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SECTION 1
INTRODUCTION

The TS68HC901 multi-function peripheral (CMFP) is a member of the 68000 peripherals. The
CMEFP directly interfaces to the 68000 processor via ai asynchronous bus structure. Both
vectored and polled interrupt schemes are supported, with the CMFP providing unique vector
number generation for each of its 16 interrupt sources. Additionally, handshake lines are
provided to facilitate DMAC interfacing. Refer to block diagram of the TS68HC901.

The TS68HCO901 performs many of the functions common to most microprocessor-based

systems.

The resources available to the user include:

Eight individually Programmable 1/ O Pins with Interrupt Capability

16-Source Interrupt Controller with Individual Source Enabling and Masking

Four Timers, Two of which are Multi-Mode Timers

Timers May Be Used as Baud Rate Generators for the Serial Channel

Single-Channel Full-Duplex Universal Synchronous/ Asynchronous Receiver- Transmitter
(USART) that Supports Asynchronous and with the Addition of a Polynomial Generator
Checker Supports Byte Synchronous Formats

By incorporating multiple functions within the CMFP, the system designer retains fiexibility

while minimizing device count.
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From a programmer’s point of view, the versatility of the CMFP may be attributed to its register
set. The registers are well organized and allow the CMFP to be easily tailored to a variety of
applications. All of the 24 registers are also directly addressable which simplifies programrhing.
The register map is shown in Table 1-1.

Table 1-1. CMFP Register Map

Address
Binary

Hex RS5 RS4 RS3 RS2 RS1 Abbreviation Register Name
01 0 0 0 0 0] GPIP Generai Purpose 1/0 Register
03 0 0 0 0 1 AER Acuve Edge Register
05 0 0 0 1 0 BDR Data Direcuon Register
Q7 0 o] 0 1 1 IERA interrupt Enable Register A
08 0 0 1 0 0 IERB Interrupt Enable Register B
]2} 0 0 1 0 1 IPRA Interrupt Pending Register A
oD 0 0 1 1 0 IPRB Interrupt Pending Register B
OF 0 0 1 1 1 ISRA interrupt in-Service Register A
11 o] 1 9 0 0 ISRB Interrupt In-Service Register B
13 o 1 0 0 3 IMRA Interrupt Mask Register A
1% 0 1 0 1 0 IMRB Interrupt Mask Register B
17 0 1 0 1 1 VR Vector Register
19 0 1 1 0 0 TACR Timer A Control Register
18 o} 1 1 0 1 TBCR Timer B Control Register
1D 0 1 1 1 0 TCDCR Timers C and D Control Register
1F 0 1 1 1 1 TADR Timer A Data Register
21 1 0 0 0 0 TBOR Timer B Data Register
23 1 0 0 0 1 TCDR Timer C Data Register
25 1 0] ¢ 1 e TDDR Twner D Data Register
27 1 ¢ 0 1 1 SCR Synchronous Character Register
49 1 0 1 0 0 UCR USART Control Reqister
2B 1 o] 1 0 1 RSR Recever Status Register
2D 1 0 1 1 0 TSR Transmitter Status Register
2F 1 0 1 1 1 UDR USART Data Register

NOTE : Hex addresses assume that RS1 connects with A1, RS2 connects with A2, etc... and that DS is
connected to LDS on the 68000 or DS is connected to DS on the 68008.
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SECTION 2
SIGNAL AND BUS OPERATION DESCRIPTION

This section contains a brief description of the input and output signals. A discussion of bus opera-
tion during the various operations is also presented.

Note: The terms assertion and negation will be used extensively. This is done to avoid confu-
sion when dealing with a mixture of “'active low” and “active high” signals. The term
assert or assertion is used to indicate that a signal is active or true, independent of
whether that level is represented by a high or low voltage. The term negate or negation is
used to indicate that a signal is inactive or false.

2.1 SIGNAL DESCRIPTION

The input and output signals can be functionally organized into the groups shown in Figure 2-1. The
following paragraphs provide a brief description of the signal and a reference (if applicable} to other

sections that contain more detail about its function.
10-17

Veg ————3 —————  TAj

GND  ————— t—————— T8I

CLK ————3- p————————» TAQ
—_— T8O L Timer
P———® TCO Controt

——————» TDO
CMFp he————— XTAL?
———— XTAL2 |

RS1-RS5
b———— S}

———r— e :
RESET S0 Serial 1/0
ME)E —_— " rc [ Controi
IRQ ————o
—_— ——— TC
interrupt IACK »
Control B ————— 3 .
T
D -- > _R_ DMA
b—— = & Control

Figure 2-1. Input and Output Signals
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2.1.1 Ve and GND

These inputs supply power to the CMFP. The V¢ is power at + 5 volts and GND is the ground
connection.

2.1.2 Clock (CLK)

The clock input is a single-phase TTL-compatible signal used for internal timing. This input
should not be gated off atany time and must conform to minimum and maximum puise width
times. The clock is not necessarily the system clock in frequency nor phase. When the bus IS
multiplexed (MPX=1), an adress strobe signal is connected to this pin. In the non multiplexed
mode {(MPX=0), this inputis connected to the system clock when used with a 68000 processor
type or to Vs (0 VpC) when used with a 6800 processor type.

2.1.3 Asynchronous Bus Control

Asynchronous data twransfers are controlled by chip select, data strobe, read/write, and data
transfer acknowledge. The low order register select lines, RS1-RS6, select an internal CMFP

register for a read or write operation. The reset line initializes the CMFP registers and the
internal control signals.

2.1.3.1 CHIP SELECT {CS). This input activates the CMFP for internal register access.

2.1.3.2 DATA STROBE (DS). This input is part of the internal chip select and interrupt acknowl-

edge functions. The CMFP must be located on the lower portion of the 16-bitdata bussothatthe
vector number passed to the processor during an interrupt acknowledge cycle willbe locatedin -
the low byte of the data word. As a result, DS mustbe connected to the processor’s lower data -
strobe if vectored interrupts are tobe used. Note thatthis forces all registers to be located at odd -
addresses and latches data on the rising edge for writes. This signal is used as RD with an intel -
processor type. ]

2.1.3.3 READ/WRITE (R/W)L_Tf\is input defines a data transfer as a read (high) or a write (low) -
cycle. This signal is used as WR with an Intel processor type. -

2.1.3.4. DATATRANSFER ACKNOWLEDGE (DTACK). This output signals the completion ~
of the operation phase of a bus cycle to the processor. if the bus cycle is a processor read, the -
CMFP asserts DTACK to indicate that the information on the data bus isvalid. If the buscycleisa-
processor tothe CMFP, DTACK acknowledges the acceptance of the data by the CMFP. DTACK:

will be asserted only by an CMFP that has CS or IACK (and 1E]) asserted. This signal is not used”
with a 6800 processor type.

2.1.3.5 REGISTER SELECT BUS {(RS1 THROUGH RS5). The lower five bits of the register select
bus select an internal CMFP register during a read or write operation. :
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2.1.3.6 DATA BUS (DO THROUGH D7). This bidirectional bus is used to receive data from or
transmit data tothe CMFP’s internal registers during a processor read or write cycle. During an
interrupt acknowledge cycle, the data bus is used to pass a vector number to the processor.
Since the CMFP is an 8-bit peripheral, the CMFP could be located on either the upper or lower
portion of the 16-bit data bus (even or odd address). However, during an interrupt acknowiedge
cycle, the vector number passed to the processor must be located in the low byte of the data
word. As a result, DO-D7 of the CMFP must be connected to the low order eignt bits of the
processor data bus, placing CMFP registers at odd addresses if vectored interrupts are to be
used.

2.1.3.7 RESET(RESET). This input will initialize the CMFP during power up or in response to
a total system reset. Refer to 2.2.3 for further information.

2.1.3.8 MPX. This signal selects the data bus mode:

MPX=0: non multiplexed mode

MPX=1: multiplexed mode. The register select lines RS1-RS5 and the data bus DO-D7 are
muitiplexed. An adress strobe must be connected to the CLK pin.

2.1.4 Interrupt Control

The interrupt request and interrupt acknowledge signals are handshake lines for a vectored interrupt
scheme. Interrupt enable in and the interrupt enable out implement a daisy-chained interrupt struc-
ture.

2.1.4.1 INTERRUPT REQUEST (IRQ). This output signals the processor that an interrupt is pen-
ding from the CMFP. These are 16 interrupt channels that can generate an interrupt request.
Clearing the interrupt pending registers (IPRA and IPRB)or clearing the interrupt mask registers
(IMRA and IMRB) will cause IRQ to be negated. IRQ will also be negated as the result of an
interrupt acknowledge cycle, unless additional interrupts are pending in the CMFP. Refer to
SECTION 3 for further information.

2.1.4.2 INTERRUPT ACKNOWLEDGE (IACK). If both TRQ and IET are active, the CMFP will
begin an interrupt acknowledge cycle when IACK and DS are asserted. The CMFP will supply a
unique vector number to the processor which corresponds to the interrupt handler for the
particular channel requiring interrupt service. In a daisy-chained interrupt structure, all devices
in the chain must have a common IACK. Refer to 2.2.2 and 3.1.2 for additional information.

2.1.4.3 INTERRUPT ENABLE IN (IEI). This input, together with the TEO signal, provides a daisy-
chained interrupt structure for a vectored interrupt scheme. IEI indicates that no higher priority
device IS requesting interrupt service. So, the highest priority device in the chain should have its IE!
pin tied low. During an interrupt acknowledge cycle, an CMFP with a pending interrupt is not
allowed to pass a vector number to the processor until its IE) pin is asserted. When the
datsy-chain option is not implemented, all CMFPs should have their IEl pin tied low. Refer to 3.2
for additional information.
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2.1.4.4 INTERRUPT ENABLE OUT (1fEO). This output, together with tp_e__@ signal, provides a
daisy-chained interrupt structure for a vectored interrupt scheme. The IEQ of a particular CMFP
signals lower priority devices that neither the CMFP nor any othihigher-priority device is
requesting interrupt service. When a daisy-chain is implemented, IEQ is tied to the next lower

priority device’s lEl input. The lowest priority device's IEO is not connected. When the-daisy-
chain option is not implemented, IEO is not connected. Refer to 3.2 for additional information.

2.1.5 General Purpose 1/0 Interrupt Lines (10 Through 17)

This is an 8-bit pin-programmable 1/0 port with interrupt capability. The data direction register
(DDR) individually defines each line as either a high-impedance input or a TTL-compatible output.
As an input, each line can generate an interrupt on the user selected transition of the input signal.
Refer to SECTION 4 for further information.

2.1.6 Timer Control

These lines provide internal timing and auxiliary timer control inputs required for certain operating
modes. Additionally, the timer outputs are included in this group.

2.1.6.1 TIMER CLOCK (XTALT AND XTALZ2}. This input provides the timing signal for the four
timers. A crystal can be connected between the timer clock inputs, XTAL1 and XTALZ, or XTALI
can be driven with a TTL-level clock while XTAL2 is not connected. The foliowing crystal
parameters are suggested:
al Parallel resonance, fundamental mode AT-cut
b) Frequency tolerance measured with 18 picofarads load (0.1% accuracy) — dnve level 10
microwaits
c) Shunt capacitance equals 7 picofarads maximum
d! Series resistance:
20<f<2.7 MHz; Rg=<300 Q
28<f<4.0 MHz; Rg=<150 @

2.1.6.2 TIMER INPUTS (TAI AND TBl). These inputs are control signals for timers A and B in the
pulse width measurement mode and event count mode. These signals generate interrupts at the
same priority level as the general purpose 1/0 interrupt lines 14 and 13, respectively. While 14 and 13

do not have interrupt capability when the timers are operated in the pulse width measurement mode

or the event count mode, 14 and I3 may still be usedfor 1/0. Referto5.1.2and5.1.3 for further
information.

