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INTRODUCTION

The MKBB9O1 MFP (Multi-Function Peripheral} is a RESET:
combination of many of the necessary perpheral functions
in @ microprocessor system. Included are:

Eight parailel I/0 lines

Interrupt controller for 16 sources
Four imers

Singte channei fult duplex USART

The use of the MFP in a system can sigrificantty reduce chip
count, therepy reducing system cost. The MFP 1s compietely
58000 bus compatible, and 24 directly addressable internal
reqisters provide the necessary control and status interface
to the programemer. ACK.
The MFP is a derivative of the MK3801 STi, a ZB0 family

peripheral

PN DESCRIPTION

GND:  Ground

Ve -5 wolts (£ 5%)

C3.  Chip Select input. active low). CS is used to
select the MK68901 MFP for accesses to the
INMernal «C7'sters, CS and IACK must not be
asserted 3t tha came time

05 Data Strobe (input. active ow). DS is used as
part of the chip select and interrupt
acknowledge functions.

Iy

RW  Read/Write (input). R/W is the signai from
the bus master indicaung whether the
current bus cycle is a Read {Highi or Wrnte
{Low) cycle,

BTACK. Data Transfer Acknowledge. (output, active
low, tri-stateable). DTACK is used to signal

the bus master that gata is ready. or that data

has been accepted by the MKG8901 MFP Sk

A1-AS5;  Address Bus(inputs). The address bus is used

10 address one of the internal registers duning RC.

a read or write cycle.

Do'D-’:

SO

Data Bus (bi-directional, tri-stateabie). The
data bus 15 used to receive data from or
transmit data to one of the internal registers
during a read or write cycle. it is also used to
pass a vector during an inlerrupt ac-
knowledge cycle.

Clock (1nput). This input is used to provide the
internal timing for the MKG68901 MFP.

Device reset. {input. active low). Reset
disables the USART receiver and transmitter,
stops all vmers and forces the imer outputs
low. disables all interrupt channels and clears
any pending interrupts. The General Purpose
Interrupt’ 1/0Q lines will be placed in the tri-
state input mode. All internal registers
{except the imer, USART data registers, and
Iransmit status register) will be cieared.

Intecrupt Request (output, active low. open
drain). INTR is asserted when the MX68901
MFP is requesting an mterrupt. INTR s
negated during an intefrupt acknowledge
cycle or by clearing the pending interrupds)
through software.

interrupt Acknowledge (input. active low).
JACK is used to signal the MK68901 MFP
that the CPU is acknowledging an interrupt
CS and IACK must not be asserted at the
same ume. :

interrupt Enable In (input, active low). [EI is
used to signal the MK68901 MFP that no
higher priority device 1S requesting interrupt
service.

Interrupt Enable Out foutput, actve low). IEO
s used to signal lower priority peripherais
that neither the MK68901 MFP nor another
nioher priorty peripheral is requesting
interrupt service,

General Purpose Interrupt 1/0 lines. These
lines may be used as interrupt Inputs and/ of
170 lines. When used as interrupt inputs.
their active edge is programmable. A data
direction register is used to define which lines
are tobe Hi-Z inputs and which lines ars to be
push-pult TTL compauble outputs.

Seriat Output. This is the output of the USART
transmitter.

Serial Input. This is the input to the USART
recewver

Recewer Clock. This input controls the senal
bit rate of the USART recewer.




TC Transmutter Clock This input controis the
seriat bit rate of the USART transminer

- RR  Recewer Ready (output actwe lowl DMA
; output for recever, which reflects the status
of Buffer Full in port number 15

TR  Transmirter Ready. (output, active iow) DMA
output for transmitter. which retflects the
status of Butfer Empty in port number 16

TAD.TBO., Timer Outputs. Each of the four umers has an

TCO. TDO  output which can produce 8 square wave
The output will change states each timer
cycle; thus one full peniod of the timer out
signal s equal 10 two timer cycles TAQ or
TBO can be resar {logie "0 by a write 10
TACR. or TBCR respect:vak

XTAL1, Tumer Clock inputs. A crystal can be connect-

XTAL2 edbetweenXTALT and XTAL2. or XTAL1 can
be driven with a TTL level clock Whendriving
XTAL' with a TTL level clock. XTAL2 must be
atiowed 1o float When using a crystal.
external capacuors are required See Figure
27 Al chup accesses are independent of the
umer clock

JAITBI. Timer AB inputs Used when runming the
umers in the event count or the pulse width

measurement mode The imerrupt channels
associated with 14 and 13 are used for TAl and

REGISTER MAP

Frgure 4

&
b

Abbreviation { Register Namas

T
i

GPP GENERAL PURPOSE | 'O
AER ACTIVE EDGE REGISTER
DDR DATA DIRECTION REGISTER

IERA INTERRUPT ENABLE REGISTER A
{ERB INTERRUPT ENABLE REGISTER B
PRA INTERRUPT PENDING REGISTER A
PRB INTERRUPT PENDING REGISTER B
ISRA INTERRUPT IN-SERVICE REGISTER A
ISRE INTERRUPT IN-SERVICE REGISTER B
IMRA, INTERRUPT MASK REGISTER A
IMRB INTERRUPT MASK REGISTER B

VR VECTOR REGISTER

SZgTMmON|BromNANEW; N=O

TCDCR TIMERS C AND D CONTROL REGISTER

TACR TIMER A CONTROL REGISTER :
TACR TIMER B CONTROL REGISTER

TADR TIMER A DATA REGISTER
TBOR TIMER B DATA REGISTER
TCDR TIMER C DATA REGISTER
TODR TIMER D DATA REGISTER

s ot - b s
oW bW

SCR SYNC CHARACTER REGISTER
UCR USART CONTROL REGISTER

RSR RECETVER STATUS REGISIER

TSR TRANSMITTER STATUS REGISTER
UDR USART DATA REGISTER

TBI. respectvely Thus, when running atimes
in the pulse widith measurement mode, K& or
13 can be used for {70 only.
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INTERRUPTS

The Generai Purpose |/0O-Interrupt Port {GPIP) provides
eignt {/0 lines that may be operated either as inputs or
outputs under software control. In addition, each ling may
generate an inferrupt on ether a positive going edge or a
negative going edge of the input signal.

The GPIP has three associated registers. One allows the
programmer to specify the Active Edge for each bit that will
ngger an interrupt. Another reqister specifies the Data
Direction (input or output} associated with each bit. The
third register is the actual data |/ O reqister used to input or
output data to the port. These three registers are ilustrated
in Figure 5.

The Active Edge Register (AER) allows each of the General
Purpose Interrupts to produce an interrupt on either a 1-0
rransition or a O-1 transition. Writing a zero to the
appropniate bit of the AER causes the associated input 10
produce an interrupt onthe 1-0 transition, while a 1 causes
the interrupt on the O-1 transition. The edge bitis simply one
input to an exciusive-or gats. with the other input coming
trom the input buffer and the output going to a 1-O transition
detector. Thus. depending upan the state of the nput,
wnting the AER can cause an nterrupt-producing
transition. which wilt cause an interrupt on the associated
 channel, f that channel is enabled. One would then
normally configure the AER before enabling interrupts via

IERA and IERB. Note: changing the edge bit, with the
interrupt enaoied. may cause an interrupt on that channel.

The Data Direction Register (DDR} is used to define I0-17 as
)NPULS Of as OUIPULS on 3 it by bit basis. Writing azerointo a
it of the DDR causes the corresponding Interrupt-1/0 pin to
be a Hi-Z input. Writing a one into a bit of the DDR causes
the corresponding pin to be configured as a push-pull
output. When data is wntten into the GPIP, those pins
defined as inputs will remamn in the Hi-Z state while those
pins detined as outputs will assume the state thigh or low) of
their corresponding bit in the GPIP. When the GPIP is read,
the data read will come directly from the corresponding brt
of the GPIP register for all pins defined as output. while the
data read on all pins defined as inputs will coma from the
input buffers.

