SECTION 7
QUEUED SERIAL MODULE

The queued serial module (QSM) provides the microcontroller unit (MCU) with two
serial communication interfaces divided into two submodules: the queued serial
peripheral interface (QSPI) and the serial communications interface (SCI).

The QSPI is a full-duplex, synchronous serial interface for communicating with periph-
erals and other MCUs. It is enhanced by the addition of a queue for receive and
transmit data.

The QSM’s bus interface unit (BIU) is factory configured for each individual microcon-
troller. Refer to the Queued Serial Module Reference Manual, (QSMRM/AD). The
QSM’s response to bus errors and interrupt request functionality are discussed in 7.5
Bus Error Support.

The SCI is a full-duplex universal asynchronous receiver transmitter (UART) serial
interface. The QSPI and SCI submodules operate independently.

This section provides a block diagram, memory map, pin description, and register
descriptions of the QSM, with a breakdown of both the QSPI and SCI submodules.
Operation of the QSPI submodule includes master mode and slave mode. For a
detailed description refer to 7.3.5.1 Master Mode and 7.3.5.4 Slave Mode.

In addition, operation of the SCI submodule is divided into transmit and receive. A
description of these operations is given in 7.4.3 Transmitter Operation and 7.4.4
Receiver Operation. To aid in grasping an understanding of the numerous bits and
fields of the registers that appear throughout the text, a quick reference guide identifies
all bit/field acronyms. (Refer to Table 7-4.)

7.1 Block Diagram

Figure 7-1 depicts the major components of the QSM, which consist of the global reg-
isters, logic control, and the QSPI and SCI submodules. Refer to 7.3 QSPI
Submodule and 7.4 SCI Submodaule for further definition of these components.
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Figure 7-1 QSM Block Diagram

7.1.1 Memory Map

The QSM memory map is comprised of the global registers, the QSPI and SCI control
and status registers, and the QSPI RAM as shown in Figure 7-2. For an accurate loca-
tion of the QSM memory in the MCU memory map, refer to appropriate CPU manual.
The QSM memory map may be divided into two segments: supervisor-only data space
and assignable data space.
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OXYF F400 QSMCR ﬁ

OXYF F402 QTEST SUPERVISOR-ONLY DATA SPACE

OXYF F404 QLR | QIVR v

OXYF F406 RESERVED A

OXYF F408 SCCRO

OXYF F40A SCCR1

OXYF F40C SCSR

OXYF F40E SCDR

OXYF F410 RESERVED

OXYF F412 RESERVED

OXYF F414 | RESERVED PORTQS ASSIGNABLE DATA SPAGE

OxYFF416 PASPAR PDRQS (SUPERVISOR-ONLY OR UNRESTRICTED)

OXYF F418 SPCRO

OXYF F41A SPCR1

OXYF F41C SPCR2

OXYF F41E SPCR3 SPSR
OXYF F420-FF RESERVED
OXYF F500-1F RECEIVE RAM T
OXYF F520-3F TRANSMIT RAM QUEUE RAM
OXYF F540-4F COMMAND RAM y ¢

Y =m111 where m is the modmap bit in the SIM MCR (Y = 0x7 or OxF).
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OXYF FCO0 QSMCR ﬁ
OXYF FCO2 QTEST SUPERVISOR-ONLY DATA SPACE
OXYF FCO4 QLR | QIVR Y
OXYF FCO06 RESERVED A
OXYF FCO8 SCCRO
OXYF FCOA SCCR1
OXYF FCOC SCSR
OXYF FCOE SCDR
OXYF FC10 RESERVED
OXYF FC12 RESERVED
OXYF FC14 | RESERVED PORTQS ASSIGNABLE DATA SPACE
OxYFFC16 PQSPAR DDRQS (SUPERVISOR-ONLY OR UNRESTRICTED)
OXYF FC18 SPCRO
OXYF FC1A SPCR1
OXYF FC1C SPCR?2
OXYF FCAE SPCR3 SPSR
OXYF FC20-FF RESERVED
OXYF FDOO-1F RECEIVE RAM T
OXYF FD20-3F TRANSMIT RAM QUEUE RAM
OXYF FD40-4F COMMAND RAM y ¢

Y =m111 where m is the modmap bit in the SIM MCR (Y = 0x7 or OxF).

Figure 7-3 QSM_A Memory Map

The supervisor-only data space segment contains the QSM global registers. These
registers define parameters needed by the QSM to integrate with the MCU. Access to
these registers is permitted only when the CPU is operating in supervisor mode (CPU
status register, S-bit = 1).

Assignable data space can be either restricted to supervisor-only access or unre-
stricted to both supervisor and user accesses. The supervisor (SUPV) bit in the QSM
module configuration register (QSMCR) designates the assignable data space as
either supervisor or unrestricted. If SUPV is set, then the space is designated as
supervisor-only space. Access is then permitted only when the CPU is operating in
supervisor mode. All attempts to read supervisor data spaces when not in supervisor
mode (CPU status register, S-bit = 0) return a value of zero, and all attempts to write
have no effect. If SUPV is clear, both user and supervisor accesses are permitted. To
clear SUPV in the QSMCR, the CPU must be in supervisor mode (CPU status register,
S-bit = 1). Refer to processing states in the appropriate CPU manual for more informa-
tion on supervisor mode.
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The QSM assignable data space segment contains the submodules, QSPI and SCI
control/status registers, and the QSPI RAM. All registers and RAM may be accessed
on byte, word, and long-word boundaries. The 80 bytes of static RAM are distinct from
the QSM register set. All bytes not used by the QSPI may be used as general-purpose
RAM. When operating, the QSPI submodule uses three non-contiguous blocks of the
80-byte RAM for receive, transmit, and control data. More information on the QSPI
RAM can be found in 7.3.4.6 QSPI RAM.

The contents of most locations in the memory map may be rewritten with the identical
value to that location with one exception. (Refer to 7.3.4.3 QSPI Control Register 2
(SPCR2).) Writing a different value to certain control registers when a submodule
using that register is enabled can cause unpredictable results. For predictable opera-
tion, disable the submodule in an orderly fashion before altering the registers.

7.1.2 SIGNAL DESCRIPTIONS

The QSM has nine external pins, as shown in Figure 7-1. Eight of the pins, if not in
use for their submodule function, can be used as general-purpose 1/O port pins. The
ninth pin, RXD, is an input-only pin used exclusively by the SCI submodule.

The QSM pin control registers — DDRQS, QSM pin assignment register (PQSPAR,
and QSM port data register (PORTQS) — affect pins being used as general-purpose
I/O pins. The QSPI control register 0 (SPCRO0) has one bit that affects seven pins
employed as general-purpose output pins. Within this register the wired-OR mode
(WOMQ) control bit determines whether MISO, MOSI, SCK, and PCS[3:0] function as
open-drain output pins or as normal output pins, regardless of their use as general-
purpose I/O pins or as QSPI output pins. Likewise, the SCI control register 1 (SCCR1)
has one bit that affects the TXD pin when it is employed as a general-purpose output.
In this register the wired-OR mode (WOMS) control bit determines whether TXD func-
tions as an open-drain output pin or a normal output pin, regardless of this pin’s use
as a general-purpose output pin or as an SCI output pin. Refer to 7.2.3 QSM Pin Con-
trol Registers for more information on these registers.

7.1.3 SCI Pins

There are two pins associated with the SCI, the RXD and TXD pins. The SCI pins and
their functions are listed in Table 7-1.

7.1.3.1 RXD — Receive Data

This dedicated input signal furnishes serial data input to the SCI. The RXD pin cannot
be used for general-purpose I/0O.

7.1.3.2 TXD — Transmit Data

This signal is the serial data output from the SCI. TXD is available as a general-pur-
pose |/O pin when the SCI transmitter is disabled. When used as a general-purpose
I/0, TXD may be configured either as input or output as determined by the TXD bit in
the QSM register DDRQS. The state of the TXD bit is ignored while the SCl is enabled.
The TXD pin is enabled for SCI use by the transmitter enable bit (TE) in the SCI control
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register 1 (SCCR1). Refer to 7.4.2.2 SCI Control Register 1 (SCCR1) for more

information.
Table 7-1 External Pin Inputs/Outputs to the SC
Pin Names Mnemonics Mode Function
. Receiver disabled Not used
Receive data RXD Receiver enabled Serial data input to SCI
. Transmitter disabled | General-purpose 1/0
Transmit data XD Transmitter enabled | Serial data output from SCI

7.1.4 QSPI Pins

Seven pins are associated with the QSPI. When not needed for a QSPI application,
they may be configured as general-purpose I/O pins. Table 7-2 identifies the QSPI
pins and their functions. QSM register DDRQS determines whether the pins are des-
ignated as input or output. The user must initialize DDRQS for the QSPI to function
correctly.

7.1.4.1 PCS[3:0] — Peripheral Chip-Selects
These bidirectional signals provide QSPI peripheral chip-selects.

7.1.4.2 SS — Slave Select

Assertion of this bidirectional signal selects the QSPI when in slave mode. This is the
same pin as PCSO.

7.1.4.3 SCK — QSPI Serial Clock

This bidirectional signal furnishes the clock from the QSPI in master mode or furnishes
the clock to the QSPI in slave mode.

7.1.4.4 MISO — Master In Slave Out

This bidirectional signal furnishes serial data input to the QSPI in master mode, and
serial data output from the QSPI in slave mode.

7.1.5 MOSI — Master Out Slave In

This bidirectional signal furnishes serial data output from the QSPI in master mode,
and serial data input to the QSPI in slave mode.
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Table 7-2 External Pin Inputs/Outputs to the QSPI

Pin Names Mnemonics Mode Function
Master Serial Data Input to QSPI
Master In Slave Out MISO Slave Serial Data Output from QSPI
Master Serial Data Output from QSPI
Master Out Slave In MOSI Slave Serial Data Input to QSPI
. Master Clock QOutput from QSPI Clock
1
Serial Clock SCK Slave Input to QSPI
Peripheral Chip-Selects PCS[3:1] Master Outputs Select Peripheral(s)
Peripheral Chip-SeIect2 PCS0/ Master Output Selects Peripheral(s)
Slave Select® SS Slave Input Selects the QSPI
Slave Select* SS Master May Cause Mode Fault
NOTES:
1. All QSPI pins (except SCK) can be used as general-purpose I/O if they are not used by the QSPI while the QSPI
is operating.

2. An output (PCS0) when the QSPI is in master mode.
3. An input (SS) when the QSPl is in slave mode.
4. An input (SS) when the QSPI is in master mode; useful in multimaster systems.

7.2 Configuration and Control

Registers of the QSM are divided into four categories: QSM global registers, QSM pin
control registers, QSPI submodule registers, and SCI submodule registers. The QSPI
and SCI registers are defined in 7.3.4 QSPI Programmer’s Model and Registers
and 7.4.2 SCI Programmer’s Model and Registers, respectively. Writes to unimple-
mented bits have no meaning or effect, and reads from unimplemented bits always
return a logic zero value.

The modmap bit of the system integration module (SIM) module configuration register
(MCR) defines the most significant bit (ADDR23) of the address, shown in each regis-
ter figure as Y (Y = 0x7 or OxF). This bit, concatenated with the rest of the address
given, forms the absolute address of each register.

Table 7-1 is a summary of the registers, bits, and reset states for the full QSM module.

As previously mentioned, Table 7-2 is a quick reference guide to all the bits/fields of
the QSM module. Along with the function, the register and register location of each
bit/field are identified.
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Table 7-3 QSM(B) Register Summary

15 14 13 12 1 10 9 8 7 6 5 4 3 | 2 | 1 | 0
oER s | STOP | FRz1 | FRZO | 0 0 0 0 o |supv| o 0 0 IARB
RESET: 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
LA 0 0 0 0 0 0 0 0 0 0 0 | TSBD |SYNC|TQSM| TMM
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
QALAVE | o 0 ILQSPI ILSCI INTV
RESET: 0 0 0 | 0 | 0 0 | 0 | 0 0 | 0 | 0 0 | 1 | 1 | 1 | 1
OXYF F406 RESERVED
oo | o 0 0 SCBR
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
ovimta | o [LooPs\woms| ILT | PT | PE | M |WAKE| TIE | TCIE | RE | ILE | TE | RE | RWU | SBK
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCSR 0 0 0 0 0 0 o |TORE| TC |RORF| RAF | IDLE| OR | NF | FE | PF
OXYF F40C
RESET: 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
o E | o 0 0 0 0 0 o |ReTs | R7/T7 | RerTs | R5/T5 | Ra/T4 | R3/T3 | R2/T2 | R1/T1 | RoO/TO
RESET: 0 0 0 0 0 0 0 U U U U U U U U U
OXYF F410 RESERVED
OXYF F412 RESERVED
PORTQS | o o o o o o o |DATA7[DATA6[DATAS [ DATA4[ DATAS [DATA2[DATA1[DATAO
OXYF F414 (TXD) |(PCS3)|(PCS2)|(PCS1) |(PCS0%)| (SCK) |(MOSI) | (MISO)
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PQS-
PAR/DDRQS| 0 |Pcs3|Pcs2|Pcst|Pcsor| o | Mosi|Miso | TXD | PCs3 | PCS2 | PCS1 | PCSO* | SCK | MOSI | MISO
OXYF F416
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o B0 o | MsTR [woma BITS CPOL | GPHA SPBR
RESET: 0 0 0 | 0 | 0 | 0 0 1 0 | 0 | 0 0 | 0 | 1 | 0 | 0
oA | sPE DSCKL DTL
RESET: 0 0 0 0 0 | 1 | 0 | 0 0 0 0 0 0 | 1 | 0 | 0
o |SPIFIE|WREN|WRTO | 0 ENDQP 0 0 0 0 NEWQP
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 | 0 | 0
SPCR3/SPS Loop
R 0 0 0 0 0 2P | HMIE | HALT | SPIF | MODF [HALTA| 0 CPTQP
OXYF F41E
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 | 0 | 0
R
RECEIVE
oy o QSPI RECEIVE DATA (16 WORDS)
OXYF F51F
TRANSMIT
oy P20 QSPI TRANSMIT DATA (16 WORDS)
OXYF F53F
COMMAND
oy m he4o_ | CONT | BITSE| DT | DSCK | PCS3 | PCS2 | PCS1 | PCSO* | CONT | BITSE | DT | DSCK | PCS3 | PCS2 | PCS1 | PCSO*
OXYF F54F
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Table 7-4 QSM(A) Register Summary

15 14 13 12 1 10 9 8 7 6 5 4 3 [ 2 [ 1 ] o
oM, | sTOP | FRZ1 | FRZO | 0 0 0 0 o |supv| o 0 0 IARB
RESET: 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
o | 0 0 0 0 0 0 0 0 0 0 0 0 | TSBD | SYNC | TQSM | TMM
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
QLRAVE | o 0 ILQSPI ILSCI INTV
RESET: 0 0 o [ o] o o [ o] o o [ o] o 0 IR
OXYF FC06 RESERVED
ovirces | O | O | o SCBR
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
o hoba | 0 [LOOPS|woms| ILT | PT | PE | M |WAKE| TIE | TCIE | RIE | ILE | TE | RE | RWU | SBK
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCSR 0 0 0 0 0 0 o |TORE| TC |RORF| RAF | IDLE| OR | NF | FE | PF
OXYF FCOC
RESET: 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
o PeE | 0 0 0 0 0 0 0 | Re/Ts | R7/T7 | Re/T6 | R5/T5 | R4T4 | RT3 | R2/T2 | R1/T1 | RO/TO
RESET: 0 0 0 0 0 0 0 U U U U U U U U U
OXYF FC10 RESERVED
OXYF FC12 RESERVED
PORTQS | o o o o o o o |DATA7[DATA6[DATAS[DATA4[ DATAS [ DATA2[DATA1]DATAO
OXYF FC14 (TXD) |(PCS3)|(PCS2)|(PCS1) |(PCS0%)| (SCK) |(MOSI) | (MISO)
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PQS-
PAR/DDRQS| 0 |Pcs3|Pcs2|Pcst|Pcsor| o | Mosi|Miso | TXD | PCs3 | PCS2 | PCS1 | PCSO* | SCK | MOSI | MISO
OXYF FC16
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
oV i0 o | MSTR |woma BITS CPOL | GPHA SPBR
RESET: 0 0 0 | 0 | 0 | 0 0 1 0 | 0 | 0 0 0 | 1 | 0 | 0
orr st o | sPE DSCKL DTL
RESET: 0 0 0 0 o | 1 [ oo 0 0 0 0 o [ 1t ] oo
SPCR2 | spiFiE| WREN |WRTO| 0 ENDQP 0 0 0 0 NEWQP
OXYF FC1C
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 o [ o] oo
SPCR3/SPS LOOP
R 0 0 0 0 0 5" | HMIE | HALT | SPIF | MODF [HALTA| 0 CPTQP
OXYF FG1E
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 o [ o] oo
R
RECEIVE
Ve Eho0- QSPI RECEIVE DATA (16 WORDS)
OXYF FD1F
TRANSMIT
Vi QSPI TRANSMIT DATA (16 WORDS)
OXYF FD3F
COMMAND
v Pbao | CONT |BITSE | DT | DSCK | PCS3 | PCS2 | PCS1 |PCSO* | CONT |BITSE | DT | DSCK | PCS3 | PCS2 | PCS1 | PCSO*
OXYF FD4F
Y =m111, where m is the modmap bit in the module configuration register for the SIM (Y = 0x7 or OxF).
* The PCSO bit listed above represents the dual-function PCS0/SS.
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Table 7-5 Bit/Field Quick Reference Guide

