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Abstract

The mouse and keyboard are able to multiplexed in same channel of its radio frequency. The
microcontroller is used to interface with the mouse and keyboard. Others microcontrollers one used to
interface with a computer. The proprietary protocol is used for communicated between both site of

microcontroller based on radio frequency.
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pIN TaoialuudaneuunesTuilaqiiu wesn Psi2 vl 6 - pin mini DIN Faflgnyaizna

MUNTWAL

ﬁ’]é’ ( Male) #213)8 (Female)

WNEeU (Plug) 1A15U (Socket)

s 2.1 ANYHENIMUAIWUDINDIA PS/2 LU 6 - pin mini DIN

6 - Pin mini DIN (PS/2):
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1 26.7 10001 6.7
10 24 10010 |6
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100 20 10100 5
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Key Detection Error/Qverrun 00(Code Sets 2 and 3)
Keyboard 1D 83AB
BAT Completion Code AA
BAT Failure Code FC
Echo EE
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€-

§2HI19849 ACK 128204 ACK uazaauiuf1dalvy
BAT leti e (AA
Y

AINATINAVYT AV BAT AdUpIAzds AA uaz IRRduEgndwEn

BAT Failure (FC

.3 o 1

¥ [
1 BAT Inmsdumannady Adueiavzdelani msaunuo: liiromiewaz sedmfussuy
[ ) a =
ADUTUMIONINITS tam
Echo (EE)}
a o t [ : @ o @
Aouesadelnailun1saausuRIFe Echo

Kevboard 1D (83AB)

e o kY 4 P= 39 4 ' F ]

Adueia ID szneudin 2 Tud 83AB Adusiaazaeumssiu ID Adu ACK nazaunu'li
] d'. ] o o ] ] 9 R L 9] s = J o
foilin uazad ID 2 1ud Low ludesgnaenauaudas High Tud watmimemiynuesddueda
Adupiavzisuiinsmny

Key Detection Error (00 150 FF)

I L]

< s ¢ o = v o ¥ oA ¢ 9 a A 2An
ﬂUUBSﬂﬂ%ﬂﬂﬂUﬂ'fNﬂuﬂTIi.INﬂWEﬂﬂ“llE]Qﬂ')f]ﬂ‘kliﬂ']ﬂﬂ‘l]ﬂ'iﬂﬂ1ﬂ1ifgﬂﬁ'.lﬂ‘]f‘lflulilﬁ'llﬂiﬂ

4

e 14 fdueialdaunuldamm | Thade FF dmiuma 2 uaz 3 TAafe 00
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Overrun (00 H3BFF)

=1 o 1Y
aunu TAmaadlu 1 18ty FF dwisuee 2 uas 313a:8y 0o

Resent (FE

o I e

o o U= Ha qdyc\ = r
fifuoiaveAsAIN Resent musionisSuAdunandanTomsaouyaranaindiszun 1y
1 o oy o 1 9
oz luaelUifduedn e lulinane uauesgninaue

a g Y Y Y A a ¢
ﬂ"l'a'!'a'ﬂﬂ1~3'IH‘UBﬂﬂﬂuﬂiﬂ!ﬂﬂ!iu!ﬂﬂlﬂ‘iﬂﬂﬂNW:I!FI@?

Keyboard: AA Self-test passed ;Keyboard controller init
Host: ED Set/Reset Status Indicators

Keyhoard; FA Acknowledge

Host: 00 Tum off all LEDs

Keyboard: FA Acknowledge

Host: F2 Read ID

Keyboard: FA Acknowledge

Keyhoard; AB First byte of ID

Host: ED Set/Reset Status Indicators  ;BIOS init
Keyboard: FA Acknowledge

Host: 02 Turn on Num Lock LED

Keyboard: FA Acknowledge

Host: F3 Set Typematic Rate/Delay ;Windows init
Keyboard: FA Acknowledge

Host: 20 500 ms / 30.0 reports/sec

Keyboard: FA Acknowledge

Host: F4 Enable

Keyboard: FA Acknowledge

Host: F3 Set Typematic Rate/delay

Keyhoard: FA Acknowledge

Host: 00 250 ms / 30.0 reports/sec

Keyboard: FA Acknowledge

¥ d
The i8042 AEUBIA Controller
a n 1w = 3 [ - o o = 1 e
maveuldsunsun lidesaslidnde Tasassiufdusin 151NeAnnaiu@ Controller
YoIRGUBTALNU 77 controller TozguannseAIdy I nazquawazBunres T Taneadnes

fumsndtmaudas msuda wazmsdamsnuaunu IdanazAde (Command)
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o w = =, L]
Intel 8042/compatible microcontroller Qﬂi%&ﬂuﬂl controller TuAdueia w1.‘1.1I'F!i'J11‘If‘l’JJ.ii'IBEMTLI
[} o . a1 ' . 4 o
T ] 917 microcontroller “nfh’ﬂuagclu Motherboard’s Chip Set Fatlums TIUKH189 controllers Tu
g a’;d 2 ' a
single package N3¢ WHQUNsAlHiNGan1dE 1Az controller ypIRELBTA Hananuuha “8042"
E
ﬁuagﬁ’u Motherboard A8UB3A Controller 819%1M314 1 130 2 mode “AT-compatible
[4
mode” W30 “PS/2 compatible mode” PS/2 compatible mode Qﬂﬂl%{f‘l motherboard WU5047U PS/2
clw o oo o =
and dnsdifl 8042 veifludRdunsa Controller iazind Controller , AFUBS A Controller 92(NATIY
[ we A o 3 A w oAl s
w1 Taen Tuild 9 mode Huvz ldmwaehdofiufduasa port
8042 9313¥NBUAIY Register A1
' Y S A ad o
- A one-JUd input buffer — Uszpoudie lud Hg1unnfAduesa; read only
o ¥ oAt = o B
- A one-Jud output buffer — Uszaudan Tua NOTUNINAUUDIA; write only
- A one- 1114 status registers — 8 status flags; read only
L4
-A one-llum control registers — 7 status flags; read/write
. & ¥ = G
3 register 143N (Input, output, staws) w19 toyaTasn1aTaen1a port 0x60 BT Ox64
FAameigano (control) iun1581uTAulEf 18 “Read command byte” uasfoulaglddid
“Write command byte”
m7imeu s pon 0x64 liidoe3y Register vadaiid a1 8042 mlaldias d1érda

Ed v » 1
oyanadanys dunlsfinzdalli port 0x60 iwideafiu wadwion szndumianisldmidediunn

o
Port 0x60 1 181
A0 1UZUBII DM ( Status Register)
ApuzuWan ved 8042 LB INVNTIN port 0x64 UL Y5ZNOUA error information, status

information 18 indicate data 11gnuaAlY input HAY output buffer, flags  QAMHUARTUATTIGN 2.8

A5 1T 2.8 40 1HELUWAaNYD Staws Register

MSB LSB

AT-compatible mode : | PERR | RxTe | TxTo | INH | A2 | 8YS | IBF | OBF

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

OBF (Output Buffer Full} 1$uaaaiieiuanasfiasfoy output buffer
0 : Qutput buffer 114 - anaudou 11163 Port 0x60
1 : Qutput buffer e - Ni@ew 11 Port 0x60
IBF (Input Buffer Full) 1uaaudeduwn a0l 1810 input buffer
0 : Input buffer 114 - s au‘l'j‘ﬂ ﬁﬁﬂﬂé’lu%’lﬂ Port 0x60

I ; Input buffer 1Al - uwalvi A1W150814910 Port 0x60
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SYS (System flag) gnﬁhmﬁa power on Reset, N3 software Reset
0 : Power Up value - izuuagﬁunizmumi Power on Reset
1: 1850 BAT code - szuuwiougn Initialize

A2 (Address line A2) 1¥n18Tu

0:A2=0 - Port 0x60 gnidisu hdqa
1:A2=1 - Port 0x64 sy Il ga
Fd ]
INH (Inhibit flag) [uaaindduesa higndvdanisdoms