2.1.6.3 TIMER OUTPUTS (TAO, TBO, TCO, AND TDO). Each timer has an associated output

B

which toggles when its main counter counts through 01 (hexadecimal}, regardless of which opera- -
tional mode is selected. When in the delay mode, the timer output will be a square wave with & -

period equal to two timer cycles. This output signal may be used to supply the universal syn-
chrongus/asynchronous receiver-transmitter (USART) baud rate clocks. Timer outputs TAO and
TBU may be cleared at any time by writing a one to the reset location in timer control registers A
and B. Also, adevice reset forces all timer outputs low. Referto 5.2.2 for additional information.
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2.1.7 Serial I/0O Control

The full duplex serial channel 1s implemented by a senal input and output line. The independent
receive and transmit sections may be clocked by separate timing signats on the receiver clock input
and the transmitter clock input.

2.1.7.1 SERIALINPUT {Sl). This input iine is the USART receiver data input. This input is not used
in the USART loopback mode. Refer to 6.3.2 for additional information.

2.1.7.2 SERIAL OUTPUT (SO). This output line is the USART transmitter data output. This output
is driven high during a device reset.

2.1.7.3 RECEIVER CLOCK {RC). This input controls the serial bit rate of the receiver. This signal
may be supplied by the timer output lines or by any external TTL-level clock which meets the
minimum and maximum cycle times. This clock is not used in the USART loopback mode. Refer to
6.3.2 for additional information.

2.1.7.4 TRANSMITTER CLOCK {TC). This input controls the serial bit rate of the transmitter. This
signal may be supplied by the timer output lines or by an external TTL-fevel clock which meets the
minimum and maximum cycle times.

2.1.8 DMA Controi

The USART supports DMA transfers through its receiver ready and transmitter ready status lines.

2.1.8.1 RECEIVER READY (RR}. This output reflects the receiver buffer full status for DMA opera-
tions.

2.1.8.2 TRANSMITTER READY (TR). This output reflects the transmitter buffer empty status for
DMA operations.
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2.1.9 Signal Summary
Table 2-1 is a summary of all the signals discussed in the previous paragraphs.
Table 2-1. Signal Summary

Signal Name Mnemonic /0 Active
Power Input vee Input High
Ground GND input Low
Clock CLK tnput N/A
Chip SeIeg! CS Inpt Low
Data strobe DS Input Low
Read/Wrile R/W Input Read — High, Write — L ow
Data Transter Acknowledge DTACK Output Low
Reqister Select Bus RS1-RS5 Input N/A
Data Bus D0-D7 17O N/ A
Reset RESET Input Low
Interrupt Reguest RGO Quitpt Low
interrupt Acknowledge TACK tnput Low
interrupt Enatie In TEl Input Low
Interrupt Enable Out 1ED Qutput Low
General Purpose 1/0 — Interrupt Lines 10-17 1710 N/A
Timar Clock XTALl, XTALZ tnput High
Timer Inputs TAl T8B! input N/A
Timer Qutputs TAQ,TBO, TCO, TDO Cutput N/A
Senal input St Input N/A
Sena! Qutput S0 Output N/A
Receiver Clock RC input N/ A
Transmutter Ciock TC Input N/ A
Recever Ready RR Cutput Low
Transmitter Ready TR Qutput Low
MPX MPX Input N/A

2.2 BUS OPERATION

The foliowing paragraphs expl

tions and reset.

2.2.1 Data Transfer Operations

Transfer of data between devices involves the following pins:
Register Select Bus — RS1 through RS5
Data Bus — DO through D7
Control Signals

The address and data buses are separate parallel buses used to
bus structure. In all cycles, the bus master assumes responsibi
at both the start and end of a cycle. Additi

acknowledge and data signals from the peripheral devices.

This Materi al

Downloaded from Datasheet.su

4-68

transfer data using an asynchronous
lity for deskewing all signals it issues
onally, the bus master is responsible for deskewing the

Copyrighted By Its Respective Manufacturer

LI

AL I TR R

ain the control signals and bus operation during data transfer opera- |

(IR I TR ¥



2.2.1.1 READCYCLE. Toreadan CMFP register, CS and DS mustbe asserted, and R/W must
be high. The CMFP will place the contents of the register which is selected by the register select
bus (RS1 through RS5) pn the data bus (DO through D7) and then assert DTACK. The register
addresses are shown in Table 1-1.

After the processor has latched the data, DS is negated. The negation of either C3 or DS will
terminate the read operation. The CMFP will drive DTACK high and place it in the high-
impedance state. Also, the data bus will be in the high-impedance state. The timing for a read
cycle is shown in Figure 2-2. Refer to 7.7 for actual timing numbers.

RS1-RSH —(

DO-C7

DTACK /

U

Figure 2-2. Read Cycle Timing

2.2.1.2 WRITE CYCLE. To write a register, CS and DS must be asserted, and R/W must be
low. The CMFP will decode the address bus to determine which register is selected(the register

map is shown in Table 1-1). Then the register will be loaded with the contents of the data bus
and DTACK will be asserted.
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When the processor recognizes DTACK, DS will be negated. The write cycle is terminated when
either CS or DS is negated. The CMFP will drive DTACK high and placeitinthe high-impedance
state. The timing for a write cycle is shown in Figure 2-3. Refer to 7.7 for actual numbers.

e M\_

va
f
/
/D

DTACK

Figure 2-3. Write Cycle Timing
2.2.2 Interrupt Acknowledge Operation

The CMFP has 16 interrupt sources, eight internal sources, and eight external sources. When
an interrupturequest is pending, the CMFP will assert iRO. In a vectored interrupt scheme, the
processor will acknowledge the interrupt request by performing an interrupt acknowledge
cycle. IACK and DS will be asserted. The CMFP responds to the JACK signal by placing a vector
number on the lower eight bits of the data bus. This vector number corresponds to the RQ
handier for the particular interrupt requesting service. The format of this vector number is given
in Figure 3-1.

When the CMFP asserts DTACK toindicate that valid data is on the bus, the processor will latch
the data and terminate the bus cycle by negating DS. When either DS or IACK are negated, the
CMEP will terminate the interrupt acknowledge operation by driving DTACK high and placing it .
in the high-impedance state. Also, the data bus will be placed in the high-impedance state. IRQ
will be negated as a result of the IACK cycle unless additional interrupts are pending.

The CMFP can be part of a daisy-chain interrupt structure which allows multiple CMFPs tobe
placed at the same interrupt level by sharing a common IACK signal. A daisy-chain priority
scheme is implemented with signals IEl and IEO. IEl indicates that no higher priority device is
requesting interrupt service. {EO signals lower priority devices that neither this device nor any
higher priority device is requesting service. To daisy-chain CMFPs, the highest priority CMFP
has its I_E_med low and successive CMFPs have their |E| connected to the next higher priority
device's IEO. Note that when the daisy-chain interrupt structure is not implemented, the IEl of
all CMFPs must be tied low. Refer to 3.2 for additional information.
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When the processor initiates an interrupt acknowledge cycle by driving IACK and DS, the CMFP
whose IEl is low may respond with a vector number if an interrupt is pending. If this device does
not have a pending interrupt, I[EO is asserted which allows the next lower priority device to
respond to the interrupt acknowledge. When an CMFP propagates IEO, it will not drive the data
bus nor DTACK during the interrupt acknowledge cycle. The timing for an IACK cycle is shown
in Figure 2-4. Refer to 7.6 for further information.

oL W

DO-D7 /L

>__
DTACK A L/\—
|

Figure 2-4, JACK Cycle Timing

2.2.3 Reset Operation

The reset operation will initialize the CMFP to a known state. The reset operation requires that
the RESET input be asserted for a minimum of two microseconds. During a device reset
condition, all internal CMFP registers are cleared except for the timer data registers (TADR,
TBDR, TCDR, and TDDR), the USART data register (UDR), the transmitter status register (TSR)
and the interrupt vector register. All timers are stopped and the USART receiver and transmitter
are disabled. The interrupt channels are also disabled and any pending interrupts are cleared. In
addition, the general purpose interrupt |/0 lines are placed in the high-impedance input mode
and the timer outputs are driven low. External CMFP signals are negated. The interrupt vector
register is initialized to a $OF.

2.2.4 Non Multiplexed mode

In this mode the MPX input mustbe set to zero, andthe TS68HC901 can be used with a 68000
processor type or a 6800 processor type. Refer to figure 7-4, 7-5, 7-8 for the electrical
characteristics.

With a 6800 processor type the DS pin is connected to the E signal of the processor, the DTACK

signal is not used and the CLK must be zeroed.
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2.2.5 Multiplexed mode

The CMFP can be used either on a MOTOROLA or INTEL bus type. in this case the MPX pinis _
connected to Vg The following table gives the signification of the different signals used. A
dummy access to the TS68HCO01 has to be done before any valid access in order to set up the .

internal logic of sampling.

8800 type Wiuttiotexed
48 cs CS CS
47 E DS RD
1 R/W R/W WR
35 Vag AS ALE
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SECTION 3
INTERRUPT STRUCTURE

In a 68000 system, the CMFP will be assigned to one of the seven possible interrupt levels. All
interrupt service requests from the CMFP’s 16 interrupt channels will be presented at this level.
Although, as an interrupt controller, the CMFP will internally prioritize its 16 interrupt sources.
Additional interrupt sources may be placed at the same interrupt level by daisy-chaining
muhtiple CMFPs. The CMFPs will be prioritized by their position in the chain.

3.1 INTERRUPT PROCESSING

Each CMFP provides individual interrupt capability for its various functions. When an interrupt
is received on one of the external interrupt channels or from one of the eight internal sources,
the CMFP will request interrupt service. The 16 interrupt channels are assigned a fixed priority
so that multiple pending interrupts are serviced according to their relative importance. Since
the CMFP can internally generate 16 vector numbers, the unique vector number which corres-
ponds to the highestpriority channel that has a pending interrupt is presented to the processor
during an interrupt acknowledge cycle. This unique vector number allows the processor to
immediately begin execution of the interrupt handler for the interrupting source, decreasing
interrupt latency time.

3.1.1 Interrupt Channel Prioritization

The 16 interrupt channels are prioritized as shown in Table 3-1. General purpose interrupt 7 (17) is
the highest priority interrupt channel and 10 is the lowest priority channel. Pending interrupts are
presented to the CPU in order of priority unless they have been masked off. By selectively masking
interrupts, the channels are in effact re-prioritized.

Table 3-1. Interrupt Channel Prioritization

Priority Channel Description
Highest 1111 General Purpose Interrupt 7 (17)
1110 Generai Purpose Interrupt 6 {16}
1101 Timer A
1100 Receiver Bulfer Full
1011 Receive Error
1010 Transmut Bulfer Empty
1001 Transmut Error
1000 Timer B
o1 General Purpose Interrupt 5 (15)
0110 General Purpose interrupt 4 (14)
N Timer C
0100 Timer D
00113 General Purpose Interrupt 3 {13}
0010 General Purpose Interrupt 2 {12
0001 General Purpose Interrupt 1 (11}
Lowest 0000 General Purpose Interrupt 0 (10)
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3.1.2 Interrupt Vector Number Format

During an interrupt acknowledge cycle, a unique 8-bit vector number is presented to the system
which corresponds 1o the specific interrupt source which is requesting service. The format of the
vector is shown in Figure 3-1. The most significant four bits of the interrupt vector number are user

programmable. These bits are set by writing the upper four bits of the vector register which 15
shown in Figure 3-2. The low order bits are generated internally by the TS68HC901. Note that

the binary channel number shown in Table 3-1 corresponds to the low order bits of the vector
number associated with each channel.

7 6 5 4 3 2 1 0
vz [ v [ ve [ wva | wa e | v T wo
V7-va4 The tour most sigmiicant bits are copied from the vector register

iw3-1v0  These bits are supphed by the CMEP. They are the binary channel number of the highest priority
channel that 1s requesting interruplt service

Figure 3-1. Interrupt Vector Format

7 6 5 4 3 2 3 0

podess VT T ve [ we [ wa | s 1 T = T ]

* Unused bits are read as Zero

V7-V4 The upper four bits af the veclor register are wntlen by the user These tits become the most
sigmificant four bits of the intarrupt vector number

SET a} MPU wntes a one
CLEARED  al MPU writes a zero
bl Reset
S In-Service Register Enable. When the S bit is ze. 0, the CMFP i1s in the automatic

end-of-interrupt mode and the in-service register bits are forced low. When the S bit
is a one, the CMFP is in the software end-of-interrupt mode and the in-Service
register bits are enabled Refer to 3.4.2 and 3.4.3 for additionat information.

tion
SET al MPU writes a one
CLEARED al MPU wnites a zero
bl Reset

Figure 3-2 Vector Register Format (VR)

3.2 DAISY-CHAINING CMFPs

As an interrupt controller, the TS68HC901 CMFP will support eight external interrupt sources
in addition to its eight internal interrupt sources. When a system requires more than eight
external interrupt sources tobe placed atthe same interrupt level, sources may be added tothe
prioritized structure by daisy-chaining CMFPs. Interrupt sources are prioritized internally
within each CMFP and the CMFPs are prioritized by their position in the chain. Unique vector
numbers are provided for each interrupt source.