Each individual function in the MKS8901 is provided witha
unique nterrupt vector that is presented to the system
dunng the interrupt acknowledge cycle. The interrupt vecior
returned durng the interrupt acknowiedge cycle is shown
in Figure 6, while the vector register IS shown in Fiqure 7.

There are 16 vector addressas ganerated internatly by the
MKSB8901. one for each of the 16 interrupt channeis.

The interrupt Controt Registers (Figure B) provide controt ot
interrupt processing for all 170 facilities of the MK68901.
These reqisters allow the programmer to enable or disable

GENERAL PURPOSE |/ O REGISTERS

Figure 5
. ACTIVE EDGE REGISTER
PORT 1 (AER) GMP GhMP GPIP GPIP GHP ¢34 Gmp GhP 1 = RISING
7 ] 5 4 3 2 1 0 0 - FALLING
DATA DIRECT'ON REGISTER
PORT 2 (DDR) GPIP GPP GPP GPP GPpP GPP GPIP GPIP | 1 - QUTPUT
7 [ 5 4 3 2 1 o 0 - INPUT
GENERAL PURPOSE I.'O DATA REGISTER
GPP GP GPP GMP GhP G GPP GHP
PORT 0GP 7 | A 5 4 3 2 1 o
INTERRUPT VECTOR
Figure 8
v, v, A v, v, v, v, v,
L it I —J
W, -1V,  Vector bits 3-0 supplied by the
MEP based upon the intarrupting
channel,
v,-Vv, 4 most ugreficant bits. Copied

from the vector regirter.




any or all of the 16 interrupts. pronding masking for any are available undet software control Al the imterrupts are
interrupts, and provide access 10 the pending and in-service prioritized as shown in Figure 9
status of the interrupts. Optional end-of-interrupt modes

—

(w VECTOR REGISTER
Figure 7
Pont B (VR v, v, v, v, s - ] - |
J
L ' ) I
§ In-Serice Regunar Enable
Upper 4 bits of the Vector register
# - Unused bits: read as zercs Wtten B0 by the user

INTERRUPT CONTROL REGISTERS
Figure 8

INTERRUPT ENABLE REGISTERS

ADDRESS 7 ¢ ] 4 3 2 1, 0
T
A PIP pip | IMER | RCVY . Recv XMIT | xMIT | TIMER
PORT 3 6 GP Butter Butter
(IERA} 7 s A Eull Ermor { Empry | Eror B
PORT 4 ] GMP | GPIP | TIMER | IMER | GPIP | GPWP | GPIP | GPIP
ERB) (3 4 c o 3 2 1 o

INTERRUPT PENDING REGISTERS

7 [ 5 4 k| 2 1 0
A pp | IMER] RCY | RCv | XMIT | xMIT | TIMER
PORT B Geir 1 6 Butter Buter
(WPRA) 7 ] A Fult Elnov Emgpty Error 8
B GPIP GPP | TIMER | MMER | GPIP GPIP GPIP GPIP
PORT 6
{IPRB} 5 4 c D 3 | 2 1 0
WRITING 0 CLEAR
WRITING 1 UNCHANGED
INTERRUPT IN.SERVICE REGISTERS
7 6 5 4 3 2 1 0
RCV XMIT R
PORT 7 A GPIP | GPIP | TIMER | ROV | N | XM TIME
{ISRA!} 7 [ A Fuli Eror | Empty Ermor 8
PORT & B GPiP GPIP | IMER | TMER | GPIP | GPIP | GPIP GPiP
{ISRB) 5 4 c (o) k] 2 1 0
INTERRUPT MASK REGISTERS '
7 5 5 4 3 2 1 0
RCV xXMIT
PORT 9 A GPIP | GPIP | TIMER | 1El ROV | XM | XMIT | TiMER
{IMRA) 7 [ A Fult Error | Empry Error B
pORTA ° GPIP | GPIP | MER | IMER | GPIP | GPIP | GPIP | GPIP
{IMRB) 5 4 c D 3 2 1 0

1 UNMASKED O MASKED




INTERRUPT CONTROL REGISTER DEFINITIONS
Figure 9

Priority | Channel | Description

HIGHEST 1111 General Purpose Interrupt 7(I7)
1110 General Purpose Interrupt 6{16)
110 Timer A
1100 Receive Buffer Fuit
1011 Receive Error
1010 | Transmut Buffer Empty
100 Transmst Error
1000 | Timer B
o1 General Purpose Interrupt ${I5}
0110 General Purpose Interrupt 4{14)
o1 Timer C
0100 | Timer O
0011 General Purpose Interrupt XI13)
o190 General Purpose interrupt 2{12)
Q001 General Purpose interrupt 1{I1)

LOWEST 0000 | Generai Purpose interrupt O(K0)

interrupts may be either polled or vectored. Each channel
may be individuaily enabled or disabled by writingaoneora
ret0 10 the appropniate bnt of Interrupt Enable Registers
{IERA.IERB--see Figure 8 for all registers in this saction).
When disabled, an interrupt channelis completely inactive.
Any internal or external action which would normally
produce an interrupt on that channel is ignored and any
pending interrupt on that channel will be cleared by
disabling that channel. Disabling an interrupt channel has
no effect on the corresponding bit in Interrupt n-Service
Registers (ISRAISRB): thus. If the in-service Registers are
used and an interrupt is in service on that channel whenthe
channet 1s disabled, it will remain in servica until cleared in
ihe normal manner IERA and IERB are aiso readable.

When an interrupt 1S received on an enabled channei, ts
corresponding bit in the pending register will be set. When

that channel 1s acknowledged it will passts vector, andthe
corresponding bit in the interrupt Pending Reg:ster (IPRA or
IPRB) will be cleared. IPRA and IPRB are readabie; thus by
polling IPRA and IPR8, it can be determined whether a
channel has a pending interrupt. iPRA and IPRB are also
writeable and a pending interrupt can be cleared without
going through the acknowledge sequence by writing a zero
to the appropriate bit. This allows any one bitto be cleared.
without altering any other bits, simply by writing all ones
except for the bit position to be cleared to IPRA or {PRB. Thus
a fully poiled interrupt scheme 1s possible. Note: writing a
one to IPRA. IPRB has no effect on the interrupt pending
register.

The interrupt mask registers (IMRA and IMRB) may be used
to block a channel from making an interrupt request.
Writing a zero n1o the corresponding bit of the mask
register will stili allow the channel to receive an interrupt
and latch it into its pending bit (if that channel is enabled),
but wiil prevent that channel from making an interrupt
request. If that channel 1s causing an interrupt request at
the time the corresponding bit in the mask register 1S
cleared. the request wiii cease If no other channei s
making a request. INTR will go inactive. i the mask bt i1s
ra-enabled. any pending interrupt is now free 10 resume s
request unless blocked by a higher priority request for
service. IMRA and IMRB are also readable. A conceptual
circuit of an interrupt channed is shown in Figure 10.

