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ABSTRACT

This project proposes a wireless mouse and keyboard interface based on radio frequency (RF).
It consists of computer interface and mouse and keyboard interface subsystems. The interface
subsystems are controlled by microcontroller for communicated by proprietary protocol. The protocols

have sent over RF transmission media.
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1 a d d ad d
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2.6 ﬁﬂBmzﬂNﬂ1Uﬂ1W‘Uf’NWﬂ§ﬂ PS/2

v
v

wosn PS/2 Nanyagn1an1unImey 2 jUuuUAe 5 - pin DIN 1Az 6 - pin mini DIN 1iagi)
sdnpufimdousumisd i ( Blectrically ) udlumal§idisiansafiasmidanlag
(adaptor ) ¥111171541A3910 5 - pin DIN Wi 6 - pin mini DIN 11azu)adnn 6 - pin mini DIN
yuflu 5 - pin DIN Tnealuud 2 lunouiames Tuilogiu wesa PS/2 azifuuuy 6 - pin mini DIN

& ao o &
maﬁaﬂymxmnmﬂmwmu

w’)é ( Male) dnfiy (Female)
Q) —py 9 o
Wmuael (Plug) 17115V (Socket)

A o s
ETJVI 2.7 aNHUSNNMNYNIWUDINDIA PS/2UUY 6 - pin mini DIN

6 - Pin mini DIN (PS/2):

1) Data

2) Not Implemented
3) Ground

4) Vee (+5V)

5) Clock

6) Not Implemented

1 a o ) 1 J Y (]

103UU1A19 9 ved Bumesa PS2 921V Vee/ Ground d1m5us1e Ivli@esnunduas

ad s a A 7 d ' a a A o
Aduosalaviinszuafigunsol (Device) 11in231AU 100 mA HazadsMaNABINITEAYYnTal 80N
oy o o @ o 1 4 B 1 1 :’l A ay g = L4 LY
yuzilaaa Mdsihaued Tuwuuesa (main board) JunuIziadaengh wosavead,

¢ . ) g 7w v My s ) "
gUnsal (Device Port) Madlviawuvoiaiunezldms 1ild uamuvesagulnd q 18vinas

Y dy v 3= a A A [
I.Lﬂ‘ﬂi’gﬁ1uua’3uﬂﬂﬂ’J’iﬁﬂﬂmUﬁlWﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂ

a s Jd d
2.7 NB{ VR AILDIA
Y
aunulng

&7 4 4 :,I ) 1 ] @
f1lszunana (Processor) 184 AdUasA Wwdsnardiulug ludumsaunu ( Scanning )

A z i Y o 2 A ' A v Y ad s "y
139017 “Monitoring”  DTUUTLUAUIVINAYINYNNA ,Qﬂﬂﬁ@ﬂ 'Hi’f)ﬂﬂﬂN‘l’J AYUDIA %zﬂwagaiu

EY)
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{ o U @ a s u’: a
JUunaifia (Data Packet) HiTundt aunulfa (Scan Code) luamoniinnesaa aunulda wuf 2
yilafown 1AA (Make Code) 1Az w3 TAA(Break Code)  Tau wnTdn vzdalufanenfinmefile
L 1 & 1 = 1 1
14 (Key ) gnifdou (Released ) a0 9 1ju (Key) 92 waldn uaz wsn Ifanmizvewsasijy
& a J @ ° ' U
Fenouiunei vz iy lldundszuana lddusinatula Tasfiarsrwes walda uaz mwsnlda
U ad L4 [V L) ' & 1
vounjuuuidueia UszneuiuiuaisiaSoninaunulfn ma (Scan Code Sef) ¥alloy 3
& a J o :/’
WIATTIU AD Setl Set2,Set3 Fendunsaluilagiurzgnas iy sew
vy ad s
aunulfa Set 1 : WumaspuAduesauuy XT
¢ w ¥
aunulfa Set 2 : Aduesaluiligiulfinasgil
vy A a A o 1 b
aunulfia Set 3 - iumsraiin@uvesdduesauun ps2 ( Tidesgnldm )
Make Codes, Break Codes and Typematic Repeat:
& < =K = g o ) ' o a ] v '
Weladmuhiluuufduesagnna walda szgndaldfineuiunesda waldn vousas
uvzeeiu uazlidnpazimmedmsuusaziu nay aunulda vzl Fuiussusra AsCr iag
Suithimihiivosneufiamesimsmla aunulfa 7185017 #1515 (Character) 150 A1y

(Command)

m
e |

0
oo
@
LN -
a
o)
o
£ Xad
<™
@
<
IQJU‘II
€ Tl

6 ) F7Y(F8 FO I[F10){F11) (F12
BJL83j{0A 01 09 J178 JL 07

A SCHRNP— 1 Z=0 ] N«

3E J{ 486 45 J L 4E 55 5D} 686
]

54 J1 58

S}
P

@ 3 v 1 a 14 v = ] 1 J 3 P Y
aniu walaa dmmneziiving 1 lud T qunulfa set2 Toguranguminiud walde
= A 4 d’l =) 1 o =04 4! Y o L4
veiivuin 2 n30 4 ludwaniigniSendt enFinusfd (Extended Keys) @4 1in 180 vouendinug

TAR (Extended Code) 1A= AUAURY EOH 121110
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EQ12E07C E11477E1F014F077

pft Scr Paussy
Ser )\ TE

Ins ome| [P Up Num|| / * =
E070) LEOBC) |EO7D 77 JIEO4AJ L 7C J L 7B
Del 1{End | (PDn 7 8 g f{ )
E071) LE0B9) (EO7A 6C JL75 )LD =
4 5 1( 6
68 J1 73 (74 ) 79
1 2 <o T R
ED7S 72 TA Erter
L s -~ 0 .
E0BB) |ED72) |EO74 70 71 ) |EOSA

1~ 4 Js 9
2.9 IDNHNUA AR

=h.

1

&ean

o walda gnaslifsaeuiiunes Welanawiinatju mwsalda gndald Welafaui
' ' £ ' a Y Y o o = Y o
fugniaey Fanniluezll walda uaz wsnlan mwizaveslasvessiu Tash walda fuwse

Taa duiusiulaodanInalu aunulda set 2 17w walda szdsznoudionnuen 1 lud ué

winlda Uszneudae 2 lud Tas lugd usnves wsalda sxidlu Fo uds 1ud 7 2 92dy wa1da

maaﬁm‘fu
f20819
Key Make code | Break Code
“A” TE FQ,4C
S 2E FO0,2E
“F10%= 09 F0,09
“Right Arrow” E0,74 EO0,F0,74
“Ctr]” v E0,14 EO,FO0,14
m3eh 212 dedulda
U

dusdesmssnys <6 19 1ds1nglu Microsoft Word azdafeyalufneniiunes
od1ls

Tunsdifl sideaitmsnatlu “shife $1318 udanarlu «6» mmfuddestlu <c” uda
vinmisideetfu <G»  udimsdaeoifu “shitr  aunulda fuatossumeniseidnsduiin
waTAa voatlu “shif” (12H)  gnasldeneuiiuney

waTAa ¥eTju “G” (34H) gnaslineuiuned
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wa TAa voatju “G” (FOH, 34H)  gndlddineuiiaumes
wn TAa veat)u “Shift” (FOH, 12H)  gndslfwnouiunes

3y
Y

gotuamsoagUdoyangndaludineniinges lunsditifie : 12H, 34H, FOH, 34H, FOH,

LY

i

U U Y @ a s A U U 3
12 dusnatfund walde vosljuriunezdalusneuiunes enatud1e Miiniudeznarody
Wi " ad 4 I N, Y v ' Ay A
“Typematic” M10ANNNAIVOTA 10y waTda 1nTIaundifuezgnides nietjuduszgnaa
+ ¥
i51n52900u 1A Taoidla Tusunsuiszinm Text Editor uaznatju”a” A1913 ieisinansausndasn
9 @ ] 4 3 v @ o A
¥3”A” 335 InguuUnTiIve HaINEINMALS (Delay) 1 q #16nb57A” fa0uflsIngauIn
o ' U ded @ Ao o
unsenasIezdaontjy “A”  Tumgmsaltil 2 @13 (Parameter) N 1A%y

@

1. Typematic Delay c??mﬂmwzmhmmz%uﬂ (Short Delay) 313 1ONYT A" 2 1
wazSnus"A” @il 2

2. Typematic Rate39iluA18a51828nY 38017 (Character per second) i mshlad
%zﬂimauu%awﬁdmﬂ Typematic Delay

Typematic Delay agj“lmha 0.25 W% — 1.00 W LAy Typematic Rateﬂtﬂuéﬁ’N 2.0cps —
30.0cps (cps: Character per second) mm%mmimﬂéﬂu Typematic Ratellfiz Typematic Delay Tay

1981da “Set Typematic Rate/Delay”

]
AAdA 1

1 g s s | 4 '
Typematic data 92 lgniiu 131 Aduesa TunsdinTininndi 1 du ganadie1igseztiulugaie
= 1 a’: a ﬂ ' a d? Y. kY ey 3 1
ngnnamiunsznaetly typemate , typematic (AATUF1 udangaiiietjuiiugnildos
1 7= 4 L} dy ; 4
HuNeg 11 “Pause/Break” 9z 1T w3n Ida lu aunulfe set 1, 2 iiotjuiignnaizd
o [ a s A U U yw (BN ] @ a
walda vasiulisneuniuaes iWellassijuiliuag ludeez 15 ldwnouimes
=y
B (Reset)
A & a Jd A a2 Jd 4
1WoIlaInSDINDUNIUNDITHTD Software Reset AOUDTAIZ 111aA BAT (Basic Assurance Text)
uazlvian dauIAeil
Typematic Delay = 500 ms
Typematic Rate= 10.9 cps
aUNUIAALYA 2 (Set 2)
4 ' ad a ° i
iiognszuIums BAT Aduosavzillan151191u%09 LED 14 3 (Num Lock, Caps Lock,
o 4 < = = ' -
Scroll lock) HazladwiionszuIuns BAT 15984 21 1081519289 Code 0xAA LMY NITIN
0o o [l 4 a @ a =
A5EUIUMT BAT d150 1azazdd code O0xFC 11010 error 1UGanoufinmes 1aof code 0xAA
(BAT successful) @’fmdﬂﬂclunm 500-700 ms ©AI91N power-on
v '
AdupsanmonyuiaziamInsIvTeundonias DATA lines U9ITU WWNTLIINEI010
< ::? ] [ a [ a): 4 I [
N5LUIUNT BAT 1a59aU (code 0xAA gndeldsnounianes) daiudeulvnsdudu (nhibiy
(Clock line 1111 low) 81992 114A%219910 M NRIG9e9 code 0XAA (BAT successful) 11/
oLy a v Ay (o ¢
mdamugungnaanniad lldiRduesa (Command Set)

o o A a d o A J
Wuyadida neuiiunesdalids Aduesa
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m‘unmﬁsmnma ws"ﬂamnmmmnﬁmm