The IEl and IEO signals implement the daisy-chained interrupt structure. The IE| of the highest
priority CMFP is tied low and the [EQ output of this device is tied to the next highest priority
CMFP’s IET. The IEl and IEO signals are daisy-chained in this manner for all CMFPs inthe chain,
with the lowest priority CMFP's IEO left unconnected. A diagram of an interrupt daisy-chain 1S

shown in Figure 3-3.
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Highest Lowest -

Priorty Priority

TSE8HC3D TSH6BHCIOY TS6BHC901 "
‘[—— IEl IEO IEl  TEO—=-==-=-—iEl

B IACK IACK IACK -

IACK ————

Figure 3-3. Daisy-Chained Interrupt Structure -

Daisy-chaining requires that alt parts in the chain have a3 common TACK. When the commaon IACK s -
asserted during an interrupt acknowledge cycle, all parts will prioritize interrupts in paraliel. When -
the IEI signal to a CMFP is asserted, the part may respond to the IACK cycle if it requires
interrupt service. Otherwise, the part will assert IEQ to the next lower priority device. Thus,
priority is passed down the chain via IEl and IEQ until a part which has a pending interrupt is
reached. The part with the pending interrupt passes a vector number to the processor and does
not propagate IEQ.

3.3 INTERRUPT CONTROL REGISTERS

CMEP interrupt processing is managed by the interrupt enable registers A and B, interrupt
pending registers A and B, and interrupt mask registers A and B. These registers allow the
pregrammer to enable or disable individual interrupt channels, mask individual interrupt
channels, and access pending interrupt status information. In-service registers A and B allow
interrupts to be nested as described in 3.4. The interrupt control registers are shown in
Figure 3-4.

3.3.1 Interrupt Enable Registers

The interrupt channels are individually enabled or disabled by writing a one or zero, respectively, to -
the appropriate bit of interrupt enable register A (IERA) or interrupt enable register B (I[ERB). The -
processor may read these registers at any time.

When a channelis enabled, interrupts received on the channel will be recognized by the CMFP
and |RQ will be asserted to the processor, indicating that interrupt service is required. On the
other hand, a disabled channel is completely inactive; interrupts received on the channel are ;
ignored by the CMFP. -

(IR I TR ¥

Writing a zero to a bit of interrupt enable register A or B will cause the corresponding bit of interrupt
pending register A or B 1o be cleared. This will terminate all interrupt service requests for the chan-
nel and also negate TRQ, unless interrupts are pending from other sources. Disabling a channel,
however, does not affect the corresponding bit in interrupt in-service registers A or B. So, if the
CMFP s in the software end-of-interrupt mode (see 3.4.3)and an interruptisinservice when a
channel is disabled, the in-service status bit for that channel will remain set untit cleared by
software.
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{a} Interrupt Enable Registers ([ERA and IERB)

7 o) 5 4 3 2 1 Q
RCV XMIT
Adﬁ:eesxsl 07 Timer | Butfer BCV Bufter | xwiT Timer
GPIP7 GPIPE A Full Error Empty Error 8
7 6 5 4 3 2 1 0
Address 09 Timer Timer
(Hex) GPIPS GPIP4 C D GPIP3 GPIPZ GPIP1 GPIPO

When a bit (s a zero, the associated interrupt channel 15 disabled When a bit)s a one, the associated
imterrupt channel is enabied

SET al MPU writes a one
CLEARED al MPU wnes a zero
b) Reset

{b) Interrupt Pending Registers (IPRA and IPRB)

7 <] 5 4 3 2 ) 0
RCV XMIT
Address 0B Timer Bufter RCV Buffer XMIT Timer
(Hex) GPiP7 GPIPE A Full Error Empty Error B
7 6 5 4 3 2 1 0
Address 0D Timer Timer
{Hex) GPiP5 GPIP4 C D GPIP3 GPIP2 GPIP1 GPIPO

wWhen a bit is a zero, no interrupt 1s pending on the associated interrupt channel. When a bit1s a one, an
interrupt is pending on the associated interrupt channel
SET a} Interrupt is received on an enabled interrupt channel _
CLEARED  a) interrupt vector for the associated interrupt channel is passed during an IACK cycle
b} Associated interrupt channel is disabled
c) MPU writes a zero

d) Reset
{c) Interrupt In-Service Registers {ISRA and ISRB)
7 6 5 4 3 2 1 0
RCV XMIT
Ad&:estF Timer t Buffer | RCv | Butter | xmiT | Timer
ex GPIP? | GPIPB A Full Error | Empty | Error B
7 6 5 4 3 2 1 0
Address 11 Timer Timer
iHex) GPIP5 | GPIP4 C D GPiP3 | GPIPZ | GPIP1 | GPIPO

When a bit ig a zero, no interrupt processing is in progress for the associated interrupt channel. When a
bit is a one, Interrupt processing i1s iN progress tor the associated interrupt channel.

SET al Interrupt vector number for the associated interrupt channel is passed during an ACK

cycle and the S bit of the vector register is set.
CLEARED a) Interrupt service is completed for the associated interrupt channel
b} The S bit of the vector register is a zero.
c) MPU writes a zero
d) Reset

Figure 3-4. Interrupt Control Registers (Sheet 1 of 2)
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(d} Interrupt Mask Registers (IMRA and IMRB)

7 6 5 4 3 2 1 0
RCV XMIT
Address 13 Timer | Bulfer [ RCV | Butter | xMiT | Timer
Hex! GPIP7 GPIPE A Full Error Empity Error R
7 6 5 4 3 2 1 0
Address 15 Timer Timer
{Hex) GPIPS GPiP4 C D GPIP3 GPIPZ GPIP1 GPIPO

When a bitis zero, interrupts are masked for the associated interrupt channel When a bit 1s a one, inter-
rupts are not masked for the associated intefrupt channel

SET al MPU wntes a one
CLEARED a) MPU writes a zero
b} Resel

Figure 3-4. interrupt Control Registers (Sheet 2 of 2)

3.3.2 Interrupt Pending Registers

When an interrupt is received on an enabled channel, the corresponding interrupt pending bit is set
in interrupt pending register A or B (IPRA or IPRB). In a vectored interrupt scheme, this bit will be
cleared when the processor acknowledges the interrupting channel and the CMFP responds
with a vector number. In a polled interrupt system, the interrupt pending registers must be read
to determine the interrupting channel and then the interrupt pending bit is cleared by the
interrupt handling routine without performing an interrupt acknowledge sequence.

A single bit of the interrupt pending registers is cleared in software by writing ones 1o all bit posi-
tions except the bit to be cleared. Note that writing ones to IPRA and IPRB has no effect on the
contents of the register. A single bit of the interrupt pending registers is also cleared when the cor-
responding channel is disabled by writing a zero to the appropriate bit of IERA or IERB.

3.3.3 Interrupt Mask Registers

Interrupts are masked for a channel by clearing the appropriate bit in interrupt mask register A or B
(IMRA or IMRB). Even though an enabled channel is masked, the channel will recognize subse-
quent interrupts and set its mterrupt pending bit. However, the channel is prevented from re-
questing interrupt service (IRQ to the processor) as long as the mask bit for that channel is cleared.

If a channel Is requesting interrupt service at the time that its corresponding bit in IMRA or IMRB is
cleared, the request will cease and IRQ will be negated, unless another channel is requesting inter-
rupt service. Later, when the mask bit is set, any pending interrupt on the channel will be processed
according to the channel's assigned priority. IMRA and IMRB may be read at any time.

3.4 NESTING CMFP INTERRUPTS

In @ 68000 vectored interrupt system, the CMFP is assigned to one of seven possible interrupt
levels. When aninterrupt is received from the CMFP, an interrupt acknowledge for that level is
initiated. Once an interrupt is recognized at a particular level, interrupts at that same level or
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below are masked by 68000. As long as the processor's interrupt mask is unchanged, the
68000 interrupt structure will prohibit the nesting of interrupts at the same interrupt level.
However, additional interrupt requests from the CMFP can be recognized before a previous
channel’s interrupt service routine is completed by lowering the processor’s interrupt mask to
the next lower interrupt level within the interrupt handler.

When nesting CMFP interrupts, it may be desirable to permit interrupts on any CMFP channel,
regardless of its priority, to preempt or delay interrupt processing of an earlier channel’s
interrupt service request. Or, it may be desirable to only allow subsequent higher priority
channel interrupt requests to supercede previously recognized lower priority interrupt
requests. The CMFP interrupt structure provides this flexibility by offering two end-of-interrupt
options for vectored interrupt schemes. Note that the end-of-interrupt modes are not active in a
polled interrupt scheme.

3.4.1 Selecting The End-Of-Interrupt Mode

In a vectored interrupt scheme, the CMFP may be programmed to operate in either the
automatic end-of-interrupt mode or the software end-of-interrupt mode. The mode is selected
by writing the S bit of the vector register (see Figure 3-2). When the S bit is programmed to a
one, the CMFP is placed in the software end-of-structure mode and when the S bitis a zero, all
channels operate in the automatic end-of-interrupt mode.

3.4.2 Automatic End-Of-interrupt

When an interrupt vector number is passed to the processor during an interrupt acknowledge
cycle, the corresponding channel’s interrupt pending bit is cleared. In the automatic end-of-
interrupt mode, no further history of the interrupt remains in the CMFP. The in-service bits of
the interrupt in-service registers {ISRAand ISRB)are forced low. Subsequent interrupts which
are received on any CMFP channet will generate an interrupt request to the processor, even if
the current interrupt’s service routine has not been completed.

3.4.3 Software End-Of-Interrupt

R

In the software end-of-interrupt mode, the channel’s associated interrupt pending bit is cleared and _

in addition, the channel's in-service bit of in-service register A or B is set when its vector number is
passed to the processor during an {ACK cycle. A higher priority channel may subsequently request
interrupl service and be acknowledged, but as long as the channel’s in-service bit is set, no lower
priority channel may request interrupt service nor pass its vector during an interrupt acknowledge
sequence,

(IR I TR ¥

Whiie only higher priority channels may request interrupt service, any channel can receive an inter- ~
rupt and set its interrupt pending bit. Even the channel whose in-service bit is set can receive 8

secand interrupt. However, no interrupt service reguest is made untii its in-service bit 1s cleared.
The in-service bit for a particular channel can be cleared by writing a zero to its corresponding bit in
ISRA or ISRB and ones to all other bit positions. Since bits in the in-service registers can only be

cleared in software and not set, writing ones to the registers does not alter their contents. ISRA and
ISRB may be read at any time.
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SECTION 4
GENERAL PURPOSE INPUT/OUTPUT INTERRUPT PORT

The general purpose interrupt input/output (i/O} port (GPIP) provides eight |/QO lines {l0 through 17}
that may be operated as either inputs or outputs under software control. In addition, these lines
may optionally generate an interrupt on either a positive transition or a negative transition of the in-
put signal. The fiexibility of the GPIP allows it to be configured as an 8-bit I/0 port or for bit iI/0.
Since interrupts are enabled on a bit-by-bit basis, a subset of the GPIP couid be programmed as
handshake lines or the port could be connected to as many as eight external interrupt sources,
which would be prioritized by the CMFP interrupt controller for interrupt service.