A d o o o g o LY :
0:fAduesanden=0 - Adueingniuds

Ac ¢ d A
0:fduesanden=1 - fAdusialugninds

2.3 nqufves PS/2 nnd
nsdumefiamalui/isinnea

psi2 wnd 191ys Taneaiderfiu ps2(AT) Aduesa uu1As9114v04 IBM  technical
reference manual PS/2 aNd aunsaseadudunanuil

M3AReURINIUDY (X Movement)
MITIAAOURLING (Y Movement)
1|18 ( Left Button)

1una1s (Middle Button)

1)1 ( Right Button)

HFaEe AT ANTIMIZALE SwamANlaes (Counter) tazuWanwaiey site
dinduRvesninadoud uazamusveatly “lumiﬂﬂamﬁﬂzﬂiamqu"luiﬂwaﬂ Intellimouse
Fulsznevdrnnasgiunasesiudunaialy Vuwviifedeu (Scrolling wheel} uag 1y 2 1)y

wasgu und 3 2 dnfuiunsiafeoud fio dnTuiuiuey uag FnfunnaRg e o i
2's complement HazuAaz Sz Rerdesivlerned Iadimanawdvanuzasaiunaiia 3 u oz
daluda Toad (Computer) Tugtiuvupegateya (Dam packen) vura 3 Tud, §nfu Wa 2 azum

o A P 3 1 A A : 1 1 a [
fvvesmamasui azlingaummsmsindoufiniarge szgnaa b laaq

o 1 | a @ o 1 ' A ~
dionnd oruan Sunaueaiy Huvziiufinanuzarqausatju udrinsrnTeunisindond i1

= A a A o A A - & v A = o ¥ -
Inrswnaoulvudadu Guaziiu (4x H30 +y) H508A (x NTD —y) MMAAABDUNTBA DunA
Tores Tlatiuee wa (Set) NuranTonss 1Wad

o -:!' a [} =} P} u'/ - [ q'd.é. ]

A)sRAIHINDIUINUBINIG (+x  HTB +y) UBY (-x  HID -y) HUABAWINNFDI

, oa g , - w I o < » A ¥
“Resolution”  1ABANTUAU Y83 Resolution A0 4 73/ Wy, uazlaadornvzRimalaeusillagly
A& “Set Resolution”  (0xER)

r-un :ll (¥ | ar é 4:{\:: Y] 3 1 =i o 1 o o o

Ui n TulinadumMTARaUNAIUNG 2 LA NHANUNITSIBIUAIYUAIHIRDS Aaulls

3
r

A . ’ . o 3 o . A 7o) a 4
HAD “Scaling” 71 Default U949 Scaling V83L& ez gl 11 Scaling Falutimad 1518910 and

72997
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A ~ 1 o o 4 . Va o ¥
nsndeudl 9814 1sa1y Taaderavzdon 1:2 Scaling Taoldfida “Set Scaling” 2:1 (0xE7) 81 2:1

Scaling 11914 wdvz Apply mua15199 2.9 TddsdnTunouszde dntuveaiu i laad

A1519N 2.9 MITIBNUMVAURIINDT

myndoud fiy Reported NstARaui
0 0
1 1
2 1
3 3
4 6
5 9
N>35 2xN

3214 Data hanginsaldasw Ysznoudae 11 Ia n1s Ivavesdoyagnadwuueynsy

¥
1 W 1
vuad1la1l (Data line) M1513919a 191 nansfinduvownas

¥ ¥
30 " ua:um’.‘fayau 8 U UWINAUUANTTA ﬂﬂﬂiﬂﬁﬂﬂmﬁ‘u

= =

4
aA al
19, UAWITA (Parity bit) azitu «17

=]
IRTEIE I

- 1 = o
MINN 210 5']Ufl$t%ﬂﬂllﬂﬁ$ﬂﬂ‘ilﬂﬂL”'lﬁ

Bit

Function

11
10

Stop Bit(always 1)
Parity bit(odd parity)
Data bit7 (MSB)
Data bit6

Data bit5

Data bit4

Data bit3

Data bit2

Data bitl

Data bit0

Start Bit(always 0)

m‘slﬂauﬁ Data Packet

3 v ¥ ¥
PS/2 and szdamswdsuiuuifuuniuen nazamuzvsstjuaunyadoya Auaed
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A A W 3 = . 4 . . ,
manasunaiueziiu 9 ie 2°s Complement integers B4 MSB( Most Significant Bit ) 9%

4
@ o = a

. N & 4 i 1
3 nga1u Sign Bitlu Tud 1 489n151AA0UR data packet 1 #2171 11 vzgnEwan(update) 1ile wd

U
td

9A Sunmvenin uazdummandoudnifein Amadiizduinoureimandoudiiiling

3 1 é ql r r s L é T o
Auamandoun data packet arga gnasluialead (wasmnunaianiagndalilislead nis

4y

1
oo oM

A Ao w d a ' = ar 1 dy A
IAADUNAIUY NATNINTT Reset ) ‘]INWﬂ'E!‘UB»iﬂWHﬁ']‘lJ'IiﬂQﬂLlﬁﬂﬂﬂﬂﬂﬁlﬂﬁﬂuVI AIUY A 0-255

¥
P

[ o = v e ' a4
83 +255 dufiund1il fifloduiia Overflow 1Ay Overflow Bit 9¥gn Set wazdnfuag hignAnunie
AAAY WNTENAIUDY Reset Tnidnnga

4 . i de o ; 4 i 4
awiina17 lUudrin maindowfid iy oz Reset iolailawfinandoudt data packet gn

'
o w

Fd 0
delldaTeadias ofundn 12 Reset ndannund 185ufidsninTead (R1da “Reser” (0XFE))
Modes of Operation
Tumssisaudoya 12l 4 Tvumnasgiuvasmsl§ians (Operation)
& - a W e ° = o Voo w o
Reset:  (aain504 (Power up) 3uanmndsziimaaioudi liwonfumsiiauues
ADUAUADS( Initialization) H1AZHIAITATINABUAND (Self-diagnostics) HEINN
Vv 1 ]
U115 Reset mode 9 110 1ATUTUAF S “Reset” (0xFF) 910 oad
2 ar o & o A o
Stream: 1114 default mode (HA391N¥11 Reset Mode 1137) @8 1n15uann1sindouiives
3 =1 A o & A e ; !
ATAUWAINA ( movement data packet ) iolimsiAaufaTurTollanuzn1snA
Yuiaeuly
o e o o & ¢ D ¥ & o
Remote: (11U mode #1T1se Towiluunaaniunisel A laadziinisdesuadingy
movement data packets U0z0199z &4 Tno 1A 189 “Set Remote Mode”  (0xF0) 118
4
e
dv 1 A A 1
wrap : Twuail i@ ldse Tt lamandanm: enduldlumsnaaey msdoude
seuindnuTead , Wrap mode 919¥1TAun1TdaR 181 “Set Wrap Mode”
o o Vo w
(0xFE) 118 131d 115000910 Wrap mode , Toard Aoedariid “Reset” (OXFF)
130 “Reset Wrap Mode” (0xEC) B1004MFTY “Reset” (0xFF) 1Uuds ond 145w
Ardand ond 9215879 Reset mode 114184 “Reset Wrap Mode” (OxEC)
é o a ﬂ.l 1] 1
downdsufidwad) nndezd1g Wrap Mode now
Reset Mode: (01d11103 Reset mode tiailan3ed (Power up) w30 lumsdadayain
response NUAITS “Reset”  (OxFF) maan1nid1g mode fiuda nndaeyiims
AT UR IR 10 weaR I BAT (Basic Assurance Test) 2% Set AU

default Mua1atl

Sample rate - 100 samples/sec
Resolution - 4§,
Scaling =11

Data Reporting - Disabled
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; a 1 [ [] 4
vIniunnd Nozaa BAT completion code 8613 aag1aniiall) 0xAA 1o
= ¥ S Yo A