ﬁtma Sasusdaia Tuazde “0” x FE ndu s ADUNANDS
ad s Y '] ) o a o Ao a 5
- Avvesaneslids aupulda lUdineuiunes vashdeinszuiunsveIs g

(Processing a command)

'
o @

Aig= gligl o o ) o 2 o i
- SRduesaMATonns Argument Jud taziuldsy dds Indumu fuasfiasd
v "
Aowiuudaiimsdszuanadidaniunu
£ 1 c:’ oy i e :: = o [] =4 o
Tramafidudida (Mrda) Hanuad Taad o1vezdelUdafdueta

0xFF (Reset)

e

4 ] (Y Y 3 1
fidueinvzda Response ndusdwdaymon “ACK”  Tnounudae 0xFA 12121914 Reset
Mode

0xFE (Resend)

ad 4 U <Y [ a I ;’f y Y
AYUDIAILI response IﬂU‘l‘Uﬂ‘UE)lmmmfIﬂVl‘iJU\‘iﬂ’Elll‘WDLﬂEJ‘i’ﬂﬂﬂN( resending ) 81U

s =]

@ v & ) P ) ad - =
lud Aeundniuidudyana “resend”  Fanudau 0XFE Aduosazdasnnss  Sne
o o a ::? d' ad I'd 1 o 't A a Jd 4
Ade annsafavuiiendvesasglunn mode M3 uauTnammwiz Aduesa lu
Tvuaf 3 (1wwiiie Setidu aunulde Set3)

0xFD (Set key Type Make)

A JdA

wdan1i19Iuve wsalin uay mswuw(typematxc)cmqmm el gnszyYy Aduesaaz

3

a4 respond A0 dYIA “ACK”  FNUAIY 0XFA um‘ﬁwmiﬂﬂmiﬁmumﬁ Scan 1182

A I

ﬁ'lﬂ'liﬂWuﬁ1ﬂ‘U“Uf)3Jﬁ ﬂlENllﬂJ ‘VliJ’l‘ﬂ'Iﬂﬂ’E)ﬂJ‘W’Jm’Oﬁ YU i] ﬂi“"UTﬂﬂ Set 3 Make Code L1nY

4

JUBIAILIINITAOD AU (A AN uumaﬁmmm “Acknowledge”  laad aenio list

"
@

Ad
GQ]I’JEJmifTQ invalid Set 3 Make Code( 43U valid #1849 ) 1182 Aduosa g enable N19 Scan
@ﬂﬂﬁ\‘]

0x FC ( Set Keys Type Make/Break )

Ad1ufuMFaTeUu (OXED) 00392913 disable typematic repeat SUIFHAUNIIL

0xFB (Set All Keys Type Typemaic)

Ad oAUt 190U (0xFD) un3uaz1i1n13 disable Break Code Sui@envini

0xFA (Set All Keys Tpematic/Make/Break)

a

4 o
Y ‘]J@‘Sﬂil TﬂﬂﬁfﬂE)Ui‘lJﬂWﬁﬂﬂ’JﬁJﬂﬁfNﬁﬂJﬂﬂm “Acknowledge” (0xFA) uﬁ”ammﬁ Set

nﬂﬂﬂumiaammuﬂﬂﬂ (MmMsa$19 dunulfa 1uAe make, break, typematic repeat)

0xF9 (Set All Keys Make)
3’
AduesanousuMdaiianensde “Acknowledge”  (OxFA) 1F1R0ATY 0xFD oA
3 @ a Jd
ansalsiunnad

q

0xF8 (Set All Keys Make/Break)

61387



ufrdaiidaun1sda “Acknowledge”

0xF7 (Set all Keys Typematic)

'
o

a d 4 o o Y ]

AYUDIAABUIUAITIUAIINITAL “Acknowledge”
q Y v =4

mnsalgnunnng

q

0xF6 ( Set Default )

18

(0xFA) 1¥UIRBIAY 0XFC  8n13u

(0xFA) 19UIR825U OXFB  unidu

11015 Load 1 default Y9AN typematic rate/delay (10.9 cps/500ms), key type (‘v;ﬂﬂ'waa

keys typematic/make break) itaz aunuIfn Set 2

0xF5 (Disable)

4 4 9y

AdUDIANYANS Scan LA load AT default (9 Set Default) & nous1Faste 1y

0xF4 ( Enable )

o ad J = .;’,' @ y ad 4 P By o oMt Y
@3 Enable AYUDIADNATI 1109910 disable AYUDIA ma“lm“lummﬂauwm

0xF3 (Set typematic Rate/Delay)

g ¥y o o & Y A Yo 4 Y o o
Iﬂﬁ'ﬂ NMIATUATTINHIATIUANITIIU199719 Lil@hlﬂi‘lj Argument Vl‘Uﬂ Ua3aNINITNInUa

Typematic Ratellg delay MuT9a19

0xF2 (Read ID)

Aol on o e y g 3 : A
ﬂEJ‘Uﬂiﬂ‘ﬂ']ﬂ15ﬁanUﬂ1ﬁ\3UQ')Uﬂ15ﬁ\3ﬂJa¥ﬁ 2 ll‘]JG\“UEN Device ID AD 0xAB, 0x83

0xFO (Set Scan Code Set)

4 om0

AdueTAIMInoTUMd R8N “Acknowledge”  ( 0xFA ) lulde Taad 1Z281uen

L4 4 7 dy A A
Argument ludl 910 Toad , Argument Tud fio1adu 0x01,0x02,0x03 1o unisiden

v
°o_ w v A g o [ !
mmuiﬁﬂ Sat - 1,2 'H?E] 3 auniay %1ﬂuuﬂUU@%@ﬂ‘Vﬂﬂ?iﬁ@‘Ui‘Uﬁ?Ufﬂiﬁﬂ

9 o a7 4 [ =]
“Acknowledge” ( OxFA ) 91 Argument lud i1 0x00 ATUDIAVLADUITY Argument JUA 3

v

A2umsds “Acknowledge” (OxFA ) udINWAIY cunuldn Set dign

0 x EE (Echo)

4 d o

v Vv
fAduesaiimsneusufdaiidemsds “Echo” (0xEE) 184 Taas

0xED (Set/Reset LED)

4 ¢ Ay 7 o & & o 7
Toaa Miausidaiiaiy Argument lud DUNUIFIAT Argument lud 4

Lock, Caps Lock, Scroll Lock LED Argument Tud n

¥V

ISYTADIUSVDI Num

dy o Y ' dy
U INMUUAATUATUAIIU

MSB

LSB

Caps Lock

Num Lock

Scroll Lock

A1519n 2.13

Tusnansaaiuzaiee
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“Scroll Lock” - Scroll Lock LED off (0)/on (1)
“Num Lock” - Num Lock LED off (0)/on (1)
“Caps Lock” - Caps Lock LED off (0)/on (1)

o a \ ad d v A
mmmmgmlgnmmnmuam‘lﬂmwm

0XFF - wiymilvles Tenes W1, Adussanstanudofianain

E4
OXFE - Resend 3o3v0 v lsaddadoya luigaiudnas
0xFA - ADUTV (Acknowledge : ACK)
0xFO Kk - msdaestly  k TAahgniaey

b4
0XAA - myasavaen IWiRosriu
a9y @ Y 0o = o <

0XEE - Echo fif@eennunduinaius1da 0x EE miloudu 1umsasivaen
0x00 - (mifou 0x FF

The i8042 AdUD3A Controller
a 19 a ' v Ad s <1 a " v w
ﬂﬁL"UEJ“L!T‘!J?Llﬂilll‘ﬂuluﬁﬂﬂﬁﬁqﬂﬂﬂﬁﬂiﬂﬂﬂiﬂﬂﬂ AYVDIA 131NITAAADNVAI Controller
v
ad 4 @ v @ = a

Y84 AdUBIA LMY A7 controller HITQUANNTTAVTYYIN HazauaswaziBuaves 1slanea @
WoqNuNsN1IsMIutlas msutla tazmssamsny aunulfauasia (command)

Intel 8042/compatible microcontroller gni%’nﬂuﬁa controller 11 fdyosa °1uﬂmlﬁama'§'iu
Tnai 9 #2 microcontroller ﬁcﬁauatﬂu Motherboard’s Chip Set c'fdrf]umﬁ’mwmﬂq controllers U

. o a’dyv:‘u 1 ad I =<

single package ﬂszuuqﬂﬂsmuﬂmmag 1AE controller Y83 AYVDITA UININNIUNI “8042”

¥

1o

ad 7 o
ﬁuagn‘u motherboard ABUD3A controller ®19K1N15 11 1 130 2 mode “AT-compatible
mode” 1130 “PS/2 compatible mode”  PS/2 compatible mode Qﬂcl%}t?ﬁ motherboard 1115945V PS/2
I 9 ddy v Ad 7 4 a 4
e 91NTUU 8042 %tl‘fl‘uﬁlﬁl AUVDIA controller LAY LU controller , AYUDIA controller wHn
[ wa & o k% ooy oo o
n5991U Taodn TulA &9 mode Tuaz ldaumondony Aduesa port
8042 921/52NOUAIY Register 7411

7 a !
- A one-1Ud Buwa buffer - J5zneudas Tud #81191A AdUDIA; read only
4 v = ad s .
- A one- 1U@ output buffer — Ysznause 1ud #8190 Aduesa; write only
4
- A one-1U4 status registers — 8 status flags; read only
4 . .
- A one- 114 control registers — 7 status flags; read/write
o Y £y
3 register 1150 (Input, output, status) Huns1d15edoyaTavATa1ABN1 port 0x60 1AZ 0x64
= 7 < ' Yo o a ~ o &
F3mmosqane (control) 1WumsemTaslFf1ds “Read command byte”  paziBoulaoldsid
. Y 1 4 § 1w o 1 ]
“Write command byte” A1519ATUA1 LAAINOIA (port) N 1F¥A0D 8042 imisaoodials
@ [ i @ Vg e 0. o
maloulyds port 0x64 Tidoaszy Registerifadadida’la 1 8042 ua'ldian drdda
Y o = ' A oA Y o A @ Yo @ 1
ayaaals AusiiazdalUi port 0x60 1UIREINU HAGWTOU dzndULININMT ¥R 1Fag