4.1 6800 INTERRUPT CONTROLLER

The CMFP interrupt controller is particularly useful in a system which has many 6800-type
devices. Typically, in a vectored 68000 system, 6800-type peripherals use the autovector which
corresponds to their assigned interrupt level since they do not provide a vector number in
response to an IACK cycle. The autovector interrupt handler must then poll all 6800-type
devices at that interrupt level to determine which device is requesting service. However, by
tying the IRQ output from a 6800-type device to the general purpose |/ 0 interrupt port (GPIP} of
a CMFP, a unique vector number will be provided to the processor during an interrupt acknowl-
edge cycle. This interrupt structure will significantly reduce interrupt latency for 6800-type
devices and other peripheral devices which do not support vector-by-device.

4.2 GPIP CONTROL REGISTERS

The GPIP is programmed via three control registers shown in Figure 4-1. These registers control the
data direction, provide user access to the port, and specify the active edge for each bit of the GPIP
which will produce an interrupt. These registers are described in detail in the following paragraphs.

4.2.1 GPIP Data Register

The general purpose /O data register is used to input or output data to the port. When data is writ-
ten to the GPIP data register, those pins which are defined as inputs will remain in the high-
impedance state. Pins which are defined as outputs will assume the state (high or low) of their cor-
responding bit in the data register. When the GPIP is read, data will be passed directly from the bits
of the data register for pins which are defined as outputs. Data from pins defined as inputs will
come from the input buffers.

4.2.2 Active Edge Register

The active edge register {AER) allows each of the GPIP lines to produce an interrupt on either a one-
to-zero or a zero-to-one transition. Writing a zero to the appropriate edge bit of the active edge
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{a) GPIP Data Register (GPIP)

7 £ h 1 E ‘ K ) -

Lagress Ul z
- “H:”'J FGP.D? [ GPIPE 1 PR I SRPL | GB D ] 5E B2 l GF B I GP.ec ]
e :
SET a MPL wnites a one

_LEARED ar MPL wenites 3 /et

{b) Active Edge Register (AER}

o 1 o~

7 € ] 4 3

Adaress 03 [TGeie7 | Griee [ cPies [ ceea | 5oes | GP‘IDZ | 67P1 | PP | :

When a bit1s a zero, interrupts will be generated or the "o .ng «dge of the associated mpui s,gnal Wher
a il 1s a one, interrupts will be generated cn the nsing =7ge ot the associated 1mputl signa;

SET al MPU writes a one B
CLEARED  al MPU writes a zero :
bl Reset B

{c) Data Direction Register (DDR)

7 6 5 4 3 2

w 0
Address 05 [Tapipr [ ariee | GPIps | GFIPa [ceies | GPIPz | GPIP1 | GPIPO |

When a bit s a zero, the associated |7 O hne s defined ¢ be anrput When a bit 15 a one, the associated
170 hne 15 defined to be an output

SET al MPU wntes a one
CLEARED a; MPL wniles a zero
bl Heset

Figure 4-1. GPIP Control Registers

register causes the associated input to generate an interrupt on the one-to-zero transition. Writing a
one to the edge bit will produce an interrupt on the zero-to-one transition of the corresponding

GPIP line.

AL I TR R

Note: The transition detector is an exclusive-OR gate whose inputs are the edge bit and the in-
put buffer. As a result, writing the AER may cause an interrupt-producing transition,
depending upon the state of the input. So, the AER should be configured before enabling
interrupts via the interrupt enable registers (IERA and IERB). Also, changing the edge bit
while interrupts are enabled may cause an interrupt on the corresponding channel.

(IR I TR ¥

4.2.3 Data Direction Register

The data direction register (DDR) allows the programmer to define 10 through |7 as inputs or out- -
puts by writing the corresponding bit. When a bit of the data direction register is written as a zero,
the corresponding interrupt I/ O pin will be a high-impedance input. Writing a one to any bit of the
data direction register will cause the corresponding pin 10 be configured as a push-pull output.
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SECTION 5
TIMERS

The CMFP contains four 8-bit timers which provide many functions typically required in
microprocessor systems. The timers can supply the baud rate clocks for the on-chip serial 1/0
channel, generate periodic interrupts, measure elapsed time, and count signal transitions. In
addition, two timers have waveform generation capability.

All timers are prescaler/ counter timers with a commaon independent cltock input (XTAL1 or XTAL?)
and are not required to be operated from the system clock. Each timer’'s output signal toggles when
the tmer's main counter times out. Additionally, timers A and B have auxiliary control signals which
are used in two of the operation modes. An Interrupt channel is assigned to each timer and when
the auxitiary control signals are used, a separate interrupt channel will respond to transitions on
these inputs

5.1 OPERATION MOQODES

Timers A and B are full function timers which, in addition 16 the delay mode, operate in the pulse
width measurement mode and the event count mode. Timers C and D are delay timers only. A brief
discussion of each of the timer modes follows

5.1.1 Delay Mode Operation

All timers may operate in the delay mode. In this mode, the prescaler is always active. The prescaler
specifies the number of timer clock cycles which must elapse before a count pulse is applied to the
main counter. A count pulse causes the main counter to decrement by one. When the timer has
decremented down to C1 {hexadecimal), the next count pulse will cause the main counter to be
reloaded from the tmer data register and a time out puise will be produced. This time out pulse is
coupled to the timer’s interrupt channel and, if the channel is enabled, an interrupt will occur. The
time out pulse also causes the timer output pin to toggle. The output will remain in this new state
untit the next time out pulse occurs.

For example, if delay mode with a divide-by-10 prescaler is selected and the timer data register is
loaded with 100 {decimal}, the main counter will decrement once every 10 timer ctock cycles. After
1,000 timer clocks, a time out pulse will be produced. This time out pulse will generate an interrupt if
the channel is enabled (IERA, IERB) and in addition, the timer's output line will toggle. The output
fine will complete one full period every 2,000 cycles of the timer clock.

If the prescaler value is changed while the timer is enabled, the first time out pulse will occur at an
Indeterminate time no less than one nor more than 200 timer clock cycles. Subseguent time out
pulses will then occur at the correct interval.
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If the main counter is loaded with Q1 (hexadecimall, a ume out puise will occur every time the
prescaler presents a count pulse to the main counter. |f the main counter is loaded with 00, a time
out puise will occur every 266 count pulses.

5.1.2 Pulse Width Measurement Operation

Besides the delay mode, timers A and B may be programmed to operate in the pulse width mea-
surement mode. In this mode an auxiliary control input is required; timers A and B auxiliary input
lines are TAl and TBI. Also, in the pulse width measurement mode, interrupt channels normally
associated with 14 and |13 will respond to transitions on TAl and TBI, respectively. General purpose
lines 13 and 14 may still be used for I/0. A conceptual circuit of the timers in the pulse width mea-

surement mode is shown in Figure 5-1.

TAI N

Timer A

Puise Width ﬂ— D—
Mode
Interrupt
‘ > ﬂ_‘ Channel

interrupt -
Timer B Channel -
Pulse Width
Maode

Figure 5-1. Conceptual Circuit of Timers A and B
in Pulse Width Measurement Mode

The pulse width measurement mode functions similarly to the delay mode, with the auxiliary control -
signal acting as an enable t0 the timer. When the control signal is active, the prescaler and main ~
counter are allowed to operate. When the control signal is negated, the timer is stopped. So, the -
width of the active pulse on TAl or TBIl is measured by the number of timer counts which occur -

while the timer is aliowed to operate.

B

The active state of the auxiliary inputiine is defined by the associated interrupt channel's edge bitin
the active edge register (AER). GPIP4 of the AER is the edge bit associated with TAl and GPIP3 is
associated with TBI. When the edge bit is a one, the auxiliary input will be active high, enabling the
timer while the input signal is at a high level. If the edge bit is low, the auxiliary input will be active _
low and the timer will operate while the input signal is at a low level.
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The state of the active edge bit also specifies whether a zero-to-one transition or a one-to-zero tran-
sition of the auxiliary input pin wili produce an interrupt when the interrupt channel is enabled. In
normal operation, programming the active edge bit to a one will produce an interrupt on the zero-
to-one transition of the associated input signal. Alternately, programming the edge bit tc a zero will
produce an interrupt on the one-to-zero transition of the input signal. However, in the pulse width
measurement mode, the interrupt generated by a transition on TAl or TB| will occur on the opposite
transition as that normally defined by the edge bit.

For example, in the pulse width measurement mode, if the edge bit is a one, the timer will be
allowed to run while the auxiliary input TAl is high. When TAI transitions from high to low, the
timer will stop and, if the interrupt channel is enabled, an interrupt will occur. By having the inter-
rupt occur on the one-to-zero transition instead of the zero-to-one transition, the processor will be
interrupted when the pulse being measured has terminated and the width of the puise is available
from the timer. Therefore, the timers act like 2 divide-by-prescaler that can be programmed by the
timer data register and the timers’ A and B control register.

After reading the contents of the timer, the main counter must be reinitialized by writing to the timer
data register to atiow consecutive puises to be measured. |f the timer is written after the auxihary in-
put signal 1s active, the timer will count from the previous contents of the timer data register untif jt
counts through 01 (hexadecimal). At that time, the man counter is loaded with the new value from
the timer data register, a time out pulse is generated which will toggle the timer output, and an in-
terrupt may be optionally generated on the timer interrupt channe!. Note that the pulse width
measured will include counts from before the main counter was reloaded. {f the timer data register
is written while the pulse is transitioning to the active state, an indeterminate value may be written
into the main counter.

Once the timer is reprogrammed for another mode, interrupts will again occur as normally defined
by the edge bit. Note that an interrupt may be generated as the result of placing the timer into the
pulse width measurement mode or by reprogramming the timer for another mode. Alsc, an inter-
rupt may tbe generated by changing the state of the edge bit while in the pulse width measurement
mode.

5.1.3 Event Count Mode Operation

in addition to the delay mode and the pulse width measurement mode, timers A and B may be pro-
grammed to operate in the event count mode. Like the pulse width measurement mode, the event
count mode also requires an auxiliary input signal, TAl or TBI, and the interrupt channels normally
associated with 14 and I3 will respond to transitions on TA! and TBI, respectively. General purpose
lines 13 and 14 stili function normaily.

In the event count mode the prescaler is disabled, allowing each active transition on TA| and TBl to
produce a count pulse. The count pulse causes the main counter to decrement by one. When the
timer counts through 01 (hexadecimal), a time out pulse is generated which will cause the output
signal to toggle and may optionally produce an interrupt via the associated timer interrupt channel
The timer's main counter is also reloaded from the timer data register. To count transitions reltably,
the input signal may only transition once every four timer clock periods. For this reason, the input
signal must have a maximum frequency equal to one-fourth that of the timer clock
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The active edge of the auxiliary input signal I1s detined by the associated interrupt channel’s edge
bit. GPIP4 of the AER specifies the active edge for TAl and GPIP3 defines the active edge for 7Bl
When the edge bitis programmed 10 a one, a count pulse will be generated on the zero-to-one tr
sition of the auxiliary input signal. When the edge bit is programmed 10 a zerc, 3 count pulse will be
generated on the one-10-zero transition. Also, note that changing the state of the edge bit while the

timer is tn the event count mode may produce a count pulse.

Besides generating a count pulse, the active rransition of the auxiliary input signal will also pr
an interrupt on the 13 or 14 interrupt channel, If the interrupt channel is enabled. Typically,

event count mode, these channels are not enabled since the timer is automatically counting transi-
ns could be

tions on the input signal. If the interrupt channel were enabled, the number of transitio
counted in the interrupt routine without requiring the use of the umer.

5.2 TIMER REGISTERS

The four timers are programmed via three control registers and four timer data registers. Control
registers TACR and TBCR and timer data registers TADR and TBDR (refer to Figure 5-1) are
associated with timers A and B respectively. Timers C and D are controlled by the control register

TCDCR and the data registers TCDR and TDDR (refer to Figure 5-2).
'a} Timer A Data Register {TADFR)

7 6 5 4 3 2 1 0
Adgress o7 R | o5 | oa | o3 | o2 | o | oo B
SET a) MPU wnles a one

CLEARED a) MPU wntes a zero

{b) Timer B Data Register {TBDR)

7 6 5 4 3 2 1 0
“dﬂ;‘?j?‘ [ o [ os [ o5 [ o4 [ o3 [ o2 I [ oo B
SET a} MPU writes a one

CLEARED a) MPU writes a 2ero

(c) Timer C Data Register {TCDR)

6 8 4 3 2 1 0

7
Adldt’rés:;BrD7 [ o6 [ os [ os [ o3 [ 02 | o [ oo |

SET a) MPU writes a one
CLEARED a) MPU wrnites a zero

{d) Timer D Data Register {TDDR)

7 6 5 4 3 2 1 0
Ad&";ﬁ? B o7 [ os | os | o4 | o3 | o2 [ o | DOJ
SET a) MPU writes a one

CLEARED  a) MPU writes a zero
Figure 5-2. Timer Data Registers
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5.2.1 Timer Data Registers

Each timer's main counter is an 8-bit binary down counter. The value of the main counter may be
read at any time by reading the timer's data register The information read is the vailue of the
counter which was captured on the last low-to-high transition of the DS pIn.