BAT successful, 0xFC ¥N1904 Error 971 laaa 1é5u response DHHUINUIN
OxAA UUBIDZIUTOUNIS check 11y uaz1¥iNd Reset Nse1IUNTS BAT
114 A1 BAT completion code (0xAA %38 0x FC) 11& a4 device ID 10417y
& Su 4 4 o ad o A 799

A9 0x00 HAD@INLLNUUBENDIN AFUBTA 150 d 1939711 1u Extended

mode 0813 15AMMENYIN TUBDE (BIOS) 251715395173 “Reset” (0XEF)

o

Nuif 1a5ua1 0xAA HaINATIMSITans o
[y 1 ar o o ]
W9 INNT T Device ID voasimaTo duvzidg stream mode Muvug

711 default 93] “Data Reporting Disabled” H11881 nndoz lias mandoun

]

0 e o o Yo < .
data packet 1a7 1U&a Toad aunszvisaz 145UA18 “Enable Data Reporting”
(0xF4)
g ¢ 1 A 4 A o @ d A A
Stream Mode: 1 mode T UNAEIN19IATOUN data HDNUATITVMSIAADUA HTBMS
nasuniaseatuzueatfuna 1 oW1 1 1 A1 maximum rate 1 data
reporting 0199¥1/51nA WA 155nA0 “Sample rate”  Fwt3iifinrann
10 samples/sec 19 200 samples/sec ALSNAYN vouTuAe 100 samples/sec
uay Teaderszilfouni TaeldA1dq “Set Sample Rate”  ( 0xF3 ) Tnug

= d A
AtluTwuasuduver und

a 9

¥ v a Y oA < e [
HUTULHE - D117 report ul.llﬁ'li]']'iﬂﬂ'lllﬂmﬂﬁllﬂu LiJ1ﬁil$LlN3Jﬂ1'iﬁ\1ﬂ"l
u

¥
9 o

movement data packets 99NN19UNT19% 1A5UA 1§41 * Enable Data

Reporting” (0xF4)
Remote Mode: 1uTnuail s1doze1un1 Suneusaliv uaz update A1UBIATTU/Mag

sampling rate 1A HATUIZLIIRWIE MTATouR (uazmsiasuTaiue

a | e o

voaily) ledoyagnioavalasTead  Tsadazdamdas “Read data”

r
9 =

(0xEB) nasnnfufmdaiiuds widoeds mamaeui data packet liaz

Reset MItAABURAA 1T UYBITL

3 1 o @

o 4 @
waedg Remote mode 110 TATUAIAT “Set Remote Mode”

(0xF0) Tl mode H1vz Tuidan 1 14l5s Toaiuiniin

¥ ]
Wrap Mode:  Iwua fhiflunisdandu (Behoing) Tvua Ao naq Tudnand 145y oz
P o s s ¥ - Y e & oda ¢ .
dandulufalaad mgnisaid S1ludunudroiideida wndaliney
LY | o 1

. ¥ . ¥
@ » oo W o o Y
TUATEIUH (Response to that command) HUM D uuﬂzﬁdmmﬂumuuﬂau

¥ .
3

TgaTead Hdosndu 2 Yszn1s Tunsdiil A1d9 “Reset”  (OxFF) uaz
. »
“Reset Wrap Mode™ (0xEC) e 9@nus Uiy 2 A1dail uase laaq echo

navu Uiy Taae
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Bit? Bito Bits Bitd Bie3 Bit2 Bitl Bitd
Tud1 |y X Y sign | X sign | Always | Middle | Right | Lefi
overfLow | overfLow Bit Bit 1 Bm Btn Btn
Tud 2 X MTAdoUd
Tud 3 Y msmasuf
Mud 4 7 MinapuA
1314 2.12 uarasmsgUuuy 3 Tuddldlunisisa Scaling , Resolution iaz Sample rate
Bit 7 Bit 6 Bit § Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte 1 AlwaysQ | Mode Enable Scaling | Always0 | Left Btn | Middle Right
Btn Bin
Byte 2 Resolution
Byte 3 Sample Rate
A1319 2,13 uanem 1 1% 1umsiaa Resolution
Byte Read from Host Resolution
00 | count/mm
01 2 count/mm
02 4 count/mm
03 8 count/mm

o
HAAITUADUNTTAARD TEHIINDUN UADS AULNTUUL Microsoft Intellimouse

(Power-on Reset)

Mouse
Mouse
Host

Mouse

AA
00
FF

FA

Self-test passed

Mouse ID

Reset command

Acknowledge




Mouse
Mouse
Host
Mouse
Mouse
Mouse
Host
Mouse
Mouse
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Mouse
Host
Mouse
Host
Mouse
Host
Mouse
Host

Mouse

AA
00
FF
FA
AA
00
FF

FA

00
F3
FA
C8
FA
F3
FA
64
FA
F3
FA
50
FA
F2
FA
03
E8
FA
03
FA
E6
FA
F3

FA

Seli-test passed
Mouse ID

Reset command
Acknowledge
Self-test passed
Mouse ID

Reset command
Acknowledge
Seli-test passed
Mouse ID

Set Sample Rate
Acknowledge
decimal 200
Acknowledge
Set Sample Rate
Acknowledge
decimal 100
Acknowledge
Set Sample Rate
Acknowledge
decimal 80

Acknowledge

Read Device Type

Acknowledge
Mouse ID

Set Resolution
Acknowledge

8 count/mm
Acknowledge
set scaling 1:1
Acknowledge
Set Sample Rate

Acknowledge

{Attemnpt to Enter Microsoft

Scrolling Mouse mode)

(Response 03 if Microsoft scrolling mouse)

22
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Host : 28 decimal 40

Mouse . FA Acknowledge
Host : F4 Enable device
Mouse : FA Acknowledge

A
ﬁ'l!.ll'ﬂﬂﬂ left mouse button

Mouse 09 00001001 bit0 = left button state; bit3 = always 1
Mouse : 00 No X-movement
Mouse 00 No Y-movement
Mouse : 00 No Z-movement

fudloildee left mouse button

Mouse : 08 00001000 bit 0 = left button state; bit3 = always |
Mouse . 00 No X-movement
Mouse . 00 No Y-movement
Mouse : 00 No Z-movement

2.4 MwazduavoHAI W

T Vee=+5V  nszuagagea = 100 mA

eIl (Data line) nagndnnla (Clock line) iflu Open — Collector Hag 1A% * Open -
Collector ™ interface 9zfing 2 @0 uz Ao Low %30 High impedance  luaniug  “Low”
niudeaoszddldardilad Tudssedn Ground lumniuz High Impedance 1fu 9% Open Circuit
wazez livinlitandnlay anue Low wie High Belindnfu ddumm pullup fegszniada

] a "o w = 1 L] 3 a9
uaz vee  Aaasdmadmnivlididgeniideglszng 1-10 k0 Tas Sawiavesdrdrumul

o = dy 159 = =§y o o < 3/ v
puialuainezalasa IWiass uadilindmsnnuvesveunvuresdygnunazdgld a1 umaa

open-collector interface
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+5v

y —<3— o bata
E o< [ 5 Clock
NI

gﬂﬁ 2.6 uiAd Open-Coltector Interface

2.5 nafinsenaly
widuazAdvesa i?uﬁﬁuﬁuu Bidirectional synchronous serial protocol IA®ls19@31)
A0TUEVDS Data line iazadonTmiiaail
ANUVOIV (DT 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
doyavzgndali 1 Tud iy 11- 12 9a fail:
1 Start bit. cvzdianilu «0” 1rue