910 Port 0x60 1191
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v b4
198 T V1079 8042 V19ATINNIYD Physical VO pins VoYU pin #199U09 8042 1N

Mruanud19a13

a d
A9IUZVDI59A1ADI ( Status Register)
anuzuvan ¥ed 8042 98 IUNIAIN port 0x64 TUVLUTLADUAIY error information, status

information L1AZ indicate data TgnuaAsly BumA 1Az output buffer, flags  gARIMUARILT19A1S

MSB LSB

AT-compatible mode : | PERR | RxTo | TxTo | INH | A2 | SYS | IBF | OBF

PS/2-compatible mode : | PERR | To MOBF | INH | A2 | SYS | IBF | OBF

MINA 2.14  ao1uzuanves Status Register

OBF (Output Buffer Full) Iduanadioiunnasiazidion output buffer
0 : Outputbuffer 79 - anaa¥eul1ds Port 0x60
1: Output buffer fi - Tu@eonlyda Port 0x60

IBF (Input Buffer Full) 19uaaadie Sumna a1u1501418 11 Suna buffer

q

0: BUNA buffer 319~ - 14ifl Buna AA038114910 Port 0x60
a g a ) '
1: DUy bufferian - Fuwalva @191508114910 Port 0x60

SYS (System flag) Qﬂf)'imﬁ’t) power on Reset, %30 software Reset
0 : Power Up value 3 sxuuagﬂuﬂsxmumi Power on Reset
1 : 1850 BAT code - SZUUNS 01YN Initialize

A2 (Address line A2) 19167

0:A2=0 - Port 0x60 gniou la1ga
LA - Port 0x64 gnidou ldge
£t ) P ST 4
INH (Inhibit flag) 15uaaad1 fdvesa lugndudemsdoms

a Jd 4 [~ A Jd J o Q)l’
0:fAduesAnden=0 - Adueiagniuds

as ¢ g S P e
0:AdueTAnden=1 - fAduese lugniuds

2.8 NYBE V0T PS/2 N

msdumoslamalnihlUsInnea

ps2 und 19 TdsTanea Heaiv Ps2(AT) Aduesa 1Tun1nsg1uv09 IBM technical
reference manual PS/2 111d 115950951 31&1/!61 AT

MIIARDUNUUINBY (X Movement)
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MsIAABUTIIIRG (Y Movement)
ﬂiJ“l’flw ( Left Bottom)
1JuNa13 (Middle Bottom)
ﬂll‘lJﬂ (Right Bottom)
und vz8msinuTanaznuE Lazsman 1 1vines (Counter) az uWan vatwe Aite
dandumvesmsindoud Haz TN ULy °1umsvmamﬁﬂxﬂsamqﬂﬂﬂwaw Intellimouse
Falsznoudaomnas gumssosiu Sunaiial awufiidedou (Scrolling wheel) uaz 1]3 2 1fu

g v o g 4 { v @ v W o J a
WINTTIU U ﬁ 2 W’Juumﬂﬂ’]ﬂﬂﬁﬂl‘!ﬁ ﬁ@ AIUUVLUUIUDU LDE AIUVLUUING ﬁﬂ1 9 1Ua

v
Y

1 o 4 vy o ¢ e Y ' )
2’s complement HazlAzOUIINYIDINY Tones Irladuranmudisanuzveatjunavi 3 fu oz
' (9 i v J v w 3
aaldda Toad (Computer) Tuzdupuvosyadoya (Data packed) ¥11a 31U, §915 74 2 920y
o d'l d' u'.l o’/‘ 1 A d' :: U 1 @ 3
NUIMVBINT Matndeu Huezals1ng dwdms mundoui asaige wqnaeluds Toad
i und s1us dunn vealy fvztiuiindaueaigavestfuvowiu udnsnaoums
4 & ya & a & o 2 & & a ' 4 4
mandeuii Milmsinaouluaialu dueziin (x 130 +y) nieaa (x nio—y) MMAtoui

vouiu duia Teres IWadiuss 1w (e fuvlanlerod Ina s

Sad

(3 d‘ o 13 =1 A ‘L A [ 1
Ausnmanimaneeinistx n3e +y) uaz (x "o —y) HuAA MU NT%0I1
" P a g 3 A @ (4 ) = 1 qy £
“resolution”  IAUANTUAU VO resolution Ao 4 G/ 1.3, l1az Taas 21993z Msilasuaii lne s

'
o w

104 “Set Resolution”  (0xER)
A o P = o d’ A o v :1’ ' a @ 1 ' J o
Udnnlsihifinady msndoui #0113 2 uazlnasumsssaudivesniaed ¢
2 1 > 4 4, : T [
wil571Ae “Scaling” A1 default Y04 Scaling Yo 9219151 1:1 scaling F4 liTwadumssigan
s A ) o s A - Yo A
and msnasuh o619 lsAaiy Tead 819921700 1:2 scaling Tavldd1ds “set Scaling” 2:1 (0xE7)
° 4 % U 4’, v v W ' ] v w W
#12:1 scaling 1919 11d 92 apply A1 algorithm S 1uaAsE WEs §9Ty ez dd §aty vo i 1/

&1 Tead

maindoud fni Reported N151AA0UT
0 0
1 1
2 1
3 3
4 6
5 9
N>5 2xN

A5N 2,15 MITIBNURIUBUATIND S
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[] Ca 1 g a Y ]
M13d4 Data 11910 Qﬂﬂ‘iﬂmﬂi’m Usznouna 11 Un ms"lﬁmmwm_ga PNAAULVUDYNTY
9 4 . Y J dy v 1 a a Qdy i .
U A1d11a (Data line) 151991981940 uaasilenFuveaaaziea, Dan1sAH (Parity Bit) withur

¥ ¥ '
n30 0" waz dadoyadl 8 dn vandudam3a yoasedestinvives

Bit Function

11 | Stop Bit(always 1)
10 | Parity Bit(odd parity)
9 Data Bit7 (MSB)

3 Data Bit6
7 Data Bit5
6 Data Bit4
; Data Bit3
4 Data Bit2
3 Data Bitl
2 Data Bit0

1 Start Bit(always 0)

MSNN 2.16  SWAIDIALARZDAUOULTE

A15IAA0UN Data Packet
s ' A a igh ' 9 ) vl
PS/2 1301@ 9209 MITIAADUNLUINILUIUDU LLﬁ$ﬁﬂ'lH$"’U@ﬁ‘iJ1]@']3J‘I§ﬂﬂJ@iJ”a ATUAINU
msnasuiis vty o fa 2% Complement integers %9 MSB( Most Significant Bit ) 9%
. 3 ¢ 4 N\ v o S0¥ o o &
Us1ingaw Sign Bitlu lud 1 ves msndoud data packet 912 AIUD U YN SNIAN(update) 1ifo
4 1 1 a ey 9 d' = q' a c:%‘ 1 1 dy I~ o
g 91U ﬂlﬁ"iﬂ VOINU HAZAUNT NITLIAADUN NINAVU mmami}zgﬂummummms 117
A oA o Ay ' ' 7 s @ g 4
ndoui NUsingdaua msindeun data packet a1qa gnaellds Taad (MAININUNAIAANTIIGN
1 ) 4 A A v W a ° ] a o 1 qy
foﬂfl]EJ\‘i I?Jﬁﬁ NIIANADUN AIUY NITNINTT Reset ) ‘If'NWﬁEJBUﬂﬂﬂ?uﬁ?ﬂWﬁﬂQﬂLLﬁﬂﬂIﬂEJ 1173

@ =~

2 a o = Yy a ' dy oA " Aa .
ANDUN AUV AD 0-255 DI +255 DUNUNIIU ADDINUNA overflow 1A overflow Bitgfn Set line

e

'
v @

v v v
7 @iy v Tl niiuTuS panal MUNTZH U Reset IM3BnaTa

£V}

Se

A Y A a4 w w A g ~ A =

auiina12 ldudrd mamdeud @1y 92 Reset 1o lafa1mi msindoui data packet 2n
. o Soingp e i R e
delids Toad i adundn o2 Reset ndann und 1850 s1da0n Toad ($189 “Reset” (0xFE))
Modes of Operation

Tumssrweanudeya azdl 4 Tnuamasgiu veam sl §iicns (Operation)
) 4 : o v o o
Reset: 111d 111113 Reset mode (HoAIA509 (power up ) H30HAINAVRIFT “Reset

(0XFF) 910 Taae
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Stream: ﬁ‘lu default mode (189910111 Reset Mode LLZ?{’J)

Remote: 111 mode 755z Tomilunnsaniunisel uazer9szdaTaoldidid “Set Remote
Mode (0xF0) l&a mnd

wrap: Tnua 115181952 Tomimislamandanmg onduldlumsnagoy ns
Wouaoszn i wnd fu Toas, Wrap mode 8191 Tnun1sdagida “Set Wrap Mode

(0xFE) U89 1nd M35900910 Wrap mode , 190@ Aoasaf1d4 “Reset (OxFF) 1150 “Reset

o w v

Wrap Mode (0xEC) S1a4f1da “Reset (0xFF) 11udn und 1dsudrdauds mnd sz

@ o Y 1

Sud1dandn wnd vzdng

VU

L"i’hf,i Reset mode 61 19/199 “Reset Wrap Mode (0xEC) Wie wnd
Wrap Mode nou

R A A A |
Reset Mode: (11& %1115 Reset mode 11911)ain509 (Power up) HiﬂquﬂWSﬂﬁﬁQNUWm

v o o o 350 ¥ v 4 v
response AUAIHI “Reset  (0XFF) NAI91NU1g mode Hud9 (e ATV AL

¥
#14 BAT (Basic Assurance Test) L@ Set #111UA1 default fuaatl

Sample rate - 100 samples/sec
Resolution -4 A2/,
Scaling ol \l

Data Reporting - Disabled
Y =] 1 % [} 1 & =
102 e NI BAT completion code pd19lavg1aniiall 0xAA H11693 BAT successful,
7 o q o
0xEC 111094 Error 81 1aa# 1951 response DUUDNI1IN OxAA 311819923UTBUMNT check
] 4 1
v wazf wNd Reset AF2UUMS BAT 11l
o @ dy a {
A11 BAT completion code (0xAA %50 0x FC) w14 @4 device ID voasiufio 0x00 ffodan
v ad 4 A dq 9
HoNAUEONIN AILDIA W30 WNd 19U lu Extended mode
[ 1 @ a Y 1 '
Had91n Llﬂff #3 Device ID UDIWULIATD llui]zlﬂslji’q stream mode @sﬁuuu@,m
= L4 h o 4 P
default 9¢U “Data Reporting Disabled” 009 g a2 11de MIAaBUN data packet
a9 118 Toad wnseiane 1A50MTa “Enable Data Reporting”  (0xF4)
Stream Mode
N S g e F s i