The main counter is initialized by writing to the timer’s data register. if the umer s stopped, data s
loaded simultaneously into both the timer data register and the main counter. If the timer data
register is written while the trmer is enabled, the value is not loaded into the timer until the timer
counts through O1 (hexadecimal). Writing the timer data register while the timer is counting
through O1 (hexadecimal) will cause an indeterminate value to be loaded into the timer's main
counter. The four data registers are shown in Figure 5-2.

5.2.2 Timer Control Registers

Bits in the timer control registers select the operation mode, select the prescale value, and disable
the timers. Timer control registers TACR and TBCR also have bits which allow the programmer to
reset output iines TAO and TBO. These control registers are shown in Figure b-3.

(@) Timer A Control Register (TACR)

7 6 5 4 3 2 1 0
Address 19 N . . Reset
(Hex) TAQ AC3 AC2 ACH ACO
*Unused bits read as zero
{b} Timer B Control Register (TBCR)
7 6 15} 4 3 2 1 0
Address 1B . ; . Reset
{Hex) TBO BC3 BC2 BC1 B8CO

*Unused bits read as zero

Reset TAQ/TBO Timer's A and B output lines (TAQ and TBO) may be forced low at any time by
writing a one to the reset location in TACR and TBCR, respectively. The output will
be held low only during the write operation; at the conclusion of the operaton, the
cutput will be aliowed to toggle In response to a time-out pulse When resetting
TAO and TBQO, the remaining bits in the control register must be written with therr
previous value to avoid altering the cperating mode

SET al End of write cycle which clears the bit
CLEARED al MPU writes a zero
b) Reset

AC3-AC0, BC3-BCO These bits are decoded to determine the timer operation mode

Figure 5-3. Timer Control Registers (Sheet 1 of 2)
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AC3 AC2 AC1 ACD

BC3 8Cc2 BCH 8Co Operation Mode
0 0 0 0 Timer Stopped*®
0 0 o} 1 Delay Mode, =+ 4 Prescaler
0 0 1 0 Delay Mode, -+ 10 Prescaler
0 0 1 1 Delay Mode, —+ 16 Prescaler
0 1 (v} 0 Delay Mode, + 50 Prescaler
0 1 0 1 Delay Mode, -+ 64 Prescaler
0 1 1 o Delay Mode, —+ 100 Prescaler
0 1 1 1 Delay Mode, —+ 200 Prescaler
1 0 0 0 Event Count Mode
1 0 o} 1 Pulse Width Mode, =+ 4 Prescaler
1 0 1 0 Puise Width Mode, =+ 10 Prescaler
1 0 1 1 Pulse Width Mode, =+ 16 Prescaler
1 1 0 0 Pulse Width Mode, -+ 50 Prescaler
1 1 0 1 Pulse Width Mode, —+ 64 Prescaler
1 1 1 0 Puise Widih Mode, + 100 Prescaler
1 1 1 1 Pulse Width Mode, -+ 200 Prescaler

* Regardiess of the operation mode. counting is inhibited when the timer 15 stop-
ped. The contents of the timer's main counter is not affected. although any residual
count in the prescaler is lost.

SET al MPU writes a3 one
CLEARED a) MPU writes a zero
b) Reset

{c) Timers C and D Control Register (TCOCR)

7 6 5 4 3 2 1 0

Ad‘f’:’:}m + [ ecc2 Jca [ co [ o= [ ocz | oot | DCO |

* Jnused bits read as zero

CC2-CCO, DC2-DCO The bits are decoded to determine the timer operation mode

cc2 cc ccCo

DC2 DC1 DCO Operation Mode
0 0 0 Timer Stopped*

0 0 1 Delay Mode, =+ 4 Prescaler
0 3 o} Delay Mode, = 10 Prescaler
0 1 1 Delay Mode, — 16 Prescaler
1 0 0 Delay Mode, = 50 Prescaler
1 o] 1 Detay Mode, —+ 64 Prescaler
i 1 o Delay Mode, =+ 100 Prescaler
1 1 1 Delay Mcde, —+ 200 Prescaler

*\When the timer is stopped. counting is Inhibited. The contents of the timer’s main
counter is not atfected, although any residuai count in the prescaler is lost

SET al MPU writes a one
CLEARED a) MPU writes a zero
b) Reset

Figure 5-3. Timer Control Registers (Sheet 2 of 2)
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SECTION 6
UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS
RECEIVER-TRANSMITTER

The universal synchronous/asynchronous receiver-transmitter (USART) is a single full-duplex serial
channel with a double-buffered receiver and transmitter. There are separate receive and transmit
clocks and separate receive and transmit status and data bytes. The receive and transmit sections
are also assigned separate interrupt channels. Each section has both a normal condition interrupt
channel and an error condition interrupt channel. These channels can be optionally disabled from
interrupting the processor and instead, DMA transfers can be performed using the receiver ready
and transmitter ready external CMFP signals.

6.1 CHARACTER PROTOCOLS

TheCMFPUSART supports asynchronous and with the aid of a polynomial generator checker {PGC)
supports byte synchronous character formats. These formats are selected independently of the
divide-by-one and divide-by-16 clock modes.

When the divide-by-one clock maode is selected, synchronization must be accomplished externally.
The receiver will sampie the serial data on the rising edge of the receiver clock. In the divide-by-16
clock mode, the data is sampled at mid-bit time to increase transient noise rejection.

Also, when the divide-by-16 clock mode is selected, the USART resynchronization logic is enabled.
This logic increases the channel's clock skew tolerance. When a valid transition is detected, an in-
ternal counter is reset to state zero. Transition checking is then inhibited until state four. Then at
state eight, the previous state of the transition checking logic is clocked into the receive shift
regster.

6.1.1 Asynchronous Format

Variable word length and start/stop bit configurations are available under software control for asyn-
chronous operation. The word length can be five to eight bits and one, one and one-half, or two
stop bits can be selected. The user can also select odd, even, or no parity. For character lengths of
less than eight bits, the assembled character will consist of the required number of data bits
followed by zeros in the.unused bit positions and a parity bit, if parity is enabled.

In the asynchronous format, start bit detection is always enabled. New data is not shifted into the
receive shift register until a zero bit is received. When the divide-by-16 ciock mode is selected, the
false start bit logic is also active. Any transition must be stable for three positive receive clock edges
to be considered valid. Then a valid zero-to-one transition must not occur for at least eight addi-
tional positive clock edges.

6.1.1.1 WAKE-UP FEATURE. In a typical serial loop multiprocessor configuration, the soft-
ware protocol will usually identify the addressee(s)atthe beginning of the message. In order to
permit uninterested MPUs to ignore the remainder of the message, wake-up feature is included
whereby all further USART receiver flag{and interrupt) processing can be inhibited until its data
line goes idle. An USART receiver is re-enabled by an idle string of ten consecutive ones or
during reset. Software must provide for the required idfe string between consecutive messages
and prevent it within messages.
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6.1.2 Synchronous Format

When the synchronous character format is selecled, the 8-bit synchronous character loaded into
the synchronous character register 15 compared to recewed serial data until match is found. Once -
synchronization is established, incoming data is clocked into the receiver. The synchronous word
will be continuously transmitted during an underrun condition. All synchronous characters can be
optionally stripped from the receive buffer. Figure 6-1 shows the synchronous character register.

6 5 4 3 2 i

7 0
maseess 27 (57 be | o5 | o | 03 | o2 | o ] 00 ]

Figure 6-1. Synchronous Character Register {SCR)

The synchronous character is typically written after the data word length is selected, since
unused bits in the synchronous character register are zeroed out. When parity is enabled, ’
synchronous word length is the data word length plus one. The CMFP will compute and append -
the parity bit for the synchronous word when a word length of eight is selected. However, if the
word length is less than eight, the user must determine the synchronous word parity and write

it into the synchronous character register along withthe synchronous character. The CMFP will
then transmit the extra bit in the synchronous word as a parity bit.

6.1.3 USART Control Register

The USART control register {UCR} selects the clock mode and the character format for the receive :
and transmit sections. This register is shown in Figure 6-2.

6.2 RECEIVER

As data is received on the serial input line (S, itis clocked into an internal 8-bit shift register untit -
the specitied number of data bits have been assembled. This character will then be transferred to§
the receive buffer, assuming that the last word in the receiver buffer has been read. This transfer_
produces a buffer full interrupt 1o the processor. z
Reading the receive buffer satisties the buffer full condition and allows a new data word 10 be.
rransferred 1o the receive buffer when it is assembled. The receive buffer is accessed by reading the,
USART data register (UDR). The UDR is simply an 8-bit data register used when ransferring data-
from the CMFP and the CPU. B

Each tume a word is transferred to the receive buffer, its status information is latched into the
receiver status register (RSR}. The RSR is not updated again until the data word in the receive buf-
fer has been read. When a buffer tull condition exists, the RSR should always be read before the
receive buffer (UDR) to maintain the correct correspondance between data and {lags. Otherwise, i
is possible that after reading the UDR and prior to reading the RSR, a new word could be receivec
and transferred to the receive buffer. Its associated flags would be latched into the RSR, over
writing the flags for the previous data word. Then when the RSR were read to access the status
information for the first data word, the flags for the new word would be retrieved. _
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CLK

WLO. WLT  Word Length. These two bits specily the length of the d

ST0, ST

PE

E/O

wu

7 6 5 a 3 2 1 0
Adt(:i:{:ﬁ?g [ e [wir [Twwo [ st | svo [ PE [ &0 T wa )

Clock Mode. When this bit is zero. data wili be clocked into and out
of their respective clocks. When this bit is a one, data will be clocke
one sixteenth the frequency of their res

of the receiver and transmutter at the lrequency
d into and out of the raceiver and transmitter at
peclive clocks. Aiso, the receiver data transitton resynchromization logic will

be enabled.
SETe - 16 al MPU writes a one
CLEARED=+1 a) MPU writes a zero

b} Reset

ata word exclusive of start bils, stop bus, and panity.

WL1 WLO Word Length

0 0 8 Bits

0 1 7 Bils

1 0 6 Bits

1 1 S fits
SET al MPU wrnites a one
CLEARED al MPU writes a zero

bl Reset

Start/Stop Bit and Format Control. These

two bits select the number of start and stop bits and aiso specify the
character format.

ST1 STO Start Bits Siop Bits Format
Q 0 0 0 Synchronous
0 1 i 1 Asynchronous
1 0 1 1% Asynchronous *
1 ] 1 2 Asynchronous

* Oniy used with divide-by- 16 clock mode

SET al MPU writes a one
CLEARED  al MPU writes a zero
b} Reset

Parity Enable When this bit is zero, no parity check wall
ston. When this bit 1s a one, parity wiil be checked b
data transmussion. Nole that parity 1s not automalica

less than eight bits In this case, the panty should be
synchronous word

be made and no panty it will be computed lor tfransmis.
v the receiver and panty will he calculated and insertny durng
lly appended to the synchronous characler for word lengths of
writien Into the synchronous characler register along wilh the

SET al MPU wnites a one
CLEARED al MPU writes a zero
b} Reset

Even/Qdd Parity When this bit 1s zero, odd panty s selected When this bit 1s a one, even parity 15 selected.

SET al MPU writes a one
CLEARED al MPU wnites a zero
b) Reset

Bit 0 "Wake-up” on idle line. When set, WU enables the wake-up function; it is cleared by ten conse-
Cutive ones or during reset. WU will not be set if the line is idle Referto 6.1.1.1.

