
Keyboard Matrix Help
Dave Dribin

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

1. Introduction
It tookmea bit to figurethis out,partly dueto thefactof no really goodexplanationof it. So,I’m going
to havea crackat it. Basically, I wantedto understandhow keyboardmatriceswork. Specifically, I
wantedto know why keyboard"ghosting"and"masking"happen,andhow to preventthem.

This articleis ©1999-2000DaveDribin. Thisarticlemaybereproducedin wholeor in part,without fee,
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2. The Matrix Circuit
Keyboardsuseamatrix with therowsandcolumnsmadeup of wires.Eachkey actslike aswitch.When
a key is pressed,a columnwire makescontactwith a row wire andcompletesa circuit. Thekeyboard
controllerdetectsthis closedcircuit andregistersit asakey press.Hereis a simplekeyboardmatrix:

Figure 1. Conceptual Matrix Circuit
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This keyboardonly has4 keys:A, B, C, andD. Eachkey hasa uniquegrid location,muchlike pointson
a graph.Key A is atnodeC1R1,key B is at nodeC2R1,key C is at nodeC1R2,andkey D is at node
C2R2.In reality this is prettyuselesswhich is why realkeyboardsusemany morerowsandcolumns.
However, I wantto keepit simple.

Theelectroniccircuit for thismatrix lookssomething(not exactly) like this:

Figure 2. Switch Open
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3. Scanning to Detect Key Presses
In orderto detectkey presses,thekeyboardcontrollerwill scanall columns,activatingeachoneby one.
Whena columnis activated,thecontrollerdetectswhich rowsare"activated".

To stepthroughthis procedure,thecontrolleractivatescolumnC1 andchecksrowsR1 andR2:

Figure 3. Scanning Column 1
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Neitherkey A nor C arepressed,soneitherrow R1nor R2 is activated.Thecontrollernow knowsthat
bothnodesC1R1andC1R2aredeactivated.

Thenit activatescolumnC2 andchecksrowsR1 andR2again:

Figure 4. Scanning Column 2
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Neitherkey B nor D arepressedsoneitherrow R1nor R2 is activated.Thecontrollernow knowsthat
bothnodesC2R2andC2R2aredeactivated.

4. Single Key Presses
Now, let’s saythetheA key is pressed.Thematrix will look like this:

Figure 5. The A Key is Pressed

B

DC
R2

C1 C2

R1
A

3



Keyboard Matrix Help

Key A correspondsto nodeC1R1.By goingbackto thecircuit, we canseehow C1R1is detected.First,
hereis thecircuit with switchA closed:

Figure 6. The A Switch is Closed
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Walking throughthescanningprocedureagain,thecontrolleractivatescolumnC1anddetectswhich
rowsareactivated:

Figure 7. Row 1 is Activated
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This time,row R1 is activated.Sothecontrollernow knowsthatnodeC1R1is pressed.SinceC1R1
correspondsto theA key, thecontrollerknowsthattheA key is pressed.

WhenthecontrolleractivatescolumnC2,neitherrow R1 norR2 areactivated.Both switchesB andD
areopen:

Figure 8. Neither Row is Activated
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WhentheA key is released,thecircuit goesbackto theoriginal,andthecontrollerdetectsthenode
C1R1is no longeractivated.

5. Multiple Key Presses
Now we will covermultiple key presses.Let’s saythatbothkeys A and D arepressedat thesametime.
Thematrix will look like this:

Figure 9. The A and D Keys are Pressed
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BothnodesC1R1andC2R2shouldbedetected.Hereis thecircuit with bothswitchesA andD closed:

Figure 10. The A and D Switches are Closed
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ScanningcolumnC1thencolumnC2 producesanoutcomelike this:
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Figure 11. Row 1 is Activated
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WhencolumnC1 is activated,row R1 is active,hencenodeC1R1is activated.WhencolumnC2 is
activated,row R2 is activated,hencenodeC2R2is activated.

6. Three Simultaneous Key Presses and Ghosting
Whenthreekeysarepressedat thesametime,ghostingmayoccur. In this example,keys A, B, andD are
pressed.Thematrix lookslike this:

Figure 13. The A, B, and D Keys are Pressed
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If everythinggoeswell, nodesC1R1,C2R1,andC2R2will bedetected.Let’s look at thecircuit view
again:

Figure 14. The A, B, and D Switches are Closed
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WhenactivatingcolumnC1, thecircuit now lookslike this:

Figure 15. Rows 1 and 2 are Activated
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If you getthefeelingsomethingis not right, you arecorrect!This is wheretheghostingproblemcomes
to play. Row R1 is activatedaswell asrow R2,sobothnodesC1R1andC1R2areactivated.NodeC1R1
is expectedasit correspondsto theA key thatis pressed.However, nodeC1R2correspondsto theC key.
SwitchC is open,sothekey is not really pressed.Thekeyboardcontrollerdoesnot know this and
incorrectlygeneratesa C key press.