Bit/Field Mnemonic Function Register Register Location
SPBR Serial Clock Baud Rate SPCRO QSPI
BITS Bits Per Transfer SPCRO QSPI
BITSE Bits Per Transfer Enable QSPI RAM QSPI
SCBR Baud Rate SCCRO SCI
CONT Continue QSPI RAM QSPI
CPHA Clock Phase SPCRO QSPI
CPOL Clock Polarity SPCRO QSPI

CPTQP Completed Queue Pointer SPSR QSPI
DSCK (P)Ieorg(h(esrgd}geé)eeclgsmp (PSC) to Serial QSPI RAM QSPI
DSCKL Delay before Serial Clock (SCK) SPCR1 QSPI
DT Delay after Transfer QSPI RAM QSPI
DTL Length of Delay after Transfer SPCR1 QSPI
ENDQP Ending Queue Pointer SPCR2 QSPI
FE Framing Error Flag SCSR SCI
FRZ[1:0] Freeze1-0 QSMCR QSM
HALT Halt SPCR3 QSPI
HALTA Halt Acknowledge Flag SPSR QSPI
Halt Acknowledge Flag (HALTA) and
HMIE Mode Fault Flag (MODF) Interrupt SPCR3 QSPI
Enable
IARB :\Tltjenr]rttjg Arbitration Identification QSMCR QsM
IDLE Idle Line Detected Flag SCSR SCl
ILIE Idle Line Interrupt Enable SCCR1 SCI
ILQSPI Interrupt Level for QSPI QILR QSM
ILSCI Interrupt Level of SCI QILR QSM
ILT Idle Line Detect Type SCCR1 SCI
INTV Interrupt Vector QIVR QSM
LOOPS SCI Loop Mode SCCR1 SCI
LOOPQ QSPI Loop Mode SPCR3 QSPI
M Mode Select (8/9 Bit) SCCR1 SCI
MISO Master In Slave Out DDRPé)SS/IE(A)E{I'QS QSM
MODF Mode Fault Flag SPSR QSPI
MOSI Master Out Slave In DDRPé)SS/E(A)II:{I'QS QSM
MSTR Master/Slave Mode Select SPCRO QSPI
NEWQP New Queue Pointer Value SPCR2 QSPI
NF Noise Error Flag SCSR SCI
OR Overrun Error Flag SCSR SCI
PCS0/SS Peripheral Chip-Select/Slave Select DDRPé)SS/IE(ADE{I'QS QSM
MC68377 QUEUED SERIAL MODULE MOTOROLA
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Table 7-5 Bit/Field Quick Reference Guide (Continued)

Bit/Field Mnemonic Function Register Register Location
PCS[3:1] Peripheral Chip-Selects DDRPé)SS/IE(ADE{I'QS QSM
PE Parity Enable SCCR1 SCI
PF Parity Error Flag SCSR SCI
PT Parity Type SCCR1 SCI
R[8:0] Receive 8-0 SCDR SClI
RAF Receiver Active Flag SCSR SCI
RDRF Receive Data Register Full Flag SCSR SCI
RE Receiver Enable SCCR1 SCI
RIE Receiver Interrupt Enable SCCR1 SCI
RWU Receiver Wakeup SCCR1 SCI
SBK Send Break SCCR1 SCI
SCK Serial Clock DDRQS/PORTQS QSM
SPE QSPI Enable SPCRH1 QSPI
SPIF QSPI Finished Flag SPSR QSPI
SPIFIE SPI Finished Interrupt Enable SPCR2 QSPI
STOP Stop QSMCR QSM
SUPV Supervisor/Unrestricted QSMCR QSM
SYNC SCI Baud Clock Sync Signal QTEST QSM
T[8:0] Transmit 8-0 SCDR SClI
TC Transmit Complete Flag SCSR SCI
TCIE Transmit Complete Interrupt Enable SCCR1 SCI
TDRE Transmit Data Register Empty Flag SCSR SCI
TE Transmit Enable SCCR1 SCI
TIE Transmit Interrupt Enable SCCR1 SCI
TMM Test Memory Map QTEST QSM
TQSM Test QSM Enable QTEST QSM
TSBD SPI Test Scan Path Select QTEST QSM
TXD Transmit Data DDRQS/PORTQS QSM
WAKE Wakeup Type SCCR1 SCI
WwOoMQ Wired-OR Mode for QSPI Pins SPCRO QSPI
WOMS Wired-OR Mode for SCI Pins SCCR1 SCI
WREN Wrap Enable SPCR2 QSPI
WRTO Wrap To Select SPCR2 QSPI

7.2.1 Overall QSM Configuration Summary

After reset, the QSM remains in an idle state, requiring initialization of several registers
before any serial operations may begin execution. The following registers, fields, and
bits are fully described later in this section. A general sequence guide for initialization
follows:

* QSMCR (refer to 7.2.2.1 QSM Configuration Register (QSMCR)

MC68377 QUEUED SERIAL MODULE MOTOROLA
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This register must be initialized to properly configure:
| T|

* Interrupt arbitration identification number used by the entire QSM module

* Supervisor/unrestricted bit (SUPV)

* FREEZE and/or STOP configuration; which should remain cleared to zero for nor-
mal operation.

* QIVR and QILR (refer to 7.2.2.2 QSM Interrupt Level Register (QILR) and

These registers are written to choose the base vector number for the entire QSM mod-
ule and individual interrupt levels for the QSPI and SCI submodules.

PORTQS and DDRQS (refer to 7.2.3.1 QSM Port Data Register (PORTQS) and
7.2.3.3 QSM Data Direction Register (DDRQS)

The pin control registers should be initialized in the order PORTQS and then DDRQS,
thus establishing the default state and direction of the QSM pins.

For configuration of the QSPI submodule, initialize as follows:

* RAM (refer to 7.3.4.6 QSPI RAM)
* PQSPAR (refer to 7.2.3.2 QSM Pin Assignment Register (PQSPAR)

Assignment of appropriate pins to the QSPI must be made with this register.

* SPCRO (refer to 7.3.4.1 QSPI Control Register 0 (SPCRO0)

The system designer must choose a transfer rate (baud) for operation in master mode,
an appropriate clock phase, clock polarity, and the number of bits to be transferred in
a serial operation. Master/slave mode select (MSTR) must be set to configure the
QSPI for master mode or cleared to configure operation in slave mode. WOMQ should
be set to enable or cleared to disable wired-OR mode operation.

* SPCR1 (refer to 7.3.4.2 QSPI Control Register 1 (SPCR1)
— SPE must be set to enable the QSPI; this register should be written last.
— DTL allows the user to program a delay after any serial transfer, which is in-
voked by the DT bit for any serial transfer.
— DSCKL allows the user to set a delay before SCK (after PCS valid), which is
invoked by the DSCK bit for any transfer.
* SPCR2 (refer to 7.3.4.3 QSPI Control Register 2 (SPCR2)
— NEWQP and ENDQP, respectively, determine the beginning of a queue and
the number of serial transfers (up to 16) to be considered a complete queue.
— WREN is set to enable queue wraparound, and WRTO helps determine the
address used in wraparound mode.
— SPIFIE is set to enable interrupts when SPIF is asserted.
* SPCRS (refer to 7.3.4.4 QSPI Control Register 3 (SPCR3)

HALT may be used for program debug, and HMIE is set to enable CPU interrupts
when HALTA or MODF is asserted; LOOPQ is set only to enable a feedback loop that
can be used for self-test mode.

For configuration of the SCI submodule, initialize as follows:

* SCCRO (refer to 7.4.2.1 SCI Control Register 0 (SCCRO)

MC68377 QUEUED SERIAL MODULE MOTOROLA
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The system designer must choose a transfer rate (baud) for serial transfer operation.
| T|

* SCCRH1 (refer to 7.4.2.2 SCI Control Register 1 (SCCR1)

— The type of serial frame (8- or 9-bit) and the use of parity must be determined
by M, PE, and PT.

— For receive operation, the system designer must consider use and type of
wakeup (WAKE, RWU, ILT, ILIE). The receiver must be enabled (RE) and,
usually, RIE should be set.

— For transmit operation, the transmitter must be enabled (TE) and, usually, TIE
should be set. The use of wired-OR mode (WOMS) must also be decided.
Once the transmitter is configured, data is not sent until TDRE and TC are
cleared. To clear TDRE and TC, the SCSR read must be followed by a write to
SCDR (either the lower byte or the entire word).

7.2.2 QSM Global Registers

The QSM global registers contain system parameters used by both the QSPI and the
SCI submodules. These registers define parameters used by the QSM to interface
with the CPU and other system modules. The four global registers are listed in Table
7-6.

Table 7-6 QSM Global Registers

Address Name Usage
OxYF FCO00 QSMCR QSM Configuration Register
OxYF FC02 QTEST QSM Test Register
OxYF FC04 QILR QSM Interrupt Level Register
OxYF FCO05 QIVR QSM Interrupt Vector Register

7.2.2.1 QSM Configuration Register (QSMCR)

QSMCR contains parameters for interfacing to the CPU and the intermodule bus
(IMB). This register can be modified only when the CPU is in supervisor mode.

QSMCR(B) — QSM Configuration Register OxYF F400
QSMCR(A) 0xYF FCO00
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
\ STOP ‘FRZ1 \ RESERVED ‘SUPV‘ RESERVED IARB \
RESET:
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
MC68377 QUEUED SERIAL MODULE MOTOROLA
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Table 7-7 QSMCR(A,B) Bit Settings

Bit(s)

Name

Description

15

STOP

Stop enable. STOP places the QSM into a low power state by disabling the system clock
in most parts of the module. QSMCR is the only register guaranteed to be readable while
STOP is asserted. The QSPI RAM is not readable; however, writes to RAM or any reg-
ister are guaranteed valid while STOP is asserted. STOP may be negated by the CPU
and by reset.

The system software must stop each submodule before asserting STOP to avoid com-
plications at restart and to avoid data corruption. The SCI submodule receiver and
transmitter should be disabled, and the operation should be verified for completion
before asserting STOP. The QSPI submodule should be stopped by asserting the HALT
bit in SPCR3 and by asserting STOP after the HALTA flag is set.

0 = Normal QSM clock operation

1 = QSM clock operation stopped

14

FRZ1

Freeze1 bit. FRZ1 determines what action is taken by the QSM when the FREEZE signal
of the IMB is asserted. FREEZE is asserted whenever the CPU enters the background
mode.

WARNING: Ignoring the FREEZE signal can cause unpredictable results in the back-
ground mode operation of the QSM, because the CPU is unable to service interrupt
requests in this mode. If FRZ1 equals one when the FREEZE line is asserted, the QSM
comes to an orderly halt on a transfer boundary as if HALT had been asserted. The out-
put pins continue to drive their last state. Once the FREEZE signal is negated, the QSM
module restarts automatically.

0 = Ignore the FREEZE signal on the IMB

1 = Halt the QSM (on transfer boundary)

13:8

Reserved

SUPV

Supervisor/unrestricted. All registers in the QSM are placed in supervisor-only space.
For any access from within user mode, address acknowledge (AACK) is not returned and
the bus cycle is transferred externally. SUPV defines the assignable QSM registers as
either supervisor-only data space or unrestricted data space.

0 = Assigned registers are unrestricted (user access allowed)

1 = Assigned registers are restricted (only supervisor access allowed)

6:4

Reserved

3:0

IARB

Interrupt arbitration identification number. Each module that generates interrupts, includ-
ing the QSM, must have an IARB field. The value in this field is used to arbitrate for the
IMB when two or more modules generate simultaneous interrupts of the same priority
level. No two modules can share the same IARB value. The reset value of the IARB field
is 0x0, which prevents the QSM from arbitrating during an interrupt acknowledge cycle
(IACK). The IARB field should be initialized by system software to a value between OxF
(highest priority) and 0x1 (lowest priority). Otherwise, any interrupts generated are iden-

tified by the CPU as spurious.
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7.2.2.2 QSM Interrupt Level Register (QILR)
QILR(B) — QSM Interrupt Level Register

QILR(A) OxYF FC04
15 14 13 11 10 9 8 7 0
‘ RESERVED ‘ ILQSPI ‘ ILSCI ‘ QIVR*
RESET:
0 0 0 0 0 0 0

* QIVR — QSM Interrupt Vector Register

Table 7-8 QILR(A,B) Bit Settings

Bit(s)

Name

Description

15:14

Reserved

13:11

ILQSPI

Interrupt level for QSPI. ILQSPI determines the priority level of all QSPI interrupts. This
field should be programmed to a value between 0x0 (interrupts disabled) and 0x7 (high-
est priority). If both the QSPI and the SCI modules contain the same priority level (not
equal to zero) and both modules simultaneously request interrupt servicing, the QSPI is
given priority.

10:8

ILSCI

Interrupt level of SCI. ILSCI determines the priority level of all SCI interrupts. This field
should be programmed to a value between 0x0 (interrupts disabled) and 0x7 (highest
priority).

7:0

QIVR

QSM interrupt vector register. See Table 7-9.

7.2.2.3 QSM Interrupt Vector Register (QIVR)

At reset, QIVR is initialized to 0xOF, which corresponds to the uninitialized interrupt
vector in the exception table. This vector is selected until QIVR is written. QIVR should
be programmed to one of the user-defined vectors (0x40 — OxFF) during initialization

of the QSM.
QIVR(B) — QSM Interrupt Vector Register 0xYF F404
QIVR(A) OxYF FC04
15 8 7 6 5 4 3 2 1 0
‘ QILR* ‘ INTV[7:0] ‘
RESET:
0 0 0 0 1 1 1 1

* QILR — QSM Interrupt Level Register

Table 7-9 QIVR(A,B) Bit Settings

Bit(s)

Name

Description

15:8

QILR

QSM interrupt level register. See Table 7-8.

7:0

INTV[7:0]

Interrupt level for QSPI. After initialization, QIVR determines which two vectors in the
exception vector table are to be used for QSM interrupts. The QSPI and SCI submodules
have separate interrupt vectors adjacent to each other. Both submodules use the same
interrupt vector with the least significant bit (LSB) determined by the submodule causing
the interrupt. The value of INTVO used during an IACK cycle is supplied by the bus inter-
face unit (BIU). During an IACK, INTV[7:1] are driven on the DATA[7:1] lines. The INTVO
drives line DATAO with a zero for an SCl interrupt and with a one for a QSPI interrupt.
Writes to INTVO have no meaning or effect. Reads of INTVO return a value of one.

0 = (INVTO setting) SCI generates an interrupt

1 = (INVTO setting) QSPI generates an interrupt
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7.2.3 QSM Pin Control Registers

Table 7-6 identifies the three pin control registers of the QSM. The QSM determines
the use of nine pins, eight of which form a parallel port on the MCU. Although these
pins are used by the serial subsystems, any pin may alternately be assigned as gen-
eral-purpose I/O on a pin by pin basis. For use of these pins as general-purpose |I/O,
they must not be assigned to the QSPI submodule in register PQSPAR. To avoid
briefly driving incorrect data, the first byte to be output should be written before register
DDRQS is configured for any output pins. DDRQS should then be written to determine
the direction of data flow on the pins and to output the value contained in register
PORTQS for all pins defined as outputs. Subsequent data for output is then written to
PORTQS.

Table 7-10 QSM Pin Control Registers

Address Name Usage
OxYF FC15 PORTQS QSM Port Data Register
OxYF FC16 PQSPAR QSM Pin Assignment Register
OxYF FC17 DDRQS QSM Data Direction Register

7.2.3.1 QSM Port Data Register (PORTQS)

PORTQS determines the actual input or output value of a QSM port pin if the pin is
defined in PQSPAR as general-purpose 1/O. All QSM port pins may be used as gen-
eral-purpose I/0. Writes to this register affect the pins defined as outputs; reads of this
register return the actual value of the pins.

PORTQS(A) — QSM Port Data Register OxYF F414
PORTQS(B) OxYF FC14
15 7 6 5 4 3 2 1 0
RESERVED DATA7 | DATA6 | DATA5 DATA4 DATA3 | DATA2 DATA1 DATAO
(TXD) (PCS3) | (PCS2) (PCS1) |[(PCS0/SS)| (SCK) (MOSI) (MISO)
RESET:
0 0 0 0 0 0 0 0

7.2.3.2 QSM Pin Assignment Register (PQSPAR)

PQSPAR determines which of the QSPI pins, with the exception of the SCK pin, are
actually used by the QSPI submodule, and which pins are available for general-pur-
pose I/0. Pins may be assigned to the QSPI or to function as general-purpose 1/0 on
a pin-by-pin basis. QSPI pins designated by PQSPAR as general-purpose I/O are con-
trolled only by DDRQS and PORTQS and the QSPI has no effect on these pins.
PQSPAR does not affect the operation of the SCI submodule.
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PQSPAR(B) — QSM Pin Assignment Register OxYF F416 | _I
| R

PQSPAR(A) OXYF FC16
15 14 13 12 11 10 9 8 7 0
|Reservep| Pos3 | Pcs2 | Pest | PCSO/SS |Reserven| MosI | Miso | DDRQS* |

RESET:
0 0 0 0 0 0 0 0

*QSM data direction register

Table 7-11 PQSPAR(A,B) Bit Settings

Bit(s) Name Description
15 — Reserved
14:12 PCS[3:1] Peripheral chip-selects.

Peripheral chip-select O/slave select.These bits determine whether the associated QSM

1 PCSO0/SS port pins function as general-purpose I/O pins or are assigned to the QSPI submodule.
10 — Reserved
Master out, slave in/master in, slave out. These bits determine whether the associated
9:8 MOSI/MOSO | QSM port pin functions as a general-purpose I/O pin or is assigned to the QSPI
submodule.
7:0 DDRQS Data direction register. See See Table 7-12.

