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2. Introduction

A Car Park Monitor was to implement in ore MACH 110Chip. The MACH 110 contains two
PAL 22V 16 structures with internal fadliti esto connect them together.

The used Software MACHXL 2.0isvery smilar to PALASM4.

The Car Park Monitor which was to design shoud be &le to reaognise incoming and
outgoing cars and it shoud dsplay “SPACE” or “FULL” depending onthe wurter status
from O to 100.

The IN and OUT signals were generated by pulse generaters with aduration d 1ms.

3. Implementation

a) Reguirements

The Car Park Monitor must be ale to reamgnise the INcoming and OUTgoing signals and it
must court up a down from 0 to 100 apending of the inpu signals.

The oourter to implement shoud court from 0 to (100)16=(01100100%., which leadsto a 7-
Bit courter with alimited value (no reset) of (100)1.

The foll owing figure shows the Inpus and Outputs of the required circuit.
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The outputs shoud be aLED-Display which shoud either display “SPACE”, when the
courter statusis between Oand 100 o “FULL”, when the courter readhes 100.
The output LED-Display is siown onthe foll owing figure:

Segments, which are not numbered lit always,
segment N° 9 litswhen “FULL” and

external

_CPOut |
connect@%i | .
| counter . al other numbered segments lit when “SPACE”.
1 0..100 L
_ . Theoutputs shoud be dl redised by MACH110
— — outputs (here D[0..11)).
_ MACHI110 [




b) Signal Conditions

At first a arcuit, i.e. an equation for the conwverting of the incoming signals to counter
compatible signalswasto design.

The foll owing truth-table shows the different condtions of the input and ouput to courter
signals.

Carln CarOut [Up Down CP
0 0 X 0
0 1 0 1
1 0 1 1
1 1 X 0

Up_Down changes the courter between courting up a courting down and CP is the signal
for a courting action. It isdiredly connected to the dock inpu of the MACH110chip.
Therefore an external conrection ketween CP and clk is necessary.

.
_ CP-Out -

external @ | -
connect Clk-in -

] counter I
] 0..100 -

| MACHT10 |
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figure 1 - external connedion for clk

From the truth table the foll owing Boodlean equations can be derived:

Up__down= Carln
CP=CarInd CarOut

CP=CarIn[CarOut+ Carln[CarOut

So the munter shoud increase, when a Carln signal appears and it shoud decrease, when a
CarOut signal appears.

The signal condtioner (the Boadlean equations) change this sgnalsinto the signals Up_dawn
and CP (i.e. clk), which are suitable to the wurter.






c) Counter Design

The @unter for the Car Park Monitor must have an up'down inpu and two limits, which are
at 0 and 100.The courter has to set the output signals“FULL” and“SPACE”, which are
cdled FULL and MIN inthe MACHXL listing.

The ourter itself isausua synchronus up/down courter. The ounter courts up a down
when the signal CP occurs dueto the external conrection at the dk input. Up or down
courting depends onthe CAR_IN signal.

Up-courting is only performed, when nofull signal is present and davn-counting isonly
performed, when the adual courter state is greaer than 0.In the listing this requirement is
fulfill ed by the MIN equation.

The courter outputs need’ nt to occur as PINS at the MACH110,because they are only needed
for internal use.

The only outputs are the outputs for the @mmon anode LED-Display. They are diredly
derived from the full signal viasimple Bodean inverter function.

The LED-Display conredors can be seen at a) Requirements

The complete MACHXL listing is foll owing:

;MACHXL Design Description

Declaration Segment ------------

TITLE CARCNT.PDS ;An up/down counter - Range 0 to 100 - Car Counter
PATTERN

REVISION BETA

AUTHOR Dirk Becker, 9801351

COMPANY UEL

DATE 18/11/98

CHIP _CNT MACH110

PIN Declarations ---------------

PIN 3 CAR_IN

PIN 2 CAR_OUT

PIN 35 CLK

PIN 37,30,19,41,38,16,31,28,25,43 D[11..2]
PIN 40,9 D[1..0]

NODE 17,14,11,8,5,2,18 Q[6..0] REG

NODE 3 FULL
NODE 6 MIN
PIN 27 CP ; count



; Boolean Equation Segment ------
EQUATIONS

FULL= Q[6]*Q[5]*/Q[4]*/Q[3]*Q[2]*/Q[1]*/Q[0] ; The Car Park is full
;>=100

MIN=/Q[O]*/Q[1]*/Q[2]*/Q[3]*/Q[4]*/Q[5]*/Q[6] ; if counter at O stop

CP=/CAR_IN*CAR_OUT+CAR_IN*/CAR_OUT ; counting output

D[O]=FULL ; The outputs for the LEDs - D[0] is LED connector 1
D[1]=FULL ; D[1] is LED connector 2
D[2]=FULL ;

D[3]=FULL

D[4]=FULL

D[5]=FULL

D[6]=FULL

D[7]=FULL

D[8]=/FULL

D[9]=FULL

D[10]=FULL

D[11]=FULL

Q[6..0].CLKF = CLK ;States which bistables are to be clocked.
IF CAR_IN=1THEN ; To countup
BEGIN

QI[O].T = /full ;Toggles on every count if full is low

Q[1].T = Q[O]

Q[2].T = Q[1]*Q[0]

QI3].T = Q[2]*Q[1]*Q[0]