U mode #1nNd @3 MIAAOUN data 1HOUUATIVVUAITIAAOUN H50N1S
wavuuasaauzuoifuna 1 ¥5e010131 113 A1 maximum rate 1 data reporting 91992
Y51nams153nAe “Sample rate #2111 55111929910 10 samples/sec §14 200 samples/sec
A v o A J a 1 Yo o
ANTUAY YDIUAB 100 samples/sec taz laad 8199z1aoun1Iao 148149 “Set Sample

k4 v

Rate” (0xF3) Tnua iy Tnuaisuduvea nnd
Remote Mode

¥
=1 d ' 1a @ ' v @
Mode U 118 CBIUAT BUNS VOIUU LA update AI1VDI AIUV/flag D sampling

' '@ Y 4 = = 1 Ay
rate Q1A LANUITLUINRMNWIZNIT NITIAADUN (!Lﬁ&’ﬂ'lﬂﬂﬁﬂuﬁﬂ']uzﬂl@dﬂll) evoiagn
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3 ¥
v A

$oauolau Toaqa Toaa 92098189 “Read Data”  (0xEB) Ma391n5uMdeiiudn und v da

Ms5AAoUN data packet AT Reset MIAADUTN ATTD Vo IIU

Wrap Mode

A J

¥ v
Tnua Tdu Msdandu( Echoing) Tnua fo naq lud # nnd 1850 wdindy

v v b4
o a g o @ @

o s sy 7 Y o P~ ¢ '
vthN Iaﬂ'ﬂ mq}mﬁmum lIl‘lJGﬂ UNUAY ATTINHNA LT %:"lmamummuu (Rcsponse to

y

v A o ' s o o s ay
that Command) HUHUAD UUHISTTIURNIY ‘l‘Uﬂ ‘Ll‘Llﬂ?l’lJll‘lJfN ISEW] VUDUNIIU 2 ﬂixﬂﬁ' °lu

v ¥
o

38T A9 “Reset” (OXFF) LAz “Reset Wrap Mode (0XEC) 1319 32A0USUAD 2 fidail

szl echo nav'lda Taas

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
lud Y % Ysign | Xsign | Always | Middle | Right | Left
1 overflow overflow Bit Bit 1 Btn Btn Btn
Tud X MIAA0UN
2
Tud Y Msinfoun
3
lud Z M3ndoun
4

| 4 1
M3n 217 Juiuaesaaiugeie q veand

1 d ad d
davveallslnneaveand-nguasa
= U v
2.9 S1wazduAvoIaIn I 1N
W Vec=+5V  nszuagaga=100 mA
) @ : 5 ¢ : 2 e
a1a1 lal (Data line) uaxﬂa@ﬂ"lau (Clock line) 1y Open — Collector %19¢) 1Az “ Open —
Collector ” interface i):iflf)@: 290Uz Ao low 130 high impedance Tu o1z “low
a 4 = 2 9 4 [ Y 3 3
“piuFmnesvzaclieardilan 1JdseduGround  Tuaniug High Impedance 11 92 Open
. 5 1 o 9 9 4 o a 1 Z @ 3 1
Circuit wazaz T Idadrlaw Gao1uz low 130 high Balundniu dadumu pul wp  feg
1 v 1 v Y 1o o 1 1 &)
sevavauaz Vee awosdrdimunu hiddyersfiaiogszuim 1-10 k ohm Tas d1vinavoad
v a g & & VY A B &4 & ¢ g
aumuiivuiangneziios idea HANIAE NI UV VNIV UV IT Y IMNLIS 51

ERMGRRIGER open-collector interface
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+5Vv

#ig

O Data

<

<
S o

R

—
i
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O Clock

Microcontroller

/

zﬂ‘ﬁ 2.10 1i@99 Open-Collector Interface

2.10 M3aanena i

3
4 4 4 9 LY By . >
memzﬁﬂuamuuﬁuumu Bidirectional synchronous serial protocol Tﬂmimzﬁzﬂ

¥
@ A

A0112UD4 Data Line uazadon Taw 13dsil
aoIHzvoIUe (Ud State)
Data Line = high, Clock Line = high: Idle State
Data Line = high, Clock Line = low: Communication Inhibited
Data Line = low, Clock Line = high: Host Request — to — Send
doyarzgndald 1 T szimiafy 11- 12 Ta deil;

1 start bit.  : 92 UANTY “0” 1AND

8 data bits : lavazdadanidrduanudidnioofiaga (LSB: Least Significant

Bit) lneu

]
A

b
1 Odd parity bit: WISALUAR
1 stop bit vty «1” 1orue
1 v
1 acknowledge bit: linmzimdomsluiamie Taad ldagunsal iy
. : 4 e '
parity bit g set (=1) ol “1” Ysingilusuiuglu 8 data bits
parity bit@n clear (= 0 )ijoll « 17 Usingilusiuiuflu 8 data bits
9
Parity bit 119219 1UN52UIUMNT error  detection
i @ 4 U { I~ 1 v
Yoyandann gunsal ldalead sxewivouvinsvesndonuay feyadaninTeadlilis
k4 ” ' ~ d? g P = [~ Y ] '
91n38] (Host - to - device ) zgneuNvoLVIVUYBINADN TAsfiAINAYDIRTDNABIDYTE IS
o ! = o i o e p o
10 — 16.7 kHz WU1118A1491 aaomdlu “ high” 1101198130 — 50 us ( microsecond ) taziiu
Y ' @ 4 N I~ @ ]
“low” 111181 30 - 50 us ﬁ’iqﬂfj[ﬂ‘ﬂm’ﬂ ﬁ’lqﬂﬂiﬂ!( device ) 321U UAD 7519 ( Generate ) Afianud
a

Toad sxiludiniugumsdoasianug
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Source Code Program

vV U
ATHAI

fpragma code

#include <reg5l.h>
#include <string.h>
#include <intrins.h>
sbhit"SPA key- = P373;
sbit SCL_ key P3724;
sbit SDA mouse = P3"2;
sbit SCL: mouse .= P375;

bit inbit, parityiibit;

unsigned char 1i,dat,temp=0;
unsigned char x[10];

int count;

unsigned char led;

bit scroll bit,num bit, cap_bit;
/*Keyboard & Mouse both use*/

/********************************************************************

************/

void delay() /*delay
50 us*/

{

_nopf @ :Opol ) ITHE G, A8 Lhal.n@ (U ) 18F01) A oA ) | Wnop_ ()
r-mep: )

_nog [) ;3nop™ Flermneie NN PP Aot oDl A Gt CNOP 3 6) 7§ Bop_ ()
fomeps ()

_nop_ ();_nop (); nop_();_nop ()i nop_(); nop (); nop_ (); nop_ ()
;_nop_();

~nop_(); nop_(); nop_(); nop_ (); nop_(); nop (); nop_ (); nop_ ()
; _nop_();

_nop_();_mop_();cnop_();-nop_ ()i, nop () ; nop (); nop_ (); nop ()
; nop_ ()

_nop_ ()% Wnop~ () ;_nops (N AnepL (e noR” /()7 mop_ () 7 enopd () ; _nop_ ()
;_nop_();

_nop_ (); nop_();_nop.();
}

void delay?25() /*delay
25 us*/

{

_nop_(); _nop_{); nop_(freaop ()1 5 nops(y; nop (); nop_ (); nop ()
somep. ()

_nop_();_nop_{();_nop_(); _nop_(); _nop_ (); nop_(); nop (); nop ()
; nop_();

_nop_(); nop_(); _nop_();_nop_{(); _nop_{(); nop_(); nop (); nop_ ()
; nop_();

_nop_{();

void delay2(int count)

ir aliPhg o
Far (d =500 A< count: s dsitor (3 /= 10 5 g 5O 50 S
}
void gen parity(unsigned char temp_dat)
{

bikt eutbity
10t 1%



parity bit = 1;
for (1=0;1<871i++)
{
outbit = temp dat & 0x80;
parity bit "= outbit;
temp dat = temp_dat<<l;
}
}

/********************************************************************
************/
/*keyboard use only*/
/********************v\—***********************************************
************/
void gen led()
{
led = 0x00;
led = led<<l;
led = led | scroll bit;
led = led<<l;
led = led | num bit;
led = led<<l;
led = led | cap bit;
for (i=0;i<5;i++) led = led<<l;
}
void one bit()
{
while MIThidkkey f=m @ )5
whnil] eGPS Il R \F7 \0 )y
}
void send_to_key(unsigned char old dat)
{
bid 'Ol
iert i;
gen parity(old dat);
SGE_keyes, OF AYTELibi
communication*/
delavyd() ;
delay ()
delay?25() ; /*delay 125 us*/
SDA key = 0; /*Request-to-Send +
Send 'Start lit*/
SCL_ ke INGNY
while (SCLukey == 1)7%
for (1=0;1i<8 gt
{
outbit = old dat & 0x80;
SDA key = outbit;
old dat = old dat<<l;

while (SCL key == 0);
while (SCL key == 1);
}
SDA key = parity bit;
while (SCL key == 0);
while (SCL key == 1});

I
SDA key = 1;
while (SCL_key
while (SCL key
while (SCL_key
while (SDA key

Il
Il
o

Il
I

; [rwait for ACK:/

Il
Il
[ e

~.