Figure 6-2. USART Control Register (UCR)
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6.2.1 Receiver Interrupt Channels

The USART receive section 1s assigned two interrupt channets. One indicates the butfer full condi-
tion. while the other channel indicates an error condition. Error conditions include overrun, parity
error, synchronous found, and break These interrupting conditions correspond to the BF OE, PE,
and F/S or B bits of the receiver status register. These flags will function as described n 6.2.2
whether the receiver interrupt channels are enabled or disabled.

While only one interruptis generated per character received, two dedicated interrupt channels allow
separate vector numbers 10 be assigned for normal and abnormal receiver conditions. When a
received word has an error associated with it and the error interrupt channel is enabled, an interrupt
will be generated on the error channel only. However, if the error channel is disabled, an interrupt
for an error condition will be generated on the buffer full interrupt channel along with interrupts pro-
duced by the buffer full condition. The receiver status register must always be read to determine
which error condition produced the interrupt.

6.2.2 Receiver Status Register

The receiver status register contains the receive buffer full flag, the synchronous strip enable, the
receiver enable, and various status information associated with the data word in the receive buffer.
The RSR (s latched each time a data word is transferred to the recewve buffer. RSR flags cannot
change again until the data word has been read. The exception is the character in progress flag
which monitors when a new word 15 being assembled in the asynchronous character format. The
receiver status register is shown in Figure 6-3.

Fis
Address 28 BF Ot PE FE cr B M/ CIP ) RE

BF Buffer Full This bit1s set when a received word 15 transferred to the recewve bufter. This bit1s cieared when the

recerve bufter 1s read by accessing the USART data register (UDR! This bit 15 read only.

SET a) Recewed word transferred 10 bufter

CLEARED a} Receive butfer read

b) Reset

OE Overrun Error. An overrun error oCcurs when a received word 1s due to be transferred to the receive buffer, but the

receive buffer is full. Neither the receive buffer nor the RSA 1s overwritten The QF bit1s set after the receive pbutter
futl condition 1s satisfied by reading the UDR_ Thus error condition will generate an interrupt to the processor The
OF bit 1s cleared by reading the RSR. New data words will nat be assembled until the RSR is read

SET al Incoming word received and receive buffer tull
CLEARED a) Receiver status register read
b} Reset
PE Parity Error. This bitis set when the word transferred to the receive buffer has a parity error. This bitis cleared when
the word transferred to the receive buffer does not have a parly error.
SET a) Word n receive buffer has a parity error
CLEARED al Word in receive buffer does not have a parity error
b) Reset
FE Frame Error. A frame error exists when a non-zero data word i1s not followed by a stop bit in the asynchronous

character format. The FE bitis set when the word transferred to the receive buffer has a frame error The FE bitis
cleared when the word transferred to the recewve butfer does not have a frame error

SET a) Word in receive butfer has a frame error
CLEARED al Word in receive butfer does not have a frame error
b} Reset

Figure 6-3. Receiver Status Register (RSR) (Sheet 1 of 2)
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F/S or B Found: Search or Break Detect In the synchronous Character format this it can be set or cleared i1n software
When the bitis a zero, the USART receiver (s placed in the search mode The incoming data s compared to the Syn-
chronous character register (SCRI and the word length counter is drsabled. The F/ S bit will automatically be set
when a match 1s found and the word length counter will be enabled. An interrupt will also be produced on the
receive error channel
SET a) Incoming word matches synchronous character
CLEARED  a) MPU wnites a zero

bl Incoming word does not match synchronous character
ci Reset

In the asynchronous character format, this flag indicates a break condition. A break is detected when an all zero
data word with no Stop bitis received The break condition continues until a non-zero data bit 1s received The B bit
1$ set when the word transferred 1o the receive buffer is a break indication A break condition generates an interrupt
to the processor. This bit 1s cleared when a non-zero data bitis received and the break conditian has been acknowl!-
edged by reading the RSR at least once Ar end of break interrupt will be generated when the bit 1s cleared.

SET al Word in receive buffer 1s a break
CLEARED  a) Break terminates and recewver status register read since beginming of break condition
b} Reset
M or CIP Match/Character in Progress In the synchronous character format, this flag indicates that a synchronous character

has been recerved The M bit 1s set when the word transterred 1o the receive buffer matches the synchronous

character register. The M bit 1s cleared when the word transferred to the receve buffer does not match the Syn-
chronous character register

SET al Word transferred to receive buffer matches the synchronous character
CLEARED al Word transterred to receive buffer does nat match synchronous character
bl Reset

In the asynchronous character format, this flag indicates that a word 1s being assembled The CIP bit 15 set when a
start bit 1s detected The CIP bit 1s cleared when the final stop it has been receivec

SET al Start bit 1s detected
CLEARED  a) End of word detected
b) Reset
SS Synchronous Strip Enable When this bit s & one. data w

Crds that match the synchronous character register will
not be loaded into the receive buffer and no buffer full condition will be produced. Whenthis bitis a zera,
datawords that maich the synchronous character register will be transferred to the receive buffer and
a bufferfull condition will be produced.

SET al MPU writes a one
CLEARED al MPU writes & zero
bl Reset
RE Receiver Enable VWhen this bit s a zero.

the receiver will be iImmediately disabled Al flags will be cieared When
this bit1s a one, normal receiver operation 1s enabled This bit should not be set to a one untl the receiver olock s
active

SET al MPU writes a one

b} Transmutter 18 disabled 1n auto iurnaround mode
CLEARED  al MPU writes a zero
bl Reset

Figure 6-3. Receiver Status Register (RSR) (Sheet 2 of 2)
6.2.3 Special Receive Considerations

Certain receive conditions relating to the overrun error flag and the break detect flag require further
explanation. Consider the following examples;

1) A break is received while the receive butfer is full.

This does not produce an overrun condition. Only the B flag wiil be set after the receiver
buffer is read.

2} A new word is received and the receive buffer is full. A break is received before the receive
buffer is read.

Both the B and OE fiags will be set when the buffer full condition is satisfied.
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6.3 TRANSMITTER .

The transmit buffer is ioaded by writng 1o the USART data register tUDR). The data word will be .
trransierred to an internal 8-bit shift register when the last word in the shift register has been
transmitted  This will proguce a buffer empty condition. If the transmitter completes the transmis-
sion of the word in the shift register hefore a new word is written to the transmit buffer, an underrun
arror will occur. In the asynchronous character format, the transmitter will send a mark until the
transmit buffer 1s written. In the synchronous character format, the transmitter wili continuously  ~
send the synchronous character.

The transmit buffer can be loaded prior to enabling the transmitter. After the transmitter 1s enabled, =
there is a delay before the first bitis output The serial output line (SO! should be programmed 1o be -
nigh, iow, or high impedance when the transmutter is enabled to force the output line to the desired
state until the first bitis shifted out. Note that a one bit will always be transmitted prior to the word -
n the transmit shift register when the transmitter is first enabled. f
When the transmitter is disabled, any word currently being transmitted will continue to completion.
However, any word in the transmit buffer will not be transmitted and will remain in the buffer. So,
no buffer empty condition will occur. If the buffer 1s empty when the transmitter is disabled, the
buffer empty condition wiil remain, but no underrun condition will be generated when the word in
transmission is completed. If no word is being transmitted when the transmitter is disabled, the
transmitter will stop at the next rising edge of the internal shift clock.

In the asynchronous character format, the transmitter can be programmed 1o send a break. The .
break wili be transmitted once the word currently 1n the shift register has been sent. If the shift -
register is empty, the break command will be effective immediately. An END interrupt will be
generated at every normal character boundary to aid in timing the break transmission. The break -
will continue until the break command is cleared. -

Any character in the transmit buffer at the start of a break will be transmitted when the break Is ter-
minated. |f the transmit buffer is empty at the start of a break, it may be written atany time during -
the break. If the buffer is still empty at the end of the break, an underrun condition will exist.

Disabling the transmitter during a break condition causes the transmitter 10 cease transmission of =
the break character at the end of the current character. No end of break stop bit will be transmitted. -
Even if the transmit buffer is empty, No buffer empty condition will occur nor will an underrun con-.
dition occur. Also, any word in the transmit buffer wili remain.

(I VI TR Y

6.3.1 Transmitter Interrupt Channels

The USART transmit section is assigned two interrupt channels. One channel indicates a buffer-
empty condition and the other channe! indicates an underrun or end condition. These interrupting-
conditions correspond to the BE, UE, and END flag bits of the transmitter status register (TSR). The-
flag bits will function as described in 6.3.2 whether their associated interrupt channel is
enabled or disabled.

6.3.2 Transmitter Status Register

The transmitter status register contains various transmitter error flags and transmitter control bite
for selecting auto-turnaround and loopback mode. The TSR s shown in Figure 6-4.
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BE

UE

AT

END

TE

6 5 4 3 2 1 0
UE]AT[END[B[HIL[TEj

Buffer Empty. This bit is set when the word in the transmit buffer is transferred to the transmit shift register. This bit
's cleared when the transmit buffer 1s reloaded by writing to the USART data register (UDR).

SET al Transmit buffer contents transferred to transmit shift register

CLEARED  al Transmit buffer written

7
St WE

Underrun Error. This bit 1s set when the word in the transmiit shift register has been transmitted before a new word s
loaded into the transmit butfer. This bit is cleared by reading the TSR or by disabling the transmitter This bit does
1ot need to be cieared betore writing to the UDR
SET al Transmit shift register contents transmitted before transmil buffer wntten
CLEARED  a) Transmutter status register read

b} Transmitter disabled

Auto-Turnaround. When this bit 15 set, the recerver will be enabled automatically after the transmitter has been
disabted and the iast character being transmitted 1s completed

SET al MPU wntes a one

CLEARED al Transmitter disabled

End of Transmission When the transmitter 1s disabled while a character is being transmitted, the END wiil be set
after the character transmission 1s complete It no word 1s being transmitted when the transrutter 1s disabled, the
END bit will be set immediately. The END bit is cleared by reenabling the transmitter

SET al Transmitter disabled

CLEARED al Transmitter enabled

Break. This oit has no function in the synchronous character format. In the asynchronous character format, when
this bit 1s set to a one, a break will be transmitted uponr the completion of the transmission of any word n the
transmit shift register A bieak consists of an all zero data word with no stop bit. When this bit is cleared by soft-

ware, the break indicaticn will cease and normal transmission will resume . Note that when B ig set, BE cannot be
set

SET al MFU writes a one
CLEARED al MPU wntes a zero

High and Low These contro! bits contigure the transmitter output (SO) when the transmitter1s disabled These bits
also force the transmitter output after the transmitter 15 enabled until END s cleared

H L Output State
0 0 High Impedance

0 1 Low

1 0 High

1 1 Loopback Mode

Loopback mode internally connects the transmitter gutput to the receiver Input and the transmitter clock 1o the

receiver clock internally The recewver clock (RCH and the serial input (S1} are not used When the transmitter 15
disabled, SO s forced hugh

SET al MPU writes a one
CLEARED al MPU wnites a zero

Transmitter Enable When this bit 1s Cleared, the transmitter 1s disabled The UE bit will be:cleared and the END bit
will be set When this bit1s set, the transmitter 1s enabled The transmitter output will b
and L bits until transmission beging A one bit will be transmitted before the transmy
shift register 1s begun

e driven according 10 the H
ssion of the word in the transmit

SET al MPU wnites a one
CLEARED al MPU writes a zero
b} Reset

Figure 6-4. Transmitter Status Register (TSR)
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6.4 DMA OPERATION

USART error conditions are only val
block data transfers by using the DMA han

d for each character boundary. When the US_ﬁRT performs
dshake hines RR {receiver ready) and TR (transmitter

ready), errors must be saved and checked at the end of a block. This is accomplished by enabling
the error channel for the receiver or transmitter and by masking interrupts for this channel. Once the
transfer is complete, interrupt pending register A is read Any pending receiver or transmitter error

indicates an error in the data transfer.
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SECTION 7
ELECTRICAL CHARACTERISTICS

This section contains the electrical specifications and associ

ated timing information for the
TS68HCI01 multi-function peripheral.