3 =

8 Data bits - Tewvzdafiaflddunnudrdniionnga (LSB: Least
Significant Bit) Tuneu
1 Odd Parity bit : W13AlUNA
1 Stop bit -9zdlu 1 e
I Acknowledge bit : Jtnwizadems luiiama Tead ludagunsol iy
. . A o di ' )
Parity bit §n set (= 1) el *1” Yingetluduugu & Data bits
4 a o 4
Parity bit g clear (= 0) iiod “1” Ys1ngillusuaualu 8 Data bits

Fd
Parity bit 1192 1914ATEUIUAT Emor  Detection

] r
= 1

foyandsngunsellialead e uiiveuuiasvesnion uazdoyanidaninlend 1
¢ . " A ¥ o ] 3 o 1 1
gUnsel ( Host - to - device ) 9zgnaTufivevuiuasnion Tasfinnudvesniondosngizning
M 1 d o . o . o
10 - 16.7 kHz Wuvuien 11971 aaondu “High” Wunal 30 - 50 ns ( microsecond ) uazitu
' a . s o ] Y
“Low” iiluiaa1 30 - 50 ps agUgaen dgunsall device ) lludaadranden ud Teadoziiluda

AIUAUNIAOANS HIHUP



25

msaansangunsailUflaad (Device - to - Host)
d o o 1w = ' ] ] [
mudoyauazadonlaiiflu Open coliector ag Asdumuiineagisnituwazraany

[ ng a . 4 o =] 1 1 o 0
+5 V fatiu Idle State voiiafie High WonndnioAfiussadesmsdedoya odrasminagiinms

o4 L] 1 . M4 oy 1q re 1 o @ o & - 1y
as1aae adenlail Iagluaniug High wie'lu A1 lilyuanadr Taadidsidudamsdetoya
I . 5 o @ q W A woA o 1 3 1 4 o ’
o4 uaz device Aoaiimsfvuazinudoyaniodidei leadaawn Tanua sunilaadzviimslase

d o o s ¥ ' B o4 oy ' @ =]
anonlad  ndeanlad dvsogluaniuy High doiipaeniuodnause 50 ms AouagunTel 19z
S ¥ 1 o ¥
aunsairudunisdadoyaveaiuld

anduazdduesa 19 mademsuuusyniu (Serial protocol) Tasfiguunudu 11 wsudia

E 4
=

AWAD:
| Startbit.  : azdANi <07 1arue
8 Databits : Iavvzaviaiiidwunnudrfnfoafiqe (LSB: Least Significant
Bit) 1Wrou

1 Parity bit : Wi3adaf
1 Stopbit aziiu 1" rawe

¢ ad 4 g a I A Y shd y ) ™

anduasfdueiaimsileundariaaly marlaviondonogluanius High nag fusy

] ' 3 s A ] ~ 3 1 qy
imsemdeyaminn leed dlondnnfianzifiu Low augdduaisl

CLOCK

DATA

START
DATAD
DATA1
DATAZ2
DATAI
DATA4
DATAS
DATAS
DATA7Z
PARITY
STOP

i w da & A a4 a
U7 2.7 nasdngauumat lay nazadenfiiaduiieiini fees ludtmmagunsel Tl Toad

(Device-to-Host)

el e e

DATA }

stat o 0 1 1 1 0 0 0 Parity stop
0

s T

A [ . ad o @ A
Ui 2.8 dodumsdeioyn ‘A* anaduosa gD

o a3 H o ar 1
AnuRvenannlszum 10 - 16.7 kHz 81910 YoUMIUYDInADANadoudIn TdToYA
¥ @ ' 3/ LI = ] @ oY ¥ v
ﬂ'ﬂ\ﬂ‘]ﬂﬂﬁﬁ){ﬂiuﬂﬂ 5 ps Llﬂ&l,'m'ﬁ]’lﬂﬂ'l'iﬂ\‘l’lli)gaimﬂﬂ‘ll’ﬂﬂ"u1ﬁ0ﬂﬂﬂﬂﬂﬂﬂﬂﬁﬁﬂﬂﬂ‘]ﬂ.’)ﬁ'l'i&‘ﬂ’)'ld

5-25ps



26

¥

o o ; 1 o o 1
Taadoariinisiudaniidadoualaaaoanal Tasnmsasndonlataaunuily Low ad1atiee

U

4 A W

] Q- : r o o . = [} = o
100 ms S1msaagniudeneundendadgn® 11 guUnsel ( Device ) Avaunidnmsdadeyanidai

o 1

1 a ] {0 ] a [ 3 o4 ; 4 o
ofuaziimsaoudagaveateyafimdsdanenugniinsduiinTeaddnas o leadiimg
1 d 1o o 1 ’ 3 ar 3 n’:
Ugoundon yavesdoyafifidads nougniimsduganinTaadinernaziflu make code , break
4 o L] [} =i o a o
code , device ID , mouse movement packet H30BU q Arvd1ugu HrAGUBTAgARINITTATIHIE
. de w1 ¢ A ¥ b oo : o 1 a Y o J
(interrupt) Vi Adadalud 7 2 voa winlda Falavua 2 Tud ez luhimsdanwz ludn 2 ua
wshimsdata 2 ludlmidnads
¢ a = . ] - o .
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Source Code Program

Tlsupsuvaannduazfduedalfmemasiues
fpragma code

$include <AT892051.h>
#include <string.h>
#include <intrins.h>
fdefine CE P1 4
fdefine C5 P1 3
#define DAT P1_1
#define CLK Pl 2
#define DR1 P1 O
#define MODE TX 0O
#define MODE RX 1

sbit DAT key = P3°2;
sbit CLE key = ;

|
3]
w

»
&)l
~

sbit SDA mou =
sbit 5CL mou = P374;

|
el
w
>
W

unsigned char
0,1,dat, led,datakey, y,w,datmou, datamou, arr_point,rec dat[4];

bit
inbit,parity bit,scrcll bit,num kit,cap bit,inbitmou,parity bitmou;
/***********TRW_Z.,:]G*************/

void Wait (unsigned char g}

{

int 1i;

while (g}

{
i = 0x00;
while (i--};
g-—v

}

void Init TRW24G(void)
{

}

veid CLK TRWZ4 (void)
{

CLK = 0;

Wait (0);

CLK = 1;

Wait (0);
}

void Write TRWZ24 (unsigned char Data)
{



unsigned char j;

bit OQut;

for (§=0:;3<8;j++)

{
Out = Data & 0Ox80;
DAT = Qut;

Data = Data << 1;
CLK TRW24 () ;
}
}
void SetMode TRW24( unsigned char Mode)
{

Wait (200);
CE = 0;
cs = 1;

Write TRWZ24 (0x8E); /* Reserved for testing */
Write TRW24(0x08); /* Reserved for testing */
Write TRWZ24(0x1C); /* Reserved for testing */

Write TRW24(0x10); /* Length of Bit Ch 2 */
Write TRW24(0x10); /* Length of Bit Ch 1 */

Write TRW24(0xCO}; /* Address 5 Byte Ch 2 */

Write TRW24 (OxAA);

Write TRWZ4 (0x55);
)
)

’

Write TRWZ4 {0xAA
Write TRWZ24 {0x55

I

Write TRW24(0xCC); /* Address 5 Byte Ch 1 */
Write TRWZ4 (0x33);
Write TRWZ4 (0xCC);
( i
( )

’

Write TRWZ4(0x33
Write TRWZ4 (0xCC

I

Write TRWZ24 (0xA3); /* Number of Address bit + CRC */
Write TRW24 (0x4F); /* RF Programming */
Write TRWZ4 (OxEBB+Mode);

DAT = Mcde;
DR1 = Mocde;
CE = Mode;

C8 = 0; Waiti(200);

}
void Send TRW24key(unsigned char Data)

{

Wait {1);

Cs = 0y

CE = 1;

