Keyboard Matrix Help

Dave Dribin

Attemptsto explain how a keyboardmatrix works,what"ghosting"and"masking"are,
andhow to preventthem.

1. Introduction

It took meabit to figurethis out, partly dueto thefactof no really goodexplanationof it. So,I’'m going
to have acrackatit. Basically | wantedto understandhow keyboardmatriceswork. Specifically |
wantedto know why keyboard"ghosting"and"masking"happenandhow to preventthem.
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2. The Matrix Circuit

Keyboardsusea matrix with the rows andcolumnsmadeup of wires.Eachkey actslike a switch.When
akey is presseda columnwire makescontactwith arow wire andcompletes circuit. Thekeyboard
controllerdetectghis closedcircuit andregistersit asa key pressHereis a simplekeyboardmatrix:

Figurel. Conceptual Matrix Circuit
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This keyboardonly has4 keys: A, B, C, andD. Eachkey hasa uniquegrid location,muchlik e pointson
agraph.Key Ais atnodeC1R1,key B is atnodeC2R1,key C is atnodeC1R2,andkey D is atnode
C2R2.In reality thisis pretty uselessvhichis why realkeyboardsusemary morerows andcolumns.
However, | wantto keepit simple.

Theelectroniccircuit for this matrix looks somethingnot exactly) lik e this:

Figure 2. Switch Open

C1 C2

3. Scanning to Detect Key Presses

In orderto detectkey pressesthe keyboardcontrollerwill scanall columnsactivatingeachoneby one.
Whena columnis activated the controllerdetectswvhich rows are"activated".

To stepthroughthis procedurethe controlleractivatescolumnC1 andchecksrows R1 andR2:

Figure 3. Scanning Column 1
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Neitherkey A nor C arepressedsoneitherrow R1 nor R2is activated.Thecontrollernow knows that
bothnodesC1R1andC1R2aredeactvated.

Thenit activatescolumnC2 andchecksows R1 andR2 again:

Figure 4. Scanning Column 2

C1 Cc2

Neitherkey B nor D arepressedoneitherrow R1 nor R2is activated.Thecontrollernow knows that
bothnodesC2R2andC2R2aredeactvated.

4. Single Key Presses

Now, let's saythethe A key is pressedThe matrix will look like this:

Figure5. The A Key isPressed
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R1 b—
C D
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Keyboard Matrix Help

Key A correspond$o nodeC1R1.By goingbackto thecircuit, we canseehow C1R1is detectedFirst,
hereis thecircuit with switch A closed:

Figure6. The A Switch is Closed

C1 C2

Walking throughthe scanningorocedureagain the controlleractivatescolumnC1 anddetectavhich
rows areactivated:

Figure7. Row lisActivated

C1 C2

Thistime, row R1is activated.Sothecontrollernow knows thatnodeC1R1is pressedSinceC1R1
correspondso the A key, the controllerknowsthatthe A key is pressed.

Whenthe controlleractivatescolumnC2, neitherrow R1 nor R2 areactivated.Both switchesB andD
areopen:

Figure 8. Neither Row is Activated
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Whenthe A key is releasedthe circuit goesbackto the original, andthe controllerdetectshe node
C1R1lis nolongeractivated.

5. Multiple Key Presses

Now we will covermultiple key presseslet’s saythatbothkeys A and D arepresseditthe sametime.
Thematrixwill look like this:

Figure9. The A and D KeysarePressed

Both nodesC1R1andC2R2shouldbedetectedHereis thecircuit with both switchesA andD closed:

Figure10. The A and D Switches are Closed

C1 C2

RZJ—o—

ScanningcolumnC1 thencolumnC2 producesanoutcomeik e this:
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Figure1l. Row lisActivated

C1 Cc2

RZJ—(D—

WhencolumnCl1lis activated,row R1is active, hencenodeC1R1is activated.WhencolumnC2is
activated,row R2is activated,hencenodeC2R2is activated.