7.1 MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect
Supply Voltage vee -03t070 v the inputs against damage due to high
Input Voltage Vin -03t070 v static voltages or electric fields; hqwever,
T a — It is advised that normal precautions be
‘3;’;;:.‘&;8,5”“" roture Range A g';(:(i%‘ “ taken 1o avoid application of any voltage
TSE8HCH01 v -40 to + 85 higher than maximum-rated voltages to
TS68HCH0 1M -5510 + 125 this high-impedance circuit Reliability of
Storage Temperature Tsig ~ 6510 150 °C operation s enhanced if unused inputs
Power Dissipation PD 30 mw are tied to an appropriate fogic voltage
level fe.g.. either Ve or GND!
7.2 THERMAL CHARACTERISTICS
Characteristic Symbol | Value Rating
Thermal Resistance
Ceramic 6,A 40 °CrW
Plastic TBD

7.3 POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
TJ=TA+(PDefJA) {1)
Where:
TA=Ambient Temperature, °C
@A = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+Pl/0
PINT=1lCccx Voo, Watts — Chip Internal Power

P1/0= Power Dissipation on Input and Qutput Pins — User Determined
For most applications Pl/O<PINT and can be neglected.

An approximate relationship between PD and T (if Pi/Q is neglected) is-
PD=K+(Tj+273°C) {2)

Solving equations 1 and 2 for K gives:

K=Ppe®(Ta+273°C) + 64 PP2 (3)
Where:

K is a constant pertaining to the particular part. K can be determined from equation (3) by
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Ppy and Ty
can be obtained by solving equations (1) and (2) iteratively for any value of TA.
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7.4 DC ELECTRICAL CHARACTERISTICS
(Ta= T toTH vVee= -5V 4 5%, uniess otherwise noted)

r Characteristic Symbol Min Max Unit

Input High Voltage except XTAL1, XTALZ ViH 20 |Vpp+o3d Vv
Input High Voltage XTAL1, XTAL2 Vin  |[Vop-15Vppt03 V
Input L ow Voltlage ViL -03 o8 v
Output High Voltage, Excepi D ACK ilgp = = 120 pA) VOH 4.1 — v
Output Low Voltage, Fxcept DTACK gy =2 0 mAl VoL - 05 v
Pawer Supply Current 10utputs Open) L - 3.7 mA
Input Leakage Current iVin=0te Vce! i - +10 uh
H-Z Output Leakage Cutrent in Float (Wour= 24 to V! 1L.OH - 10 A
H:i-Z Output Leakage Current in Float Vou1=05V) "LOL - - 10 uA
DIACK Outpint Source Current {Voyt = 24 Vi [Ot4 - - 400 kA
DTACK Output Sink Current {Vout =05 V] oL - 53 mA
Pull Down Resistor RMPX 1 3 MQ

7.5 CAPACITANCE (Ta= 25°C, =1 MHz, unmeasured pins returned to ground)

[ Characteristic Symbol Min Max Unit
input Capacnance Cin - 10 pF
Hi-Z Ouipyut Capacnance Cout - 10 pfF

+5Vv,
R =225k0

|

T
c

=100 pF

;gct

—

Figure 7-1. 1RQ Test Load

+5V

MMDE150 Or
Equivaient R =20 k0
Test

Point

O
for DTACK

R =6 kQ
MMD7000 Or Ry =740 0
Equivalent

L.
I

Figure 7-2. Typical Test Load
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C =130 pF

Ry=1.90 kil

for all outpuls except DTACK
C =100 pF
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7.6 CLOCK TIMING

Characteristic Symbol Min Max Unit
Frequency of Qperation f 1.0 4.0 MH2z
Cycle Time oy 250 1000 ns
Clock Pulse Width ICL. ICH 110 250 ns
Rise and Fall Times tcr. oy — 15 ns

30 pF

XTAL!
Crystal Parameters

Parallel resonance tundamental mode AT cut
- Rg=150 R if=28~40 MHz
[ Y TS68BHCO01 Rg=3000 (1=20-27 MHz!
Cy =18 pF, Cyp=0.02 pF, Cr=5 pF. Lpt =96 MHz
30 pF f ltypicall = 2.4576 MHz

Figure 7-3. CMFP External Oscillator Components

—PALI

TS68HCI01

S T

Figure 7-3-1. CMFP External Clock Connection
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7.7 AC ELECTRICALCHARACT
70°C unless otherwise noted). See

ERISTICS (Vcc = 5.0VpCct5%.VSS= OVpc- TA
figures 7-4 through 7-10.

=0p°Cto

4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
1 C5. DS width High 50 — 50 — -
2 R/W. A1-A5 Valid to Falling CS (Setup) 30 — 20 — ns
3 Data Valid Prior to Falling CLK 280 — 100 — ns
4 (3} €S, TACK Valid to falling Clock {Setup} 50 — 50 — ns
5 CLK Low to DTACK Low — 220 — 90 ns
6 TS. DS or IACK High to DTACK High — 60 — 50 ns
7 T&. DS or IACK High 10 DTACK Tri-siate — 100 — 100 ns
8 DTACK Low to Data Invahd (Hold Time) 0 — 0 — ns
9 CS. DS or IACK High 10 Data Tri-state — 50 — 50 ns
10 TS or DS High to R/W, A1-Ab Invalid (Hold Time) 0 —_ o] — ns
114{3.5}) Data Valid from CS Low — 310 — 180 ns
12 Read Data Valid to DTACK Low (Setup Time) 50 — 0 — ns
13 DTACK Low to DS, CS or TACK High {Hold Time} 0 — — ns
14 TE1 Low to Falling CLK {Setup) 50 — 50 — ns
15 (1) |EO Valid from Clock Low (Delay) — 180 — 120 ns
16 Data Valid from Clock Low (Deiay) — 300 — 180 ns
17 iED Invalid from TACK High (Delay) — 150 — 100 ns
18 DTACK Low from Clock High {Delay) — 180 — 100 ns
19 (1) 1EO Valid from 1EI Low (Delay) — 100 — 100 ns
20 Data Valid from IEI Low {Delay) — 220 — 140 ns
21 Clock Cycle Time 250 1000 125 1000 ns
22 Clock Width Low 110 — 55 — ns
23 Clock Width High 110 — 55 — ns
24 (4) TS, TACK Inactive to Rising Clock (Setup) 100 — 50 — ns
25 IO Minimum Active Pulse Width 100 — 100 — ns
26 TACK Width High/Minimum Delay between two Pulses 2 — 2 — CLK
27 |0 Data Valid from Rising CS or DS — 450 — 350 ns
28 Receiver Ready Delay from Falling RC — 600 — 200 ns
29 Transmitter Ready Delay from Falling TC — 600 — 200 ns
30 (6) Timer Output Low from Rising Edge of CS or DS — 450 - 200 ns
(A & B) (Reset TOUT)
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4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
312} TOUT Valid from Internal Timecut —_ 2tcLK — 2tcLK ns
+ 300 + 300
32 Timer Clock Low Time 110 — 55 — ns
33 Timer Clock High Time 110 — 55 — ns
34 Timer Clock Cycle Time 250 1000 125 1000 ns
35 RESET Low Time 2 — 15 - US
36 Delay to Falling INTR from External — 380 — 250 ns
Interrupt Active Transition
37 Transmitter Internal Interrupt Delay from Falling 550 - 250 — ns
Edge of TC
38 Receiver Buffer Full Interrupt Transition Delay 800 — 400 — ns
from Rising Edge of RC
39 Receiver Error Interrupt Transition Delay from 800 - 400 — ns
Falling Edge of RC
40 Serial In Set Up Time to Rising Edge of RC 80 — 50 - ns
{Divide by one only)
41 Data Hold Time from Rising Edge of RC 350 — 100 — ns
{Drvide by one only)
42 Serial Output Data Valid from Falling Edge — 440 — 200 ns
of TC {+ 1}
43 Transmitter Clock Low Time 500 — 250 — ns
44 Transmitter Clock High Time 500 — 25Q — ns
45 Transmitter Clock Cycle Time 1.05 - 055 - MS
46 Receiver Clock Low Time 500 — 250 — ns
47 Receiver Clock High Time 500 — 250 — ns
48 Receiver Clack Cycle Time 1.05 - 0.55 - us
49 (2) CS, TACK, DS Width Low - 80 — 80 ToLk
50 Serial Qutput Data Valid from Falling — 490 — 200 ns
Edge of TC (= 16}
51 Cycle Time 1000 — — — ns
52 Pulse Width, E High 430 — — — ns
53 Pulse Width, € Low 450 — — — ns
54 Address, R/WSetup Time Before E 80 — — — ns
55 CS Setup Time Before E 80 - - — ns
56 Address Hold Time 10 — — — ns
57 CS Hold Time 10 ~ — - ns
58 Output Data Delay Time (Read) — 250 — — ns
59 Data Hold Time (Read) 0 100 — — ns
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4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
60 Input Data Setup Time (Write) 280 — — — ns
61 Data Hold Time (Write) 20 — — — ns
62 Cycle Time 800 — — — ns
63 Pulse Width DS Low or RD/WR High 350 — — — ns
64 Pulse Width DS High or RD/WR Low 340 — — — ns
65 Pulse Width AS/ALE High 100 — -— — ns
66 Delay AS Fall to DS Rise or ALE Fall 1o RD/WR Fall 30 - — — ns
67 Delay DS or RD/WR Rise to AS/ALE Rise 30 — —_ — ns
68 R/W Setup Time to DS 100 — — — ns
69 R/W Hold Time to DS 10 — — - ns
70 Address Setup Time 10 AS/ALE 20 — — — ns
71 Address Hold Time to AS/ALE 20 — — — ns
72 Data Setup Time to DS or WR {Write) 280 — — — ns
73 Delay Data to DS or RD (Read) — 250 — — ns
74 Data Hold Time to DS or WR (Write) 20 — — — ns
75 Data Hold Time to DS or RD {Read) 0 100 — — ns
76 CE Setup Time to AS/ALE Fall 20 — — — ns
77 CE Hold Time to DS, RD or WR 20 — — — ns
Notes:

1 1EO only goes low if no acknowledgeable interrupt is pending. If TED goes low, DTACK and the data bus remain
tri-stated.

2. TcLk referstotheclock appliedtothe CMFP CLK input pin. tc_g refers to the timer clock signal, regardless of whether
that signal comes from the XTAL1/XTAL2 crystal clock inputs or the TAl or TBI timer inputs.

3. f the setup time is Not met, TS or IACK will not be recognized until the next falling CLK.

4. If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not
met, the hold-off will be two clock cycles.

5. Althrough CS and DTACK are synchronized with the clock, the data out during a reed cycle is asynchronous to the
clock, relying only on CS for timing.

6. Spec. 30 applies to timer outputs TAO and TBO only.
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7.7.1 AC ELECTRICAL CHARACTERISTICS - READ CYCLES
(Vcc =50Vpct5%, Vss =0 Voc' TA = T to TH unless otherwise noted)

4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
1 CS, DS width High 50 — 50 — —
2 R/W, A1-A5 Valid 1o Falling CS (Setup) 30 — 20 — ns
4(3) CS. IACK Valid to Falling Clock {Setup) 50 — 50 - ns
5 CLK Low to DTACK Low — 220 — 90 ns
6 CS. DS or IACK High to DTACK High — 60 — 50 ns
7 €S, DS or IACK High 1o DTACK Tri-state — 100 — 100 ns
8 DTACK Low to Data Invalid (Hold Time) 0 — o} — ns
9 CS. DS or IACK High to Data Tri-state - 50 — 50 ns
10 CS or DS High 1o R/W, A1-A5 Invalid (Hold Time) 0 — 0 — ns
11(3,5) Data Valid from TS Low — 310 — 180 ns
12 Read Data Valid to DTACK Low {Setup Time) 50 — — ns
13 DTACK Low to DS, TS or JACK High (Hold Time) o — 0 — ns
24 (4) CS. TACK Inactive to Rising Clock {Setup) 100 — 50 — ns
Notes:

3. Ifthe setup time is not met, CS or [ACK will not be recognized untit the next falling CLK.

4. Ifthe setup time is met {for consecutive cycles)

met, the hoid-off will be two clock cycles.

5. Althrough CS and DTACK are synchronized with the clock, the

clock, relying only on CS for timing.