Write TRWZ24(0xCC); /*Address*/

Write TRWZ4 (0x33); /*Address*/

Write TRW24(0xCC); /*Rhddress*/

Write TRWZ24(0x33); /*Address*/

Write TRW24 (0xCC); /*Address*/

Write TRWZ4 (0xFF); /*header keyboard*/
Write TRWZ4 (Data): /*keyboard data*/
CLK = 0;

CE = 0;

Wait (1)



}

volid Send TRWZ24mou{unsignec char Data)

f

}

Wait (1};
Cs = 0;
CE = 1;

Write TRWZ24
Write TRW24
Write TRW24

Write TRW24
Write TRW24
Write TRW24

{
(
{
Write TRW24 (
{
{
{

CLK = 0;
CE = 0;
Wait (1) ;

0xCC)

Ox33)

OxCC};
0x33});
0=xCC};
0x00} ;
Datu) ;

/~address*/
/*address*/
/*address*/
/*address*/
/*address*/

/*header mcuse*/

/*mouse data*/

/***********TRW-2‘4G end*‘k*****w***&*/
vold delay5b0 ()

r

;

r

.
r

H

i

_nop_

nop_
_nop__
_hop

_nop
_nop_

{

_nop

{):

_nop_
_nop_
_hop

{12

()¢

_nop_

{):

nop_

1)

noep_

0
}

()r_
(e
O
S
()7
0

{(i_

void delayz5 ()

.
L

i

;

_nop_
_nop

_nop_

{

nop_

T);

ncp

O

_nop__

()

nop

}

{(yi_
(i
()i

()

void one bit{)

{

}

whi
whi

nop _
_nop_
nop_
nop_
_nop_
nop

nop

le
le

volid one bitmouf{)

{

}

whi
whi

void gen led()

{

led
led
led
led
led

le
le

(CLK_key
(CLK_key

{SCL_mou
{5CL _mou

0x00;
led<<1;
led |
led<<l;
led |

(}; nop
(};_nop_
()7 nop_
(}; nop
(}i_nop_
()i _nep_

{1: nop

{); nop
{};_nop_
(: nop
(); nop
(}i_nop_

{};_nop_

()

screll bit;

num bit;

{
{
(
{
{

(

); _nop_
);_nop_
); nop_
)i _nop_
)i _nop_

)i _nop

)z _

(Vs

()7

():_

()¢

i

noo

_nop_
nop
HOp_
_DOp_

nocp_

R

O

()
()
()

();

nop_
nop_
_op_
_nop_
_nop_

_hop_

/*wait for one bit*/

/*gen led keyboard*/

()
()

{1

()

() _
0

_nop_
_nop_
_nop

_nop

nop

nog_

()
(3
(}
{

_{)

{



led = led<<l;

led = led | cap_bit:

for (o=0;0<h;0++) led = led<<l;
}

unsigned char Read key(volid) /*read data from keyboard*/

{
one bit(}; /*gtart bit*/
for (1=0;1<8;1++)
{
while (CLK key == 1};
inbit = DAT key;
dat = dat<<l;
dat = dat | inbit;
while {CLK key == 0);
1
one bit{}: /*parity bit*/
one bit(); /*stcp bit*/
return(dat};

}

unsigned char Read mou(void} /*read data from mouse*/

{

one bitmoul(}; /*start bit*/
for (y=0;y<B;y++)
{

while {3CL_mou == 1);

inbitmou = SDA mou;
datmou = datmou<<l;
datmou = datmou | inbitmou;

while (SCL mou == Q);

cne bitmeoul(); /*parity bit~/
cne_bitmou{); /*stop bit*/
return{datmou) ;

}

void gen parity(unsigned char temp_dat) /*gen parity keyboard*/
{
kit outbit;
int m;
parity kit = 1;
for (m=0;m<8;m++)
{
outbit = temp dat & 0x80;
parity bit "= cutbit;
temp dat = temp dat<<l;
}
}

void gen paritymou(unsigned char temp datmou) /*gen parity mouse*/
{
it outbitmou;
int x;
parity bitmou = 1;
for (x=0;x<B;x++)
{
outbitmou = temp datmou & 0x80;
parity bitmou "= coutbitmou;
temp_datmou = temp datmou<<l;
}

1
void send to key(unsigned char pc_dat) /*send data to keyboard*/



bit outbit;

int n;

gen _parity(pc_dat);

CLK key = 0; /*inhibit communication*/
delay50();

delayb0 ()

delay25(); /*delay 125 us*/

DAT key = 0; /*Request-to-Send + Send Start bit*/

CLK key = 1;

while (CLK key == 1);
for (n=0;n<B;n++}

{

outbit = pc dat & 0xBO;
DAT key = cutbit;
pc_dat = pc_dat<<l;
while (CLK key == 0);
while (CLK key == 1}:

}

DAT key = parity bit;
while (CLK key == 0);

while (CLK key == 1);

DAT key = 1;

while (CLK key == 0);
while (CLK key == 1); /*wait for ACK*/
while (CLK key == 0);
while (DAT key == 0};

1

void send to moujunsigned char cold datmou) /*send data to mouse*/

{
bit outbitmou;

int z;

gen paritymou{cld datmou);

SCL mou = O; /*inhibit communication*/

delaybG();

delay50{);

delay25(); /*delay 125 us*/

SDA mou = 0; /*Request-to-Send + Send Start bit*/

SCL mou = 1;
while (SCL mou == 1);
for (z=0;z<8;z++)
{
cutbitmou = old datmcu & 0xBO0;
cld datmou = old datmou<<l;
S5DA mou = outblitmou;
while (SCL mcu == 0};
while (SCL mou == 1};
1
SDA mou = parity bitmou;
while (SCL mou == 0);
while (SCL mou == 1),
SDA mou = 1;
while (SCL_mou ==
while (SCL_mou ==
while (8CL mou ==
wnile (SDA mou ==

e

/*wait for ACK*/

[ RN ]
-

~

}
void main{void)
{ /*initial trw*/



Init TRW24G(];

SetMode TRWZ4 (MODE TX):

/*initial keybocard*/

scroll bit = O;num bit = l;cap_bit = 0;
/*¥initial mouse*/

datamcu = Read mou({};

while (datamou!=0x55);

datamcu = Read mou();
}

I

while (datamou!=0x00
send_to mou (0xFF};

datamou = Read mou();
while (datamou!=0x5F);
SCL mou=1;

SDA mcu=1;

datamecu = Read mou();
while (datamou!=0x55);
datamcou = Read mcu{);

)

r

while (datamou!=0x00
send to mou (OxFF];
datamou = Read mou{);
while {datamou!=0x5F);
SCL_mou=1;

SDA mou=1;

datamou = Read moul)
while (datamou!=0x55);
datamou = Read mou{);
while (datamou!=0x00)
send to _mou{0xFF);

r

r

datamou = Read mou()};
while (datamou! =0x5F) ;
SCL mou=1;
SDA mcu=1;

r

datamou = Read mou ()
while (datamou!=0x55};
datamcu = Read mou();
while (datamou!=0x0C)
send to mou{CxCFE);
datamou = Read mou();
while (datamou!=0x5F);
send to mou(0x13);
datamou = Read mou();
while (datamou!=0x51);
send to mouilxCFK);
datamecu = Read moul(];
while (datamou!=0=x5F);
send to mou(0xZ6);
datamou = Read mou();
while (datamou!=0x5F);
send to_mou(0xCF);
datamcu = Read mou(];
while (datamou!=0x5F) ;
send to mou(Ox0A);
datamou = Read mouf();
while (datamou!=0x5F);
sendﬁtoAmou(Ox4F);