There are two end-of-interrupt modes: the automatc end-
of -interrupt mode and the sofrware end-of-interrupt mode.
The mode is selected by writing & one or a zerotothe Shitof
the Vector RegistertVR). If the S bit of the VR is a one. all
channels operate in the software end-nf-interrupt mode. f
the S bit is a zero, all channels operate in the automatic
end-of-interrupt mode. and a reset 1s held on ail in-service
bits. [n the automatic end-of-interrupt mode. the pending bit
is cleared when that channel passes Its vecior. Al that point,
na further history of that interrupt remains inthe MK 68901
MFP_ n the software end-of-interrupt mode. the in-service

A CONCEPTUAL CIRCUIT OF AN INTERRUPT
CHANNEL

Figure 10
EDGE ENABLE MASK ' e
REGISTER REGISTER REGISTER I
s INTERRUPT
s Q - IN-SERV)
l INTERRUPT — CE
9 PENDING
A INTERRUPT
REQUEST
L PASS VECTOR




bit is set and the pending bit is cleared when the channel
passes its vecior. With the in-service bit set. no lower
priority channe! is ailowed to request an interrupt of 10 pass
tor during an acknowledge sequence, however. 8

Wilbwer priority channe! may stil receve an interrupt and
latch it into the pending bit A higher prionty channe! may
still request an interrupt and be acknowiedged. The in-
service bit of a particular channel may be cleared by writing
a rero 10 the corresponding bit in ISRA or ISRB. Typically,
this will be done at the conciusion of the interrupt routine
just before the return. Thus no lower priority channel will be
allowed 1o request service unul the hugher priority channel
1s complete, while channels of sull higher priofity will be
allowed to request service. While the in-service bitis set. a
second interrupt on that channel may be recerved and
jatched 1nto the pending bit, though no service request will
be made in response to the second interrupt until the in-
service bit is cleared ISRA and tSRB may be read at any

time Only a zerc may be writien into any bit of ISRA and
ISRB; thus the mn-service bits may be cleared in software but
cannot be set in software. Thus allows sny-ane bit to be
cleared. without altering any other bits, simply by writing all
ones except for the bit position to be cleared to ISRA or ISRB,
as with IPRA and IPRB

Each interrupt channei respunds with a discrete 8-bit vector
when acknowledged The upper tour bits of the vector are
set by wrinng the upper four brs of the VR The four low
order buts (Bt 3-But 0) are generated by the interrupting
channel

To acknowiedge an interrupt. 1ACK goes fow, the E! input
must go low (or be tied low) and the MK68901 MFP must
have an acknowleggeable interrupt pencing The Dawsy
Chaiming capab ity (Figure 11} requires that nli pans in a
chain haveaco: —onlACK When the common IACK goes

A CONCEPTUAL CIRCUIT OF THE M«68901 MFP
DAISY CHAINING

Figure 11a
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low all parts freeze and prioritize interrupts in parallei. Then
prionty 1§ passed down the chain, via [Et and iEQ. until 3 part
which has a pending interruptis reached. The part with the
pending interrupt. passes a vector, does not propagate i€Q,
and generates DTACK.

Figure 9 describes the 16 prioritized interrupt channels. As
shown. General Purpose Interrupt 7 has the fughest
prionity. while General Purpose interrupt O is assigned ihe
lowest priority. Each of these channels may be reprioritized,
in effect, by selectively masking interrupts under software
control. The binary numbers under "channei” correspond to
the modified bits V3, IV2, IV1, and IVQ, respectivety, of the
Interrupt Vector for each channel {see Figure 6).

Each channel has an enable bit contained in IERA or IERB. a
pending latch contained in IPRA or IPRB, a mask bit
contained in IMRA or IMRB, and an in-service latch
contained in ISRA or ISRB. Additionally, the eight Generai
Purpose Interrupts each have an edge bit contatned n the
Active Edge Register (AER), a bitto define the {ine as input or
output contained i the Data Direction Register (DOR) and
an -0 bitin the General Purpose interrupt-i/ O Port (GPIP}.

TIMERS

There are four timers on the MK68301 MFP. Two of the
urers (Timer A and Timer B) are full function tmers which
can perform the basic delay function and can also perform
event counting. pulse width measurement, and waveform
generation. The other two umers (Timer C and Timer D) are
delay tmers only. One or both of these timers can be usedto
supply the baud rate clocks for the USART. All imers are
prescaler/counter timers with 3 common independent
clock input (XTALY. XTAL2). In addition, all imers have a
time-out output function that toggles each time the timer
nmes out.

The four timers are programmed via three Timer Control
Registers and four Timer Data Registers. Timers Aand B are
controlled by the control registers TACR and TBCR,
respectively (see Figure 12). and by the data registers TADR
and TBOR (Figure 13). Timers C and D are controtied by the
control reqister TCOCR (see Figure 14) and two data
registers TCDR and TDDR. Bits in the control registers aliow
the selection of operasonal mode, prescale. and control,
while the data registers are used to read the imer or write
into the me constant register. Timer A and B input pins, TA
and TBI. are used for the event and puise width modes for
umers A and B.

With the timer stopped. no counting can occur. The timer
contents will remain unaitered while the timer is stopped
{uniess relcaded by wring the Timer Data Register), but
any residual count in the prescaler will be lost.

in the delay mode. the prescaler is always active. A count
pulse will be apgplied o the main tmer unit each time the
prescribed number of imer clock cycles has elapsed. Thus.
if the prescaier is programmed to divide by ten, a count
pulse will be applied tothe main counter every ten cycles of
the timer clock.

Each time a count puise 15 apphed 1o the man counter. itwall
decremant 1ts contents. The main counter s inftially loaded
by writing to the Timer Data Register Each countpulse wall
cause the current court 'o decrement. When the timer has
decremented down 1o "01°", the next count pulse wil not
cause it 1o decrementto "00”. Instead. the next count pulse
will cause the umer 1o be reloaded from the Timer Data
Register. Additionally, a “Time out” pulse will be produced.
This Time Out pulse 15 coupled to the nmer nterrup
channel, and. if that channel is enabled. an interrupt will be
produced. The Time Qut pulse is also coupied to the tmer
output pin and will cause the pin to change states. The

TIMER A AND B8 CONTROL REGISTERS
Figure 12

Port C (TACR) » - » “‘:ER AC AC AC AC
RESEY 3 2 ' o
Port O (TBCR) ' - - mgm 8c, | BC, | 8C, BC,
RESEY

Cy C; Cy Gy

0 0 0 0O Time Stopped

c 0 a 1 Delay Mode, 4 Prescale

(v B+ 1 0 Delay Mode, 10 Prescaie

o 0 1 1 Delay Mode. 18 Prascale

o 9 0 O Delay Mode, 50 Prescais

[s I | 0 1 Oelay Mode. 84 Prescals

o 1 1 0 Oeslay Mode., 100 Prescais

o 1 1 1 Delay Mode, 200 Presceis

1 0 0 Q Event Count Mode

1 0 0 1 Pulse Width Mode, 4 Prescale

1 0 1 0 Pulme Width Mode. . 10 Prescais

1 0 t 1 Puise Width Mode. 18 Prescale

1 1 o 0 Pulse Width Mode, 50 Prescaie

1 1 ) 1 Pulse Width Mode., 64 Prascale

1 1 1 0 Pulss Width Mode, - 100 Prescale

# Unused brta: read as 1evos 1 1 1 1 Pulse Width Mode. 200 Prescale




output will remain in this new state unut the next Time Out
puise occurs Thus the output will compiete one full cycle
for each two Tune Out pulses

. for example.the prescaler were programmed to divide by

1:J ten, and the Timer Data Register were loaded with 100

o

¥ (decimal). the main counter would decrement once for every

.

i

Uﬂgun 13

ten cycles of the tmer ciock. A Time Gut pulse vl occur
(hence an snterrupt if that channel 1s enabled) every 1000
cyeles of the umer clock, and the timer output will complete
one fuli cycle every 2000 cycles of the timer clock

