant bit (HREQ) of the ISR may be tested by the host processor
to determine if the DSP is the interrupting device and the two least significant bits (RXDF
and TXDE) may be tested to determine the interrupt source (see Figure 10-17). The host
processor interrupt service routine must read or write the appropriate HI register to clear
the interrupt. HREQ is deasserted when1) the enabled request is cleared or masked, 2)
DMA HACK is asserted, or 3) the DSP is reset.

10.2.5.3 Polling
In the polling mode of operation, the HREQ pin is not connected to the host processor and
HACK must be deasserted to insure DMA data or IVR data is not being output on H0-H7
when other registers are being polled.

The host processor first performs a data read transfer to read the ISR (see Figure 10-17)
to determine, whether:

1. RXDF=1, signifying the receive data register is full and therefore a data read
should be performed.

2. TXDE=1, signifying the transmit data register is empty so that a data write can

HA0 - HA2

HR/W

HEN

H0 - H7

DSP56000

HA0 - HA2

HR/W

HEN

H0 - H7

HREQ

HACK

WRITE READDATA
LATCHED

IN HI

8

3

+5 V

+5 V

Figure  10-15  Host Processor Transfer Timing
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be performed.
3. TRDY=1, signifying the transmit data register is empty and that the receive

data register on the DSP CPU side is also empty so that the data written by
the host processor will be transferred directly to the DSP side.

4. HF2 •  HF3 ≠ 0, signifying an application-specific state within the DSP CPU
has been reached, which requires action on the part of the host processor.

5. DMA=1, signifying the HI is currently being used for DMA transfers. If DMA
transfers are possible in the system, care must be exercised to deactivate
HACK prior to reading the ISR so both DMA data and the contents of ISR are
not simultaneously output on H0- H7.

6. If HREQ=1, the HREQ pin has been asserted, and one of the previous five
conditions exists.

Generally, after the appropriate data transfer has been made, the corresponding status
bit will toggle.

If the host processor has issued a command to the DSP by writing the CVR and setting
the HC bit, it can read the HC bit in the CVR to determine when the command has been
accepted by the interrupt controller in the DSP CPU. When the command has been
accepted for execution, the HC bit will be reset to zero by the interrupt controller in the

2. THE HOST PROCESSOR ASSERTS HACK WITH ITS INTERRUPT 
ACKNOWLEDGE CYCLE.

1K

7 0

DSP56000

A1 - A31

FC0 - FC2

AS

IPL2
IPL1
IPL0

D0 - D7

HREQ

HACK

H0 - H7

IACK
LOGIC

$0F

$3

+5 V

INTERRUPT VECTOR NUMBER
INTERRUPT VECTOR REGISTER (IVR)
(READ/WRITE)

MC68000 1. THE DSP56000 ASERTS HREQ TO INTERRUPT THE HOST PROCESSOR.

3. WHEN HREQ AND HACK ARE SIMULTANEOUSLY ASSERTED, THE 
CONTENTS OF THE IVR ARE PLACED ON THE HOST DATA BUS.

IACK

INTERRUPT
VECTOR 
REGISTER
(IVR)

Figure  10-16  Interrupt Vector Register Read Timing
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10- 32 DSP56000/DSP56001 USER’S MANUAL MOTOROLA

DSP CPU.

10.2.5.4 Servicing Non-DMA Interrupts
When HM0=HM1=0 (i.e., non-DMA) and HREQ is connected to the host processor inter-
rupt input, the HI can request service from the host processor by asserting HREQ. In the
non-DMA mode, HREQ will be asserted when TXDE=1 and/or RXDF=1 and the corre-
sponding mask bit (TREQ or RREQ, respectively) is set. This is depicted in Figure 10-17.

Generally, servicing the interrupt starts with reading the ISR, as described in the previous
section on polling, to determine which DSP has generated the interrupt and why. When
multiple DSPs occur in a system, the HREQ bit in the ISR will normally be read first to
determine the interrupting device. The host processor interrupt service routine must read
or write the appropriate HI register to clear the interrupt. HREQ is deasserted when the
enabled request is cleared or masked.

In the case where the host processor is a member of the MC680XX Family, servicing the
interrupt will start by asserting HREQ to interrupt the processor (see Figure 10-17). The
host processor then acknowledges the interrupt by asserting HACK. While HREQ and
HACK are simultaneously asserted, the contents of the IVR are placed on the host data
bus. This vector will tell the host processor which routine to use to service the HREQ
interrupt.