I

datamou = Read mou{;;
while {datamou!=0x5F};
SCL_mou=l;
SDA mou=1l;

datamou = Read_moul();
while ({datamou!=0xC0) ;



send to mou(0x17);
datamou = Read mou();
while {datamou!=0x5F) ;
send_to_mou (0x40;;
datamou = Read mou!);
while{datamou!=0x5F};
send To mou(0xe7;};
datamou = Read mou();
while(datamou!=0xh¥);
send to mou(0xCF);
datamou = Read mou();
while {datamou!=0x5F);
send to mou(0xid);
datamou = Read mou(};
while {datamou!=0x5F);
send tc mou{0x2F);
datamou = Read mou();
while (datamou!=0x5F);

arr polnt = 0;
/***************main*******************’/

while (1)
{

DAT key = 1;

CLK key = 1;

SDA mou = 1;

SCL mou = 1;

1f (DAT key == 0}
{

/******k****i‘*t**it*ii*iikeyboardi*t************i‘*************/

datakey=Read key{);

Send TRWZ4key{datakey);

if (datakey == 0xEE || dat == Qxl1A& || dat == 0x7E}

{
datakey=Read key():
while (datakey != 0x0F);
Send_TRWZ4key(datakey);
datakey=Read key(];
Send TRWZ4keyidatakey);
switch (datakey}
{

case OxEE : num bit = ~num_bit; break;
case Ox1A : cap bit = ~cap bit; break;
case Ox7E : scroll bit = ~scroll bit; break;
}
gen led();

send to key{0OxB7)
datakey=Read key(

while (datakey != 0x5F);
send to keyiled);
datakey=Read key();
while (datakey != 0x5F);

t

’/***i‘*i’****************keyboard end**t*'ﬂr*********************’/

}

if(8DA mou == ()
{

/***i—*********************mouse*w**w**************************/



datamocu = Read moul();

if(datamou!=0x55)
{
rec dat[arr peint] = datamou;
arr point++;
}
if (arr point == 4)
{
for{w=0;w<4;wtt+)
{
Send TRWZ4mou{rec dat [w]);
delay50();
deiay50(
delay50{
delayb0{
delay50(
delay50
{
{
{

z

I

I

’

F

delay50
delay50
delayb0
delay50(
delay50{
delay50 |
rec_dat|

)
)
)
)
)
) ;
);
).
)
)
)
W

’

s

I

;
] = 0;

}

arr point = 0;

}

/*************#*****w*****mouse endw*************i************/

H



Tilsunsaweannduazfduesalfmeanmadudy; lulasneuinsames fivedunnd
fpragma code

#include <ATB92051.h>
#include <string.h>
#include <intrins.h>
#define CE P1 2
#define CS Pl 3
#define DAT P1 5
#define CLK Pl 4
#define DR1 Pl €
#define MCDE_TXO
#define MCDE RX 1

sbit DAT key = P37Z;
sbit CLK key = F375;

sbit DAT mou = P3"3;
sbit CLK mou = ;

|
av]
(a2

b3
L

bit inbit,databit,databitmou, inbitmou, parity bitmou;
unsigned char m,n,header,re dat, input, %, y,datmou, re datmocu;

/***********TRw_z.4G*************/
void Wait {unsigned char g}

{

int 1i;

while {qg)

{
i = 0x00;
while (i=-~);
q==:

}

veld Init TRWZ24G({void)
{

}

void CLK TRWZ24{void)
{

CLK = 0;

CLK = 1;
}

void Write TRW24 (unsigned char Data)
{
unsigned char j;
bit Out;
for {j=0;3<8;j++)
{
Cut = Data & 0x80;
DAT = Qut;
Data = Data << 1;



CLK_TRW24 () ;
}
}
unsigned char Read TRWZ{4 (void)
{
unsigned char k,Temp;
bit red;
DAT = 1;
for (k=0;k«<8;kt++]
{
Temp = Temp << 1;

CLK = 1;

red = DAT;

if (red) { Temp = Temp + O0x01;}
CLK = 0;

t

return {Temp) ¢

1
void SetMode TRWZ4{ unsigned char Mode)

{

Wait (200);
CE = 0;
cs = 1;

Write TRWZ24 (OxBE); /* Reserved for testing */
Write TRW24 (0x08); /* Reserved for testing */
Write TRW24{0x1C); /* Reserved for testing */

Write TRW24 (0x10); /> Length of Bit Ch 2 */
Write TRWZ24(0x10); /~ Length of Bit Ch 1 */

Write TRWZ4(0xCQ); /* Address 5 Byte Ch 2 */
Write TRW24 (OxAR);

Write TRW24 (0x55);

Write TRW24{OXAA),

Write TRWZ4{0x55);
Write TRW24{0xCC); /* Address 5 Byte Ch 1 */
Write TRWZ24 (0x33);

Write TRWZ4 (0xCC):

Write TRWZ4 (0x33);

Write TRW24(0xCC);

Write TRWZ4 (0xAR3); /* Number of Address bit + CRC */
Write TRWZ4(0x4F); /* RF Programming */

Write TRWZ4 (0xz88+Mode);

DAT = Mode;
DR1 = Mode;
CE = Mode:

C5 = 0; Wait (200};
}

/***********TRW-2-4G end******i**-&***/
void delay50()
{

_nop_(); nop ();_nop_{};_nop_{);_nop_(); nop_{);_nop_{}i_nop_{(]
;_nop (}:
_nop (};_nop_(); _nop_{}; nop_(); nop_{(); nop_{}: nop_ (};_nop_({)

i nop_(};



_nop_{); nop_{};_nop_(); nop_();_nop_{}; nop_{);_nop_{):_nop_{)

; nop ()2

“nop_{(); nop_{}; nop {(); nop_(); nop_{(}; nop_ ();_ncp_{();_nop_ ()
; nop_{);

_nop_{); _nop_(}; nop (); nop_{};_nop_(}; _nop_{}; _nop_():_nop ()
; nop {():

_nep () nop_{);_nop_{); nop_ {}; nop_ (}; _nop_(); ncp (); nop_()
: nop_();

_nop (); nop_{):_nop_{);

}
void delayZ5()
{

_nep_{(); nop_{i; nep {(); mop {}; nop_{(i;_nop_();_nop_();_nop_I()

;_nop_();
}
/*clock keyboard*/
void Clock high()
{
CLK key = 1;
delayZ25{);
}
voild Clock_low()
1
CLK _key = 0;
delay25¢);
1
/*clock mouse*/
vold Clock highmou ()
{
CLK _mou =
delayb0{(;;
1

void Clock lowmou{)
{
CLK mou = 0;
delay50¢();
}

void gen paritymou(unsigned char temp datmou) /*gen parity mouse*/
- . _b

{

bit cutbitmou;

int z;

parity bitmou = 1;

for (z=0;z<8;z++)

{

outbitrnou = temp datmou & JUxBO;
parity bitmou = cutbitmou;
temp datmcu = temp datmou<<l;

}
}

void send data_key(unsigned char old dat)/*send data key to mcs key*/

{

while (CLK key == 0};

DAT key = 0;

Clock low(});

Clock_high{);

for (m=0;m<8;m++)

{
databit = old dat & 0x80;
DAT key databkit;

Il



cld dat = old dat<<l;
Clock lowl();
Clock high();

}
DAT key = 1;
CLK key 1;

H

}

void send data mou{unsigned char old datmou)/*send data mouse to pc*/
{
gen_paritymou{old_datmou};
while (CLK mou == 0);

DAT mou = 0y /*check clock high at least E0us*/
CLK mou = 0y

delayS50();

CLK mou = 1;

delay>0();

for (x=0;x<g;x++)
{
databitmou = cld datmou & Ox8&0;
DAT mou = databitmou;
cold datmou = ¢ld datmou<<l;
CLK mou = 0;

delay>0();
CLK mou = 1;
delay>0();
}

DAT mou = parity bitmou;

CLK mou = 0;

delay30();

CLK mou = 1:

delayS50();

DAT mou = 1;

CLK mou = 0;

delay50(]);