\
/

void_key serial send(unsigned char old dat)



while (!TI);

TI=0;

TB8 = 0;

SBUF = old dat;
}

/**************************************************{—*****************

************/

/*Mouse use only*/
/**************************************************************+*****

************/

void one bit mouse()
{
while (SCL mouse == 1);
while (SCL mouse == 0);
}
void send_to_mouse(unsigned char old dat)

{
bit outbit;

int iy

gen parity(old dat);

SCL mouse = 0; /*inhibit
communication*/

delay();

delay () ;

delay25(); /*delay 125 us*/

SDA mouse = 0; /*Regquest-to-Send +
Send Start bit*/

SED mou€el 5 (¢

while (SCL mouse == 1);

fiot, (it= 0 8paiarit-)

{
outbit = old dat & 0x80;
SDA mouse = O it
oldl ALY T old dat<<l;
while (SCL mouse == 0);
whiler{(§Cigmouse 59 1)/

}

SDA mouse = parity bit;

while (SCL mouse == 0);

while (SCL mouse == 1);
SDA mouse = 17
while (SCL mouse == 0);
while (SCL_mouse ==wil).; 7*wait foxr ACK*/
while (SCL mouse == 0)7
while (SDA mouse == 0);

}

void mouse serial send(unsigned old_dat)

{
while (!TI);
TI=0;

TB8 = 1;

SBUF = old dat;

}

void main (void)

{
SCON = 0xCA; /*serial port mode 1*/
TMOD = 0x20; /*Timerl = mode 2*/
TH]1 = 0xEC; /*baud rate 4800 (EC) Fosc =

18.432 MHz*/
TR1 =,1;



count = 03

/*initial mouse*/
delay?2 (5000) ;

send to mouse (0x2F) ;
/*initial keyboard*/
scroll bit = O;num bit = l;cap_bit = 0;
gen_ led();
send_to key (0xB7);
send_to_key(led);
while (1)

{

Il

SDA mouse il

SCL _mouse = 1;

SDA key = 1;

SCL: key = 13
/***************************************************************’k*k**
************/

/*Mouse use only*/
/********************************************************************
************/

if (SDA _mouse ==0)
{
one_bit mouse(); /*delay start
bit*/
forH(4=0; i<8;i++)
{
wiilg, §SE iy newse S 1)
delay25();
inbit = SDA mouse;
dat = dat<<l;
A= g T Bles=i-Riomi=t=p
while (SCL-mouse == 0);
}
one bit mouse(); /*delay parity
Jolalyuie A/
one bit mouse(); /*delay stop
bit*/
X [count] = dat;
count = count+1;
it AN 0wbF ) coufNP =40 ;
}
else
{

(O8]

ife(count. == 3)

send_to mouse (0xAF) ;
for (i=0;i<count;i++)
{

mouse serial send(x[i]);

count = 0;

e

send to mouse (0x2F) ;

}
/*keyboard use only*/
/***')(’k’k*******'}f*’k****"(‘k***»k***'k****‘k**‘k*******"\")"k*’k**’k‘k‘k’k*'k’k**’r)f’k’k—}«—)r}r
**********’k*/
if (SDA key == )
{
one.bit (); /*delay starg . bhit*/



for

{

(1=0;1<8;1i++)

while (SCL _key == 1);
delay25();

inbit = SDA key;

dat = dat<<l;

dat = dat | inbit;

while (SCL_key == 0);
}
one bit(); /*delay parity bit*/
one bit(); /*delay stop bit*/
if (dat != O0x5F || dat != 0x00 || dat !=
0x55) key serial send(dat);
g if (dat == OxEE || dat == Ox1A || dat ==

0x7E)

(1=0;1<8; 1++t)

~num_bit;

~cap _bit;

~seroll bit;

}

{
while (count < 2)

{

if (SDAgKey ==0)
{
one bW,/
for
{
while (SCL key == 1);
delay25 ()

pndel T =, SDA, Kely;
dat = dat<<l;

dat '=-dat | inbit;
while (SCL key == 0);
}

one bit();

one bit();

key serial send(dat);
X [count] = dat;

count = count+1;

}
switch (x[17)
{

case 0xEE num bit =
break;
eaSe®0x 1A : cap bit =
break;

case 0x7E scroll bit =

break;

}
gen_ led();
send to key(0xB7);

] A oot Trammt )
senda Lo (“:‘/liki,, 7

s
COUME U

/*;&’k‘k"r’/\'**k*******’k***'k*******k'z*)(*‘k’k**+ﬁk’k""k**’k‘)'*'kv’rvA”A"k‘kk'k'ﬁ'rl*v\'**k**)—}-*

****+*******/

}
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#pragma code
#include <regbl.h>
#include <string.h>

#include

<intrins.h>

sbit SDA key = B373;
sbit SCL_key P34 ;
sbit SDA mouse = P3"2;
sbit SCL mouse P325;
bit inbit,parity bit;
unsigned char i,dat=0;
unsigned char test;
/*Keyboard & Mouse both

use*/

/AN =

F*INTO%/

/********************************************************************

************/

void delay ()

/*delay 50 us*/

{

_nop_(); _nop_{();_nop();-nop_(); nop_();-nop_()i_nop_();_nop_()
; nop_();

_n0p_();_n0p_();_n0p_();#n0p_();_n0p_();_n0p_();_n0p_();ﬁn0p_()
; nop_();

_nop_ ()i nop_(); nop (); nop ()i nop_(); nop_(); nop_(); nop_()
; nop_();

_nop_ ();_nop. (37 _nop_ ()i moep (); _nop. () _mnop_ ()i nop_();_nop_()
;o nop ()i

_nop_()s-.nop {);_nop_{();_nop_();_nop ();_nop_(); nop_(); nop_()

; nop. ()i

_nOp_();_n0p_();_n0p_();_n0p_();_n0p_();_n0p_<);_n0p_();_nop_()

; nop_();

_nop_();_nop_(); _nop_();

}
void delay25()

{

_nop_ ()3 nop_ () ;_nop ()i moep (); nop (); nop_();_nop (); nop

/*delay 25 us*/

()

; nop_ ()7
_nop_ () ;. nop” () ;_nop ()i nop..() j-nop.()s.nop_()i_nop  ();_nop_()
; _nop_();
_HOp_();_n0p_<);#n0p_();*n0p_();_HOpg();_HOpf();_HOp_();_nop_()
;Enop ()
_nop_ ()7

}
void delay?2(int count)
{
iaghsinmioen i
for

(A= By

}
void gen parity(unsigned
{
bit outbit;

i= eeunt  ;

char temp dat)

5 ik
int

® =l

for

17

ity bt

4o

(1=0;1i<8;i++)

{

outbit =
parity bit outbits;
temp dat = temp_dat<<l;

oAl

temp dat & 0x80;



/********************************************************************
************/

/*keyboard use only*/
/********************************************************************

************/

void Clock high{()
{

SCL_ key. = 1;
delay () ;
}
void Clock low ()
{
SCL _key = 0;
delay () ;
}
void key to pc_ state()
{
SCL_key = 0;
delay();
SCL_keyf3#1;
}
void key send data_pc(unsigned char old_dat) /*send at high
rise*/
{
bift outbi«]
gen parity(old dat);
while (SCL key == 0);
delay(); /*check clock high at least
50us*/
delavy25();
while (SCL_key == 0);
key to_pc state();
SDA_key = 0; /*SEND/ START. BIT*/
delay();

0¥ (1=09 Lt )

{
key 67 pcostate\():
outbit = old dat & 0x80;
SDA key = outbit;
old dat = old dat<<l;

delay () /*delay 50us*/

}
key to _pc statel();
SDA _key = parity, bits 7*semd parity bit*/
delay();
key_to_pc_state();
SDA key = 1; /*send stop bit*/
delay();
Clock low();
SCL key = 1

}

/*****************************************************‘k**************
Sk ok ok or ok ok ok koK K/
/*Mouse use only*/
/***'K****’k***r*k’k‘k****v\ Kk kK khkhkhkkhkhkhkhkkhkhkkhhrxdhhbkhkhbkhhkrdrhkidrrkhrnkhkkkhkhkk ki krxkkhkrrxk
i*’k’kw*******/
void mouse Clock high()

SCL mouse = 1;

delay();



void mouse Clock low()
{
SCL mouse = 0;
delay () ;
}
void mouse to pc state()
{
0;

SCL_mouse
delay () ;
SCL _mouse = 1;
}
void mouse send data_pc(unsigned char old dat)
high rise*/
{
bit teutbit;
gen_parity(old_dat);
while (SCL_mouse == 0);
delay () ;
at least 50us*/
delay25();
while (SCL_mouse == 0);
mouse to pc_state();
SDA mouse = 0;

high

BIT*/
delay () ;
0 et T30, 16-8a + 34
{
mouse_to_pc_state();
outbit = old dat & 0x80;
SDA mouse = QW Ay
o Fdeda= old dat<<l;
delay () ;
}
mouse to_pc_statel();
SDA mouse = parity bit;
bit*/
delayd();
mouse to pc_state/();
SDA mouse = L
ek iuiatd
delay ()’
mouse_Clock_low();
SCL _mouse = T
}

void main (void)
{

/*serial*/

/*mouse_send at

/*check mouse Clock

/*mouse send START

/*delay 50us*/

/*mouse send parity

/*mouse send stop

SCON = 0xD4; /*serial port mode 1*/

TMOD = 0x20; /*Timerl = mode 2%*/

TH1 = OxEC; /*baud rate 4800(EC) Fosc = 18.432
MHz*/

TR1 = 1;

fEinterrupt®/

IT1 = 0x1; /*interrupt when low rise*/

ITO = 0x1; /*interrupt when low rise*/

TE = 0x8bi /*enable interrupt from INT1&INTO*/

IP = 0x01; /*INTO (mouse) priority over INTI1 (key)*/

mouse send data_ pc(0x55);
mouse send data pc(0x00);
delay2(5000) ;



while (1)
{
SDA mouse = 1

SCL_mouse = 1;
SDA key = 1;
SCL_key = 1;
while (!RI);
RL. = 0
test = SBUF;
if (RB8 == 1) mouse#sendﬁdata_pc(test);
if (RB8 == 0) key send data_pc(test);
}
}
void mouse receive from pc() interrupt O /*interrupt2 from
INT1l, interruptO from INTO*/
{
L £ (SDA mouse == 0 && SCL mouse == 0)
{
while (SCL mouse == 0);
mouse_Clock_high(); /*mouse send start
pit*/
mouse_Clock_low();
for (1i=0;i<8;i++)
{
delay25(); /***sample data im middle
Cell***/
inbit = SDA mouse;
dat = dat<<l;
dat\="dat | inbit;
mouse Clock high();
mouse Clock low();
}
mouse_ Clock_high();
mouse Clock low(); /*mouse_send parity
B/
mouse Clock high();
mouse-Clock  low () ; /f*mousemsend/ stop
b=/
SDA mouse = 0; /*RACK*/
mouse_Clock _high()7
mouse Clock low();
SDA mouse = 1;
SCL mouse = 1;
if (dat™s="0xEE)
{
mouse_send_data_pc(OXSF);
mouse send data pc(0x55);
mouse_send _data_pc (0x00); /#0600 =
button*/
}
if (dat == 0x4F)