7.2.3.3 QSM Data Direction Register (DDRQS)

DDRQS sets each 1/O pin, except for TXD, as an input or an output regardless of
whether the QSPI submodule is enabled or disabled. All QSM pins are configured dur-
ing reset as general-purpose inputs. (The QSPI and SCI are disabled.) The RXD pin
remains an input pin dedicated to the SCI submodule and does not function as a gen-
eral-purpose /O pin.

DDRQS(B) — QSM Data Direction Register OxYF F416
DDRQS(A) OxYF FC16
15 8 7 6 5 4 3 2 1 0
‘ PQSPAR* ‘ TXD ‘ PCS3 ‘ PCS2 ‘ PCS1 ‘ PCS0/SS ‘ SCK ‘ MOSI ‘ MISO ‘
RESET:
0 0 0 0 0 0 0 0

* PQSPAR — QSM Pin Assignment Register
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Table 7-12 DDRQS(A,B) Bit Settings

Bit(s) Name Description
15:8 PQSPAR Pin assignment register. See Table 7-11.
Transmit data. This bit determines the direction of the TXD pin (input or output), only if
7 TXD the SCI transmitter is disabled. If the SCI transmitter is enabled, the TXD bit is ignored,
and the TXD pin is forced to function as an output.
6:4 PCS[3:1] Peripheral chip-selects.
PCS0/SS Peripheral chip-select 0/slave select.
SCK Serial clock.
MOSI Master out, slave in.
Master in, slave out. Refer to 7.3.5.4 Slave Mode for additional details on this pin. All of
the above bits determine the QSPI port pin operation to be input or output.
0 MOSO
0 = Input
1 = Output

7.3 QSPI Submodule

The QSPI submodule communicates with external peripherals and other MCUs via
synchronous serial bus. The QSPI is fully compatible with the serial peripheral inter-
face (SPI) systems found on other Motorola devices such as the M68HC11 and
M68HCO05 families. It has all of the capabilities of the SPI system as well as several
new features. The following paragraphs describe the features, block diagram, pin
descriptions, programmer’s model (memory map) inclusive of registers, and the mas-
ter and slave operation of the QSPI.

7.3.1 Features

Standard SPI features are listed below, followed by a list of the additional features
offered on the QSPI:

* Full-duplex, three-wire synchronous transfers

* Half-duplex, two-wire synchronous transfers

* Master or slave operation

* Programmable master bit rates

* Programmable clock polarity and phase

* End-of-transmission interrupt flag

* Master-master mode fault flag

* Easily interfaces to simple expansion parts (A/D converters, EEPROMS, display

drivers, etc.)

QSPIl-enhanced features are as follows:

* Programmable queue — up to 16 preprogrammed transfers
* Programmable peripheral chip-selects — four pins select up to 16 SPI chips
* Wraparound transfer mode — for autoscanning of serial A/D (or other) peripher-

als, with no CPU overhead

* Programmable transfer length — from 8-16 bits inclusive

* Programmable transfer delay — from 1 ps to 0.5 ms (at 16.78 MHz)
* Programmable queue pointer

* Continuous transfer mode — up to 256 bits
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7.3.1.1 Programmable Queue

A programmable queue allows the QSPI to perform up to 16 serial transfers without
CPU intervention. Each transfer corresponds to a queue entry containing all the infor-
mation needed by the QSPI to independently complete one serial transfer. This unique
feature greatly reduces CPU/QSPI interaction, resulting in increased CPU and system
throughput.

7.3.1.2 Programmable Peripheral Chip-Selects

Four peripheral chip-select pins allow the QSPI to access up to 16 independent periph-
erals by decoding the four peripheral chip-select signals. Up to four independent
peripherals can be selected by direct connection to a chip-select pin. The peripheral
chip-selects simplify interfacing to two or more serial peripherals by providing dedi-
cated peripheral chip-select signals, alleviating the need for CPU intervention.

7.3.2 Wraparound Transfer Mode

Wraparound transfer mode allows automatic, continuous re-execution of the prepro-
grammed queue entries. Newly transferred data replaces previously transferred data.
Wraparound simplifies interfacing with A/D converters by automatically providing the
CPU with the latest A/D conversions in the QSPI RAM. Consequently, serial peripher-
als appear as memory-mapped parallel devices to the CPU.

7.3.2.1 Programmable Transfer Length

The number of bits in a serial transfer is programmable from eight to 16 bits, inclusive.
For example, ten bits could be used for communicating with an external 10-bit A/D
converter. Likewise, a vacuum fluorescent display driver might require a 12-bit serial
transfer. The programmable length simplifies interfacing to serial peripherals that
require different data lengths.

7.3.2.2 Programmable Transfer Delay

An inter-transfer delay may be programmed from approximately one to 500 ps (using
a 16.78-MHz system clock). For example, an A/D converter may require time between
transfers to complete a new conversion. The default delay is one ps (17 clocks at
16.78-MHz). The programmable length of delay simplifies interfacing to serial periph-
erals that require delay time between data transfers.

7.3.2.3 Programmable Queue Pointer

The QSPI has a pointer that identifies the queue location containing the data for the
next serial transfer. The CPU can switch from one task to another in the QSPI by writ-
ing to the queue pointer, changing the location in the queue that is to be transferred
next. Otherwise, the pointer increments after each serial transfer. By segmenting the
queue, multiple-task support can be provided by the QSPI.
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7.3.2.4 Continuous Transfer Mode

The continuous transfer mode allows the user to send and receive an uninterrupted bit
stream with a peripheral. A minimum of 8 bits and a maximum of 256 bits may be trans-
ferred in a single burst without CPU intervention. Longer transfers are possible;
however, minimal CPU intervention is required to prevent loss of data. A one-us pause
(using a 16.78-MHz system clock) is inserted between each queue entry transfer.

7.3.3 Block Diagram
Figure 7-4 provides a block diagram of the QSPI submodule components.
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Figure 7-4 QSPI Submodule Diagram
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The programmer’s model (memory map) for the QSPI submodule consists of the QSM
global and pin control registers (refer to 7.2.2 QSM Global Registers and 7.2.3 QSM
Pin Control Registers), four QSPI control registers, one status register, and the 80-
byte QSPI RAM. Table 7-13 lists the registers and the QSPI RAM of the programmer's
model. All of the registers and RAM can be read and written by the CPU. The four con-
trol registers must be initialized in proper order before the QSPI is enabled to ensure
defined operation. Only the control registers must adhere to the order of sequence pre-
scribed in 7.2.1 Overall QSM Configuration Summary. Write register SPCR1 last
when setting up the QSPI, as this register contains the QSPI enable bit (SPE). Assert-
ing this bit starts the QSPI. QSPI control registers are reset to a defined state and may
then be changed by the CPU. Reset values are shown below each register.

7.3.4 QSPI Programmer’s Model and Registers
| ol

Table 7-13 QSPI Registers

Address Name Usage

S:JE IE?JTISS % ((i; SPCRO QSPI Control Register 0
8)’((;(":: Ifélf‘-\ 2((2)) SPCR1 QSPI Control Register 1
8)’(‘\2':: Eélg [II)) Ei)) SPCR2 QSPI Control Register 2

S:JE Eé:lé ((i)) SPCR3 QSPI Control Register 3

S:JE Eéli E‘f\)) SPSR QSPI Status Register
8)’((;(::: Eg%%j'; ((EAi)) RAM QSPI Receive Data (16 Words)
8:3(('5 Egg%igi ((i)) RAM QSPI Transmit Data (16 Words)
8)’((;(::: Egj%j{'; ((EAi)) RAM QSPI Command Control (8 Words)

In general, rewriting the same value into a control register does not affect the QSPI
operation with the exception of NEWQP (bits [3:0]) in SPCR2. Rewriting the same
value to these bits causes the RAM queue pointer to restart execution at the desig-
nated location.

If control bits are to be changed, the CPU should halt the QSPI first. With the exception
of SPCR2, writing a different value into a control register while the QSPI is enabled
may disrupt operation. SPCR2 is buffered, preventing any disruption of the current
serial transfer. After completion of the current serial transfer, the new SPCR2 values
become effective.

7.3.4.1 QSPI Control Register 0 (SPCRO0)

SPCRO contains parameters for configuring the QSPI before it is enabled. Although
the CPU can read and write this register, the QSM has read-only access.
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SPCRO(B) — QSPI Control Register 0 OxYF F418 | Tl

SPCRO(A) OxYF FC18
15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| MSTR | woma | BITS | cPoL |cPHA| SPBR |
RESET:
0 0 o o o o 0o 1 o o o o 0o 1 o o

Table 7-14 SPCRO(A,B) Bit Descriptions

Bit(s) Name Description

Master/slave mode select. MSTR configures the QSPI for either master or slave mode opera-
tion. This bit is cleared on reset and may only be written by the CPU, not the QSM.

0 = QSPI is a slave device, and only responds to externally generated serial transfers.

1 = QSPI is system master and can initiate transmission to external SPI devices.

15 MSTR

Wired-OR mode for QSPI pins. WOMQ allows the QSPI pins to be wire-ORed, regardless of

whether they are used as general-purpose outputs or as QSPI outputs. WOMQ affects the QSPI

pins whether the QSPI is enabled or disabled. This bit does not affect the SCI submodule trans-

14 WOMQ | mit (TXD) pin, which has its own WOMS bit in an SCI control register.

0 = Output pins have normal outputs instead of open-drain outputs.

1 = All QSPI port pins designated as output by DDRQS function as open drain outputs and can
be wire-ORed to other external lines.

Bits per transfer. In master mode, BITS determines the number of data bits transferred for each
serial transfer in the queue that has the command control bit (BITSE of the QSPI RAM) equal to
one. If BITSE equals zero for a command, eight bits are transferred for that command regardless
of the value in BITS. Data transfers from eight to 16 bits are supported. lllegal (reserved) values
all default to 8 bits. BITSE is not used in slave mode. All transfers are of the length specified by
BITS.

0000 = 16 bits

0001 = Reserved

0010 = Reserved

0011 = Reserved

13:10 BITS 0100 = Reserved

0101 = Reserved

0110 = Reserved

0111 = Reserved

1000 = 8 bits
1001 = 9 bits
1010 = 10 bits
1011 = 11 bits
1100 = 12 bits
1101 = 13 bits
1110 = 14 bits
1111 = 15 bits

Clock polarity. CPOL is used to determine the inactive state value of the serial clock SCK).
CPOL is used in conjunction with CPHA to produce the desired clock-data relationship between
master and slave device(s). QSPI clock/data timing relationships are specified in individual

9 CPOL ) X
microcontroller user's manuals.
0 = The inactive state value of SCK is low
1 = The inactive state value of SCK is high
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Table 7-14 SPCRO(A,B) Bit Descriptions (Continued)

Bit(s)

Name

Description

CPHA

Clock phase. CPHA determines which edge of SCK causes data to change and which edge of
SCK causes data to be captured. CPHA is used in conjunction with CPOL to produce the desired
clock-data relationship between master and slave device(s). CPHA is set at reset.

0 = Data is captured on the leading edge of SCK and changed on the following edge of SCK.
1 = Data is changed on the leading edge of SCK and captured on the following edge of SCK.

7:0

SPBR

Serial clock baud rate. The QSPI internally generates the baud rate for SCK, the frequency of
which is programmable by the user. The clock signal is derived from the MCU system clock
using a modulus counter. At reset, BAUD is initialized to a 2.1-MHz SCK frequency (16.78-MHz
system clock).

The user programs a baud rate for SCK by writing a baud value from two to 255. The following
equation determines the SCK baud rate:

SCK Baud Rate = System Clock / (2 * SPBR)
or

SPBR = System Clock / (2 * SCK Baud Rate Desired)
where SPBR equals 2, 3, 4,..., 255.

Programming SPBR with the values zero or one disables the QSPI baud rate generator. SCK is
disabled and assumes its inactive state value. No serial transfers occur. SPBR has 254 active
values. See Table 7-14 for examples of serial clock frequencies.

Table 7-15 Examples of SCK Frequencies

System Clock Required Value of Actual
Frequency Division Ratio SPBR SCK Frequency

4 2 4.19 MHz
8 4 2.10 MHz
16 8 1.05 MHz

16.78 MHz 34 17 493 kHz
168 84 100 kHz

510 255 33 kHz

7.3.4.2 QSPI Control Register 1 (SPCR1)

SPCR1 contains parameters for configuring the QSPI before it is enabled. Although
the CPU can read and write this register, the QSM has read access only, except for
SPE. This bit is automatically cleared by the QSPI after completing all serial transfers
or when a mode fault occurs.

SPCR1(B) — QSPI Control Register 1 OxYF F41A
SPCR1(A) OxYF FC1A
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ SPE ‘ DSCKL ‘ DTL ‘
RESET
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
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Table 7-16 SPCR1_A and SPCR1_B Bit Descriptions

Bit(s)

Name

Description

15

SPE

Master/slave mode select. This bit enables or disables the QSPI submodule. Setting SPE
causes the QSPI to begin operation. If the QSPI is a master, setting SPE causes the QSPI to
begin initiating serial transfers. If the QSPI is a slave, the QSPI begins monitoring the PCS0/SS
pin to respond to the external initiation of a serial transfer.

When the QSPI is disabled, the CPU may use the QSPI RAM. When the QSPI is enabled, both
the QSPI and the CPU have access to the QSPI RAM. The CPU has both read and write access
capability to all 80 bytes of the QSPI RAM. The QSPI can read only the transmit data segment
and the command control segment, and can write only the receive data segment of the QSPI
RAM.

The QSPI turns itself off automatically when it is finished by clearing SPE. An error condition
called mode fault (MODF) also clears SPE. This error occurs when PCSO0/SS is configured for
input, the QSPI is a system master (MSTR = 1), and PCS0/SS is driven low externally.

To stop the QSPI, assert the HALT bit in SPCRS3, then wait until the HALTA bit in SPSR is set.

SPE may then be safely cleared to zero, providing an orderly method of quickly shutting down

the QSPI after the current serial transfer is completed. The CPU can immediately disable the

QSPI by just clearing SPE; however, loss of data from a current serial transfer may result and

confuse an external SPI device.

0 = The QSPI is disabled, and the seven QSPI pins can be used as general-purpose /O pins,
regardless of the values in PQSPAR.

1 =The QSPI is enabled and the pins allocated by QSM register PQSPAR are controlled by the
QSPI.

14:8

DSCKL

Delay before SCK. This bit determines the length of time the QSPI delays from peripheral chip-
select (PCS) valid to SCK transition for serial transfers in which the command control bit, DSCK
of the QSPI RAM, equals one. PCS may be any of the four peripheral chip-select pins. The fol-
lowing equation determines the actual delay before SCK:

PCS to SCK Delay = [DSCKL/System Clock Frequency]

where DSCKL equals {1,2,3,... 127}. A zero value for DSCKL causes a delay of 128 / system
clocks, which equals 7.6 ps for a 16.78-MHz system clock. Because of design limits, a DSCKL
value of one defaults to the same timing as a value of two.

If a queue entry’s DSCK equals zero, then DSCKL is not used. Instead, the PCS valid-to-SCK
transition is one-half SCK period.

7:0

DTL

Length of delay after transfer. These bits determine the length of time that the QSPI delays after
each serial transfer in which the command control bit, DT of the QSPI RAM, equals one. The
following equation is used to calculate the delay:

Delay after transfer = [(32 * DTL) / system clock frequency]

where DTL equals {1, 2, 3,... 255}. A zero value for DTL causes a delay-after-transfer value of
(32 * 256) / system clock, which equals 488.5 ps with a 16.78-MHz system clock.

If DT equals zero, a standard delay is inserted.
Standard delay-after-transfer = [17 / system clock] = 1 ps with a 16.78-MHz system clock

Delay after transfer can be used to ensure that the deselect time requirement (for peripherals
having such a requirement) is met. Some peripherals must be deselected for a minimum period
of time between consecutive serial transfers. A delay after transfer can be inserted between con-
secutive transfers to a given peripheral to ensure that its minimum deselect time requirement is
met or to allow serial A/D converters to complete conversion before the next transfer is made.

7.3.4.3 QSPI Control Register 2 (SPCR2)
SPCR2 contains parameters for configuring the QSPI. Although the CPU can read and

write this register, the QSM has read access only. Writes to this register are buffered.

A write to SPCR2 that changes any of the bit values (while the QSPI is operating) is
ineffective on the current serial transfer, but becomes effective on the next serial trans-

MC68377

QUEUED SERIAL MODULE MOTOROLA

REFERENCE MANUAL Rev. 15 Oct 2000 7-24



Refer to 7.3.5 Operating Modes and Flowcharts for a detailed description of this

fer. Reads of SPCR2 return the actual current value of the register, not the buffer.
| ol
register.

SPCR2_B — QSPI Control Register 2 OxYF F41C
SPCR2_A O0xYF FC1C
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ SPIFIE ‘WREN‘WRTO‘ RESERVED‘ ENDQP ‘ RESERVED ‘ NEWQP ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0
Table 7-17 SPCR2_B and SPCR2_A Bit Descriptions
Bit(s) Name Description

SPI finished interrupt enable. SPIFIE enables the QSPI to generate a CPU interrupt upon asser-
tion of the status flag SPIF. Because it is buffered, the value written to SPIFIE applies only upon
completion of the queue (the transfer of the entry indicated by ENDQP). Thus, if a single
sequence of queue entries is to be transferred (i.e., no WRAP), then SPIFIE should be setto the
desired state before the first transfer.