CLK mou = 1;
}

vold receive from _mou() interrupt 2 /*interrupt from INT1l;pc boot
mouse*/
{
if (DAT meu == 0 && CLE_mou == 0}
{
while (CLK mcu == 0);
Clock highmou(); /*start bit>/
Clock_lowmou (]
for (y=0;y<8;y++)
{

inbitmou = DAT mou;
re datmou = re_datmou<<ly
re datmou = re datmou | inbitmou;

Clock highmou();
Clock_lowmou ()
}
Clecck nighmeu{); /*parity bit*/
Clock lowmou();
Clock_highmecu{); /*stop bit*/
Clock lowmoul();
DAT mou = 0; /*BCK™* /
Cleck highmouf);



Clock lowmou () ;
DAT mou = 1;
CLK mou = 1;
switch (re datmou)
case 0OxFF:
sendidata_mou(OXBF);sendfdata_mou(@x55);send_dataimou(OxOO);

break;
case 0x4F: send data mcu(Ux5F); send_data?mou(OxCO); break;
case 0x7F: send_data mou{input); break;
case 0x6F: send data mou{0x5F); send data mou (0x26);
send data_mou{0x40}; gend data mou(0x67); break;
default : send data mou(0x5F); break;

}
}
}
vold main{void)

{

/*initial interrupt*/

IT1 = 0x01;
ITO = Cx01;
IE = 0x85;

/*initial trw*/
Init TRW24G(};
SetMOde_TRWZQ(MODEiRX);

/*main*/
while (1)
{
DAT key = 1;
CLK key = 1;
DAT mou = 1;
CLK mou = i;

while ('DR1);
header=Read TRWZ24 () ;
1f (header==0xFF)
{

/t**irir**********-k**keyboard*************&****/
input=Read TRW24{}:
send data key{inpuz};

/******************keyboard end****&****&*t**/

}
if (header==0x00)

{

/*******************mouse********************/
input = Read TBWZ4(};

if (input!=0x55)

{send data mou{input);}

/*******************mouse end****************/



4 ¢ ¢ o 1 W
Tsunsuvesanguaziduaialimenmadiniu: lnsneulnsaans nneduftueia

#pragma code

#include <ATB92051.h>
#include <string.h>
#include <intrins.h>

sbit DAT key = P373;
sbit CLK key = ;

|
g
L
b
e
"

sbit DAT mcs P1+7;
sbit CLK mcs = P1°6;

bit inbit,parity bit,databit;

unsigned char m,n,o,dat,1l,re dat, input;

void delayS0(}
{

_nop_();_nop_{); nop ()i _nop_(};_nop_ {);_nop_{1; nop (}; nop_{()
i nop ()

~mop_(); nop {(); nmop_(); _nop_(); nop_{);_nop_{}; nop_()i_nop_{()
;_nop ():

_nop ()i nop_();_nop_(); nop_(};_nop_(); nop_{}; nop_{); nop_ ()
i_nop_();

“nop_{}; nop_(}; _nop (); nop (}; nop_{);_nop {}; nop_();_nocp_ ()
i_nop_();

_nop_{);_nop (); nop_{(); _nop_{(}; nop ()i _nop_(}; nep ();_nocp_()
; nop_():

_nop ();_nop_{();_nep_(); _nop_{}; nog_(}; _nop_(};_ncp_{(); nop_{()
;_nop ()

“nop_(}; nop_{};_nop_();

}
void delaylQ0 ()

{

delay50();delay50(); delay50(); delayb0{); delay50();

1
volid delay3c00¢(}

{

delaylQC(); delaylQ0({); delayl0Q0(); delayl00{); delayl00();
delayi0O0(); delayl00(); delaylC0(); delayl0O0{();

}
void delay500ms ()

{

delay3600();delay3600() ;delay3€00():delay3600() ;delay3600() del
ay3600() ;delay3600() ;delay3600();delay3600{);delay3600{);

delay3600();delay3600();delay3600();delay3600() ;delay2600();del
ay3600¢();delay3600();delay3600{};de:ay3600{);delay3600(};

delay3600() ;delay3600();delay3600() ;delay3600();delay3600{) ;del
ay3600();delay3600();delay3600¢{);delay3600C() ;delay3600(};

delay3600();delay3600();delay3600¢{);delay3600();delay3600() ;del
ay3d600({);delay3600();delay3600{);delay3600(] ;delay3600{});

delay3600() ;delay3600();delay3600() ;delay36C0() ;delay3600();del
ay3600();delay3600(};delay3600(};delay3600{} ;delay36001();

delayBﬁOO();delayBGOO(];delay3600();delay3600(j;delay3600();del
ay3600() ;delay3600();delay3600();delay3600{);delay3600();

delay36C0();delay3600(};delay3600() ;delay3600() ;delay3600();del
ay3600();delay3600();delay3600();delay3600(};delay3600(};

delay3600();delay2600{);delay3600(} ;delay3600{) ;delay3600(];ael
ay3600();delay3600(};delay3600(} ;delay3600{);delay3600();



delay3600();delay3600();delay3600() ;delay3600();delay3600() ;del
ay3600() ;delay3600();delay3600() ;delay3600() ;delay3600{);

delay3600 () ;delay3600();delay3600();delay36C0 () ;delay3ad0(),;del
ay3600();delay3600();delay3600(),;delay3600();delay3600();

delay3600();delay3600();delay3600();;delay3600();delay3600(};del
ay3600();delay3600();delay3600() ;delay3600() ;delay3600(};

delay3600();delay3600() :;delay3600() ;delay3600(),;delay3600() ;del
ay3600();delay3600();delay3600();delay3600();delay3600();

delay3600¢();delay3600();delay36C0();delay3600() ;delay2600(};del
ay3600();;delay3600();delay3600();delay3600();delay3600();

delay3600 () ;delay3600();delay3600() ;delay3600();delay3600(};del
ay3600 () ;delay3600{);:;delay3600();delay3600() ;delay36C0{);

}

/*clock keyboard*/
void Clock high()
{
CLK key = 1;
delayb0{);
}

vold Clock low()
{
CLK key = 0;
delay50({)};
}

void one bit ()} /*walt for one bit*/
{

while (CLK mcs

while (CLK mcs

1
0

)y
Vi
}

void gen parity{unsigned char temp_dat) /*gen parity keyboard=*/
{
bit cuthit;
int 1;
parity bit = 1;
for (1=0;1<8;1++)
{
outbit = temp_dat & 0xB0;
parity bit ~= outbit;
temp dat = temp dat<<l;

}
void send data key(unsigned char old_dat)/*send data keyboard to pc~/

{
gen parity(old dat);

while (CLK key == 0);

DAT key = 0; /*check clock high at least S0us*/
Clock low(}:

Clock high();

for (m=0;m<8;m++)
{
databit = old dat & 0Ox80;

DAT key = databit;
old dat = old dat<<1;
Clock_low();

Clock high();



DAT key
Clock low{
Clock _high
DAT key
Clock _low(
Clock high({

arity bit;

Vi

¢

P
)
(
)

)i

H

unsigned char Read key(void) /*read data keyboard from mcs mouse*/

{
one bit(});
for (1=0;1<8;1++)
{

while 1}
inkit
dat
dat

while

{CLK_mcs
DAT mcs;
dat<<l;

dat | inbit:
(CLK mcs ==

Vi
}

return{dat);
}

void receive from key()

keyboard=*/
{
if (DAT key == 0 &é& CLK
{
while (CLK key ==
Clock high():
Clock_lowl(i:
for (n=0;n<8;n++)
{
inbit = DAT
re dat = re |
re dat = re_
Clock_high{}

Clock low{};
1
Clock high();
Clock low!(};
Clock _high();
Clock lowl(};
DAT key = 0;
Clock highi});
Clock low(
DAT key
CLE key

{

)
= 1;
1

’

delaylQQC ()

switch(re dat)
{

case Ox4F
sendﬁdata_key(OxDS); break;
case OxFF send data key(0x5F);
send_data_key (0x55); break;
case 0x7F send data key{input)
case 0Ox77

default

}

send data key{0x3F);

send data key(0x77);

send data key(Ox5F};