6. Three Simultaneous Key Presses and Ghosting

Whenthreekeys arepressedtthe sametime, ghostingmayoccut In this example keys A, B, andD are
pressedThematrixlookslik e this:

Figure13. TheA, B, and D Keysare Pressed
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If everythinggoeswell, nodesC1R1,C2R1,andC2R2will bedetectedLet’slook atthecircuit view
again:

Figurel4. TheA, B, and D Switchesare Closed

C1 C2

RZJ—(D—

WhenactivatingcolumnCZ1, the circuit now lookslik e this:

Figure15. Rows1 and 2 are Activated

C1 C2

RZJ—o—

If you getthefeelingsomethings notright, you arecorrect! Thisis wherethe ghostingproblemcomes
to play. Row R1is activatedaswell asrow R2,sobothnodesC1R1andC1R2areactivated.NodeC1R1
is expectedasit correspond$o the A key thatis pressedHowever, nodeC1R2correspondso the C key.
Switch C is open,sothekey is notreally pressedThe keyboardcontrollerdoesnot know this and
incorrectlygeneratea C key press.

Whathappenss thatclosingswitchB andswitch D atthe sametime createsanelectricalpathfrom C1
to R2, bypassinghe openswitch C. The keyboarddoesnot know thatswitch C is openandgenerates
"ghost"key pressGhostingwill showv upwhenary 3 cornersof arectanglen the matrix arepressedt
once.ln my simpleexample,any 3 keys causeghosting butin abiggermatrix only 3 cornersof a
rectanglecauset.

Justfor completion hereis thecircuit whenactivatingcolumnC2:
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Figure16. Rows1 and 2 are Activated

C1 Cc2

RZJ—(D—

As expectednodesC2R1andC2R2areactivatedcorrespondingo the B andD keys.

7. The Masking Problem

Take thescenaricabore wherekeys A, B, andD areall pressedNow pressthe C key. Giventhe ghosting
affect, nothingchangessthe controlleralreadythoughtthatC waspressedRelease¢he B key. Aha! The
sameproblemoccurs.Thekey releasds not detecteecausaswitch B is bypassedby the closed
switchesA andC.

8. Getting Rid Of Ghosting and Masking

By usingdiodes boththe ghostingandmaskingproblemsareeliminated Justput diodesin serieswith
eachswitch, like so:

Figure 17. Schematic with Diodes

C1 C2
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Let'sgobackto thescenariovhereA, B, andD arepresseagimultaneouslyActivating columnsC1 and
C2now look like this:

Figure 18. Only Row 1 isActivated

C1 C2

Figure19. Row 1 and 2 are Activated

C1 Cc2

Voila!l Thediodesstopthe currentfrom flowing in the "wrong" directionbackup switchB. When
columnC1lis activated,only nodeC1R1is activatedandC1R2is not. Also, whencolumnC2is
activated,bothR1andR2 asexpected.

This fixesthe maskingproblemfor the samereasonthediodestopsthe current.

9. What Diode Parts to Use

Now thatthetheoryhasbeenexplained,you needto know how to actuallybuild a circuit with diodesto
fix this problem.Unfortunatelythis is wheremy knowledgefadesl know thetheorybut not the practice
(that's whathappensvhenyou take a college classbut never usethatinformationoutsidethe classroom.
:-) Nonethelesd, will explainwhatl doknow (or think | know). Thanksgoesoutto areademwhowould
like to remainanorymousfor clearingup muchthis informationfor me.
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Therearemary kindsof diodesfor all differentpurposesin this caseyou needwhatis calleda
switchingdiode.Othercommontypesof diodesarerectifierdiodesto rectify AC currentto DC, power
diodeswhich canhandlemorecurrentwithout breakingdown and/ormelting,andeveryonesfavorite,
light emittingdiodes(LEDSs).

If you golooking atanelectronicsstore,youwill probablystumbleacrossadiodeby the nameof
1N4001.I wasgoingto usethese put whenl wentto buy them,the clerk saidthatl shouldusethe
1N4148dueto fasterswitchingtime. For overayeat | wasunsureif the 1IN4001swould actuallywork,
until areaderclarifiedthisissue.

The 1N4001sweredesignedo rectify the AC wall current.Sincethewall current"switches"at 60 times
persecondthe 1N4001mustbewithin a60HztoleranceThisis plentyfastfor akeyboardswitchunless
you canpressa buttonfasterthan60 timesperseconddoubtful:).

The 1N4148saredesignedor fastswitchingandhave a switchingtime of 4 nanosecondsincethisis
much fasterthanthe 1N4001 this is whatthe clerk wastalking about.This makesthe 1N4148the more
"proper"andeconomicathoice,evenif it is overkill. Sincethe 1N4148sell for $0.90for a packof 30,
thisis my recommendation.

10. Conclusion

It's pretty simple:Usediodesin serieswith your switchesWhatkind of diodes,you mayask?Use
1N4148switchingdiodesandyou’ll have no problems!
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