If a subqueue (see bit NEWQP) is to be used, the same CPU write that causes a branch to the
subqueue may enable or disable the SPIF interrupt for the subqueue. The primary queue retains
its own selected interrupt mode, either enabled or disabled. The SPIF interrupt must be cleared

15 SPIFE by clearing SPIF. Later interrupts may then be prevented by clearing SPIFIE to zero.

The QSPI has three possible interrupt sources, but only one interrupt vector. These sources are
SPIF, MODF, and HALTA. When the CPU responds to a QSPI interrupt, the user must ascertain
the exact interrupt cause by reading register SPSR. Any interrupt that was set may then be
cleared by writing to SPSR with a zero in the bit position corresponding to the exact interrupt
source. Clearing SPIFIE does not immediately clear an interrupt already caused by SPIF.0 =
The QSPI is disabled, and the seven QSPI pins can be used as general-purpose I/O pins,
regardless of the values in PQSPAR.

0 = QSPI interrupts disabled

1 = QSPI interrupts enabled

Wrap enable. WREN enables or disables wraparound mode. If enabled, the QSPI executes
commands in the queue through the command contained in ENDQP. Execution continues at
either address 0x0 or at the address found in NEWQP, depending on the state of WRTO. The
QSPI continues looping until either WREN is negated, HALT is asserted, or SPE is negated.
14 WREN | Once WREN is negated, the QSPI finishes executing commands through the command at the
address contained in ENDQP, sets the SPIF flag, and stops. When WREN is set, SPIF is set
each time the QSPI transfers the entry indicated by ENDQP.

0 = Wraparound mode disabled

1 = Wraparound mode enabled

Wrap to. When wraparound mode is enabled and after the end of queue has been reached,
WRTO determines which address the QSPI executes next. End of queue is determined by an

13 WRTO address match with ENDQP. Execution wraps to address 0x0 if WRTO is not set, or to the
address found in NEWQP if WRTO is set.
12 — Reserved
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Table 7-17 SPCR2_B and SPCR2_A Bit Descriptions (Continued)

Bit(s)

Name

Description

ENDQP

Ending queue pointer. This field determines the last absolute address in the queue to be com-
pleted by the QSPI. After completing each command, the QSPI compares the queue pointer
value of the just-completed command with the value of ENDQP. If the two values match, the
QSPI assumes it has reached the end of the programmed queue and sets the SPIF flag to so
indicate. The QSPI RAM queue has 16 entries: 0x0—0xF. The user may program the NEWQP
to start executing commands, beginning at any of the 16 addresses. Similarly, the user may pro-
gram the ENDQP to stop execution of commands at any of the 16 addresses.

The queue is a circular data structure. If ENDQP is set to a lower address than NEWQP, the
QSPI executes commands through address OxF, and then continues execution at address 0x0
and so on until it stops after executing the command at address ENDQP. A maximum of 16 com-
mands are executed before stopping, unless wraparound mode is enabled or unless the user
modifies NEWQP and/or ENDQP. The user may write a NEWQP value at any time, changing
the flow of execution. ENDQP may also be written at any time, changing the length of the queue.
Wraparound mode may also be enabled, causing continuous execution until the mode is dis-
abled or the QSPI is halted.

7:4

Reserved

3:0

NEWQP

New Queue Pointer Value. NEWQP determines which queue entry the QSPI transfers first.
NEWQP should be initialized before the QSPI is enabled with SPE. NEWQP may also be written
while the QSPI is operating. When this happens, the QSPI completes transfer of the queue entry
in progress and then immediately begins transferring queue entries starting with the entry indi-
cated by the NEWQP. In this way, NEWQP provides additional functionality to the QSPI by
providing a mechanism for supporting multiple queues or subqueues within the QSPI RAM. By
changing the value in NEWQP, the user can cause the QSPI to execute a sequence of QSPI
commands beginning at any location in the queue. Therefore, the user is able to set up in
advance separate subqueues for different tasks within the QSPI RAM. By writing to NEWQP,
selection between the different subqueues within the QSPI RAM is accomplished.

If wraparound mode is enabled by setting WREN and WRTO in SPCR2, NEWQP assumes an
additional function. When the end of the queue is reached, as determined byENDQP, the
address contained in NEWQP is used by the QSPI to wrap around to the first queue entry. The
QSPI then re-executes the queued commands repeatedly until halted.

7.3.4.4 QSPI Control Register 3 (SPCR3)

SPCRS3 contains parameters for configuring the QSPI. The CPU can read and write
this register; the QSM has read-only access.

SPCR3_B — QSPI Control Register OxYF F41E
SPCR3_A OxYF FC1E
15 14 13 12 1 10 9 8 7 0
‘ RESERVED ‘ LOOPQ ‘ HMIE ‘ HALT ‘ SPSR* ‘
RESET:
0 0 0 0 0 0 0 0

* SPSR — QSPI Status Register
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Table 7-18 SPCR3_B and SPCR3_A Bit Descriptions

Bit(s) Name Description

15:11 — Reserved

QSPI Loop mode. LOOPQ enables or disables the feedback path on the data serializer for test-
ing. If enabled, LOOPQ routes serial output data back into the data serializer, instead of received

data. If disabled, LOOPQ allows regular received data into the data serializer. LOOPQ does not
affect the QSPI output pins.

0 = Feedback path disabled

1 = Feedback path enabled

10 LOOPQ

HALTA and MODF interrupt enable. HMIE enables or disables QSPI interrupts to the CPU
caused when either the HALTA status flag or the MODF status flag in SPSR is asserted. When
HMIE is set, the assertion of either flag causes the QSPI to send a hardware interrupt to the
CPU. When HMIE is clear, the asserted flag does not cause an interrupt.

0 = HALTA and MODF interrupts disabled

1 = HALTA and MODF interrupts enabled

9 HMIE

Halt. This bit is used by the CPU to stop the QSPI on a queue boundary. The QSPI halts in a
known state from which it can later be restarted. When HALT is asserted by the CPU, the QSPI
finishes executing the current serial transfer (up to 16 bits) and then halts. While halted, if the
command control bit (CONT of the QSPI RAM) for the last command was asserted, the QSPI
continues driving the peripheral chip-select pins with the value designated by the last command
before the halt. If CONT was clear, the QSPI drives the peripheral chip-select pins to the value
8 HALT in QSM register PORTQS.

If HALT is asserted during the last command in the queue, the QSPI completes the last com-
mand, asserts both HALTA and SPIF, and clears SPE. If the last queue command has not been
executed, asserting HALT does not set SPIF nor clear SPE. QSPI execution continues when the
CPU clears HALT.

0 = Halt not enabled

1 = Halt enabled

7:0 SPSR QSPI status register. See Table 7-19.

7.3.4.5 QSPI Status Register (SPSR)

SPSR contains QSPI status information. Only the QSPI can assert the bits in this reg-
ister. The CPU reads this register to obtain status information and writes this register
to clear status flags. CPU writes to CPTQP have no effect.

SPSR_B — QSPI Status Register OxYF F41F
SPSR_A OxYF FC1F
15 8 7 6 5 4 3 2 1 0
‘ SPCR3! ‘ SPIF ‘MODF‘HALTA‘ 0 ‘ CPTQP ‘
RESET:
0 0 0 0 0 0 0 0
NOTES:

1. SPCR3 — QSPI Control Register 3.
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Table 7-19 SPSR Bit Descriptions

Bit(s)

Name

Description

15:8

SPCR

QSPI control register. See Table 7-18.

SPIF

QSPI finished flag. SPIF is set when the QSPI finishes executing the last command determined
by the address contained in ENDQP in SPCR2. When the address of the command being exe-
cuted matches the ENDQP, the SPIF flag is set. The QSPI may still be outputting the last word
to be transmitted when SPIF sets.

If wraparound mode is enabled (WREN = 1), the SPIF is set, after completion of the command
defined by ENDQP, each time the QSPI cycles through the queue. If SPIFIE in SPCR2 is set,
an interrupt is generated when SPIF is asserted. Once SPIF is set, the CPU may clear it by read-
ing SPSR followed by writing SPSR with a zero in SPIF.

0 = QSPI not finished

1 = QSPI finished

MODF

Mode Fault Flag. MODF is asserted by the QSPI when the QSPI is the serial master (MSTR =
1) and the slave select (PCS0/SS) input pin is pulled low by an external driver. This is possible
only if the PCS0/SS pin is configured as input by DDRQS. This low input to SS is not a normal
operating condition. It indicates that a multimaster system conflict may exist, that another MCU
is requesting to become the SPI network master, or simply that the hardware is incorrectly affect-
ing PCS0/SS. SPE in SPCR1 is cleared, disabling the QSPI. The QSPI pins revert to control by
PORTQS. If MODF is set and HMIE in SPCR3 is asserted, the QSPI generates an interrupt to
the CPU.

The CPU may clear MODF by reading SPSR with MODF asserted, followed by writing SPSR

with a zero in MODF. After correcting the mode fault problem, the QSPI can be re-enabled by

asserting SPE. The PCS0/SS pin may be configured as a general-purpose output instead of

input to the QSPI. This inhibits the mode fault checking function. In this case, MODF is not used

by the QSPI.

0 = Normal operation

1 = Another SPI node requested to become the network SPI master while the QSPI was enabled
in master mode (MSTR = 1), or the PCS0/SS pin was incorrectly pulled low by external
hardware.

HALTA

Halt acknowledge flag. HALTA is asserted by the QSPI when it has come to an orderly halt at
the request of the CPU, via the assertion of HALT. To prevent undefined operation, the user
should not modify any QSPI control registers or RAM while the QSPI is halted. If HMIE in SPCR3
is set, the QSPI sends interrupt requests to the CPU when HALTA is asserted. The CPU can
only clear HALTA by reading SPSR with HALTA set and then writing SPSR with a zero in
HALTA.

0 = QSPI not halted

1 = QSPI halted

Reserved

3:0

CPTQP

Completed queue pointer. CPTQP contains the queue pointer value of the last command in the
queue that was completed. The value of CPTQP is not updated until the command has been
completed entirely. While the first command in a queue is executing, CPTQP contains either the
reset value (0x0) or the pointer to the last command completed in the previous queue. If the
QSPIl is halted, CPTQP may be used to determine which commands have not been executed.
The CPTQP may also be used to determine which locations in the receive data segment of the
QSPI RAM contain valid received data.

7.3.4.6 QSPI RAM

The QSPI uses an 80-byte block of dual-access static RAM which can be accessed by
both the QSPI and the CPU. Because of sharing, the length of time taken by the CPU
to access the QSPI RAM when the QSPI is enabled, may be longer than when the
QSPI is disabled. From one to four CPU wait states may be inserted by the QSPI in
the process of reading or writing.
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The size and type of access of the QSPI RAM by the CPU affects the QSPI access
time. The QSPI is byte, word, and long-word addressable. Only word accesses of the
RAM by the CPU are coherent accesses because these accesses are an indivisible
operation. If the CPU makes a coherent access of the QSPI RAM, the QSPI cannot
access the QSPI RAM until the CPU is finished. However, a long-word or misaligned
word access is not coherent because the CPU must break its access of the QSPI RAM
into two parts, which allows the QSPI to access the QSPI RAM between the two
accesses by the CPU.

The RAM is divided into three segments: receive data RAM, transmit data RAM, and
command control RAM. Receive data is information received from a serial device
external to the MCU. Transmit data is information stored by the CPU for transmission
to an external peripheral chip. Command control contains all the information needed
by the QSPI to perform the transfer. Figure 7-5 illustrates the organization of the RAM.

ENTRY
Doo  RRO D20| TRO | D4 €RO | ©
NI | ] TR1 | __CR1 |
. _RR2 | | ] TR2 | . _CR2 |
RECEIVE TRANSMIT COMMAND
RAM RAM RAM
| _RRD . TRD | | CRD |
| RRE | TRE | __CRE |
D1E RRF D3E TRF D4F CRF F
WORD WORD BYTE

Figure 7-5 Organization of the QSPI RAM

Once the CPU has set up the queue of QSPI commands and enabled the QSPI, the

QSPI operates independently of the CPU. The QSPI executes all of the commands in
its queue, sets a flag indicating that it is finished, and then either interrupts the CPU or
waits for CPU intervention.

The QSPI RAM’s three segments are:

* Receive Data RAM

— This segment of the RAM stores the data that is received by the QSPI from
peripherals, SPI bus masters, or other MCUs. The CPU reads this segment of
RAM to retrieve the data from the QSPI. Data stored in receive RAM is right-
justified, i.e., the least significant bit is always in the right-most bit position with-
in the word (bit 0) regardless of the serial transfer length. Unused bits in a re-
ceive queue entry are set to zero by the QSPI upon completion of the individual
queue entry. The CPU can access the data using byte, word, or long-word ad-
dressing.

— The CPTQP value in SPSR shows which queue entries have been executed.
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The CPU uses this information to determine which locations in receive RAM
contain valid data before reading them.

¢ Transmit Data RAM

— This segment of the RAM stores the data that is to be transmitted by the QSPI
to peripherals. The CPU normally writes one word of data into this segment for
each queue command to be executed. If the corresponding peripheral, such as
a serial input port, is used solely to input data, then this segment does not need
to be initialized.

— Information to be transmitted by the QSPI should be written by the CPU to the
transmit data segment in a right-justified manner. The information in the trans-
mit data segment of the RAM cannot be modified by the QSPI. The QSPI mere-
ly copies the information to its data serializer for transmission to a peripheral.
Information in transmit RAM remains there until it is re-written by the CPU.

e Command RAM

— The command segment of the QSPI RAM is used only by the QSPI when it is
in master mode. The CPU writes one byte of control information to this seg-
ment for each QSPI command to be executed. The information in the com-
mand RAM cannot be modified by the QSPI. It merely uses the information to
perform the serial transfer.

— Command RAM consists of 16 bytes. Each byte is divided into two fields. The
first, the peripheral chip-select field, activates the correct serial peripheral dur-
ing the transfer. The second, the command control field, provides transfer op-
tions specifically for that command/serial transfer. This feature gives the user
more control over each transfer, providing the flexibility to interface to external
SPI chips with different requirements.

— A maximum of 16 commands can be in the queue command control bytes.
These bytes are assigned an address from 0x0 — OxF. Queue execution by the
QSPI proceeds from the address contained in NEWQP through the address
contained in ENDQP. Both of these fields are contained in SPCR2.

QSPI RAM(B) OxYF F540
QSPI RAM(A) 0xYF FD40
7 6 5 4 3 1 0
CONT | BITSE DT DSCK PCS3 PCS1 | PCS0*
CONT ‘ BITSE ‘ DT DSCK PCS3 ‘ PCSH1 \ PCSO!
QSPI RAM(B) OxYF F54F
QSPI RAM(A) O0xYF FD4F

COMMAND CONTROL

NOTES:

1. The PCSO0 bit represents the dual-function PCS0/SS.
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Table 7-20 QSPI RAM Bit Descriptions

Bit(s)

Name

Description

CONT

Continue. Some peripheral chips must be deselected between every QSPI transfer. Other chips
must remain selected between several sequential serial transfers. CONT is designed to provide
the flexibility needed to handle both cases.

If CONT = 1 and the peripheral chip-select pattern for the next command is the same as that of
the present command, the QSPI drives the PCS pins to the same value continuously during the
two serial transfers. An unlimited number of serial transfers may be sent to the same periph-
eral(s) without deselecting it (them) by setting CONT = 1.

If CONT = 1 and the peripheral chip-select pattern for the next command is different from that of
the present command, the QSPI drives the PCS pins to the new value for the second serial
transfer. Although this case is similar to CONT = 0, a difference remains. When CONT =1, the
QSPI continues to drive the PCS pins using the pattern from the first transfer until it switches to
using the pattern for the second transfer. When CONT = 0, the QSPI drives the PCS pins to the
values found in register PORTQS between serial transfers.

0 = Return control of peripheral chip-selects to PORTQS after transfer is complete

1 = Keep peripheral chip-selects asserted after transfer is complete

BITSE

Bits per transfer enable.
0 = Eight bits
1 = Number of bits set in BITS field of SPCRO

DT

Delay after transfer. A/D converters require a known amount of time to perform a conversion.
The conversion time for serial CMOS A/D converters may range from 1 — 100 ps. To facilitate
interfacing to peripherals with a latency requirement, the QSPI provides a programmable delay
at the end of the serial transfer, with the DT field. The user may avoid using this delay option by
executing transfers with other peripheral devices in between transfers with the peripheral that
requires a delay. This interleaved operation improves the effective serial transfer rate. The
amount of the delay between transfers is programmable by the user via the DTL field in SPCR1.
The range may be set from 1 — 489 ps at 16.78 MHz.

DSCK

PCS to SCK delay.
0 = PCS valid to SCK transition is 1/2 SCK
1 = DSCKL field in SPCR1 specifies value of delay from PCS valid to SCK

3:0

PCS[3:0\

Peripheral chip-select. The four peripheral chip-select bits can be used directly to select one of
four external chips for the serial transfer, or decoded by external hardware to select one of 16
chip-select patterns for the serial transfer. More than one peripheral chip-select may be acti-
vated at a time, which is useful for broadcast messages in a multinode SPI system. More than
one peripheral chip may be connected to each PCS pin. Care must be taken by the system
designer not to exceed the maximum drive capability of the pins. See the appropriate microcon
troller user's manual for electrical specifications.