The main counter is an 8-bit binary down counter_ it may be
read a1 any time by reading the Timer Dera Register. The
information read ts the mnformation last clocked nto the
timer read register when the DS pin had last gone high prior
to the current read cycle When written, data is loaded into
the Tsmear Data Register, and the main counter, if the timer
is stopped. #f the Timer Data Regic*=r 15 written while the
nmer is running. the new word 1S not loauad iNto the timer
untif it counts through H'01”. However if the timer 1s
written while it is counting through H"01”, an indetermin-
ste value will be written into the trme constant register. This
may be circumvented by ensuning that the data register 1s
not wrinten when the count is H 017"

#t the main counter is loaded with “017, 8 Time Qut Pulse
will occur every time the praescaler presents a count pulse to
the main counter. If ioaded with 00", a Time Out pulse will
occur atter every 256 count puises

Changing the prescale value with the timer running can
cause the first Time Out puise to occur at an indeterminate
ume, {no less than one nor more than 200 umer clock cycles
umes the number in the time constant register). but
subsequent Time Qut pulses will then occur 8t the correct
interval

In addition to the delay mode described above, Timers A and
B can also funcuion in the Pulse Width Measurement mode
or inthe Event Count mode . In either of these two modes. an
auxiliary controt signal 1s required The auwhary controf
tnput for Timer A is TAl and for Timer B. TBi1s used The
interrupt channels associated with i4 and 13 are used for TAl
and TBi, respectively. in Pulse Width mode. See Figure 15

The puise width measurement mode functions much like
the delay mode However, in this made, the auxibary comrol
signalon TAl or TBI acis as an enable to the timer Whentne
control signal on TAl or TBi 15 wnactive. the timer wl be
stopped When it is active, the prescaler and mamn counter
are aliowed to run. Thus the wadth of the active puise on TAI
or TBI 1s determined by the number of imer counts which
occur while the puise aliows the timer to run The acuve
state of the signai on TAl or TBi 1s dependent upon the
associated Interrupt Channel's edge bit (GPIP 4 for TAl and
GPIP 3 for T8I, see Active Edge Register in Figure 5.) if the
edge bit associsted with the TAI or TBlinput 1s a one. nwill
be active high: thus the timer will be aliowed to run when
the input is at a high ievel. If the edge bit1s a zero, the TAl or
TBI input will be active low As previously stated. the

TIMER DATA REGISTERS (A. B. C. AND D)

Port F (TADR) D, D, o, D, o, o, D, D,
Port 10(TBDR) | D, 0, D, D, 0, D, D, D,
Port 11 (TCDR) o, D, Dy D, D, D, o, D,
Port 12 (TDDR}| D, D, D, D, o, D, D, D,
TIMER C AND D CONTROL REGISTER
Figure 14
Port £ (TCDCR) . cc, | cc, | cc, . oc, | oc, | OC,
C, C, G
0 0 O Timer Stopped
o 0 1 Delay Mode, = 4 Prescale
o 1 0 Delay Mode, ~ 10 Prescale
0 1 1 Delay Mode, = 16 Prescale
1 0 O Delay Mode, ~ 50 Prescale
1 0 1 Delay Mode. - 64 Prescale
1 1 0 Delay Mode, = 100 Prescale
* Unused bits read as reros 1 1 1 Delay Mode. = 200 Prescale




A CONCEPTUAL CIRCUIT OF THE MFP TIMERS IN

THE PULSE WIDTH MEASUREMENT MODE
Figure 15
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interrupt channel (13 or 14} associated with the input still
functions when the umer is used in the pulse width
measurement mode However. if the imer 1s programmed
for the puise width measurement mode, tha interrupt
caused by transiions on the associated TAl or TBlinput will
occur on the opposite transition.

For example, if the edge bit associated with the TAl input
{AER-GPIP 4) is a one, an interrupt would normally be
generated on the O-1 transmion of the 4 input signal. i the
umer associated with this 1nput (Timer A) is placed in the
puisa width measurement mode, the interrupt will occur on
the 1-0 transition of the TAl signal instead. Because the
edge bit {AER-GPIP 4) is a one, Timer A will be allowed to
count while the input is high. When the TAl input makes the
rghto low transmion, Timer A wiil stop, and 1t1s at this point
that the interrupt will occur {assuming that the channel is
enabledi This ailows tha interrupt (o signal the CPU that the
puise being measured has terminated; thus Timer A may
now be read 10 determine the pulse width. (Again note that
i3 and |14 may suil be used for i/0 when the timer is in the
pulse width measurement mode) f Timer A s re-
programmed for another mode, interrupts wiil agan occur
on the transimion, as normally defined by the edge bit. Note
1hat, hike chang:ng the edge bit. placing the timer nto of
taking 1t out of the pulse width mode can produce a
transition on the signal to the \merrupt channet and may
cause an interrupt. If measunng consecutive pulses, it is
obvious that one must read the contents of the imer and
then reinialize the main counter by writing to the timer
data register. if the nmer data regisier 1s written while the
piise 1s gomng to the active state, the writeé operation may
resull 10 an indeterminate value being writlen into the man
cocunter. if the tmer is written after the pulse goes active,
t~e timer counts from the previous contents. and when it
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counts through H'01", the correct value is written into the
umer. The pulse width then includes counts from before the
tumer was reloaded.

in the event count mode, the prescaler 1s disabled. Each
time the control input on TAl or TBI makes an active
transition as defined by the associated Interrupt Channael's
edge bit, a count pulse will be generated. and the man
counter will decrement. in ail other respects, the timer
functions as previously described. Aitering the edge bit
while the timer is in the avent count mode can produce a
count pulse. The interrupt channel associated with the
input (13 for TBI or 14 for TAl) is allowed to function normally.
To count transitions reliably, the input must remain in each
state (1/0) for a length of time equal to four periods of the
timer clock; thus signals of a frequency up 1o one fourth of
the timer clock can be counted.

The manner in which tha timer output pins toggle states nas
previously been described. All timer outputs will be forced
tow by a device RESET. The output associated with Timers A
and B will toggle on each Time Qut pulse regardless of tha
mode the timers are programmed to. In addition, the outputs
from Timers A and B can be forced low at any ume by
wniting a 1" to the reset location in TACR and TACR,
respectively. The output will be forced to the low state
during the WRITE operation, and at the conclusion of the
operation, the output will again be free to toggie eachtime a
Time Out puisa occurs. This feature will allow waveform
generation.

During reset, the Timer Data Registers and the mamn
counters are not reser. Also. f using the reset option on
Timers A or 8. one must make sure to keep the other bits in
the correct state so as not to affect the operation of Timers A
and B.




USART

Senal Communication 1s provided by a fuil-duplex double-
buffered USART, which is capable of either asynchronous

4ot synchronous operstion Varable word length and
@stant /stop bit configurations are availabie under software

control for asynchronous operauon. For synchronous
operation, 8 Sync Word is provided to establish
synchronization during recewve operations The Sync Word
will also be repeatedly transmitted when no other data 15
available tor transmission. Morecver, the MKE8301 allows
stripping of all Sync Words received in synchronous
aperation The handshake control lines AR (Recewver Ready)
and TR (Transminer Ready) aliow DMA operation. Separate

receive and transmi clocks are available. and separate
receive and transmit Status snd data byles allow
independen operation of the transmit and receive sections

The USART is provided with three Control /Status Registers
and a Dats Register. The USART Data Register form s
illustrated in Figure 16. The programmer may specify
operational parameters for the USART wia the Contro!
Register, as shown in Figure 17. Status of both the Recewver
and Transmitier sections 1s accessed by means of the two
Status Registers, as shown in Figures 18 and 19. Data
written to the Data Register is passed 1o the transmitier,
while reading the Data Register wili access data received by
the USART.