{
mouse send data_ pc(0x5F);
mouse_send_dataﬁpc(@x@@;;

}

if (dat == 0x97)

{
mouse_send_data_pc
mouse send data_pc
mouse_send data_pc
mouse send data_pc

0x5F) ;
0x00) ;
0x40) ;
0x26);



}
else mouse_send_data_pc(OxSF);
}
}
void key receive_from pc() interrupt 2 /*interrupt?2
from INT1 P373%/
{

if (SDA key == 0 && SCL_key == 0)

{
while (SCL_key == 0);
Clock high(); /*send start bit*/
Clock low();

for (1i=0;1<8;i++)
{
delay25(); /***sample data im middle
cellxx*/
inbit = SDA key;
et = qat<<l;
g8t = dat .\ \Unbit;
Cloek high();
Clock low();
}
Clock high();
Clock low();
Cloek high{().;
Clock low(); /*send stop bit*/
SDA _key = 0; ARECKAL
Clock high();
Clock low();
SDA key = 1;
S Chgmeyy= 1/
Wt _ldat===034EK)
{

/*send parity bit*/

key send data pc(0x5F);
key send data pc(0xD5);
}

else-key send.data pc(0x5F);



SN5414, SN54LS14,
SN7414, SN74L514

HEX SCHMITT-TRIGGER INVERTERS

SDLS049B - DECEMBER 1983 — REVISED FEBRUARY 2002

® Operation From Very Slow Edges SN5414, SN54L.S14 ... J OR W PACKAGE
: <o R SN7414...D, N, OR NS PACKAGE
® Improved Line-Receiving Characteristics SN74LS14...D, DB, OR N PACKAGE
® High Noise Immunity (TOP VIEW)
description 1A ] 1 = 14l Vee
1vl2  13fJeAa
Each circuit functions as an inverter, but because 2a (] 3 12]] 6Y
of the Schmitt action, it has different input 2v [l 4 11]] 5A
threshold levels for positive-going (VT+) and 3a(ls 10l 5Y
negative-going (V1_) signals. av[ls o[] 4A
These circuits are temperature compensated and GND [} 7 84y
can be triggered from the slowest of input ramps
and still give clean, jitter-free output signals. SN54LS14 ... FK PACKAGE
(TOP VIEW)

2A
NC
2
NC
3A

Q
O
=28

| A R W S 7 I |
3 2 1 2019
18[]

y,
:]4 Y
] 5 17[] NC
6 16[] 5A
17 15[} NC
]

8 14 5Y

9 10 11 12 13

=L 1w E]

>0 0>«

Qh=Z Z I
G}

NC — No internal connection

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
Tube SN7414N SN7414N
PDIP - N
Tube SN74LS14N SN74LS14N
Tube SN7414D
7414
Tape and reel SN7414DR
0°C to 70°C SQIC-D
Tube SN74LS14D
LS14
Tape and reel SN74LS14DR
SOP - NS Tape and reel SN7414NSR SN7414
SSOP - DB Tape and reel SN74LS14DBR LS14
Tube SN5414J SN5414J
Tube SNJ5414J SNJ5414J
CDIP -J
Tube SN54LS14J SN54LS14J
-55°C to 125°C Tube SNJ54LS14J SNJ54LS14J
Tube SNJ5414W SNJ5414W
CFP -W
Tube SNJ54LS14W SNJ54LS14W
LCCC-FK Tube SNJ54LS14FK SNJ54LS14FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. .

Products conform to specifications per the terms of Texas Instruments I

standard warranty. Production pr ing does not ily include I Y

testing of all parameters. l EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 2002, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all paramelers are tested
unless otherwise noted. On all other producls, production
processing does not necessarily include testing of all parameters.
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logic diagram (positive logic)

1A _1 >c 2. Y
2 _3 ><: 4w
3A _5 >c § 3y

an _ 9 U>O 8 4y
5 11 >c 10 oy
b

6a 13 P ——

=R
Pin numbers shown are for the D, DB, J, N, NS, and W packages.
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schematic
14
> °. ° o Vece
6 kQ 100 Q
Output Y
Input A
@ o /_:7 ® ® GND
'LS14
° ° 2! = a Vee
20 kQ %
V_‘ Output Y
Input A Jr<
4 SNy,
V'
% 9 ® © GND
Resistor values shown are nominal. /7L7
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SN5414, SN54L514,
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HEX SCHMITT-TRIGGER INVERTERS

SDLS049B — DECEMBER 1983 — REVISED FEBRUARY 2002

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, Vo (see NOte 1) ..o 7V
[ Uy Ol G e e e e e e e e 55V
S L i o T e e e e S e fo PP e BB el Sy R e ), e e P 7V

Package thermal impedance, 6 jp (see Note 2):D package ............. ... ... ... ......... 86°C/W
DIt e ElonElol et Ui S A i e IR s 96°C/W

N packag e o e e e 80°C/w

NS packagear. 2 n i s e e e e 76°C/W

Storage temperaturerange, Tafy « .- wrmmn s i s e s e s s —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values are with respect to network ground terminal.

2. The package termal impedance is calculated in accordance with JESD 51-7

recommended operating conditions

SN5414 SN7414
MIN NOM MAX MIN NOM MAX i
\ele Supply voltage 4.5 5 55| NS 95125 Y
I0H High-level output current -0.8 -0.8 mA
loL Low-level output current 16 16 mA
TA Operating free-air temperature -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

SN5414
PARAMETER TEST CONDITIONST SN7414 UNIT
] MIN TYPS MAX

VT+ Vec =5V 1.5 1.7 21 v
VT— Vcec=5V 0.6 0.9 A \%
'(*VYTSLG:ES:_) Voo =5V 04 08 v
VK Ve = MIN, I=-12 mA s Y,
VOH Ve = MIN, Vi=06V, loH =-0.8 mA 2.4 3.4 v
VoL Voo = MIN, Vi=2V, loL = 16 mA X ) IR
IT+ Vee =5V, V= VT4 -0.43 mA
I7— Vce =5V, V) =V7_ -0.56 mA
) Vce = MAX, V=565V 1 mA
IIH Vce = MAX, ViH=24V 40 UA
I Voe = MAX, ViL=04V -08 -1.2 mA
losT Ve = MAX -18 55| mA
IcCH Vce = MAX 22 36 mA
lccL Vce = MAX 39 60 mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
S All typical values are at Vo =5V, Tp = 25°C.
1 Not more than one output should be shorted at a time.

{? TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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switching characteristics, Vgg =5V, Ta = 25°C (see Figure 1)

FROM TO hadle
SN7414
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS UNIT
MIN TYP  MAX
t 15 22
Hn A Y RL=400Q,  C=15pF ns
tPHL 15 22
recommended operating conditions
SN54LS14 SN74LS14 UNIT
MIN NOM MAX MIN NOM MAX
Vce Supply voltage 4.5 5 55| 475 5,525 vV
IoH High-level output current -0.4 -0.4 mA
loL Low-level output current 4 8| mA
TA Operating free-air temperature =55 125 0 70 °C

electrical characteristics over recommended operating free-air

otherwise noted)

temperature range (unless

SN54LS14 SN74LS14
PARAMETER TEST CONDITIONST UNIT
MIN TYPF MAX| MIN TYPF MAX
VT+ Ve =5V 14 1.6 1.9 1.4 1.6 19 Vv
VT- Veg =5V 0.5 0.8 1 0.5 0.8 1 \Y
Hysteresis
Veg =5V 0.4 0.8 0.4 0.8 \Y
(VT+-VT1-) ¥ |
VIK Vee = MIN, | =-18 mA -1.5 -15 Vv
VoH Ve = MIN, V=05V, loH =-0.4 mA 2.5 3.4 227 3.4 \Y
loL=4 mA 0.25 0.4 0.25 0.4
VoL Ve = MIN, Vip=-19V \Y
loL =8 mA 0.35 0.5
IT+ Vecc =5V, V| =VT+ -0.14 -0.14 mA
IT= Ve =5V, V) =VT1= -0.18 -0.18 mA
] Ve = MAX, V=7V 0.1 0.1 mA
IIH Ve = MAX, Vig=27V 20 20 UA
L Ve = MAX, ViL=04V -0.4 -0.4 mA
losS Vee = MAX -20 -100| -20 —100 | mA
IcCH Vce = MAX 8.6 16 8.6 16 mA
lccL Vee = MAX 12 21 12 21 mA
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Ve =5V, Ta = 25°C.
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
switching characteristics, Vg =5 V, Tp = 25°C (see Figure 2)
FROM TO
E
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX | UNIT
I{ 15 22
PLH A Y RL=2kQ, CL=15pF ns
tPHL 16 22
il
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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July 1999
National Semiconductor

LM341/LM78MXX Series
3-Terminal Positive Voltage Regulators

General Description Features

The LM341 and LM78MXX series of three-terminal positive ~ ® Output current in excess of 0.5A

voltage regulators employ built-in current limiting, thermal ~ ® No external components

shutdown, and safe-operating area protection which makes  m Internal thermal overload protection

them virtually immune to damage from output overloads. ® Internal short circuit current-limiting

With adequate heatsinking, they can deliver in excess of  m Output transistor safe-area compensation

0.5A output current. Typical applications would include local & Available in TO-220, TO-39, and TO-252 D-PAK
(on-card) regulators which can eliminate the noise and de- packages

graded performance associated with single-point regulation. Output voltages of 5V, 12V, and 15V

Connection Diagrams

TO-39 Metal Can Package (H)

QuTPUT

GND
INPUT (case)

DS010484-5

Bottom View
Order Number LM78M05CH, LM78M12CH or LM78M15CH
See NS Package Number HO3A

TO-220 Power Package (T)

GND e GUTRUT
O [ o———w

DS010484-6
Top View
Order Number LM341T-5.0, LM341T-12, LM341T-15, LM78M05CT, LM78M12CT or LM78M15CT
See NS Package Number T03B

TO-252

s 7 e

-

DS010484-19

Top View
Order Number LM78M05CDT
See NS Package Number TDO3B

© 1999 National Semiconductor Corporation DS010484 www.national.com
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Absolute Maximum Ratings (Note 1) Storage Temperature Range -65°C lo +150°C

If Military/Aerospace specified devices are required, Operating Junction Temperature - )
please contact the National Semiconductor Sales Office/ Range- E -40°Cto ”2; c
Distributors for availability and specifications. Power Dissipation (Note 2) Internally Limited
Input Voltage
Lead Temperature (Soldering, 10 seconds) P 9
. 5V < Vg < 15V 35V
11239 hagagely - ESD Susceptibilit TBD
TO-220 Package (T) 260°C ikl

Electrical Characteristics

Limits in standard typeface are for T, = 25°C, and limits in boldface type apply over the -40°C to +125°C operating temperature
range. Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC)
methods.