QSM register PORTQS determines the state of the PCS pins when the QSPI is disabled, and
also determines the state of PCS pins that are not assigned to the QSPI when the QSPl is
enabled. PORTQS determines the state of pins assigned to the QSPI between transfers as well.

To use a peripheral chip-select pin, the CPU assigns the pin to the QSPI in PQSPAR by writing
a one to the appropriate bit. The default value of the PCS pin should be written to PORTQS.
Next, the pin must be defined as an output in DDRQS by setting the appropriate bit, which
causes the pin to start driving the default value.

The QSPI RAM may then be initialized for a serial transmission, with the peripheral chip-select

bits of the command control byte appropriately configured to activate the desired PCS pin(s) dur-
ing the serial transfer. When the command is executed, the PCS pin(s) are driven to the values

contained in the appropriate control byte. After completing the serial transfer, the QSPI returns

control of the peripheral chip-select signal(s) (if CONT = 0 in the command control byte) to reg-
ister PORTQS.
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7.3.5 Operating Modes and Flowcharts
The QSPI utilizes an 80-byte block of dual-access static RAM accessible by both the | Tl
QSPI and the CPU. Because of this dual access capability, up to two wait states may
be inserted into CPU access times if the QSPI is in operation.

The RAM is divided into three segments: 16 command control bytes, 16 transmit data
words of information to be transmitted, and 16 receive data words for data to be
received. Once the CPU has a) set up a queue of QSPI commands, b) written the
transmit data segment with information to be sent, and c) enabled the QSPI, the QSPI
operates independently of the CPU. The QSPI executes all of the commands in its
queue, sets a flag indicating completion, and then either interrupts the CPU or waits
for CPU intervention.

The QSPI operates on a queue data structure contained in the QSPI RAM. Control of
the queue is handled by three pointers: the new queue pointer (NEWQP), the com-
pleted queue pointer (CPTQP), and the end queue pointer (ENDQP). NEWQP,
contained in SPCR2, points to the first command in the queue to be executed by the
QSPI. CPTQP, contained in SPSR, points to the command last executed by the QSPI.
ENDQP, also contained in SPCR2, points to the last command in the queue to be exe-
cuted by the QSPI, unless wraparound mode is enabled (WREN = 1).

At reset, NEWQP is initialized to 0x0, causing QSPI execution to begin at queue
address 0x0 when the QSPI is enabled (SPE = 1). CPTQP is set by the QSPI to the
queue address (0x0-0xF) last executed, but is initialized to 0x0 at reset. ENDQP is
also initialized to 0x0 at reset, but should be changed by the user to reflect the last
gueue entry to be transferred before enabling the QSPI. Leaving NEWQP and ENDQP
set to 0x0 causes a single transfer to occur when the QSPI is enabled.

The organization of the QSPI RAM requires that one byte of command control data,
one word of transmit data, and one word of receive data all correspond to one queue
entry.

After executing the current command, ENDQP is checked against CPTQP for an end-
of-queue condition. If a match occurs, the SPIF flag is set and the QSPI stops unless
wraparound mode is enabled.

The QSPI operates in one of two modes: master or slave. Switching between the two
operating modes is achieved under software control by writing to the master (MSTR)
bit in SPCRO.

In master mode, the QSPI executes the queue of commands as defined by the control
bits in each entry. Chip-select pins are activated; data is transmitted, received, and
placed in the QSPI RAM.

In slave mode, a similar operation occurs in response to the slave select (SS) pin acti-
vated by an external SPI bus master. The primary differences are a) no peripheral
chip-selects are generated, and b) the number of bits transferred is controlled in a dif-
ferent manner. When the QSPI is selected, it executes the next queue transfer to
correctly exchange data with the external device.
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The following flowcharts, Figure 7-6, Figure 7-7, and Figure 7-11, outline the opera-
tion of the QSPI for both master and slave modes.

NOTE

The CPU must initialize the QSM global and pin registers and the
QSPI control registers before enabling the QSPI for either master or
slave operation. If using master mode, the necessary command con-
trol RAM should also be written before enabling the QSPI. Any data
to be transmitted should also be written before the QSPI is enabled.
When wrap mode is used, data for subsequent transmissions may be
written at any time.

{ BEGIN )

(

CPU INITIALIZES
QSM GLOBAL REGISTERS

/

CPU INITIALIZES
QSM PIN REGISTERS

INITIALIZATION OF
{ QSPI BY THE CPU

CPU INITIALIZES
QSPI CONTROL REGISTERS

(

CPU INITIALIZES
QSPI RAM

(

CPU ENABLES QSPI

G

Figure 7-6 Flowchart of QSPI Initialization Operation
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QSPI CYCLE BEGINS

IS QSPI
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?
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AND TRANSMIT DATA
FROM RAM USING QUEUE
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{
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CHIP-SELECT(S)
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Figure 7-7 Flowchart of QSPI Master Operation (Part 1)
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WRITE QUEUE POINTER
TO CPTQP STATUS BITS

IS CONTINUE
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?
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NO
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Figure 7-8 Flowchart of QSPI Master Operation (Part 2)
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POINTER

ASSERT SPIF
STATUS FLAG

IS INTERRUPT

ASSERTED

ENABLE BIT SPIFIE

YES

INTERRUPT CPU
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Figure 7-9 Flowchart of QSPI Master Operation (Part 3)
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Figure 7-10 Flowchart of QSPI Slave Operation (Part 1)
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Figure 7-11 Flowchart of QSPI Slave Operation (Part 2)
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Although the QSPI inherently supports multimaster operation, no special arbitration
mechanism is provided. The user is given a mode fault flag (MODF) to indicate a
request for SPI master arbitration; however, the system software must implement the
arbitration. Note that unlike previous SPI systems, (e.g., on the M68HC11 family,
MSTR is not cleared by a mode fault being set nor are the QSPI pin output drivers dis-
abled; however, the QSPI is disabled when software clears SPE in QSPI register
SPCR1).

Normally, the SPI bus performs simultaneous bidirectional synchronous transfers. The
serial clock on the SPI bus master supplies the clock signal (SCK) to time the transfer
of the bits. Four possible combinations of clock phase and polarity may be employed.

Data is transferred with the most significant bit first. The number of bits transferred per
command defaults to eight, but may be programmed to a value from 8—16 bits, using
the BITSE field.

Typically, outputs used for the SPI bus are not open-drain unless multiple SPI masters
are in the system. If needed, WOMQ in SPCRO may be set to provide open-drain out-
puts. An external pull-up resistor should be used on each output bus line. WOMQ
affects all QSPI pins regardless of whether they are assigned to the QSPI or used as
general-purpose /0.

7.3.5.1 Master Mode

When operated in master mode, the QSPI may initiate serial transfers. The QSPI is
unable to respond to any externally initiated serial transfers. QSM register DDRQS
should be written to direct the data flow on the QSPI pins used. The SCK pin should
be configured as an output. Pins MOSI and PCS3—-PCS0/SS should be configured as
outputs as necessary. MISO should be configured as an input if necessary.

QSM register PQSPAR should be written to assign the necessary bits to the QSPI.
The pins necessary for master mode operation are MISO and/or MOSI, SCK, and one
or more of the PCS pins, depending on the number of external peripheral chips to be
selected. MISO is used as the data input pin in master mode, and MOSI is used as the
data output pin in master mode. Either or both may be necessary, depending on the
particular application. SCK is the serial clock output in master mode.

PCS[3:0] / SS are the select pins used to select external SPI peripheral chips for a
serial transfer initiated by the QSPI. These pins operate as either active-high or active-
low chip-selects. Other considerations for initialization are prescribed in7.2.1 Overall
QSM Configuration Summary.

7.3.5.2 Master Mode Operation

After reset, the QSM registers and the QSPI control registers must be initialized as
described above. In addition to the command control segment, the transmit data seg-
ment may, depending upon the application, need to be initialized. If meaningful data
is to be sent out from the QSPI, the user should write the data to the transmit data seg-
ment before enabling the QSPI.
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Shortly after SPE is set, the QSPI commences operation at the address indicated by
NEWQP. The QSPI transmits the data found in the transmit data segment at the
address indicated by NEWQP, and the QSPI stores received data in the receive data
segment at the address indicated by NEWQP. Data is transferred synchronously with
the internally generated SCK.

Transmit data is loaded into the data serializer (refer to Figure 7-13). The QSPI
employs control bits, CPHA and CPOL, to determine which SCK edge the MISO pin
uses to latch incoming data and which edge the MOSI pin uses to start driving the out-
going data. SPBR of SPCRO determines the baud rate of SCK. DSCK DSCK and
DSCKL determine any peripheral chip-selects valid to SCK start delay.

The number of bits transferred is determined by BITSE and BITS fields. Two options
are available: the user may use the default value of eight bits or the user may program
the length from 8 — 16 bits, inclusive.

Once the proper number of bits are transferred, the QSPI stores the received data in
the receive data segment, stores the internal working queue pointer value in CPTQP,
increments the internal working queue pointer, and loads the next data required for
transfer from the queue. The internal working queue pointer address is the next com-
mand executed unless the CPU writes a new value first.

If CONT is set and the peripheral chip-select pattern does not change between the cur-
rent and the pending transfer, the PCS pins are continuously driven in their designated
state during and between both serial transfers. If the peripheral chip-select pattern
changes, then the first pattern is driven out during execution of the first transfer, fol-
lowed by the QSPI switching to the next pattern of the second transfer when execution
of the second transfer begins. If CONT is clear, the deselected peripheral chip-select
values (found in register PORTQS) are driven out between transfers.

DT causes a delay to occur after the specified serial transfer is completed. The length
of the delay is determined by DTL. When DT is clear, the standard delay (one ps at a
16.78-MHz system clock) occurs after the specified serial transfer is completed.

7.3.5.3 Master Wraparound Mode

When the QSPI reaches the end of the queue, it always sets the SPIF flag whether
wraparound mode is enabled or disabled. An optional interrupt to the CPU is gener-
ated when SPIF is asserted. At this point, the QSPI clears SPE and stops unless
wraparound mode is enabled. A description of SPIFIE may be found in 7.3.4.3 QSPI
Control Register 2 (SPCR2).

In wraparound mode, the QSPI cycles through the queue continuously. Each time the
end of the queue is reached, the SPIF flag is set. If the CPU fails to clear SPIF it
remains set, and the QSPI continues to send interrupt requests to the CPU (assuming
SPIFIE is set). The user may avoid causing CPU interrupts by clearing SPIFIE. As
SPIFIE is buffered, clearing it after the SPIF flag is asserted does not immediately stop
the CPU interrupts, but only prevents future interrupts from this source. To clear the
current interrupt, the CPU must read QSPI register SPSR SPSR with SPIF asserted,
followed by a write to SPSR with a zero in SPIF (clear SPIF).
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Execution continues in wraparound mode, even while the QSPI is requesting interrupt
service from the CPU. The internal working queue pointer increments to the next
address, and the commands are executed again. SPE is not cleared by the QSPI. New
receive data overwrites previously received data in the receive data segment.

Wraparound mode is properly exited in two ways: a) The CPU may disable wrap-
around mode by clearing WREN. The next time the end of the queue is reached, the
QSPI sets SPIF, clears SPE, and stops; b) The CPU sets HALT. This second method
halts the QSPI after the current transfer is completed, allowing the CPU to negate
SPE. The CPU can immediately stop the QSPI by clearing SPE; however, this method
is not recommended as it causes the QSPI to abort a serial transfer in process.

7.3.5.4 Slave Mode

When operating in slave mode, the QSPI may respond to externally initiated serial
transfers. The QSPI is unable to initiate any serial transfers. Slave mode is typically
used when multiple MCUs are in an SPI bus network, because only one device can be
the SPI master (in master mode) at any given time.

QSM register DDRQS should be written to direct data flow on the QSPI pins used. The
MISO and MOSI pins, if needed, should be configured as output and input, respec-
tively. Pins SCK and PCSO0/SS should be configured as inputs.

QSM register PQSPAR should be written to assign the necessary bits to the QSPI.
The pins necessary for slave mode operation are MISO and/or MOSI, SCK, and
PCS0/SS. MISO is the data output pin in slave mode, and MOSI is the data input pin
in slave mode. Either or both may be necessary depending on the particular
application.

The serial clock (SCK) is the slave clock input in slave mode. PCS0/SS is the slave
select pin used to select the QSPI for a serial transfer by the external SPI bus master
when the QSPI is in slave mode. The external bus master selects the QSPI by driving
PCSO0/SS low.

When the MISO pin is configured for QSPI use (MISO bit in PQSPAR = 1) and the
QSPl is set up for slave mode (MSTR bit in SPCRO = 0) the MISO pin can be in a high-
impedance state (three-stated). This occurs while the SS pin is at a logic level one.
This overrides the MISO bit in the DDRQS if it is set to be an output. The MISO pin
becomes active when SS is pulled low.

The command control segment is not implemented in slave mode; therefore, the CPU
does not need to initialize it. This segment of the QSPI RAM and any other unused
segments may be employed by the CPU as general-purpose RAM. Other consider-
ations for initialization are prescribed in 7.2.1 Overall QSM Configuration Summary.

7.3.5.5 Description of Slave Operation

After reset, the QSM registers and the QSPI control registers must be initialized as
described above. Although the command control segment is not used, the transmit
and receive data segments may, depending upon the application, need to be initial-
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ized. If meaningful data is to be sent out from the QSPI, the user should write the data
to the transmit data segment before enabling the QSPI. | T|

If SPE is set and MSTR is not set, a low state on the slave select (PCS0/SS) pin com-
mences slave mode operation at the address indicated by NEWQP. The QSPI
transmits the data found in the transmit data segment at the address indicated by
NEWQP, and the QSPI stores received data in the receive data segment at the
address indicated by NEWQP. Data is transferred in response to an external slave
clock input at the SCK pin.

Because the command control segment is not used, the command control bits and
peripheral chip-select codes have no effect in slave mode operation. The QSPI does
not drive any of the four peripheral chip-selects as outputs. PCS0 / SS is used as an
input.

Although CONT cannot be used in slave mode, a provision is made to enable receipt
of more than 16 data bits. While keeping the QSPI selected (PCS0/ SS is held low),
the QSPI stores the number of bits, designated by BITS, in the current receive data
segment address, increments NEWQP, and continues storing the remaining bits (up
to the BITS value) in the next receive data segment address.

As long as PCSO0/SS remains low, the QSPI continues to store the incoming bit stream
in sequential receive data segment addresses, until either the value in BITS is reached
or the end-of-queue address is used with wraparound mode disabled. When the end
of the queue is reached, the SPIF flag is asserted, optionally causing an interrupt. If
wraparound mode is disabled, any additional incoming bits are ignored. If wraparound
mode is enabled, storing continues at either address 0x0 or the address of NEWQP,
depending on the WRTO value.

When using this capability to receive a long incoming data stream, the proper delay
between transfers must be used. The QSPI requires time, approximately one ps at
16.78-MHz system clock, to prefetch the next transmit RAM entry for the next transfer.
Therefore, the user may select a baud rate that provides at least a one-pys delay
between successive transfers to ensure no loss of incoming data. If the system clock
is operating at a slower rate, the delay between transfers must be increased
proportionately.

Because the BITSE option in the command control segment is no longer available,
BITS sets the number of bits to be transferred for all transfers in the queue until the
CPU changes the BITS value. As mentioned above, until PCS0 / SS is negated
(brought high), the QSPI continues to shift one bit for each pulse of SCK. If PCS0/SS
is negated before the proper number of bits (according to BITS) is received, the QSPI,
the next time it is selected, resumes storing bits in the same receive data segment
address where it left off. If more than 16 bits are transferred before negating the PCS0
/1SS, the QSPI stores the number of bits indicated by BITS in the current receive data
segment address, then increments the address and continues storing as described
above. Note that PCS0/SS does not necessarily have to be negated between
transfers.
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Once the proper number of bits (designated by BITS) are transferred, the QSPI stores
the received data in the receive data segment, stores the internal working queue
pointer value in CPTQP, increments the internal working queue pointer, and loads the
new transmit data from the transmit data segment into the data serializer. The internal
working queue pointer address is used the next time PCSO0 / SS is asserted, unless
the CPU writes to the NEWQP first.

The DT and DSCK command control bits are not used in slave mode. As a slave, the
QSPI does not drive the clock line nor the chip-select lines and, therefore, does not
generate a delay.

In slave mode, the QSPI shifts out the data in the transmit data segment. The transmit
data is loaded into the data serializer. When the PCS0 / SS pin is pulled low the MISO
pin becomes active and the serializer then shifts the 16 bits of data out in sequence,
most significant bit first, as clocked by the incoming SCK signal. The QSPI uses CPHA
and CPOL to determine which incoming SCK edge the MOSI pin uses to latch incom-
ing data, and which edge the MISO pin uses to drive the data out.

The QSPI transmits and receives data until reaching the end of the queue (defined as
a match with the address in ENDQP), regardless of whether PCS0 / SS remains
selected or is toggled between serial transfers. Receiving the proper number of bits
causes the received data to be stored. The QSPI always transmits as many bits as it
receives at each queue address, until the BITS value is reached or PCS0 / SS is
negated.

7.3.5.6 Slave Wraparound Mode

When the QSPI reaches the end of the queue, it always sets the SPIF flag, whether
wraparound mode is enabled or disabled. An optional interrupt to the CPU is gener-
ated when SPIF is asserted. At this point, the QSPI clears SPE and stops unless
wraparound mode is enabled. A description of SPIFIE bit can be found in 7.3.4.3 QSPI
Control Register 2 (SPCR2).