These two bits set the format as 1ollows

USART DATA REGISTER
Figure 18
Port 17 (UDR) | D, D B, o, D, o, o, D,
USART CONTROL REGISTER {UCR)
v UCR, UcH,
- PARITY
ponsaquch |1 :' wi, | owig |7, | ST, | enasueD ; (E:o‘:c .
U . Unused bs. resd as rero
+16/+1: When this bit is zero, data will be clocked ST1 | STO | Start Bits |Stop Bits | Format
into and out of the receiver and transmitier (] o 0 0 SYNC
RN at the frequency of their respective clocks 0 1 1 1 ASYNC
e When this bit 15 loaded with a one, dala 11 0 1 1Y% ASYNC
£eln will be clocked into and out of the recerver 1 1 1 2 ASYNC
T and transmmter at one sixteenth the
P frequency of theirr respective clocks + NOTE =16 only
' Additionally, when placed in the divide by
2. sixteen mode, the receiver data 1ransition _ o ‘
resynchronization logic will be enabled PARITY . Parity Enabled. When set (“17), parity will
be checked by the recewver, parfly will be
calculated. and a parity bit will be snserted
by the transmitter. When cleared ("0"). no
WLO-WL1 : Word Length Control. These two bits set parity check will be made and no parity bt
the length of the data word {exclusive of will be inserted for transmission.
_start bits. stop bits.and parity bits) as '
follows. For a word length of 8 the MFP calculates
the parity and appends it when transmit-
WLl WLO Word Length ting a sync character. For shorter lengths.
0 0 8 bits the parity must be stored in the Sync
0 1 7 bns Character Register {SCR} along with the
1 0 6bis sync character.
| 1 5 bits
£/0 Even-Odd. When set{"1"). even parity will
be used if parity is enabled When cleared
STD-ST1:  Start/Stop bt control {tormat control} {"0"). odd parity will be used if parity 1s

enabled
11




Nete that e synchronous or asynchronous format may be
selected ~dependentty of a = 1 or + 16 clock. Thus it is
possible to ciock data synchronously into the device but still
use start and stop bits. In this mode. ail normal
asynchrorous format features sull apply. Data will be
shitted in after a start bit is encountered, and a stop bit will
be checked to determine proper framing. If a ransmit
underrun condition occurs, the output wili be placed in a
marking siate. e1c. It 1s conversely possible 1o clock data in
asynchronousty using a synchronous format. There s data
transition detection logic built into the receive clock circuitry

which will re-synchronize the internal shift clock on each
data transition so that. with sufficiently frequent data
transinons, start bits are not required. In this mode, all other
common syrchronous features function normally. This re-
synchronization logic 1s only active in = 16 clock mode.

RECEIVER

The receiver section of the USART is configured by the UCR
as previously described. The status of the receiver can be
determined by reading and writing 1o the Recerver Status
Register (RSR). The RSR is configured as follows:

RECEIVER STATUS REGISTER (RSR)

figure 18
ASA, ASA,
port 15 sy | BUFFER | OVERRUN | paRITY | FRAME | FOUND. SEARCH | MATCH,CHARACTER| SYNC STRIP | RECEIVER
Ful ERROR | ERROR | ERROA | OR BREAX DETECT IN PROGRESS ENABLE ENABLE
8F - Buffer Full. This bit 1s set when the the FE flag is set or cleared when a word IS
incoming word 1s transferred to the receve transferred to the recewe buffer.
buffer. The bt 1s cleared when the recerve
butter is read by reading the UDR. This bt — —— . )
of the RSR s read only. F/S: Found/Search. This combination control
mit and flag bit is only used with the
QE : Overrun Error.This flag 15 set f the synchronous format Tt c@n be set or
incoming word is completely recerved and cleared by wrmng to this bit of the RSR.
due to be transferred to the receve buffer, When this bit 15 cleared. the receiver 1s
but the last word in the receve buffer has ptaced 1n the search mode. In this mode. a
not yet been read. When this condition bit by bit comparison of the incoming data
occurs, the word in the receve buffer is not to the character in the Sync Character
gverwritten by the new word. Note that the Register (SCR) is made. The word 19"““.“
status flags always reflect the status of the counter is disabled. When a match is
data word currentty in the receive buffer. found, this bit will be set automatically.
As such, the QE flag i1s not actually set until and the word length c".u"‘“ w'". start as
the good word currently in the buffer has sync has now been achieved. An .mw"um
been read The interrupt associated with will be generated on the recerve error
this error will also not be generated unti channgl when "?’ match occurs. The word
the oid word in the receive buffer has been just shifted in will, of necessfty. b equal 1o
read. the sync character, and 1t will not be
ransferred to the receive buffer.
QE flag is cleared by reading the recewer
status register, and new data words B: Break. This flag is used only when the
cannot be shifted to the recerve buffer until asynchronous format is selected. This flag
this iz done. will be set when an all zero data word,
followed by no stop bit. is recerved. The flag
PE : Parity Error. This flag s set if the word will stay set unti both a non-zero bit 15
receved has a parity error. The flag 1s set received and the RSR has been read at
when the received word s transferred least once since the flag was set. Break
{from the shift register to the recerve buffer indication will not occur if the recews
if the error conamion exists. The flag s buffer is full.
cleared when the next v.ord which does
not have a parity error is transferred to the M/ CiP - Match/Character in Progress. i the
receive buffer. synchronous format is selected. this flagis
the Match flag. It will be set each ume the
FE: frame Error. This flag onty applies to the word transferred to the recerve butfer

asynchronous format. A frame error 1S
defined as a non-zero data word which 1§
not followed by a stop bit. Like the PE flag,
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matches the sync character. It wilibe reset
each ume the word transferred to the
receive bulfer does not match the sync
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characier it the asynchronous format is
selected. this fiag represents Character in
Progress It will be set upon a start bn
detect and cleared at the end of the word

Sync Strip Enable if this bitts set 1o aone,
data words that match the sync character
wiil not be loaded ino the recewe buter,
and no buffer full signai will be generated

RE Recewver Enabie This control bitis used to
enable or disable the receiver | B zero s
written 1o this b of the RSR, the recemer
will turn o immediately Alt flags
including the F/S bt will be cleared # 3
one s wrmen to this bit. normal recerer
operation 1s enabled. The recerve ciock has
10 be running before the recewver 1s en:
abied

Thete are two interrupt channels associated with the
receiver. One channel 1s used for the normal Butfer Fult
condrion. while the other channel is used whenever an
error condihon occurs Onty one interrupt is generated per
word received, but dedicating two channels allows separate
veciors one for the normal condmion, and one for an error
condition i the error channel 1s disabled. an interrupt wall
be generated via the Buffer Fuli Channel. whethet the word
recerved is normal or in error Those condmions which
produce an interrupt via the error channel are Overrun,

~- Panty Error. Frame Error. Sync Found, and Break If a

eceved word has an error assocated with it, and the error
interrupt channe! 1s enabled. an interrupt wiil occur on the
error channel only

Each time a word 15 transferred into the receive buffer, a
corresponding set of flags 1s latched into the RSR. No tlags
{except CIP) are aliowed to change untii the data word has
been read from the receive buffer. Reading the receive
butfer aliows a new data word to be transferred to the
receive buter when itis received Thus one should firstread
the RSR then read the receive butfer (UDR) to ensure that
the flags just read match the data word just read. if done n
the reverse order. it is possible thal subsequent to reading
the data word from the receive buffer, but prior to reading
the RSR. 8 new word may be received and transferred to the
recerve buffer and. with . ns associated flags latched into
the RSR. Thus, when the RASR 1s read. those fiags may
actually correspond to a different data word 1 1s good
practice. also, 10 read the RSR prior to a data read as. when
an overrun error occurs. the recever will not assemble new
characters until the RSR has been read