The HREQ pin is an open-drain output pin so that it can be wire-ORed with the HREQ pins
from other DSP56000/DSP56001 processors in the system. When one of the
DSP56000/DSP56001 processors generates an interrupt request the host processor can
poll the HREQ bit in each of the ISRs to determine which device generated the interrupt.

7 0

HREQ DMA 0 HF3 HF2 TRDY TXDE RXDF

STATUS

ISR

INIT HM1 HM0 HF1 HF0 0 TREQ RREQ

7 0

$3

$2

ICR

MASK

EXCEPTION

HREQ ASSERTED

HREQ

Figure  10-17  HI Interrupt Structure
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10.2.5.5 Servicing DMA Interrupts
When HM0≠0 and/or HM1≠0, HREQ will be asserted to request a DMA transfer. Gener-
ally the HREQ pin will be connected to the REQ input of a DMA controller. The HA0-2,
HEN, and HR/W pins are not used during DMA transfers; DMA transfers only use the
HREQ and HACK pins after the DMA channel has been initialized. HACK is used to strobe
the data transfer as shown in Figure 10-20 where an MC68440 is used as the DMA con-
troller. DMA transfers to and from the HI are considered in more detail in 10.2.6 HI
Application Examples.

10.2.6  HI Application Examples
In the sections that follow, examples of initializing the HI, transferring data with the HI,
bootstrapping via the HI, and performing DMA transfers through the HI are described.

DMA ACK GATED OFF

FAST 56001 INTERRUPT
TO TRANSFER 24-BIT WORD

HIGH
BYTE

MC68440

IRQ

ACK0

+5 V

DSP56001

TO IRQB

+5 V

+5 V

HREQ

HACK

REQ0

CI

QD

A0
A1
AS
OWN

BURST
REQ0

HACK
HIGH
BYTE

MIDDLE
BYTE

LOW
BYTE

1 DMA CYCLE = 8T = 4 DMA CLOCK CYCLES
MAX. MC68440 CLOCK = 10 MHz = > T = 50 ns

Figure  10-18  DMA Transfer Logic and Timing
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10.2.6.1 HI Initialization
Initializing the HI takes two steps (see Figure 10-19). The first step is to initialize the DSP

side of the HI, which requires that the options for interrupts and flags be selected and then
the HI be selected (see Figure 10-20). The second step is for the host processor to clear
the HC bit by writing the CVR, select the data transfer method - polling, interrupts, or DMA
(see figures 10-21 and10-23), and write the IVR in the case of a MC680XX Family host
processor.Figures 10-19 through 10-22 provide a genera description of how to initialize
the HI. Later paragraphs in this section provide more detailed descriptions for specific
examples.These subsections include some code fragments illustrating how to initialize
and transfer data using the HI.

10.2.6.2 Polling/Interrupt Controlled Data Transfer
Handshake  flags are provided lfor polled or  interrupt-driven data transfers.  Because the
DSP interrupt response is sufficiently fast, most host microprocessors can load or store
data at their maximum programmed I/O (non-DMA) instruction rate without testing the
handshake flags for each transfer. If the full handshake is not needed, the host processor
can treat the DSP as fast memory, and data can be transferred between the host and DSP
at the fastest host processor rate. DMA hardware may be used with the external host
request and host acknowledge pins to transfer data at the maximum DSP interrupt rate.

The basic data transfer process from the host processor’s view (see Figure 10-15) is for
the host to

1. Assert HREQ when the HI is ready to transfer data.
2. Assert HACK If the interface is using HACK.
3. Assert HR/W to select whether this operation will read or write a register.
4. Assert the HI address (HA2, HA1, and HA0) to select the register to be read or

STEP 1
THE DSP CPU INITIALIZES THE DSP SIDE OF 
THE HI BY WRITING:
1) HCE AT X:$FFE8 AND
2) PBC AT X:$FFE0

STEP 2
THE HOST PROCESOR INITIALIZES THE 
HOST SIDE OF THE HI BY WRITING:
1) ICR AT $0 AND/OR
2) CVR AT $1 AND/OR
3) IVR AT $3

Figure  10-19  HI Initialization Flowchart
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