In wraparound mode, the QSPI cycles through the queue continuously. Each time the
end of the queue is reached, the SPIF flag is set. If the CPU fails to clear SPIF, it
remains set, and the QSPI continues to send interrupt requests to the CPU (assuming
SPIFIE is set). The user may avoid causing CPU interrupts by clearing SPIFIE. As
SPIFIE is buffered, clearing it after the SPIF flag is asserted does not immediately stop
the CPU interrupts, but only prevents future interrupts from this source. To clear the
current interrupt, the CPU must read QSPI register SPSR with SPIF asserted, followed
by a write to SPSR with zero in SPIF (clear SPIF). Execution continues in wraparound
mode even while the QSPI is requesting interrupt service from the CPU. The internal
working queue pointer is incremented to the next address and the commands are exe-
cuted again. SPE is not cleared by the QSPI. New receive data overwrites previously
received data located in the receive data segment.

Wraparound mode is properly exited in two ways: a) The CPU may disable wrap-
around mode by clearing WREN. The next time end of the queue is reached, the QSPI
sets SPIF, clears SPE, and stops; and, b) The CPU sets HALT. This second method
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halts the QSPI after the current transfer is completed, allowing the CPU to negate
SPE. The CPU can immediately stop the QSPI by clearing SPE; however, this method
is not recommended, as it causes the QSPI to abort a serial transfer in process (i.e.,
the SPI stops the transmission currently in progress).

7.4 SCI Submodule

The SCI submodule is used to communicate with external devices and other MCUs via
an asynchronous serial bus. The SCI is fully compatible with the SCI systems
found on other Motorola MCUs, such as the M68HC11 and M68HCO05 families. It
has all of the capabilities of previous SCI systems as well as several significant new
features. The following paragraphs describe the features, pins, programmer’s
model (memory map), registers, and the transmit and receive operations of the
SCI.

7.4.1 Features
Standard SClI features are listed below, followed by a list of additional features offered.

Standard SCI two-wire system features:

» Standard nonreturn-to-zero (NRZ) mark / space format

* Advanced error detection mechanism (detects noise duration up to 1/16 of a bit-
time)

* Full-duplex operation

* Software selectable word length (8- or 9-bit words)

» Separate transmitter and receiver enable bits

* May be interrupt driven

* Four separate interrupt enable bits

Standard SCI receiver features:

* Receiver wakeup function (idle or address mark bit)
* |dle-line detect

* Framing error detect

* Noise detect

e Overrun detect

* Receive data register full flag

Standard SCI transmitter features:

* Transmit data register empty flag
* Transmit complete flag
* Send break

QSM-enhanced SCI two-wire system features:

* 13-bit programmable baud-rate modulus counter
— A baud rate modulus counter has been added to provide the user with more
flexibility in choosing the crystal frequency for the system clock. The modulus
counter allows the SCI baud rate generator to produce standard transmission
frequencies for a wide range of system clocks. The user is no longer con-
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strained to select crystal frequencies based on the desired serial baud rate.
This counter provides baud rates from 64 baud to 524 kbaud with a 16.78-MHz
system clock.
» Even/odd parity generation and detection

— The user now has the choice either of seven or eight data bits plus one parity
bit, or of eight or nine data bits with no parity bit. Even or odd parity is available.
The transmitter automatically generates the parity bit for a transmitted byte.
The receiver detects when a parity error has occurred on a received byte and
sets a parity error flag.

QSM-enhanced SCI receiver features:

* Two idle-line detect modes

— Standard Motorola SCI systems detect an idle line when 10 or 11 consecutive
bit-times are all ones. Used with the receiver wakeup mode, the receiver can
be awakened prematurely if the message preceding the start of the idle line
contained ones in advance of its stop bit. The new (second) idle-line detect
mode starts counting idle time only after a valid stop bit is received, which en-
sures correct idle-line detection.

* Receiver active flag (RAF)

— RAF indicates the status of the receiver. It is set when a possible start bit is
detected and is cleared when an idle line is detected. RAF is also cleared if the
start bit is determined to be line noise. This flag can be used to prevent colli-
sions in systems with multiple masters.

7.4.2 SCI Programmer’s Model and Registers

The programmer's model (memory map) for the SCI submodule consists of the QSM
global and pin control registers (refer to 7.2.2 QSM Global Registers and 7.2.3 QSM
Pin Control Registers) and the four SCI registers. The SCI registers are listed in
Table 7-21 and consist of two control registers, one status register, and one data reg-
ister. All registers may be read or written at any time by the CPU. Rewriting the same
value to any SCI register does not disrupt operation; however, writing a different value
into an SCI register when the SCl is running may disrupt operation. To change register
values, the receiver and transmitter should be disabled with the transmitter allowed to
finish first. The status flags in register SCSR may be cleared at any time.

Table 7-21 SCI Register

Address Name Usage
S:JE Eéggii SCCRO SCI Control Register 0
8)’((;(::: Eé%’::i SCCR1 SCI Control Register 1
gfx Eé%%:i SCSR SCI Status Register
S:JE Eégi—i SCDR iglni):mtj [?:tgislzti(:;ister (TDR)*
— Receive Data Register (RDR)*

*Reads access the RDR; writes access the TDR.
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When initializing the SC, the SCCR1 has two bits that should be written last; the trans-

mitter enable (TE) and receiver enable (RE) bits, which enable the SCI. Registers | T[
SCCRO0 and SCCR1 should both be initialized at the same time or before TE and RE

are asserted. A single word write to SCCR1 can be used to initialize the SCI and
enable the transmitter and receiver.

Figure 7-12 and Figure 7-13 show the block diagrams for the SCI receiver and
transmitter.
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7.4.2.1 SCI Control Register 0 (SCCRO0)

SCCRO contains the parameter for configuring the SCI baud rate. The baud rate
should be set before the SCI is enabled. The CPU can read and write this register at
any time.

SCCRO0 — SCI Control Register 0 OxYF F408
OxYF FCO08
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RESERVED ‘ SCBR ‘
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Table 7-22 SCCRO Bit Descriptions
Bit(s) Name Description
15:13 — Reserved

Baud rate. The SCI baud rate is programmed by writing a 13-bit value to SCBR and is derived
from the MCU system clock using a modulus counter. The SCI receiver operates asynchro-
nously. Therefore, the SCI requires an internal clock to synchronize itself to the incoming data
stream. The SCI baud-rate generator produces a receiver sampling clock with a frequency 16
times that of the expected baud rate of the incoming data. From transitions within the received
waveform, the SCI determines the most likely position of the bit boundaries and adjusts sam-
pling points to the proper positions within the bit period. The receiver sampling rate is always 16
times the frequency of the SCI baud rate, which is calculated using the following equation:

SCI Baud = System Clock / (32 * SCBR)
where SCBR equals {1, 2, 3,... 8191}. Note that zero is a disallowed value for SCBR.

Writing a value of zero to SCBR disables the baud rate generator. There are 8191 different
bauds available. The baud value depends on the value for SCBR and the system clock, as used
in the above equation. Table 7-23 shows possible baud rates for a 16.78-MHz system clock. The
maximum baud rate with this system clock speed is 524 Kbaud.

12:0 SCBR

Table 7-23 Examples of SCI Baud Rates

Rates based on a 16.78-MHz system clock.

Nominal Baud Rate | Actual Baud Rate Percent Error Value of SCBR
500,000.00 524,288.00 4.86 1
38,400.00 37,449.14 —2.48 14
32,768.00 32,768.00 0.00 16
19,200.00 19,418.07 1.14 27
9,600.00 9,532.51 -0.70 55
4,800.00 4,809.98 0.21 109
2,400.00 2,404.99 0.21 218
1,200.00 1,199.74 -0.02 437
600.00 599.87 -0.02 874
300.00 299.94 -0.02 1,748
110.00 110.01 0.01 4,766
64.00 64.00 0.01 8,191

More accurate baud rates can be obtained by varying the system clock frequency with
the VCO synthesizer. Each VCO speed increment adjusts the baud rate up or down
by 1/64; or 1.56%.
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7.4.2.2 SCI Control Register 1 (SCCR1)

SCCR1 contains parameters for configuration of the SCI. The CPU can read and write
this register at any time. The SCI may modify the RWU bit in some circumstances. In
general, the interrupts enabled by these control bits are cleared by reading the status
register SCSR, followed by reading (for receiver status bits) or by writing (for transmit-
ter status bits) the data register SCDR. For further detail refer to 7.4.3 Transmitter
Operation and 7.4.4 Receiver Operation, respectively.

SCCR1 — SCI Control Register 1 O0xYF F40A
O0xYF FCOA
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RE-
SERVED LOOPS |WOMS| ILT PT PE M |WAKE| TIE | TCIE | RIE ILIE TE RE | RWU | SBK
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 7-24 SCCR1 Bit Descriptions
Bit(s) Name Description
15 — Reserved
LOOP mode. LOOPS controls a feedback path on the data serial shifter. If enabled, the output
of the SCI transmitter is fed back into the receive serial shifter as receiver input, and no data is
14 LOOPS driven out of the TXD pin nor is data received from the RXD pin. The TXD pin is driven high (idle

line). Both the transmitter and receiver must be enabled for loop mode to function.
0 = Normal SCI operation, no looping, feedback path disabled
1 = Test SCI operation, looping, feedback path enabled

Wired-OR mode for SCI pins. WOMS determines whether the TXD pin is an open-drain output
or a normal CMOS output. This bit is used only when TXD is an output. If the TXD pin is being
13 WOMS | used as a general-purpose input pin, WOMS has no effect.

0 = If configured as an output, TXD is a normal CMOS output.

1 = If configured as an output, TXD is an open-drain output.

Idle-line detect type. ILT determines which one of two types of idle-line detection is to be used

by the SCI receiver. The short idle-line detection circuitry causes the SCI receiver to start count-
ing ones at any point (even during the frame), which means that the stop bit and any contiguous
one data bits at the end of the last byte are counted toward the 10 or 11 ones in an idle frame.
Hence, the data content of the last byte transmitted may affect the timing of idle-line detection.

12 LT The long idle-line detection circuitry causes the SCI receiver to start counting ones right after a
stop bit, which means that the stop bit and any contiguous one data bits in a previous data byte
are not counted toward the 10 or 11 ones in an idle line. Hence, the data content of the last byte
transmitted does not affect the timing of idle-line detection.

0 = Short idle-line detect (starts counting when the first one is received)

1 = Long idle-line detect (starts counting when the first one is received after a stop bit(s))

Parity type. If the data contains an even number of ones, then the parity bit equals zero. If the
data contains an odd number of ones, then the parity bit equals one.

When parity is enabled, PT determines whether parity is even or odd for both the receiver and
11 PT the transmitter. If the data contains an even number of ones, then the parity bit equals one. If
the data contains an odd number of ones, then the parity bit equals zero.

0 = Even parity

1 = Odd parity

MC68377 QUEUED SERIAL MODULE MOTOROLA
REFERENCE MANUAL Rev. 15 Oct 2000 7-50




Table 7-24 SCCR1 Bit Descriptions (Continued)

Bit(s)

Name

Description

10

PE

Parity enable. PE determines whether parity is enabled or disabled for both the receiver and the
transmitter. If PE is set, the transmitter internally generates the parity bit and appends it to the
data bits during transmission. The receiver checks the last bit before a stop bit to determine if
the correct parity was received. If the received parity bit is not correct, the SCI sets the PF error
flag in SCSR.

When PE is set, the most significant bit (MSB) of the data field is used for the parity function,

which results in either seven or eight bits of user data, depending on the condition of M bit. Table

7-25 lists the available choices.

0 = SCI parity disabled

1 = SClI parity enabled; the transmitter generates the parity bit and the receiver checks incoming
parity.

Mode select. The M bit determines the SCI frame format. If M is clear (its reset value), the frame
format is one start bit, eight data bits, one stop bit. If M is set, the frame format is one start bit,
nine data bits, one stop bit. The ninth data bit can be controlled by software to perform a function
such as address mark. Frames with the ninth data bit set could be identified as an address mark.
All receivers in a network could be placed in wakeup mode until an address mark is detected, at
which time all receivers would wake up and read the address. All receivers being addressed
could continue to receive the following message, while all receivers not being addressed could
be put back into wakeup mode.

The ninth data bit could also serve as a second stop bit. By setting this bit permanently to one,
communication with other SCls requiring two stop bits could be accommodated. Only 10 or 11
bits in a frame are allowed. If parity is to be enabled, the last data bit must be used for this pur-
pose. The parity bit may be odd, even, mark, or space. Parity and address (control) bits are
mutually exclusive. A choice must be made between one or the other, or neither. Every frame
must have one start bit and at least one stop bit. The possible combinations are given in the bit
description of PE.

0 = SCI frame: one start bit, eight data bits, one stop bit (ten bits total)

1 = SCI frame: one start bit, nine data bits, one stop bit (eleven bits total)

WAKE

Wakeup by address mark. WAKE determines which one of two conditions wakes up the SCI
receiver when it is in wakeup mode. If WAKE is clear (its reset value), the detection of an idle
line (10 or 11 contiguous ones) which clears RWU causes the SCI receiver to wake up. If WAKE
is set, the detection of an address mark (the last data bit of a frame is set) which clears RWU
causes the SCI receiver to wake up.

0 = SCI receiver awakened by idle-line detection

1 = SCI receiver awakened by address mark (eighth or ninth (last) bit set)

TIE

Transmit interrupt enable. When set, TIE enables an SCI interrupt whenever the TDRE flag in
SCSR is set. The interrupt is blocked by negating TIE.

0 = SCI TDRE interrupts inhibited

1 = SCI TDRE interrupts enabled

TCIE

Transmit complete interrupt enable. When set, TCIE enables an SCl interrupt whenever the TC
flag in SCSR is set. The interrupt may be cleared by reading SCSR when TC is set and then by
writing the transmit data register (TDR) of SCDR. The interrupt is blocked by negating TCIE.

0 = SCI TC interrupts inhibited

1 = SCI TC interrupts enabled

RIE

Receiver interrupt enable. When set, RIE enables an SCI interrupt whenever the RDRF flag in
SCSR is set. The interrupt is blocked by negating RIE.

0 = SCI RDREF interrupts inhibited

1 = SCI RDRF interrupts enabled

ILIE

ILIE — Idle-line interrupt enable. When set, ILIE enables an SCI interrupt whenever the IDLE
flag in SCSR is set. The interrupt is blocked by negating ILIE.

0 = SCI IDLE interrupts inhibited

1 = SCI IDLE interrupts enabled
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Table 7-24 SCCR1 Bit Descriptions (Continued)

Bit(s)

Name

Description

TE

Transmitter enable. When set, TE enables the SCI transmitter and assigns it to the TXD pin.
When TE is clear, the TXD pin may be used for general-purpose I/O. An idle frame, called a pre
amble, consisting of ten (or eleven) contiguous ones, is automatically transmitted whenever TE
is changed from zero to one. Refer to 7.4.3 Transmitter Operation for a detailed description of
TE and the SCI transmit operation.

0 = SCI transmitter disabled, TXD pin may be used as general-purpose 1/O

1 = SCI transmitter enabled, TXD pin dedicated to the SCI transmitter

RE

Receiver enable. RE enables the SCI receiver when set. When disabled, the receiver status bits
RDRF, IDLE, OR, NF, FE, and PF are inhibited and are not asserted by the SCI. Refer to7.4.4
Receiver Operation for a complete description of RE and the SCI receiver operation.

0 = SClI receiver disabled

1 = SCI receiver enabled

RWU

Receiver wakeup. Setting RWU enables the wakeup function, which allows the SCI to ignore
received data until awakened by either an idle line or address mark (as determined by WAKE).
When in wakeup mode, the receiver status flags are not set, and interrupts are inhibited. This
bit is cleared automatically (returned to normal mode) when the receiver is awakened.

0 = Normal receiver operation, all received data recognized

1 = Wakeup mode enabled, all received data ignored until awakened

SBK

Send break. SBK provides the ability to transmit a break code (ten or eleven contiguous zeros)

from the SCI. When SBK is set, the SCI completes the current frame transmission (if it is trans-
mitting) and then begins transmitting continuous frames of 10 (or 11) zeros until SBK is cleared.
If SBK is toggled by writing it first to a one and then immediately to a zero (in less than one serial
frame interval), the transmitter sends only one or two break frames before reverting to mark (idle

line) or before commencing to send data. SBK is normally used to broadcast the termination of
a transmission.

0 = Normal operation

1 = Break frame(s) transmitted after completion of the current frame

Table 7-25 M and PE Bit Fields

M PE Result

0 0 8 Data Bits

0 1 7 Data Bits, 1 Parity Bit
1 0 9 Data Bits

1 1 8 Data Bits, 1 Parity Bit

7.4.2.3 SCI Status Register (SCSR)

SCSR contains flags that the SCI sets to inform the user of various operational condi-

tions. These flags are automatically cleared either by hardware or by a special
acknowledgment sequence consisting of an SCSR read (either the upper byte, the
lower byte, or the entire word) with a flag bit set, followed by a read (or write in the case
of flags TDRE and TC) of data register SCDR (either the lower byte, or the entire
word). An upper byte access of SCDR is only meaningful for reads.
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NOTE

A long-word read can consecutively access both registers SCSR and
SCDR. This action clears the receive status flag bits that were set at
the time of the read, but does not clear the TDRE or TC flags. To
clear TDRE or TC, the SCSR read must be followed by a write to reg-
ister SCDR (either the lower byte or the entire word).

If an internal SCI signal for setting a status bit comes after the CPU has read the
asserted status bits but before the CPU has written or read register SCDR, the newly
set status bit is not inadvertently cleared. Instead, register SCSR must be read again
with the status bit set, and register SCDR must be written or read before the status bit
is cleared.