As previously stated. when overrun occurs. the OE fiag wil
not be set and the assocsated interrupt will not be generated
unti the recewve butfer has beenread H abreak occurs and
the receive buffer has not yel been read. onty the B flag will
be set (OF wili not be set) Again, this fiag will not be se: unul
the last vaiid word has been read from the receive buffer. i
the break condiion ends and another whole data word 1s
received before the receive butfer is read, boththe B and OF
flags will be set once the recewve buffer 1s read

if a break occurs while the OE flag s set. the B tlag will also
be set

A break generates an imerrupt when the condition ooccurs
and again when the condition ends if the break condition
ands before it is acknowledged by reading the RSR the
recever error interrupt indicating end of break will be
peneraled once the RSR 1s read

Anyume the asynchronous format 15 selected. stan bt
detection 1s enabled. New data 1s not shifted into the shif
regrster until a zero bit1s detected Ha =16 clock s selected.
along with the the asynchronous format. false stat bit
detection is also enabled Any transiion has to be stabie for
3 positive going edges of the receive clock 1o be called a valid
transtion For 8 start bit to be good. a vahd 0-1 transiion
must not occur for B positive clock transitions after the :nitia!
valid 1-0 transition

After a good start bit has been detected. valid transitions in
the data are checked for conunously Wnen a vald
transiton 1s detected, the counter s forced 1 s13te zers ‘and
no more transmon checking s started until state four At
state exght, the “previous state” of the transmon checking
logic is clocked 1nto the recemver.

As a result of this resyncnronizanon logic. 11 1s poss:2'e 10
run with asynchronous clocks without start and stop bits if
there are sutficient valid transimons inthe data stream This
logic atso makes the unit more tolerant of clock skew for
norma! asynchronous communicatons than a Gevice
which employs only start bit synchromization

13




TRANSMITTER STATUS REGISTER (TSR]

Figure 19
TSR, TSR,
TRA
Port 18 (TSR) BUFFER UNDERRUN AUTO END OF BREAK | miGH | Low NSMITTER
EMPTY ERROR TURNAROUND | TRANSMISSION ENABLE
TRANSMOTER disabled. the transmitter will stop at the

The transmitter section of the USART is configured as to
format. word length, etc. by the UCR. as previously
described. The status of the transmitter ¢an be determined
by reading or writing the Transmitter Status Register (TSR).
The TSR is configured as follows:

UE -

AT

END :
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Buffer Empty. This status bit is set when
the word in the transmit buffer is
transferred to the output shift register and
thus the transmit butfer may be relpaded
with the next data word. The flag is cleared
when the transmut butfer is reloaded. The
transimut buffer 1s loaded by wrting to the
UDR.

This bit is set when the last word has been
shifted cut of the transma shift register
before a new word has been loaded into
the transmit buffer. It i1s not necessary to
clear this bit before loading the UDR

This bit may be cleared by ether reading
the TSR or by disabling the transmitter.
After the setting of the UE bit, ona full
transminer clock cycle is required before
this bit can be cleared by a read. The timing
in some systems may allow a read of the
TSR before the required clock cycle has

been compieted. This would resuit in the .

UE bit not being cleared until the following
read. To avoid this problem, 2 dummy read
of the TSR shouid be performed at the end
of the UE service routine.

Only one underrun error may be generated
between loads of the UDR regardless of
the number of transmitter clock cycles
berween UDR loads.

- This bit causes the receiver 1o be enabled

at the end of the transmission of the last
word n the transmitter i the transmitter
has been disabled. The AT bit 15 cleared a1
the end of the transmission.

End of transmission. When the transmitter
15 turned off with a character sult in the
output shift register, transmission wall
continue until that character is shifted out,
Once it has cleared the output register. the
END bit wiil be set. if no character 1s being
transmitted when the transmitter S

HL:

next rsing edge of the internal shift clock,
and END will immediately be set. The END
bit 1s cleared by re-enabling the trans-
mitter.

Break. This control bit will cause a break to
be transmitted When a "1’ is written to
the B bit of the TSR, a break wil be
transmitted upon complencn of the
character (if any) currently being trans-
mitted. A break wiii continue to be
transmmed unul the B bit is cleared by
writing a "0” to thus bit of the TSR. At that
ume. normal transmission will resume.
The B bit has no funcuon n the
synchronous format. Setting the ‘B " bitto
aone keeps the "BE" bit from being settc a
one. So, f there were a word in the buffer
at the start of break. it would remain there
until the end of break. at which ume ot
would be ransmutted (if the transmitter is
sull enabled). If the buffer were not full at
the start of break, it could be wrdaten at any
tume during the break. if the buffer 1s empty

_ at the end of break, the underrun flag will

he set (unless the transmtter is disabled).

The BREAK bt cannot be set untl the
transmitter has been enabled and the
transmitter has had sufficiert time (one
slock cycie} to perform the internal reset
and intiatization functions.

High and Low. These two controt bits are
used to configure ‘e transmitter output
when the transmitter 13 disabled. as

follows:

H L Output State

0 0 Hi-Z

8) 1 Low (707

1 Qg High

1 1 Loop -Connects transmit-

ter output to recesver
input, and TC to Recewver
Clock (RC and Sl are not
used; they are bypassed
internaily). In loop back
mode, transmitter cutput
goes high when disahled.
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SYNC CHARACTER REGISTER
Figure 20

Port 13 (SCR)} D, D, D, D,

o, | D, o, | o

Altering these two bits after Transmmer
Enable (XE} is set will alter the output state
untit END is lalse. These bits should be set
prior to enabling the transmitter, The state
of these bits determine the state of the first
transmitied character after the transmitter
is enabled. if the high smpedance mode
was selectad prior 10 the transmitter being
enabled. the first bit transmitted is in-
determinate.
XE . Transmitier Enable This control bitis used
to enable or disable the transmitter. When
set. the transmitter is enabled When
cleared, the transmitter will be disabled. !
disabled. any word currentily in the outpert
register will connnue to be transmitted
unul finished. & break s being
transmitted when XE is cleared, the
transmitter will turn off at the end of the
break character boundary, and no end of
break stop bit s ransmitted The transmit
clock must be running before the trans-
mitter is enabled. A “one” bit aiways
precedes the first word out of the
transmter after the transmitier 1s enabled
There is a delay between the time the
transmitter enable bit1s writen and when
the ransmitier reset goes low, therefore
the H & L bits should be wrimen with the
desired state prior to enabhing the trans-
mnter.