Whathappensis thatclosingswitchB andswitchD at thesametimecreatesanelectricalpathfrom C1
to R2,bypassingtheopenswitchC. Thekeyboarddoesnot know thatswitchC is openandgeneratesa
"ghost"key press.Ghostingwill show up whenany 3 cornersof a rectanglein thematrixarepressedat
once.In my simpleexample,any 3 keyscausesghosting,but in a biggermatrixonly 3 cornersof a
rectanglecauseit.

Justfor completion,hereis thecircuit whenactivatingcolumnC2:

7



Keyboard Matrix Help

Figure 16. Rows 1 and 2 are Activated
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As expected,nodesC2R1andC2R2areactivatedcorrespondingto theB andD keys.

7. The Masking Problem
Take thescenarioabovewherekeys A, B, andD areall pressed.Now presstheC key. Giventheghosting
affect,nothingchangesasthecontrolleralreadythoughtthatC waspressed.ReleasetheB key. Aha! The
sameproblemoccurs.Thekey releaseis not detectedbecauseswitchB is bypassedby theclosed
switchesA andC.

8. Getting Rid Of Ghosting and Masking
By usingdiodes,boththeghostingandmaskingproblemsareeliminated.Justput diodesin serieswith
eachswitch,like so:

Figure 17. Schematic with Diodes
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Let’sgo backto thescenariowhereA, B, andD arepressedsimultaneously. ActivatingcolumnsC1and
C2 now look like this:

Figure 18. Only Row 1 is Activated
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Figure 19. Row 1 and 2 are Activated
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Voila! Thediodesstopthecurrentfrom flowing in the"wrong" directionbackup switchB. When
columnC1 is activated,only nodeC1R1is activatedandC1R2is not.Also, whencolumnC2 is
activated,bothR1andR2 asexpected.

This fixesthemaskingproblemfor thesamereason,thediodestopsthecurrent.

9. What Diode Parts to Use
Now thatthetheoryhasbeenexplained,youneedto know how to actuallybuild a circuit with diodesto
fix thisproblem.Unfortunately, this is wheremy knowledgefades.I know thetheorybut not thepractice
(that’swhathappenswhenyou take acollegeclassbut neverusethatinformationoutsidetheclassroom.
:-) Nonetheless,I will explainwhatI doknow (or think I know). Thanksgoesout to a readerwho would
like to remainanonymousfor clearingup muchthis informationfor me.
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Therearemany kindsof diodesfor all differentpurposes.In this case,you needwhatis calleda
switchingdiode.Othercommontypesof diodesarerectifierdiodesto rectify AC currentto DC, power
diodes,whichcanhandlemorecurrentwithoutbreakingdown and/ormelting,andeveryone’sfavorite,
light emittingdiodes(LEDs).

If you go looking at anelectronicsstore,youwill probablystumbleacrossa diodeby thenameof
1N4001.I wasgoingto usethese,but whenI wentto buy them,theclerksaidthatI shouldusethe
1N4148dueto fasterswitchingtime.For overa year, I wasunsureif the1N4001swouldactuallywork,
until a readerclarifiedthis issue.

The1N4001sweredesignedto rectify theAC wall current.Sincethewall current"switches"at60 times
persecond,the1N4001mustbewithin a 60Hztolerance.This is plentyfastfor a keyboardswitchunless
you canpressa buttonfasterthan60 timespersecond(doubtful:).

The1N4148saredesignedfor fastswitchingandhavea switchingtime of 4 nanoseconds.Sincethis is
much fasterthanthe1N4001,this is whattheclerk wastalkingabout.This makesthe1N4148themore
"proper"andeconomicalchoice,evenif it is overkill. Sincethe1N4148sell for $0.90for a packof 30,
this is my recommendation.

10. Conclusion
It’ sprettysimple:Usediodesin serieswith yourswitches!Whatkind of diodes,youmayask?Use
1N4148switchingdiodesandyou’ll haveno problems!
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