NOTE

None of the status bits are cleared by reading a status bit while it is
asserted and then by writing zero to that same bit. The procedure
outlined above must be followed. Emphasis is also given to note that
reading either byte of register SCSR causes all 16 bits to be
accessed, and any status bits already set in either byte are armed to
clear on a subsequent read or write of register SCDR.

As mentioned, register SCSR co-functions with register SCDR. SCDR is a combina-
tion of two data registers: the TDR and the RDR. Each of these data registers has a

serial shifter.

SCSR(B) — SCI Status Register 0xYF F40C

SCSR(A) OxYF FCOC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ RESERVED ‘TDRE‘ TC ‘RDRF‘ RAF ‘ IDLE‘ OR ‘ NF ‘ FE ‘ PF ‘

RESET:

0 0 0 0 1 1 0 0 0 0 0 0 0

Table 7-26 SCSR Bit Descriptions

Bit(s) Name Description
15:9 — Reserved
Transmit data register empty flag. TDRE is set when the byte in register TDR is transferred to
the transmit serial shifter. If this bit is zero, the transfer is yet to occur and a write to TDR will
overwrite the previous value. New data is not transmitted if TDR is written without first clearing
8 TDRE TDRE, which is accomplished by reading register SCSR with TDRE set, followed by a write to
TDR. Reset sets this bit.
0 = Register TDR still contains data to be sent to the transmit serial shifter
1 = A new character may now be written to register TDR
Transmit complete flag. TC is set when the transmitter finishes shifting out all data, queued pre-
ambles (mark/idle line), or queued breaks (logic zero). TC is cleared when SCSR is read with
7 TC TC set, followed by a write to register TDR.
0 = SCI transmitter is busy
1 = SCI transmitter is idle
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Table 7-26 SCSR Bit Descriptions (Continued)

Bit(s) Name Description

Receive data register full flag. RDRF is set when the content of the receive serial shifter is trans-
ferred to register RDR. If one or more errors are detected in the received word, the appropriate
receive-related flag(s) NF, FE, and/or PF are set within the same clock cycle. RDRF is cleared
when register SCSR is read with RDRF set, followed by a read of register RDR.

0 = Register RDR is empty or contains previously read data

1 = Register RDR contains new data

6 RDRF

Receiver active flag. RAF indicates whether the SCI receiver is busy. This flag is set when the
SCl receiver detects a possible start bit and is cleared when the chosen type of idle line is
detected. RAF can be used to reduce collisions in systems with multiple masters.

The SCI receiver samples each start bit 16 times (at a rate of 16 times the baud rate). The 16
5 RAE sample times are called RT1-RT16. RAF is set initially at RT1. The SCI receiver samples RT3,
RT5, and RT7. If the receiver line is high during two or three of the three receive time (RT) sam-
ples, the start bit is considered invalid, and RAF is subsequently cleared. A more detailed
description is found in 7.4.4.1 Receiver Bit Processor.

0 = SCl receiver is idle

1 = SCI receiver is busy

Idle-line detected flag. DLE is set when the SCl receiver detects an idle-line condition (reception
of a minimum of ten or eleven consecutive ones as specified by ILT in SCCR1). This bit is not
set by the idle-line condition when RWU in SCCR1 is set. Once cleared, IDLE is not set again
until after RDRF is set (after the line is active and becomes idle again). If a break is received,

RDREF is set, allowing a subsequent idle line to be detected again. IDLE is cleared when SCSR

4 IDLE is read with IDLE set, followed by a read of register RDR.

Under certain conditions, the IDLE flag may be set immediately following the negation of RE
(SCCR1). System designs should ensure this causes no detrimental effects.

0 = SCl receiver did not detect an idle-line condition

1 = SCI receiver detected an idle-line condition

Overrun error flag. OR is set when a new byte is ready to be transferred from the receive serial
shifter to register RDR, RDR is already full (RDRF is still set), and a new start bit is detected.
Data transfer is inhibited until OR is cleared. Previous data in RDR remains valid, but additional
data received during an overrun condition (including the byte that set OR) is lost.

A difference exists between OR and the other receiver status flags, NF, FE, and PF all reflect

3 OR the status of data already transferred to register RDR. OR reflects an operational condition that

resulted in a loss of data to RDR. OR is cleared when SCSR is read with OR set, followed by a

read of register RDR.

0 = No overrun has occurred

1 = An overrun condition has occurred indicating that at least one byte of data was overwritten
in the receive serial shifter

Noise Error Flag. NF is set when the SCI receiver detects noise on a valid start bit, on any of the
data bits, or on the stop bit(s). It is not set by noise on the idle line or on invalid start bits. Each
bit is sampled three times for noise. If the three samples are not at the same logic level, the
majority value is used for the received data value, and NF is set. NF is not set until the entire
2 NF frame is received and RDRF is set. Although an interrupt is not explicitly associated with NF, an
interrupt may be generated with RDRF and NF checked in this manner. NF is cleared when
SCSR is read with NF set, followed by a read of register RDR.

0 = No noise detected on the received data

1 = Noise occurred on the received data
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Table 7-26 SCSR Bit Descriptions (Continued)

Bit(s) Name Description

Framing error flag. FE is set when the SCI receiver detects a zero where a stop bit (one) was to
occur. A framing error results when the frame boundaries in the received bit stream are not syn-
chronized with the receiver bit counter. FE is not set until the entire frame is received and RDRF
is set. Although an interrupt is not explicitly associated with FE, an interrupt may be generated

1 FE with RDRF and FE checked in this manner. A break can also cause FE to be set. FE is cleared
when SCSR is read with FE set, followed by a read of register RDR.
0 = No framing error on the received data
1 = Framing error or break occurred on the received data
Parity error flag. PF is set when the SCI receiver detects a parity error. PF is not set until the
entire frame is received and RDRF is set. Although an interrupt is not explicitly associated with
0 PE PF, an interrupt may be generated with RDRF and PF checked in this manner. PF is cleared

when SCSR is read with PF set, followed by a read of the register RDR.
0 = No parity error occurred on the received data
1 = Parity error occurred on the received data

7.4.2.4 SCI Data Register (SCDR)

SCDR contains two data registers, both at the same address. The first register is the
RDR, which is a read-only register. It contains data received over the SCI serial inter-
face. Initially, data is received into the receive serial shifter and is transferred by the
receiver into RDR. The second register is the SCI TDR, which is a write-only register.
Data to be transmitted over the SCI serial interface is written to TDR. The transmitter
transfers this data to the transmit serial shifter, adding on additional format bits before
the data is sent out on the SCI serial interface.

SCDR(B) — SCI Data Register 0xYF F40E
SCDR(A) OxYF FCOE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\ RESERVED | R8/T8 | R7/T7 | R6/T6 | R5/T5 | R4/T4 | R3/T3 | R2/T2 | R1/T1 | RO/TO |
RESET:
0 0 0 0 0 0 0 U u U u U U U u U

Table 7-27 SCDR Bit Descriptions

Bit(s) Name Description

15:9 — Reserved

Receive 8/transmit 8. This bit is the ninth serial data bit received (R8) when the SCI system is
configured for a 9-bit data operation (M = 1). When the SCI system is configured for an 8-bit data
operation (M = 0), this bit has no meaning or effect.

8 R8/T8 This bit is the ninth serial data bit transmitted (T8) when the SCI system is configured for 9-bit
data operation (M = 1). When the SCI system is configured for an 8-bit data operation (M = 0),
this bit has no meaning or effect. Accesses to the lower byte of SCDR triggers the mechanism
for clearing the status bits or for initiating transmissions whether byte, word, or long-word
accesses are used.

Receive[7:0]/transmit[7:0]. The first eight bits (7:0) contain the first eight data bits to be received

7:0 F;[[;((J)]]/ (R[7:0]) when SCDR is read, and also contain the first eight data bits to be transmitted (T[7:0])
| when SCDR is written.
MC68377 QUEUED SERIAL MODULE MOTOROLA

REFERENCE MANUAL Rev. 15 Oct 2000 7-55




7.4.3 Transmitter Operation
The transmitter consists of a transmit serial shifter and a parallel transmit data register | T|
(TDR) located in SCDR (refer to 7.4.2.4 SCI Data Register (SCDR)). A character may
be loaded into the TDR while another character is being shifted out, a capability called
double buffering. The transmit serial shifter cannot be directly accessed by the CPU.
The output of the transmit serial shifter is connected to the TXD pin whenever the
transmitter is operating (TE = 1, or TE = 0 and transmitter operation not yet complete).

The following definitions apply to the transmitter and receiver operation:

* Bit-Time — The time required to serially transmit or receive one bit of data, which
is equal to one cycle of the baud frequency.

» Start Bit — One bit-time of logic zero that indicates the beginning of a data frame.
A start bit must begin with a one-to-zero transition and be preceded by at least
three receive time (RT) samples of logic one.

* Stop Bit — One bit-time of logic one that indicates the end of a data frame.

* Frame — A start bit, followed by a specified number of data or information bits,
terminated by a stop bit. The number of data or information bits must agree be-
tween the transmitting and receiving devices. The most common frame format is
one start bit followed by eight data bits (LSB first) terminated by one stop bit, for
a total of 10 bit-times in the frame. The SCI optionally provides a 9-bit data format
that results in an 11 bit-time frame.

The M bitin SCCR1 specifies the number of bit-times in the frame (ten or eleven). The
most common format for non-return-to-zero (NRZ) serial interface is one start bit (logic
zero or space), followed by eight data bits (transmitted LSB first), and one stop bit
(logic one or mark). In addition to this standard format, the SCI provides hardware sup-
port for a 9-bit data format. This format is one start bit, eight data bits (LSB first), a
parity or address (control) bit, and one stop bit. Following are all the possible formats:

» Start bit, seven data bits, two stop bits

» Start bit, seven data bits, address bit, one stop bit
» Start bit, seven data bits, address bit, two stop bits
* Start bit, seven data bits, parity bit, one stop bit

* Start bit, eight data bits, one stop bit

» Start bit, eight data bits, two stop bits

» Start bit, eight data bits, parity bit, one stop bit

* Start bit, eight data bits, address bit, one stop bit

When the transmitter is enabled by writing a one to TE in SCCR1, a check is made to
determine if the transmit serial shifter is empty. If empty (TC = 1), a preamble consist-
ing of all ones (no start bits) is transmitted. If the transmit serial shifter is not empty (TC
= 0), then normal shifting continues until the word in progress with stop bit(s) is sent.
The preamble (an all ones frame) is then transmitted.

When TE is cleared, the transmitter is disabled only after all pending information is
transmitted, including any data in the transmit serial shifter (inclusive of the stop bit),
any queued preamble (idle frame), or any queued break (logic zero frame). The TC
flag is set, and the TXD pin reverts to control by PORTQS and DDRQS. This function
allows the user to terminate a transmission sequence in the following manner. After
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loading the last byte into register TDR and receiving the interrupt from TDRE in SCSR,
(indicating that the data has transferred into the transmit serial shifter), the user clears
TE. The last frame is transmitted normally, and the TXD pin reverts to control by
PORTQS and DDRQS.

To insert a delimiter between two messages and place the nonlistening receivers in
wakeup mode or to signal a retransmission (by forcing an idle line), TE is set to zero

and then to one before the word in the transmit serial shifter has completed transmis-
sion. The transmitter waits until that word is transmitted and then starts transmission

of a preamble (ten or eleven contiguous ones). After the preamble is transmitted, and
if TDRE is set (no new data to transmit), the line continues to mark (remain high). Oth-
erwise, normal transmission of the next word begins.

Two SCI messages may be separated with minimum idle time by using a preamble of
ten bit-times (eleven if a 9-bit data format is specified) of marks (logic ones). The entire
process can occur using the following procedure:

a. Write the last byte of the first message to the TDR.

b. Wait for TDRE to go high, indicating that the last byte is transferred to the
transmit serial shifter.

c. Clear TE and then set TE back to one. This queues the preamble to follow
the stop bit of the current transmission immediately.

d. Write the first byte of the second message to register TDR.

In this sequence, if the first byte of the second message is not transferred to register
TDR prior to the finish of the preamble transmission, then the transmit data line (TXD
pin) simply marks idle (logic one) until TDR is finally written. Also, if the last byte of the
first message finishes shifting out (including the stop bit) and TE is clear, TC will go
high and transmission will be considered complete. The TXD pin reverts to being a
general-purpose /O line.

The CPU writes data to be transmitted to register TDR, which automatically loads the
data into the transmit serial shifter. Before writing to TDR, the user should check TDRE
in SCSR. If TDRE = 0, then data is still waiting to be sent to the transmit serial shifter.
Writing to TDR with TDRE clear overwrites previous data to be transferred. If TDRE =
1, then register TDR is empty and new data may be written to TDR clearing TDRE.

As soon as the data in the transmit serial shifter has shifted out and if a new byte of
data is in TDR (TDRE = 0), then the new data is transferred from register TDR to the
transmit serial shifter, and TDRE is automatically set. An interrupt may optionally be
generated at this point.

The data in the transmit serial shifter is prefixed by a start bit (logic zero) and suffixed
by the ninth data bit, if M = 1, and by one stop bit. The ninth data bit can be used as
normal data or as an extra stop bit. A parity bit is substituted if PE = 1. This data stream
is shifted out over the TXD pin. When the data is completely shifted out and no pream-
ble or send break is requested, TC is set to one and the TXD pin remains high (logic
one or mark).
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eight (or bit nine of the data if M = 1), is used as the parity bit, which is inserted between

Parity generation is enabled by setting PE in SCCR1 to a one. The last data bit, bit
ol
the normal data bits and the stop bit(s). |—

When TE is cleared, the transmitter yields control of the TXD pin in the following man-
ner. If no information is being shifted out (i.e., if the transmitter is in an idle state, TC =
1), then the TXD pin reverts to being a general-purpose I/O pin. If a transmission is still
in progress (TC = 0), the characters in the transmit serial shifter continue to be shifted
out normally, followed by any queued break. When finished, TXD reverts to being a
general-purpose /O pin. To avoid terminating the transmitter before all data is trans-
ferred, the software should always wait for TDRE to be set before clearing TE.

Transmissions may be purposely aborted by the send break function. By writing SBK
in SCCR1 to a one, a nonzero integer multiple of ten bit-times (eleven if 9-bit data for-
mat is specified) of space (logic zero) is transmitted. If SBK is set while a transmission
is in progress, the character in the transmit serial shifter finishes normally (including
the stop bit) before the break function begins. Break frames are sent until either SBK
or TE is cleared. To guarantee the minimum break time, SBK should be quickly tog-
gled to one and then back to zero. After the break time, at least one bit-time of mark
idle (logic one) is transmitted to ensure that a subsequent start bit can be recognized.

The TXD pin has several control options to provide flexible operation. WOMS in
SCCR1 can select either open-drain output (for wired-OR operation) or normal CMOS
output. WOMS controls the function of the TXD pin whether the pin is being used for
SCI transmissions (TE = 1) or as a general-purpose I/O pin.

In an SCI system with multiple transmitters, the wired-OR mode should be selected for
the TXD pin of all transmitters, allowing multiple output pins to be coupled together. In
the wired-OR mode, an external pull-up resistor on the TXD pin is necessary.

In some systems, a mark (logic one) signal is desired on the TXD pin, even when the
transmitter is disabled. This is accomplished by writing a one to PORTQS in the appro-
priate position and configuring the TXD pin as an output in DDRQS. When the
transmitter releases control of the TXD pin, it reverts to driving a logic one output,
which is the same as mark or idle.

7.4.4 Receiver Operation

The receiver can be divided into two segments. The first is the receiver bit processor
logic that synchronizes to the asynchronous receive data and evaluates the logic
sense of each bit in the serial stream. The second receiver segment controls the func-
tional operation and the interface to the CPU including the conversion of the serial data
stream to parallel access by the CPU.

7.4.4.1 Receiver Bit Processor

The receiver bit processor contains logic to synchronize the bit-time of the incoming
data and to evaluate the logic sense of each bit. To accomplish this an RT clock, which
is 16 times the baud rate, is used to sample each bit. Each bit-time can thus be divided
into 16 time periods called RT1-RT16. The receiver looks for a possible start bit by
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watching for a high-to-low transition on the RXD pin and by assigning the RT time
labels appropriately.

When the receiver is enabled by writing RE in SCCR1 to one, the receiver bit proces-
sor logic begins an asynchronous search for a start bit. The goal of this search is to
gain synchronization with a frame. The bit-time synchronization is done at the begin-
ning of each frame so that small differences in the baud rate of the receiver and
transmitter are not cumulative. The SCI also synchronizes on all one-to-zero transi-
tions in the serial data stream, which makes the SCI tolerant to small frequency
variations in the received data stream.

The sequence of events used by the receiver to find a start bit is listed below.

a. Sample RXD input during each RT period and maintain these samples in
a serial pipeline that is three RT periods deep.

b. If RXD is low during this RT period, go to step A.
c. If RXD is high during this RT period, store sample and proceed to step D.

d. If RXD is low during this RT period, but not high for the previous three RT
periods (which is noise only), set an internal working noise flag and go to
step A, since this transition was not a valid start bit transition.

e. If RXD is low during this RT period and has been high for the previous
three RT periods, call this period RT1, set RAF, and proceed to stepF.

f. Skip RT2 but place RT3 in the pipeline and proceed to step G.

g. Skip RT4 and sample RT5. If both RT3 and RT5 are high (RT1 was noise
only), set an internal working noise flag. Go to step ¢ and clear RAF.
Otherwise, place RT5 in the pipeline and proceed to step H.

h. Skip RT6 and sample RT7. If any two of RT3, RT5, or RT7 is high (RT1
was noise only), set an internal working noise flag. Go to step ¢ and clear
RAF. Otherwise, place RT7 in the pipeline and proceed to step I.

i. A valid start bit is found and synchronization is achieved. From this point
on until the end of the frame, the RT clock will increment starting over
again with RT1 on each one-to-zero transition or each RT16. The
beginning of a bit-time is thus defined as RT1 and the end of a bit-time as
RT16.