LM341-5.0, LM78MO05C

Unless otherwise specified: V,y = 10V, Cy = 0.33 pF, C5 = 0.1 pF

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage IL.= 500 mA 4.8 5.0 5.2 \%
5 mA < I <500 mA 4.75 5.0 5.25
Pp < 7.5W, 7.5V <V, €20V
VR LINE Line Regulation 7.2V £V s 25V IL = 100 mA 50 mV
I = 500 mA 100
Vg LoaD Load Regulation 5 mA <1< 500 mA 100
la Quiescent Current I, = 500 mA 4 10.0 mA
Alg Quiescent Current Change 5mA <] <500 mA 0.5
7.5V <V €25V, I, =500 mA 1.9
Vu Output Noise Voltage f =10 Hz to 100 kHz 40 pv
AV|N Ripple Rejection f =120 Hz, I, = 500 mA
IN 78 dB
AVo
Vin Input Voltage Required IL = 500 mA 7.2 \
to Maintain Line Regulation
AVg Long Term Stability IL = 500 mA 20 mV/khrs

IN]

www.national.com




Electrical Characteristics

Limits in standard typeface are for T, = 25°C, and limits in boldface type apply over the =40°C to +125°C operating temperature
range. Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC)

methods. (Continued)

LM341-12, LM78M12C

Unless otherwise specified: V,y = 19V, Cjyy = 0.33 pF, Co = 0.1 pF

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage IL.= 500 mA .5 12 12,5 \
5mA < I <500 mA 11.4 12 12.6
Pp <7.5W, 148V <V < 27V
VR LINE Line Regulation 14.5V < V| < 30V I = 100 mA 120 mV
IL = 500 mA 240
VR LoaD Load Regulation 5 mA < I <500 mA 240
la Quiescent Current I = 500 mA 4 10.0 mA
Alg Quiescent Current Change 5 mA < I £500 mA 0.5
14.8V <V, €30V, I = 500 mA 1.0
V, Output Noise Voltage f =10 Hz to 100 kHz 75 nv
AVIN Ripple Rejection f =120 Hz, I = 500 mA
A—Vo 71 dB
Vin Input Voltage Required I. = 500 mA 14.5 \Y
to Maintain Line Regulation
AVo Long Term Stability I, =500 mA 48 mV/khrs
LM341-15, LM78M15C
Unless otherwise specified: V,y = 23V, C,y = 0.33 pF, Co = 0.1 uF
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 1.= 500 mA 14.4 15 156.6 \Y
5mA < I £500 mA 14.25 15 15.15
Pp < 7.5W, 18V <V, < 30V
Vg LiNE Line Regulation 17.6V < V), < 30V IL =100 mA 150 mV
I. = 500 mA 300
Vg LoaD Load Regulation 5 mA < |_<500 mA 300
la Quiescent Current I, =500 mA 4 10.0 mA
Alg Quiescent Current Change 5mA < | €500 mA 0.8
18V <V, £ 30V, I = 500 mA 1.0
V, Output Noise Voltage f= 10 Hz to 100 kHz 90 pv
AViN Ripple Rejection f =120 Hz, I. = 500 mA
A_Vo 69 dB
Vin Input Voltage Required IL =500 mA 17.6 \Y,
to Maintain Line Regulation
AVg Long Term Stability I, =500 mA 60 mV/khrs

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de-

vice outside of its rated operating conditions.

Note 2: The typical thermal resistance of the three package types is:

T (TO-220) package: 8(ja) = 60 "C/W, 8y¢) = 5 'CW
H (TO-39) package: ;) = 120 "C/W, 8(,c) = 18 "CIW

DT (TO-252) package: 8,4y = 92 "C/W, 8(,c) = 10 "C/W

www.national.com




Schematic Diagram

ém T O Viy
03
S 80k Qi * ./I
Q12 Q15
i 5Kk Q16
R1S
53 1,14k
100
Q14 —AAA
R19 R16
}/ 100 0.5
}\0‘17 AN OVour
RI12S
R20
%3 k‘ Sk T0 11k
Q6
Q18 QDL A/{ (4v)
RI0OS
,——I
D1 R18 850
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L R9
7
16.5k.§ ¢l &
ik 20 pF
1
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Typical Performance Characteristics

Peak Output Current
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Typical Performance Characteristics (continued)

Quiescent Current
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Design Considerations

The LM78MXX/LM341XX fixed voltage regulator series has
built-in thermal overload protection which prevents the de-
vice from being damaged due to excessive junction tem-
perature.

The regulators also contain internal short-circuit protection
which limits the maximum output current, and safe-area pro-
tection for the pass transistor which reduces the short-circuit
current as the voltage across the pass transistor is in-
creased.

Although the internal power dissipation is automatically lim-
ited, the maximum junction temperature of the device must
be kept below +125°C in order to meet data sheet specifica-
tions. An adequate heatsink should be provided to assure
this limit is not exceeded under worst-case operating condi-
tions (maximum input voltage and load current) if reliable
performance is to be obtained).

1.0 Heatsink Considerations

When an integrated circuit operates with appreciable cur-
rent, its junction temperature is elevated. It is important to
quantify its thermal limits in order to achieve acceptable per-
formance and reliability. This limit is determined by summing
the individual parts consisting of a series of temperature
rises from the semiconductor junction to the operating envi-
ronment. A one-dimension steady-state model of conduction
heat transfer is demonstrated in The heat generated at the

wwiv.national.com
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device junction flows through the die to the die attach pad,
through the lead frame to the surrounding case material, to
the printed circuit board, and eventually to the ambient envi-
ronment. Below is a list of variables that may affect the ther-
mal resistance and in turn the need for a heatsink.
R¢(Component Variables) R“A(Application Variables)
Leadframe Size & Material Mounting Pad Size, Material,
& Location

No. of Conduction Pins
Die Size

Die Attach Material

Molding Compound Size and
Material

Placement of Mounting Pad
PCB Size & Material
Traces Length & Width
Adjacent Heat Sources

Volume of Air
Air Flow
Ambient Temperature

Shape of Mounting Pad




Design Considerations (continued)

A - R0 e RCA

Vounting Psd
DS010484-23

FIGURE 1. Cross-sectional view of Integrated Circuit
Mounted on a printed circuit board. Note that the case
temperature is measured at the point where the leads

contact with the mounting pad surface

The LM78MXX/LM341XX regulators have internal thermal
shutdown to protect the device from over-heating. Under all
possible operating conditions, the junction temperature of
the LM78MXX/LM341XX must be within the range of 0°C to
125°C. A heatsink may be required depending on the maxi-
mum power dissipation and maximum ambient temperature
of the application. To determine if a heatsink is needed, the
power dissipated by the regulator, Py, must be calculated:

In =Lt

Po = (Vin-Vour) IL + Vinle
shows the voltages and currents which are present in the
circuit.

T T
Is

DS010484-24

FIGURE 2. Power Dissipation Diagram

The next parameter which must be calculated is the maxi-
mum allowable temperature rise, T, (max):

8,a = TR (max)/Pgy
If the maximum allowable value for 0,,"C/w is found to be
260°C/W for TO-220 package or 292°C/W for TO-252 pack-
age, no heatsink is needed since the package alone will dis-
sipate enough heat to satisfy these requirements. If the cal-
culated value for 0,4 fall below these limits, a heatsink is
required.
As a design aid, Table 1 shows the value of the 0,, of
TO-252 for different heatsink area. The copper patterns that
we used to measure these 0,, are shown at the end of the
Application Note Section. reflects the same test results as
what are in the Table 1

shows the maximum allowable power dissipation vs. ambi-
ent temperature for theTO-252 device. shows the maximum
allowable power dissipation vs. copper area (in?) for the
TO-252 device. Please see AN1028 for power enhancement
techniques to be used with TO-252 package.

TABLE 1. 0, Different Heatsink Area

Layout Copper Area Thermal Resistance
Top Sice (in?)” Bottom Side (in?) (044, "C/W) TO-252
1 0.0123 0 103
2 0.066 0 87
3 0.3 0 60
4 0.53 0 54
5 0.76 0 52
[§) 1 ] 47
A 0 0.2 84
8 0 0.4 70
9 0 0.6 63
10 0 0.8 57
11 0 1 57
12 0.066 0.066 89
13 0.175 0.175 72
14 0.284 0.284 51
15 0.392 0.392 55
16 05 0.5 53

*Tab of device attached to topside copper




Design Considerations (continued)
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&Nutional Semiconductor

LM79XX Series

3-Terminal Negative Regulators

General Description

The LM79XX series of 3-terminal regulators is available with
fixed output voltages of -5V, =12V, and -15V. These devices
need only one external component—a compensation ca-
pacitor at the output. The LM79XX series is packaged in the
TO-220 power package and is capable of supplying 1.5A of
output current.

These regulators employ internal current limiting safe area
protection and thermal shutdown for protection against vir-
tually all overload conditions.

Low ground pin current of the LM79XX series allows output
voltage to be easily boosted above the preset value with a

September 2001

resistor divider. The low quiescent current drain of these
devices with a specified maximum change with line and load
ensures good regulation in the voltage boosted mode.

For applications see LM137
datasheet.

requiring other voltages.

Features

m Thermal, short circuit and safe area protection
m High ripple rejection

m 1.5A output current

m 4% tolerance on preset output voltage

Connection Diagrams

TO-220 Package
INPUT

I == 5mbliiruJ,
[ a2 = IRl
(o) I— 118 |

DS007340-14

Front View
Order Number LM7905CT, LM7912CT or LM7915CT
See NS Package Number TO3B

Typical Applications

Fixed Regulator

| |+ l+
cr* c2!

2.2uF 1uF

INPUT LM79XXCT ouTPUT

DS007340-3

*Required if regulator is separated from filter capacitor by
more than 3". For value given, capacitor must be solid
tantalum. 25uF aluminum electrolytic may be substituted.

fRequired for stability. For value given, capacitor must be
solid tantalum. 25uF aluminum electrolytic may be substi-
tuted. Values given may be increased without limit.