This Materi al
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Figure 7-4. Read Cycle Timing e

4-101

Downloaded from Datasheet.su

Copyrighted By Its Respective Manufacturer

. the minimum hold-off time of one clock cycle will be obtained. If not

[

(IR I TR ¥



7.7.2 AC ELECTRICAL CHARACTERISTICS - WRITE CYCLES
(Vcc =5b.0Vpct 5%, VSS = OVpe Tao=TLtoTH unless otherwise noted)

4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
1 CS. DS width High 50 - 50 — —
2 R/W. A1-AB Valid to Falling CS (Setup) 30 — 20 — ns
3 Data Valid Prior to Falling CLK 280 — 100 — ns
4(3) CS. IACK Valid 10 Falling Clock {Setup) 50 — 50 — ns
5 CLK Low to DTACK Low — 220 — a0 ns
6 TS, DS or IACK High to DTACK High — 60 — 50 ns
7 TS, DS or IACK High to DTACK Tri-state —_ 100 — 100 ns
8 DTACK Low to Data Invalid {(Hoid Time) o) — 0 — ns
10 TS or D3 High to R/W, A1-A5 Invalid (Hold Time) 0 — 0 — ns
13 BDTACK Low to DS, TS or IACK High (Hold Time} o] — 0 — ns
24 {4) CS. IACK inactive 10 Rising Clock {(Setup) 100 — 50 - ns
Notes:

3. If the setup time is not met, TS or TACK will not be recognized until the next falling CLK.

4 if the setup ume is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. I not

met, the hold-off will be two clock cycles.

CLK

/W

%2

f

!

DTACK \ | & S

RS1 RSH ———% }_
(8->}
)
O

Figure 7-5. Write Cycle Timing
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7.7.3 AC ELECTRICAL CHARACTERISTICS - INTERRUPT ACKNOWLEDGE CYCLES
(VCcCc =5.0Vpg* 5%, Vgg = OVpe - TA=TL to TH unless otherwise noted)
See Figures 7-6 and 7-7.

4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max
4(3) CS. TACK Valid to Falling Clock (Setup) 50 — 50 — ns
5 CLK Low to DTACK Low — 220 - 90 ns
6 CS. DS or IACK High to DTACK High — 60 — 50 ns
7 CS. DS or TACK High to DTACK Tri-state — 100 — 100 ns
9 CS. DS or TACK High to Data Tri-state — 50 — 50 ns
13 DTACK Low to DS, CS or IACK High {Hotd Time) 0] — 0] — ns
14 IEl Low to Falling CLK (Setup) 50 — 50 — ns
15(1) IEG Vatid from Clock Low {Delay) — 180 -~ 120 ns
16 Data Valid from Clock Low (Delay) — 300 — 180 ns
17 iEC Invalid from TACK High (Delay) — 150 — 100 ns
18 DTACK Low from Ciock High (Delay) — 180 — 100 ns
19(1) 1EQ Valid from 1ET Low {Delay) — 100 — 100 ns
20 Data Valid from 1El Low {Delay) — 220 — 140 ns
21 Clock Cycle Time 250 1000 125 1000 ns
22 Clock Width Low 110 — 55 — ns
23 Clock Width High 110 - 55 — ns
24 (4) CS, TACK Inactive to Rising Clock {Setup) 100 — 50 — ns
26 JACK Width High/Minimum Deiay between two Pulses 2 — 2 — CLK
Notes:

1. IED oniy goes fow if no acknowledgeable interrupt is pending. If IED goes low, DTACK and the data bus remain
tri-stated

3. If the setup tme is not met, CS or JACK will not be recognized until the next falling CLK.

4. Ifthe setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle wiil be obtained. !f not
met, the hold-off will be two clock cycies.
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CTACK

Note: CS and 1ACK must be a function of DS

This Materi al

Downloaded from Datasheet.su

N
_% C A

!
|

.
(«»k

3

\

13

Figure 7-6. Interrupt Acknowledge Cycle (IE! Low)

/S N/

"\

—-Jri—-@
_.,\
“\

Figure 7-7. Interrupt Acknowledge Cycle {IEI High)

4-104

® e
\ F
NOEL - o dood- ._’
3 I
G

Copyrighted By Its Respective Manufacturer

L1 '



7.7.4 ACELECTRICAL CHARACTERISTICS - 6800 INTERFACE TIMING (Vcc =50V
+ 5%, Vgg = OVDC’ TA = 0°C to 70°C unless otherwise noted). See figure 7-8.

DC

4 MHz 8 MHz
Num Characteristic Unit
Min Max Min Max

51 Cycle Time 1000 — — — ns
52 Pulse Width, E High 430 — — — ns
53 Pulse Width, E Low 450 — — — ns
54 Address, R/W Setup Time Before E 80 — — — ns
55 CS Setup Time Before E 80 - — — ns
56 Address Hold Time 10 — — - ns
57 CS Hold Time 10 — — - ns
58 Output Data Delay Time (Read) —— 250 — — ns
59 Data Hold Time {Read) 0 100 —_— — ns
60 Input Data Setup Time (Write) 280 —_ — — ns
61 Data Hold Time (Write) 20 — — — ns

@

A/
Al -AS
o4
_® ®
0007 LA
READ N\
~t®
Wi — ——

Figure 7-8. 6800 Interfacing Timing
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7 7.5 AC ELECTRICALCHARACTERISTICS - MULTIPLEXED B
+ 5%, Vgs =0 Vo TA=0°Cto 70°C unless otherwise note

USTIMING(Vcc=50VpC
d). See figures 7-9, 7-10. j

4 MHz 8 MHz
Num Charactaristic Unit
Min Max Min Max
62 Cycle Time 800 _ _ —_ ns
63 Pulse Width DS Low or RD/WR High 350 — — — ns
64 Pulse Width DS High or RD/WR Low 340 — — — ns
65 Pulse Widith AS/ALE High 100 — — — ns
66 Delay AS Fall to DS Rise or ALE Fall to RD/WR Fall 30 — - — ns
67 Delay DS or RO/WR Rise to AS/ALE Rise 30 — — — ns
68 R/W Setup Time to DS 100 — — —_ ns
69 R/W Hold Time to DS 10 — — — ns
70 Address Setup Time to AS/ALE 20 — —_ — ns
71 Address Hold Time to AS/ALE 20 — — — ns
72 Data Setup Time to DS or WR (Write) 280 — —_ — ns
73 Delay Data to DS or RD (Read) — 250 — — ns
74 Data Hold Time to DS or WR (Write} ) 20 — — — ns
75 Data Hold Time to DS or RD (Read) 0 100 — — ns
76 CE Setup Time to AS/ALE Fall 20 —_ — — ns
77 CE Hold Time 10 DS, RD or WR 20 — — - ns
(U P— 4 l
=
m'sL ® ) :
_’]\ I N
® @

nR

®
X

> o—

® @ @ @
;r;n:“aor —%‘ A ( DATA
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Figure 7-10. Multiplexed Bus Timing - Intel Type
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Note: Active edge is assumed to be the rising edge
Figure 7-11. Interrupt Timing

cs/os \

17-10

Figure 7-12. Port Timing
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Figure 7-13. Receiver Timing
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Figure 7-14. Transmitter Timing
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Figure 7-15. Timer Timing
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Figure 7-16. Reset Timing
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7.8 TIMER AC CHARACTERISTICS
Definitions:
Error= Indicated time value — actual time value

tpsc=tCLK X Prescale Value

Internal Timer Mode:

Single Interval Error (Free Running) (See Note 2} .. ... ... ... .. ... . . . . ... .. + 100 ns
Cumulative Internal Error . ... ... . 0
Error Between Two Timer Reads .. .. ... . ... . ... ... * (tpsc — 4 tCLK)
Start Timer to Stop Timer Error .. ... ... ... . .. | 2tcLk+100nsto — (tpsc+ 6 tCLK + 100 ns)
Start Timer to Read Timer Error ... ... ... . ... .. ... .. 0to — (tpsc+ 6 tCLK + 400 ns)
Start Timer to Interrupt Request Error (See Note 3) . .. .. .. ... —21tCLK to — {4 tCcLK + 800 ns)
Pulse Width Measurement Mode:
Measurement Accuracy (SeeNote 1) . ... ... .. . .. ... 2tCLK to — (tpsc+4 tCLK)
Minimum Pulse Width .. 4tCLK

Event Counter Mode:
Minimum Active Timeof TAland TBI .. ... ... . . .. . 41CLK
Minimum Inactive Time of TAl and TBI

NOTES:
1. Error may be cumulative if repetitively performed.
2. Error with respect to tgyt or IRQ if note 3 is true.
3. Assuming it is possible for the timer to make an interrupt request immediately.
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SECTION 8
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignments, package dimensions, and ordering information for

the TS68HC901.

PIN ASSIGNMENTS

R/W 1
rRs1[}2
rs2 [I3
RS3 Q4
rRs4 O6
rRsS5 []6
TcqQg?
so fls
sif]e
rc 10
vee v
mprx ] 12
TAO [J13
180 [ 14
Tco f]15
TD0 16
xTAL 117
xTaL2 [18
TAIL Q19
T8I 20
RESET 21
10 Q22
g3

12 [] 24

4T3
47155
46 [1 DTACK

) TATK
] 07
] D6
] D5
] D4
1 D3
1 02
1 D1
100
] GND
1 CLK
178
[17EC
177G
] BR
] TR
117
16
] 15
] 14
] 13

RENNER S8 88 BIBBBEERE RS
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PHYSICAL DIMENSIONS

mm

o mas s 23402 n-:: ASTma
-y d'o'o'/ﬁo o 4% e - 161mos
H 051 man
1
508ma:
T 1
| 77 man ) s
osou 63" -‘-%“
1524
i 12) -t
a 7 25
AOOooOo.aoonmmer
/

11 Nominal dimension
2} True geometnical posrtion

?
L

4
[
48 pins
DIN ’
AS51) F199 Cé-229
cet DATA JEDEC SITELESC

P:n 1 denrdication

1Z 53
18,54

19,94
20,19

52 pins
MO-047-AD CB-522
L CEI DATA, JEDEC SITELESC
4-113
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P SUFFIX
PLASTIC PACKAGE

ALSO AVAILABLE

C SUFFIX
CERAMIC PACKAGE

CB-522

FN SUFFIX
PLCC 52
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ORDERING INFORMATION
STANDARD VERSIONS

Frequency Temperature
Package Type (MHz2) Range Part Number
Ceramic DIL 4.0 0°C to + 70°C TS68HC901CC4
5.0 0°C to + 70°C TS68HCO01CCH
C Suffix 8.0 0°C to + 70°C TS68HC901CC8
Plastic DIL 4.0 0°C to + 70°C TS68HC901CP4
5.0 0°C to + 70°C TS68HCO901CP5
P Suffix 8.0 0°C to + 70°C TS68HC901CP8
PLCC 4.0 0°C to + 70°C TS68HC901CFN4
5.0 0°C to + 70°C TS68HCO01CFNb
FN Suffix 8.0 QoC to + 70°C TS68HCO01CFNS

Hi-REL VERSIONS

In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS
is proposing different screening levels for its Hi-REL ranges.

G/B screening Available only from THOMSON SEMICONDUCTEURS, this guatity level, very
close to the MIL-STD-883, is a cost effective alternative for customers who
want to buy Hi-REL devices (low guaranteed AQL). The G/8 level is in full
accordance with the NFCO6883 class G.

B/B screening : Full accordance with the MIL-STD-883 Rev. C, class B {(US), the CECC 90,000
class B (european) and with the NFC96883 class B {French).

Details on screening procedures for these levels of selection are available on request {please contact
our sales representatives).

Frequency Temperature
Package Type (MHz) Range Part Number

Ceramic DIL 40 — 40°C to + 85°C TS68HC901VC4

C Suffix 40 — 55°C to + 125°C TS68HC901MC4A
4.0 — 40°C to + 85°C |TS68HC901VCG/B4
4.0 — 40°C to + 85°C | TS68HCO901VCB/B4
4.0 __55°C to + 125°C |TS68HC901MCG/B4
4.0 — B5°C to + 125°C |TS68HC901MCB/B4
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