Upon detection of a valid start bit, synchronization is established and is maintained
through the reception of the last stop bit, after which the procedure starts all over again
to search for a new valid start bit. During a frame's reception, the SCI resynchronizes
the RT clock on any one-to-zero transitions.

Additional logic in the receiver bit processor determines the logic level of the received
bit and implements an advanced noise-detection function. During each bit-time of a
frame (including the start and stop bits), three logic-sense samples are taken at RTS8,
RT9, and RT10. The logic sense of the bit-time is decided by a majority vote of these
three samples. This logic level is shifted into register RDR for every bit except the start
and stop bits.
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If RT8, RT9, and RT10 do not all agree, an internal working noise flag is set. Addition-
ally for the start bit, if RT3, RT5, and RT7 do not all agree, the internal working noise
flag is set. If this flag is set for any of the bit-times in a frame, the NF flag in SCSR is
set concurrently with the RDRF flag in SCSR when the data is transferred to register
RDR. The user must determine if the data received with NF set is valid. Noise on the
RXD pin does not necessarily corrupt all data.

The operation of the receiver bit processor is shown in the following figures. These
examples demonstrate the search for a valid start bit and the synchronization proce-
dure as outlined above. The possibility of noise durations greater than one bit-time are
not considered in these examples. Figure 7-14 illustrates the ideal case with no noise
present.

€«—— ACTUAL STARTBIT ———>
«—— PERCEIVED START BIT ——— > <— |SB

1111111110 0 0 00 0O

AN N NN N NN NN NN NN AN NN AN NN NN NN

R*R*R*R*R* R*R* R*R* R R R R R R R R RRRRRRRPRRRR

TTTtTTTTTTTTTTTTTTTTTTTTTTTTTT

1111111111 2345678 911111111 23
01 2 3 4 5 6

* Restart RT Clock

Figure 7-14 Start Search Example 1

Figure 7-15 shows the start bit search and resynchronization process being restarted
because the first low detected was determined to be noise rather than the beginning
of a start bit-time. Since the noise occurred before the start bit was found, it will not
cause the internal working noise flag to be set.

€« PERCEIVED START BIT ———>
€«——————— ACTUAL START BIT ————><— LSB

L \ [

NN N N NN NN NN NN NN NN NN N NN NN

R*R*R* R R R R RRR*R R R RR RRRRRRBRRRBRARBRRR
TrtTTrtTTtTTTTTTTTTTTTTTTTTTTTTTTTT
111123 451123454678 911111111 23
012 3 4 5 6
* Restart RT Clock
Figure 7-15 Start Search Example 2
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high level sensed at RT3 causes the internal working noise flag to be set. Even though
this figure shows improper alignment of the perceived bit-time boundaries to the actual
bit-time boundaries, the logic sense samples taken at RT8, RT9, and RT10 fall well
within the correct actual bit-time. The start bit and all other bits in the frame should be
received correctly.

Figure 7-16 shows that noise is perceived as the beginning of a start bit. Note that the
| ol

PERCEIVED STARTBIT ——————>|
< ACTUAL STARTBIT < LSB
L \ /

111110 1 0O 0 0O0O
NN N NN NN AN NANANNNANANANNNAN NN NN NN

R*R*R*R*R* R R R R R R R R R R RRRRRRRRRRRRR

TTTtTTTTTTTTTTTTTTTTTTTTTTTTTT

1111112345678 91111111123 4567
01 2 3 4 5 6

* Restart RT Clock

Figure 7-16 Start Search Example 3

Figure 7-17 shows how a large burst of noise is perceived as the beginning of a start
bit. Note that RT5 is sensed logic high, setting the internal working noise flag. This fig-
ure also illustrates a worst-case alignment of the perceived bit-time boundaries to the
actual bit-time boundaries; however, RT8, RT9, and RT10 all fall within the correct
actual bit-time. The start bit is detected and the incoming data stream is correctly
sensed.

PERCEIVED START BIT —>]
< ACTUAL START BIT —>{=— LSB

R R*R*R R R R R R RR R RRRRRRRRRRRRRRRR

TTTtTTTTTTTTTTTTTTTTTTTTTTTTTT

111123 4567891111111 123 4567 8329
01 2 3 4 5 6

* Restart RT Clock

Figure 7-17 Start Search Example 4

Figure 7-18 illustrates the effect of noise early within the start bit-time. Although this
noise does not affect proper synchronization with the start bit-time, it does set the inter-
nal working noise flag.
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< PERCEIVED STARTBIT— > | Tl

«—————— ACTUAL STARTBIT ——————>»<— LSB

] [

1111111110 1 0 0O0O0DO
NN N NN N NN NN NN NN NN NN N NN NN

R*R*R*R*R* R* R* R* R* R R R R R R R R R R RRRRRRRRR

TTtTTtTTTTTTTTTTTTTTTTTTTTTTTTTT

1111111111 2345678 91111111123
01 2 3 45 6

* Restart RT Clock

Figure 7-18 Start Search Example 5

Figure 7-19 shows a large burst of noise near the beginning of the start bit that causes
the start bit search to be restarted. During RT1 following RT7, a search for a new start
bit could not be started as the previous three RT samples are not all high. The receiver
bit processor misses this start bit. The frame might be partially received or missed
entirely, depending on the data in the frame and when the start bit search logic syn-
chronized upon what appeared to be a start bit. If a valid stop bit is not detected, an
FE flag is set in SCSR.

SEE EXPLANATION — NO START BIT FOUND
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Figure 7-19 Start Search Example 6

Figure 7-20 explores the case where the majority vote of RT8, RT9, and RT10 returns
a logic-high level. However, the start bit is a special case that overrules the majority
voting scheme. In review, at least three of the samples taken at RT1, RT3, RT5, and
RT7 must be low. The start bit is detected and the RT clock is synchronized; because
RT8—-RT10 were not unanimous, the NF flag is set.
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Figure 7-20 Start Search Example 7

7.4.4.2 Receiver Functional Operation

The receiver contains a receive serial shifter and a parallel RDR. While one character
is in the process of being shifted in, another character may be held in RDR. This capa-
bility is called double buffering. The receive serial shifter cannot be accessed directly
by the CPU. The input of the receive serial shifter is connected to the majority sampling
logic of the receive bit processor.

The receiver is enabled when RE in SCCR1 is set to one. When RE is zero, the
receiver is initialized and most of the receiver bit processor logic is disabled. The
receiver bit processor logic drives a state machine (run by the RT clock) that deter-
mines the logic level for each bit-time. This state machine controls when the bit
processor logic is to sample the RXD pin and also controls when data is to be passed
to the receive serial shifter. Data is shifted into the receive serial shifter according to
the most recent synchronization of the RT clock with the incoming data stream. From
this point on, the data is moved synchronously with the MCU system clock.

The first bit shifted in is the start bit, which is always a logic zero. The next eight bits
shifted in are the basic data byte (LSB first). The next bit shifted in depends on the
mode selected by M in SCCR1. If M = 1, then the bit is the ninth data bit and is placed
in R8 of SCDR, concurrent with the transfer of data from the receive serial shifter to
register RDR.

The last bit shifted in for each frame is the stop bit, which is always a logic one. If a
logic zero is sensed during this bit-time, the FE error flag in SCSR is set. A framing
error is usually caused by mismatched baud rates between the receiver and transmit-
ter or by a significant burst of noise. Note that a framing error is not always caught; the
data in the expected stop bit-time may be a logic one regardless.

When the stop bit is received, the frame is considered to be complete, and the
received character in the receive serial shifter is transferred in parallel to RDR. If M =
1, the ninth bit is transferred at the same time; however, if the RDRF flag in SCSR is
set, transfers are inhibited. Instead, the OR error flag is set, indicating to the user that
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the CPU needs to service register RDR faster. The data in RDR is preserved, but the
data in the receive serial shifter is lost.

All status flags associated with a serially received frame are set simultaneously and at
a time that does not interfere with CPU access to the affected registers. When a com-
pleted frame is received, either the RDRF or OR flag is always set. If RIE in SCCR1 is
set, an interrupt results whenever RDRF is set. The receiver status flags NF, FE, and
PF are set simultaneously with RDRF, as appropriate. These receiver flags are never
set with OR because the flags only apply to the data in the receive serial shifter. The
receiver status flags do not have separate interrupt enables, since they are set simul-
taneously with RDRF and must be read by the user at the same time as RDRF.

All receiver status flags are cleared by the following sequence. Register SCSR is read
first, followed by a read of register SCDR. Reading SCSR not only informs the CPU of
the status of the received data, but also arms the clearing mechanism. Reading SCDR
supplies the received data to the CPU and clears all of the status flags: RDRF, IDLE,
OR, NF, FE, and PF.

7.4.4.3 Idle-Line Detect

The receiver hardware includes the ability to detect an idle line. This function can be
used to indicate when a group of serial transmissions is finished. An idle line is defined
as a minimum of ten bit-times (or eleven if a 9-bit data format is selected) of contiguous
ones on the RXD pin. During a typical serial transmission, frames are transmitted iso-
chronously, that is, no idle time occurs between frames. Even if all data bits in a frame
are logic ones, the start bit ensures that at least one logic zero bit-time occurs for each
frame.

Motorola MCUs from the M68HC11 and M68HCO5 families have SCls with only one
type of idle-line detect circuitry. On these MCUSs, the receiver bit processor starts
counting logic one bit-times at any point (even within a frame). This method allows the
earliest recognition of an idle line because the stop bit and any contiguous ones pre-
ceding the stop bit are counted with the logic ones in the idle line following the stop bit.
In some applications, the CPU overhead prevents the servicing of interrupts as soon
as possible to ensure that no bit-time of an idle line occurs between frames. Although
this idle line causes no deterioration of the message content, if one bit-time should
occur after a data byte of all ones, the combination is seen as an idle line and causes
sleeping SCls to wake up.

The SCI on the QSM module contains this same idle-line detect logic called short idle-
line detect as well as long idle-line detect. In long idle-line detect mode, the SCI begins
counting logic ones after the stop bit is received. The data content of a byte, therefore,
does not affect how quickly the idle line is detected. When RXD goes idle for the min-
imum required time, the IDLE flag in SCSR is set. ILT in SCCR1 is used to choose
between short and long idle-line detection.

If ILIE in SCCR1 is set, a hardware interrupt request is generated when the IDLE flag
is set. This flag is cleared by reading SCSR with IDLE set, followed by reading register
RDR. The IDLE flag is not set again until after at least one frame has been received
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(RDRF = 1), which prevents an extended idle interval from causing more than one
interrupt.

7.4.4.4 Receiver Wakeup

The SCI receiver hardware provides a receiver wakeup function to support multinode
networks containing more than one receiver. This function allows the transmitting
device to direct a message to an individual receiver or group of receivers by sending
an address frame at the start of a message. All receivers not addressed for the current
message invoke the receiver wakeup function, which effectively allows them to sleep
through the rest of the message. Therefore, the CPU is alleviated from servicing reg-
ister RDR, resulting in increased system performance.

The SCl receiver is placed in wakeup mode by writing a one to RWU in SCCR1. While
RWU is set, all receiver status flag bits are inhibited from being set. Note that the IDLE
flag cannot be used when RWU is set. Although the CPU can clear RWU by writing a
zero to SCCRH1, it is normally left alone by software and is cleared automatically by
hardware in one of two methods: idle-line wakeup or address-mark wakeup.

WAKE in SCCR1 determines which method of wakeup is to be employed. If WAKE =
0, idle-line wakeup is selected. This method is compatible with the method originally
used on the MC6801. If WAKE = 1, address-mark wakeup is selected, which uses a
one in the MSB of data to denote an address frame and uses a zero to denote a normal
data frame. Each method has its particular advantages and disadvantages.

Both wakeup methods require a software device addressing and recognition scheme
and, therefore, can conform to all transmitters and receivers. The addressing informa-
tion is usually the first frame(s) of the message. Receivers for which the message is
not intended may set RWU and go back to sleep for the remainder of the message.

Idle-line wakeup allows a receiver to sleep until an idle line is detected, causing RWU
to be cleared by the receiver and causing the receiver to wake up. The receiver waits
through the idle times for the first frame of the next message. If the receiver is not the
intended addressee, RWU may be set to put the receiver back to sleep. This method
of receiver wakeup requires that a minimum of one frame of idle line be imposed
between messages. As previously stated, no idle time is allowed between frames
within a message.

Address-mark wakeup uses a special frame format to wake up the receiver. All frames
consist of seven (or eight) data bits plus an MSB that indicates an address frame when
set to a one. The first frame of each message should be an address frame. All receiv-
ers in the system must use a software scheme to determine which messages address
them. If the message is not intended for a particular receiver, the CPU sets RWU so
that the receiver goes back to sleep, thereby eliminating additional CPU overhead for
servicing the rest of the message.

When the first frame of a new message is received with the MSB set, denoting an
address frame, RWU is cleared. The byte is received normally, transferred to register
RDR, and the RDRF flag is set. Address-mark wakeup allows messages to include idle
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times between frames and eliminates idle time between messages; however, an effi-
ciency loss results from the extra bit-time (address bit) that is required on all frames. | T|

7.5 Bus Error Support

Bus error support has been added to the QSM. When the QSM is configured for bus
error assertion, the QSM will generate a bus error for reserved register accesses and
privilege violations. Specifically, bus errors are generated for the following:

* Access to a reserved 16-bit register within the QSM’s memory map.

» User access to supervisor-only registers when other registers in the QSM’s mem-
ory map are user-accessible (QMCR SUPV bit is not set).

* Access to the test register (QTEST) when not in test mode.

* Writes to read-only registers.

The QMCR, QTEST, QILR, and QIVR registers are always supervisor-only accessible
registers. The only register that is read-only is the SCI’s status register (SCSR). A write
to this register generates a bus error. The reserved registers are at offsets 0x06, 0x10,
0x12, 0x20-0xFF, and 0x150-0x1FF to the QSM base address.

If the QSM is not configured for bus error assertion then the BIU does not generate
bus errors. For all of the above conditions the BIU asserts DTACK to terminate the
cycle. Writes have no effect and reads return zero data.

7.6 Interrupt Request Functionality

The QSM supports two different schemes for asserting interrupts. The QSM can be
factory configured to support bus masters with interrupt acknowledge (IACK) cycles
and vector generation or configured for bus masters with interrupt level byte selects
(ILBS) cycles. The features unique to each will be discussed separately.

7.6.1 Interrupts for Bus Masters that Support IACK

For bus masters that support IACK cycles (and not ILBS) with vector generation the
QSM supports seven levels of interrupt priority. The level generated is specified in the
QSM interrupt level register (QILR) for both the QSPI and the SCI (refer to 7.2.2.2
QSM Interrupt Level Register (QILR) for details). A level seven interrupt specifies the
highest level of priority, while a level one interrupt specifies the lowest level of priority.
Specifying a level zero interrupt for either the QSPI or SCI disable interrupts for that
sub-module.

After the QSPI or SCl issues an interrupt request and the bus master recognizes it, an
IACK cycle is issued by the bus master. During the IACK cycle all modules in the sys-
tem currently requesting interrupt service for the level specified by the IACK cycle will
respond to the cycle. The QSM compares the pending levels in QILR with the IACK
level to determine if a response is required.

In the case of multiple modules requesting interrupt service for the same interrupt
level, the interrupt arbitration (IARB) field of each module will break the tie. The module
with the highest IARB value wins arbitration. For the QSM the IARB value is specified
in register QMCR. An IARB value of 0x0 disables arbitration.
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arbitration, it responds to the IACK cycle with an 8-bit interrupt vector number. The
CPU uses this vector as a displacement into the exception vector table, then uses the
resulting vector to jump to an interrupt service routine. The vector number used by the
QSM is specified in register QIVR.

If the QSM is the only module requesting interrupt service, or it wins during the ensuing
| T|

7.6.2 Pad Driver Level Modifications

Eight of the nine QSM pins can be configured by the user as general-purpose 1/0O
ports. These pins are PCS3, PCS2, PCS1, PCS0/SS, SCK, MOSI, MISO, and TXD.
In order to reduce electro-magnetic interference (EMI) on signal transitions of this user
assignable port, eight new pad control signals have been added.

Each pad control signal is connected to the input/output pad of its corresponding QSM
pin. A high logic level on a pin assignment pin means the corresponding data pin is
being used by the QSPI or SCI and the I/O pad is configured for fast signal transition
delay. A low logic level means the data pin is being used as a general-purpose 1/0 and
the 1/0 pad is configured for slow signal transition delay.

These logic levels match the state of the of the pin assignment bits in the QSM pin
assignment register (QPAR), except for SCK and TXD. SCK and TXD are only gen-
eral-purpose ports when the QSPI or SCI, respectively, are disabled.

Each pad control signal is connected to the input/output pad of its corresponding QSM
pin. If a pin is configured as an I/O pin, the 1/0O pad is configured for slow transition
delay. If a pin is being used by the QSPI or SCI, the I/O pad is configured for fast tran-
sition delay.
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