For output capacitance in excess of 100uF, a high current
diode from input to output (1N4001, etc.) will protect the
regulator from momentary input shorts.

|
|
]

® 2001 National Semiconductor Corporation DS007340
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LM79XX Series

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Input Voltage
(Vo = -5V)
(Vo = =12V and -15V)

Input-Output Differential
Vo = -5V)
(Vo = —12V and -15V)
Power Dissipation (Note 2)

25V
30V

Internally Limited

Operating Junction Temperature Range 0°C to +125°C
-25v Storage Temperature Range -65°C to +150°C
—35V Lead Temperature (Soldering, 10 sec.) 230°C

Electrical Characteristics

Conditions unless otherwise noted: Igyt = 500mA, C\y = 2.2uF, Coyr = 1HF, 0°C < T, < +125°C, Power Dissipation < 1.5W.

Part Number LM7905C Units
Output Voltage -5V
Input Voltage (unless otherwise specified) -10V
Symbol Parameter Conditions Min l Typ I Max
Vo Output Voltage T,=257C -4.8 -5.0 -5.2 v
5mA < lout £ 1A, -4.75 -5.25 \
P < 15W (20 £V, £ -7) \%
AVq Line Regulation T, =25°C, (Note 3) 8 50 mV
(M5 < V| £ ~7) \%
2 15 mV
(-12° Yy < -8) \
AVg Load Regulation T, =25°C, (Note 3)
SmA < lgyr £ 1.5A 15 100 mvV
250mA < lgyt £ 750mA 50 mvV
lq Quiescent Current T;=25C 1 2 mA
Alg Quiescent Current With Line 0.5 mA
Change (=28 s Vi< -7) \
With Load, 5mA < lgyr < 1A 0.5 mA
V4 Output Noise Voltage Ta =25°C, 10Hz < f < 100Hz 125 pv
Ripple Rejection f = 120Hz 54 66 dB
(=18 <V |y £-8) v
Dropout Voltage T,=25C, lour = 1A g \
lomax Peak Output Current Ty=25°C 22 A
Average Temperature lour = SMA, 0.4 mV/"C
Coefficient of 0CsT,<100°C
Output Voltage

Electrical Characteristics
Conditions unless otherwise noted: Iqyr = 500mA, Cj = 2.2uF, Coyy = 1pF, 0°C < T, < +125°C, Power Dissipation < 1.5W.

Part Number LM7912C LM7915C Units
Output Voltage -12V -15V
Input Voltage (unless otherwise specified) -19vV =23V
Symbol Parameter Conditions Min l Typ I Max Min l Typ ! Max
Vo Output Voltage T,=25C -11.5 -12.0 =125 | -144 =150 -156 \
5mA < lgyr £ 1A, =11.4 -12.6 | -14.25 -1575 \Y
P <15W (-27 < V|y £ -14.5) (=30 < V) £ -17.5) %
AVg Line Regulation T, = 25°C, (Note 3) 5 80 5 100 mV
(-30 £V, £ -14.5) (=30 = Vijyg =17.5) v
3 30 3 50 mV
(=22 < Vi € =16) (26 <V, £-20) \Y
AVg Load Regulation T, = 25°C, (Note 3)

www.national.com




Electrical Characteristics (continued)
Conditions unless otherwise noted: |5yt = 500mA, C,y = 2.2pF, Coyr = 1pF, 0°C £ T, < +125°C, Power Dissipation < 1.5W.

Part Number LM7912C LM7915C Units
Output Voltage -12V =15V
Input Voltage (unless otherwise specified) -19Vv -23V
Symbol Parameter Conditions Min ] Typ [ Max Min ] Typ | Max
5mA < gyt £ 1.5A 15 200 15 200 mV
250mA < lgyt £ 750mA 5 75 5 75 mV
lq Quiescent Current T,=25C 1.5 3 1.5 3 mA
Alg Quiescent Current With Line 0.5 0.5 mA
Change (-30 £V |y £ -14.5) (30 <V £ -17.5) \
With Load, 5mA < lgyr £ 1A 0.5 0.5 mA
V, Output Noise Voltage T, = 25°C, 10Hz < f < 100Hz 300 875 pv
Ripple Rejection f=120 Hz 54 70 54 70 dB
: (=25 < V) £ -15) (=30 £ V|ys —17.5) \
| Dropout Voltage T,=25C, loyr = 1A 1.1 141 \
lomax | Peak Output Current T, =25 22 22 A
Average Temperature louT = SMA, -0.8 -1.0 mV/'C
Coefficient of OFCLT, < 100°C
Output Voltage

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee Specific Performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: Refer to Typical Performance Characteristics and Design Considerations for details.

Note 3: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must
be taken into account.

Design Considerations

The LM79XX fixed voltage regulator series has thermal 6,a = Junction-to-Ambient Thermal Resistance
overload protection from excgssive power dissipation, inter- 0,c = Junction-to-Case Thermal Resistance
nal short circuit protection which limits the circuit’'s maximum
current, and output transistor safe-area compensation for
reducing the output current as the voltage across the pass fcs = Case-to-Heat Sink Thermal Resistance
transistor is increased. 6sa = Heat Sink-to-Ambient Thermal Resistance

Although the internal power dissipation is limited, the junc-
tion temperature must be kept below the maximum specified
temperature (125°C) in order to meet data sheet specifica-
tions. To calculate the maximum junction temperature or
heat sink required, the following thermal resistance values
should be used:

B8ca = Case-to-Ambient Thermal Resistance

Typ Max Typ Max

Package TS 0,c CEPN CITN
‘C/W ‘CIW ‘CIW ‘C/IW

TO-220 3.0 5.0 60 40

. STy T Tonan Ta
DMAX = "B, + 6, 0,5

Ocp= O * Oy (without heat sink)
Solving for T
Ty =Ta+Pp(Byc * 0ca) Or
= Ta + Pp8,a (without heat sink)

Where:
T, = Junction Temperature
T, = Ambient Temperature
Py = Power Dissipation

3 www.national.com
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LM79XX Series

Typical Applications

Bypass capacitors are necessary for stable operation of the
LM79XX series of regulators over the input voltage and
output current ranges. Output bypass capacitors will improve
the transient response by the regulator.

The bypass capacitors, (2.2uF on the input, 1.0uF on the
output) should be ceramic or solid tantalum which have good

high frequency characteristics. If aluminum electrolytics are
used, their values should be 10pF or larger. The bypass
capacitors should be mounted with the shortest leads, and if
possible, directly across the regulator terminals.

High Stability 1 Amp Regulator

Load and line regulation < 0.01% temperature stability < 0.2%
tDetermine Zener current

11Solid tantalum

*Select resistors to set output voltage. 2 ppm/°C tracking suggested

) § Vour (+)
e
— 1 puF
o allof i - [+ ot
“T=2:2 uF m—
A1 2n4003 Al
= LM7905 Vour (=)

DS007340-5

Current Source

. 5V
lour = 1mA + m

{ it -

1 1R

lour | 1 1 =
22 uRY 1Y 1 1 =101 ufb
SoLID == 1 |
TANTALUM b e e &
GND 'L T ufF ZRI*
INPUT LM7905
i OUT outpur

DS007340-7
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Typical Applications (continued)

Light Controller Using Silicon Photo Cell

o
@ »
c <
o !

o
<

git A1 . (o ) 1.754
25 pF T 9 MAX TURN-ON
1 CURRENT
+
1 R —=C2
I GND ‘l- 25 uf
1
iy O] M7905 |8 &
DS007340-8

*Lamp brightness increase until ij= iq (= 1 mA) + 5V/R1.

tNecessary only if raw supply filter capacitor is more that 2" from LM7905CT

High-Sensitivity Light Controller

2N4143

-

-

;ll
é 8V - 15oW

BULB
é <° 1.75A
MAX TURN-ON

' CURRENT

o L g

25 uF T
1
1 y c2_L
| GND 25 uf T
1

—.T LM7905 oUT <
*Lamp brightness increases until ij = 5V/R1 (l; can be set as low as 1 pA)

tNecessary only if raw supply filter capacitor is more that 2" from LM7905

DS007340-9

Variable Output

c1
2.2 uF 2 ¢
soLID —
TANTALUM
GND
IN
INPUT LM78XXCT

*Improves transient response and ripple rejection. Do not increase beyond 50 pF.

R1 + R2
Vour = VeeT\ oo

Select R2 as follows:
LM7905CT 300Q
LM7912CT 750Q
LM7915CT 1k

c2
+
1uF
—S0LID
TANTALUM

OUTPUT

DS007340-2
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LM79XX Series

Typical Applications (continued)

15V, 1 Amp Tracking Regulators

+vy o—e—— M yzgor U O Vour (#) 15V
1 =15
: GND Ra*
I 10k
N 1%
1
|
1 == DI
cave ot RS* AN 1N4001
25 uF T 10k
1 1%
1
1 4
1 c1 _r
1 25 uF
L =
¢ © O COMMON
| cali
ottt 50 5‘3 R3 BB =L
25 uf —T— > 5k | A 1001
1 OUTPUT TRIM
1 T0O =15.0V
1 GND
1
~Viy O—@—————] LM7915CT =0 —0 Vour (=) 15V
DS007340-1
(-15) (+15)
Load Regulation at Al_ = 1A 40mV 2mV
Output Ripple, C,y = 3000pF, I = 1A 100 pVms 100 pVms
Temperature Stability 50mV 50mV
Output Noise 10Hz < f < 10kHz 150 yVms 150 pVms
*Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs.
**Necessary only if raw supply filter capacitors are more than 3" from regulators.
Dual Trimmed Supply
+INPUT ] LM340-5 fre—ae @—O +5.0V
GND
240 D1
0.22 uF == [ S 1k 1N4001
>
% 33
O— % 4 O COM
7 33 s 1
= b #F 1.
22 uF=—= b = D2
470 . A
. A 5 1N4001
GND
=INPUT O— N LM7905 5T < O —0O -5.0V

DS007340-4
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LM79XX Series

www.national.com

<
[

Zi1-0v€L00Sa
) ¢ ONA
20
9iy
102
P
€10 *L.
v_._H_c
h30> O VINWILv
90
AS1L
5y
]
Al .
z0 ‘L E\N\
LD
%5 1 [
61 8Ly o2
£ 'L
i a

AS-

Schematic Diagrams
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