Like the recesver section, there are Two separate interrupt
channels associated with the transmitter. The buffer Empty
condition causes an interrupt via one channel, while the
Underrun and END conditions will cause an intefrupt wia
the second channel. When underrun occurs in the
synchronous format, the character in the SCR will be
transmitted unti! 8 new word is loaded into the transmit
buffer In the asynchronous format. 2 “Mark” will be
conunuously transmitted when underrun occurs

The transmit buffer can be loaded prior to enabling the
transmitter. When the transmitter is disabled. any character
currently in the process of being transmitied will continue 1o
conclusion, but any character in the transmit butfer will not
be transmitted and will remain in the buffer. Thus no buffer
empty interrupt will occur nor will the BE fiag be set. i the
buffer were already empty. the BE flag woutd be set and
would remain set When the transminer is disabled with a
charactet 1n the output register but with no character in the

transmit buffer, an Underrun Error wall not occur when the
character in progress concludes

Oten it is necessary to send a break for some particular
period. To aid in timing & break transmission, & transm:
error inerrupt will be generated at every normal character
boundary time during a break transmission. The status
register information is unaffected by this error condr:ion
interrupt It shoukd be noted that an underrun error, if
present. must be cleared from the TSR, and the ntefrrupl
pending register must be cleaicZ of pending transmter
errors at the beginning of the break ransmission or no
interrupts will be generated at the character boundary ime

i the synchronous format is selected. the syrc character
should be loaded into the Sync Characier Register (SCR) as
shown in Figure 20 This character 1s compared to the
received serial data during a Search. and will be
continuously transmitted during an underrun conditwn

Ali flags in the RSR or TSR will continue to function as
described whether their associated nterrupt channe! 1s
disabled or enabled Al interrupt channels are edge
triggered and. in many cases, s the actual output of afiag
bit or flag bits which is coupled to the interrut channel
Thus, if a normalinterrupt producing condiion occurs whie
the interrupt channel is disabled. no nterrupt would be
produced even if the channel was subsequentty enabled.
because a transiion did not occur while the interrupl
channel was enabled That particular flag it would have 10
occur & second ime before another “edge’” was produceZ.
causing an interrupt to be generated

Ercor condmions in the USART are determined by
monitoring the Receive Status Register andthe Transmmer
Status Register. These error conditions are only vald for
each word boundary and are not latched When executing
block transfers of data. it is necessary 10 save any errors so
that they can be checked at the end of a block In order 10

- save error conditions during data transfer. the MK68301

MFP interrupt controller may be used by enabling error
interrupts for the desired channel (Receive error or Transmit
error) and by masking these bits off. Once the transfer 1s
complete. the Interrupt Pending Register can be polied.to
determine the presence of a pending error interrupt and
therefore an error.

Unused bits in the sync character register are reroed out,
therefore. word length should be set up prior towriting the
sync word in some cases. Sync word length & the word
length plus one when parity is enabled The user has to
determine the parity of the sync word when the word length
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15 nct 8 bits. The MXE68901 MFP does not add a panity bit to
the sync word if the word length is less than 8 bits. The extra
bit 1n the sync word is transmitted as the panity bit. With a
word length of eight, and parity selected, the parity bit for
the sync word is computed and added on by the MK68901
MFP

RR RECEIVER READY

AR 1s asserted when the Buffer Full bit is set in the RSR
unless 3 party error or frame error is detected by the
recerver.

TR TRANSMITTER READY

TR 1s asserted when the Buffer Empty bit is set in the TSR
unless a break is currently being transmitted.

REGISTER ACCESSES

All register accesses are dependent on CLK as shown inthe
tming diagrams. To read a register, C3 and DS must be

asserted, and R W must be high. The 1nternal read controt
signal_is essentially the combination of CS, DS, and
RD/WR Thus, the read operation wili begin when CS and
DS go active and will end when either T& or DS goes
nactive The address bus must be stable prior to the start of
the operation and must remamn stable until the end of the
operation. Urless a read operation or ntefrupt ac:
xnowledge cycte 15 in progress the data bus (Dg-Dy) will
remain in the tri-state condtion.

To write a register, CS and D5 must be asserted and R/W
must be low. The address must be stable prior to the start of
the operation and must remain stable until the end of the
operation. After the MK68901 asserts DTACK, the CPU
negates DS. At this time, the MFP latches the data bus and
writes the contents into the appropriate register. Also,
when DS is negated. the MFP rescinds DTACK.

For an interrupt acknowledge, the operation starts when
JACK goes low. and ends when |A 1ACK . goes high. The data
bus is tri-stated when either IACK or DS goes high.

MKE8901 ELECTRICAL SPECIFICATIONS - PRELIMINARY

ABSOLUTE MAXIMUM RATINGS

TemmperatureUnder Bias . .......... ... . .cciiiiiirnnnn.
Storage Temperature .............ccvuviiroernnennancnn
Voltage on Any Pin with RespecttoGround ..............
Power DISSIDATION .. ...ciiintrnernnenrrnenrernrnrnnnen

.................................... -25°C to +100°C
.................................... -65°C to +150°C
PR -03Vio-7V
.............................. i renanereeee... 18W

Stresses abave (Hose 5Ted under “Abtolule Manimum AaNgs ~ May CAUSE D8IManent dAMage 10 1he devce Thi 4 8 $11ess rating only and functional operstion of
IME Sev-Cl B Thess oF 3Ty SUher CONAMION Sove Those indc ated 11t the oper atwonal sectons of 1his specita10n 18 ol wnphed Exposure 16 abiolule manmum 7 slmg

congr ong (0r evtended denods may atfect relrabriny

D. C. CHARACTERISTICS

s = 0°C 10 70°C. Ve = =5 V £ 5% uniess otherwise specified.

S5YM PARAMETER MIN MAX UNIT COP:!EDSI':;ON
Vi input Hgh Voltage 20 Veet 3 v

Vi input Low Voltage -03 o8 v

Vou  [Output High Voltage (except DTACK) 24 V | lon=-120uA
VoL Output Low Voltage (except DTACK) 05 V |lgL=20 mA

I Power Supply Curremt 180 mA | Qutputs Open |
T input Leakage Current =10 pA [V =0toVee
fom Tri-State Output Leakage Current in Float 10 L.u.A Vour = 24 to Ve
oL Tri-State Output Leakage Current in Fioat -10 wA Vo =05V

lon DTACK output source current - 400 pA [Vour = 24

oL DTACK output sink current 53 mA Ve y =05

All voitages are referenced to ground
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CAPACITANCE
T, = 25°C. { = 1 MHz unmeasured pins returned to ground

bSYM

—-—

TEST

PARAMETER MAX | UNIT| CONDIMION
Cw input Capacitance 10 pf Unmeasured
Cour Tri-gtate Output Capacitance 10 of retu‘:mnesd to

ground
AC ELECTRICAL CHARACTERISTICS (V. = 50 Vde = 5%. GND = 0Vde. T, = 0°C 10 70°C)
MK52901 |

NUM | CHARACTERISTIC MIN MAX | UNIT FIG | NOTE
1 CS. DS Width High 50 ns 2122
2 R/W. A1-A5 Vald 1o faling CS (Setup) 0 ns 2122 -
K| Data Valid Prior 10 Rising DS (Setup) 280 ns 21
4 CS. TACK Valu to Faliing Clock (Setupl 50 ns 21.24 3
5 CLK Low 1o DTACK Low 220 ns 2122
6 CS. DS or IACK High to DTACK high 60 ns 21-24
7 CS. DS or IACK High to DTACK Tri-state 100 ns 2124
8 CS. DS or IACK High 1o Data invalid (Hold Time) 0 ns 21.24 i
9 CS. DS or IACK High to Data Tri-state 50 ns 21-24 i
10 | CS or DS High to R/W. A1-AS5 Invail (Hold Time) 0 ns 2122 ';
11 | Data Valid from CS Low : 310 ns 21
12 | Read Data Valid 1o DTACK Low (Setup Time) 50 ns 21
13 DTACK Low 10 DS, CS or IACK High (Hoid Time) o] ns 21.24 |
14 iE1 low to falhing CLK (Setup) 50 ns 23 2
15 | IEO Vahd from Clock Low (Delay) 180 ns 23 1
16 Data Valid From Clock Low {Delay) 300 ns 23
17 | IEO Invalid from IACK High (Delay) 150 ns | 2324
18| DTACK Low from Clock High {Delay) 180 ns | 2324 | 2
19 | iEO Vald from IEI Low {Delay) 100 ns 24 | 1
20 | Data Valid from IE! Low (Deiay) 220 ns 24
21 Clock Cycle Time 250 1000 ns 21-24
22 Clock Width Low 110 ns 2124 |
23 Clock Whdth High 110 ns 21-24
24 CS. TACK Inacuve to Rising Clock (Setup) 100 ns 2124 4
25 170 Mirsmum Active Pulse Width 100 ns
26 | IACK width High 150 ns 23.24
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AC ELECTRICAL CHARACTERISTICS {Continued) (V. - 50 Vdc = 5%. GND = 0 Vde, T4 = 0"C 1o 70°C)