Q[4].T = Q[3[*Q[2]*Q[1]*Q[0]

Q[5].T = Q[4]*Q[3]*Q[2]*Q[1]*Q[]]

Q[6].T = Q[5]*Q[4]*Q[3]*Q[2]*Q[1]*Q[0]

END
ELSE ; To count down until O
BEGIN
Q[0].T = /min

Q[1].T = /Q[0]*/min
Q[2].T = /Q[1]*/Q[0]*/min
Q[3].T = /Q[2]*/Q[L]*/Q[0]*/min
Q[4].T = /Q[3]*/Q[2]*/Q[1]*/Q[0]*/min
Q[5].T = /Q[A]*/Q[3]*/Q[2]*/Q[1]*/Q[0]*/min
ENQD[G]-T = [Q[5]*/Q[4]*/Q[3]*/Q[2]*/Q[1]*/Q[0]*/min

, Simulation Segment ------------
SIMULATION
TRACE_ON CP CAR_IN CAR_OUT FULL MIN CLK Q[6..0] D[0..11]
SETF /CLK CAR_IN
FORI1:=1TO 105 DO
BEGIN
CLOCKF CLK
END
SETF CAR_OUT /CAR_IN
FORI1:=1TO 110 DO
BEGIN
CLOCKF CLK
END
TRACE_OFF




4. Pinout

The pinou design from MACHXL is different from the onein PALASM. The pins are
usually not dedared dredly by the user. The user dedades only between inpu, ouput and
internal used pins. The programme asggns the pins later by itself using afunction called
“fitter”.

It's done this way because the program can be more flexible with the large number of internal
conredions andthe internal conrectionto the external pins can be handed more flexible.
The automaticdly generated pinou shows the foll owing printout.

TITLE: CARCNT.PDS
PATTERN:

REVISION: BETA

AUTHOR: Dirk Becker, 9801351
COMPANY: UEL

DATE:  18/11/98

MACRO: _CNT

GND  «mmmmmmmmmmmmeee +
REG Q1] CAR_OUT « + 1+ » VCC
FULL CAR_IN « + 0+ » D[2] NC
NC NC --- I » NC NC
REG Q[2] NC N » D[8] NC
MIN NC b +—» D[] NC
+ 4+ + o+
+ +
16543214443424140 |
NC NC +47 39+ NC NC
REG QI3] NC +-8 38 -+ D[7] NC
NC D[0] +-9 37 |-+ D[11] NC
NC  +-10 36 |-+ NC NC
NC  +11 35|+ CLK
GND  +-12 MACH110 34 |-+ GND
NC  +-13 33}-+ NC
NC NC +-14 321+ NC
REG Q[4] NC  +-15 31 -+ D[5] NC
NC D[6] +-}16 30 |-+ D[10] NC
NC NC  +-17 29 -+ NC NC
| 18192021 22232425262728 |
+ 4+ 4+ + 4+ + o+
REG QI5] NC  «--+ | b by b +——» D[4] NC
NC D[9]  «emeomet O T » CP NC
NC NC  «mmmmmeeme- + | | . i » NC NC
REG QI6] NC  «mememmoomeee- + | R » D[3] NC
VCC « + 1+ » NC Q[0] REG
GND  «--m-mmmmmmmmemeees +



5. Testing

A very important part of the lab was to test the designed circuit carefully, because of its
complexity errors can occur very easily.

For testing a mmplete run was performed, where dl possble adions occurred.

In the simulation segment an 105cycles are mwurted upand then 110cycles are murted
down. So all the possble states sioud be tested.

a) Starting counting

The murter hasto start at 0 and the counter hasto increase & ead clk impulse, which islater
external conneded to the CP output.
The foll owing table shows the expeded states of the outputs D[0..11]:

DI [0 [1 [2[3 4[5 [6 |7 [8 ]9 [10 [11 [HEX |State

00 (0|0 (0|O0O]|O0O|0O]|1 |0 |0 (O |0O08 |SPACE
1111111110 |1 (1 |1 |FF/ |FULL

A printout of the courting start is foll owing:

The oourter starts courting and the outputs take their expeded states, because alow signal
means, that the segment lits (adive low).



b) Reaching “FULL ” Status and counting down

When (100) (64),6 cycles are reached the murter stops courting anda FULL signal appeas,
the outputs D[0..11] change to (FF7);6 and the statusis hald, urtil the courter starts through
the CarOut signal courting down.

The waveforms of the inputs and ouputs at these states are shown at he foll owing two
printouts.

The outputs D[0..1]] change of courseto 008when courting down.
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c¢) Reachingthe zro state

The @unter counts down, urtil the outputs of f the urter are dl 0. To prevent not all owed
states, the courter stops courting at 0. A continued courting is prevented by the arcuit
design. Also theinternal MIN signal occurs (which prevents courting more down than to 0).
The printout of the murting down sequenceis foll owing:

6. Conclusion

PALs can be used to implement relative complex eledronic arcuitsin ore cip. A discrete
implementation d the Car Park Monitor would result in using very much dscrete fli pflops
and devicesto conned them together.

By the use of a PAL development suite like MACHXL the design can be reduced to write a
short programme, and the software generates automaticdly the mde for programming the
PAL chip.

Also errors can be avoided by carefully testing the programme viathe software own
simulation segment.
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