MK68901
NUM | CHARACTERISTIC MIN MAX UNIT FIG NOTE
27 I. O Data valid from Rising CS or DS 450 ns
28 Receiver Ready Delay from Rising RC 600 ns
29 Transmutter Ready Delay from Rising TC 600 ‘ ns
30 Timer Qutput Low from Rising Edge of CS or DS 450 ns
(A & B) (Reset Tp,7) :
3 Touyr Valid from Internal Timeout 2 o 1 ns
- 3(1}
32 Timer Clock Low Time 10 o ns
33 Timer Clock High Time 110 - ns
A Timer Clock Cycle Time 250 100Q ns
35 RESET Low Time 2 _ HS
36 Delay to Falting INTR from External 380 . ns
Interrupt Active Transition
37 Transemitter internal Interrupt Delay from Rising 550 : ns
of Falling Edge of TC ‘
38 Recewer Buffer Full Interrupt Transition Delay 800 : ns
from Rising Edge of RC
39 Recewer Error interrupt Transition Delay from 800 ‘ ns
Falling Edge of RC
140 Senal In Set Up Time to Rising Edge of RC 80 ns
{Divide by one only)
41 Data Hold Time from rising edge of RC 350 ns
{Dwvide by cne only)
42 Senal Quiput Data Vaid from Failing Edge of TC {+1) 440 ns
43 Transmutter Clock Low Time 500 ns
44 Transmirter Clock High Time 500 ‘ ns
r4‘5 Transmutter Clock Cycle Timae 105 * us
46 Recewer Clock Low Time 500 ‘ ns
47 Recewer Clock High Time 500 ns
48 Receiver Clock Cycle Time 105 = us
49 | CS, IACK, DS Width Low 80 | Tox
50 Serial Quiput Data Valid from Falling 4A90 ns
Edge of TC {+16)
NOTES:
1 ED oniy gaes tow H no scknowiedqeable intereupt 8 pending !t IEG goes 4 1A se1uD 1:me 8 et ior consacutive cvcies) the minimum hoid off hme
tnw DTACK and the dsts bus remmamn tn ttated of one €1OCK CvCie woil by oDIBWed H Not met 1NE Noid: off wiil ba Two clock
2 DTACK wiligolow stA.t1pac 14y mes otherw:sa OTACK will golow a8 cyctes
J Hihg setup e g NOL el S o 1ATR webl not Dy recageired untl the neat
talrng CLK
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TIMER A. C. CHARACTERISTICS |

Defintions

8 Error = Indicated Time Value - Actual Time Value

tpsc - ¢ xx Prescaie Value

Internal Timer Mode

Single Interval Error ifree runningd INOIE 21 L oL i i e 100 ns
Cumuiative INternal BIfoT ... i i i saaans e e 0
Error Between Two Timer Reads .. ... ... . oiriiiiiiii it iiie i ertrenrraananes T (tpsc ~ 4t y)
Swart TimertoStop Timer Brror . ... . e 21 x * 100 ns to - {tpsc + bty - 100 ns)
Start Timerto Read Timer BITOr ... . ... ... i it iiiinratrentaiicinaanaiaaanann 0 to - fpsc = 6tc, =~ 400 ns}
Stant Timer to Interrupt Request Error (Note 3) . ...t -2 1 ¢ 10 - {4t ¢ +800 ns)
Pulse *'wfih Measurement Mode

Measurement Accuracy (NOte 1) ... ... it et 2 1oy x 10 - (tpsc + Bty i)
MInimum Pulse Wt ... .. ittt it i i i e aaba e a et 4t i
Event Counter Mode

Minimum Active Time of TAL TBE L. ... et is st 410
Minimum Inactive Time of TAL TBl ... et ittt rirsrreranarainrasssatasasanastanntorsnssnasnanas 4k

NOTES:

1 Error may be cumulative if reoetihively periarmen

2  Error with respedi o 10'.."-’ o IRT i nowe J s irus

3 Assuming i1 15 possbie for the Lnw: v Make 80 WHEIUD! 1EQUES'
IMMEcaten
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READ CYCLE

Figure 21 7
w TR TN
AW/ N\
~—O— N
= B,
s 4‘ N (O
o8 \ j
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o A&
OTACK u_"l ® :'—""@?
\
WRITE CYCLE |
Figure 22
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e ©)
a1 a8 _‘i *'?__

A

NOTE: —
TS ana iACK must be & tuncron of OS
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INTERRUPT ACKNOWLEDGE (iEi LOW)
Figum 23
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Figure 24
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TYPICAL OUTPUT INTR TEST LOAD

o5V
Figure 25

Figure 26

sV §nt-2zsm .

MMDE150 INTR O———A

OR EQUIVALENT

==, = 100 pf
MMD7000 OR I
EQUIVALENT =
MK68901 MFP EXTERNAL OSCILLATOR
COMPONENTS —
Figure 27 30 pt
Iy '—I— i
for ofl outputs except DTACK -
C_ - 100 ¢t Y, = MK88901
R, 20kn
A, - 190k (2
g b
tor DTACK = 30 pt
C, = 1300t P
A T8N0
R, = 740 01

CRYSTAL PARAMETERS:
Paraitet resonance, fundamentsl mode AT cut
Ry~ 15041 (Fy = 2.8 - 4.0 MHx);
A, 30011F,=2.0-27 MHy) .
Ct= 1MptC,=002pk C, *5pt Ly, =96 MHz
Fqityp) * 2.4576 MHK2
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MKE88901 PIN PACKAGE DRAWING I P
= EEE—— = 1 "
> . i L ; L SUFFIX
Q - , ] : : CERAMIC PACKAGE
X _ ; I CASE 740.02
1 .
| |
"'—_—.E"__—‘-—';'-"!J - —'!

L &
) ——
____________ g L]
]
N l n
S "R .
- H ' .y
p——— L e——
[ “hanumETERS] T iecnes ] NOTES
(o] Min | MAx_ | s faoax ] 1 otMENSION[A]1S DATUM
A 803516187 {2376 2424 ] 2 POSITIONAL TOLERANCE FOR LEADS
8 [1483{1534 |O576 |0 6L 902510 010: [T ]am
| € [ 305 437 [C120 016> 3 &ns SEATING PLANE
| O 038 053} 0018 JO02* 4 DIMENSION L TO CENTER OF
¢ | 082 Lﬁ.‘!?% 0055 | LEADS WHEN FORMED PARALLEL
-—5:—-53’-0’; -':—cﬁ; -5";0-.—- ;s,f i & DIMENSIONING AND TOLERANCING
w1 384] 419 Joroo]ores PER ANSI Y145 1973
_L 14991565 |OSKC jOSEE |
| W | 0 |10 1O 10 |
¥ w ] 101e] 152a{5040j006> |
MKEB901 ORDERING INFORMATION .
PART NO. PACKAGE TYPE MAX. CLOCK FREQUENCY TEMPERATURE RANGE
MKEBOO Ceramuc 4.0 MHz 0°t0 70°C

23




N2 UNITED
% TECHNOLOGIES MICROCOMPUTER
MOSTEK COMPONENTS

TERPCRARY Mkesoo1 REVC @
ERRATA SHEET

ERRATA SHEET FOR MK68S01 REVC
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