/* start bit*/

interrupt 2/*interrupt from INTl;pc boot

key == 0)

)i
/*start bit*/

key;
dat<<l;
dat | inbit;

/*parity bit*/
/*stop bit*/

/*ACK*/

delayl00();
delayi00ms ()

; break;
break;

break;



}
}
void main(void)

{

/*initial interrupt*/

ITl = 0Ox01;
ITO = Ox01;
IE = 0Ox85;

/*main*/
while (1)
{
/*keyboard*/
DAT key = 1:
CLK key = 1;
input=Read key{):
if (input == OxEE || input == 0xiA || input == Ox7E | |input == 0x55}
{
IE = 0x85;
send data key(input);
for (o=0;0<2;0++)

{

i

CAT key 1;

CLK key = 1:

input = Read keyl();
send data key{input];

else

TE = 0x00;
send data key(input);
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High frequency TRF-2.4G Transceiver module

Specification
® Frequency Range: 2.4~2.524 GHz ISM band
® Modulate Mode: GFSK

® Data Rate: 1Mbps; 250Kbps

® Multi channel operation: 125 channels, Channel switching time<200uS,
Support frequency hopping

® Emulated full duplex RF link due to the 1Mbits/s on the air data rate

® Simultaneous dual receiver

® Data slicer / clock recovery of data

® Including decoder, encoder and data buffer and CRC computation

® ShockBurst mode for ultra-low power operation and relaxed MCU
performance

® Sensitivity: -90dBm

® Built in antenna

® Power supply range: 1.9t0 3.6 V

® | ow supply current (TX), typical 10.5mA peak@ -5dBm output power

® | ow supply current (RX), typical18mA peak in receive mode

® Supply current in Power Down Mode: 1 uA

® Operating Temperature: -40~+85 Centigrade

® Size: 20.5*36.5"2.4mm

® 100% RF tested

& Competitive price

Applications

Wireless mouse, keyboard, joystick

Wireless data communication

Alarm and security systems

Home automation

Wireless Earphone

Telemetry

Surveillance

Automotive

GENERAL DESCRIPTION

Laipac TRF-2.4G Module is an easy to use radio transceiver for the world wide
2.4 - 2.5 GHz ISM band. The transceiver consists of an antenna, a fully integrated
frequency synthesizer, a power amplifier, a crystal oscillator and a modulator.
Output power and frequency channels are easily programmable by use of the
3-wire serial interface. Current consumption is very low, only 10.5mA at an output
power of -5dBm and 18mA in receive mode. Built-in Power Down modes makes
power saving easily realizable.
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ELECTRICAL SPECIFICATIONS
Conditions: VCC = +3V, VSS = 0V, Ta= - 40°C to + 85°C

Symbol Parameter (condition) Notes | Min. Ttp. Max. Units
Operating conditions

VCC Supply voltage 1.9 3.0 3.6 v

TEMP Operating Temperature -40 +27 +85 °C
Digital input pin

Vin HIGH level input voltage VCC-0.3 vCC

ViL LOW level input voltage Vss 0.3 v
Digital output pin

VoH HIGH level output voltage (I0H=-0.5mA) VCC-03 VCC v

VoL LOW level output voltage (JOL=0.5mA) Vss 0.3 Y
General RF conditions

fop Operating frequency D 2400 2524 MHz

Af Frequency deviation +156 kHz

Rarsk Data rate ShockBurst >0 1000 kbps

RGFsK Data rate Direct Mode 2) 250 1000 kbps

Fcrannil | Channel spacing 1 MHz

Transmitter operation

PrF Maxtmum Output Power H 0 +4 dBm
PrrC RF Power Control Range 16 20 dB
PRFCR RF Power Control Range Resolution 3 dB
Pew 20dB Bandwidth for Modulated Carrier 1000 kHz
Prr2 2nd Adjacent Channel Transmit Power 2MHz -20 dBm
PrE3 3rd Adjacent Channel Transmit Power 3MHz -40 dBm
Ivee Supply current @ 0dBm output power 4) 13 mA
Ivee Supply current @ -20dBm output power 4) 8.8 mA
lvce Average Supply current @ -5dBm output ! 3) 0.8 mA
power, ShockBurst
Ivce Average Supply current in stand-by mode | 6) 12 HA
fvee Average Supply current in power down 1 HA

Receiver operation

Ivee Supply current one channel 250kbps 18 mA
Ivee Supply current one channel 1000kbps 19 mA
Iver Supply current two channels 250kbps 23 mA
Ivee Supply current two channels 1000kbps 25 mA
RXsENS Sensitivity at 0.1%BER {@250kbps) -90 dBm
RXskNs Sensitivity at 0.1%BER {(@ ! 000kbps) -80 dBm
3
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C/lco C/1 Co-channel 6 dB

/st s Adjacent Channel Selectivity C/1 -1 dB
IMHz

C/l2nD 2nd Adjacent Channel Selectivity C/] -16 dB
2MHz

C/13rD 3.« Adjacent Channel Selectivity C/1 3MHz -26 dB

RXB Blocking Data Channel 2 -41 dB

1) Usable band is determined by local regulations
2) Data rate must be either 250kbps or 1000kbps.
3) De-embedded Antenna load impedance = 400
4) De-embedded Antenna load impedance = 400 . Effective data rate 250kbps
or 1Mbps.
5) De-embedded Antenna load impedance = 400 . Effective data rate 10kbps.
6) Current if 4 MHz crystal is used.
Table 1 TRF-2.4G RF specifications

PIN ASSIGNMENT

VGG

DR2
DOUT2
GND » DR1
e - DATA
CLK2 »
cS »

9
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20.5mm

10.25mm

3.2mm H TP LR

3mm

amm

Tmm

Mote: The connector pitch size is 1.25mm, mourting hole diameter is 2.8min

PIN FUNCTIONS
Pin | Name Pin funtion | Description
1 GND Power Gound (0V)
2 CE Input Chip Enable activates RX or TX mode
3 CLK2 /O Clock outpw/input for RX data channel 2
4 CS Input Chip Select activates Configuration mode
5 CLK1 1/0 Clock Input(TX)&1/O(RX) for data channel 1 3-wire interface
6 DATA 1'0O RX data channel 1/TX data input /3-wire interface
7 DRI Outpui R X data ready at data channel |1 (ShockBurst only)
g DouUT2 Output RX data channel 2
9 DR2 Cutput RX data ready at data channel 2 (ShockBurst only)
10 | VCC Power Power Supply (+3V DC)
Table 2 TRF-2.4G pin function
MODE OF OPERATION
TRF-2.4G can be set in the following main mode:
Mode CE CsS
Active (RX /TX) 1 0
Configuration 0 1
Stand by 0 0
Table 3 TRF-2.4G main modes
5
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TRF-2.4G has two active (RX /TX) modes:
® ShockBurst
® Direct Mode

The device functionality in these modes is decided by the content of a
configuration word. This configuration word is presented in configuration section.

Absolute Maximum Ratings

Supply voltages

VCCa e, -03Vto+36V
VSS e ov
Input/Output voltages

Y/ S -03V1ie VCC + 0.3V

%/ o -03Vie VCC+ 03V
Total Power Dissipation
Po(TA=85°C)rurccrireiireerreeenne S90mWwW
Temperatures

Operating Temperature.... - 40°C to + 85°C
Storage Temperature....... -40°C to + 125°C
ShockBurst Mode

The ShockBurst technology uses on-chip FIFO to clock in data at a low data rate
and transmit at a very high rate thus enabling extremely power reduction.

When operating the TRF-2.4G in ShockBurst, you gain access to the high data
rates {1 Mbps) offered by the 2.4 GHz band without the need of a costly,
high-speed micro

controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocol on-chip, the
TRF-2.4G offers the following benefits:

» Highly reduced current consumption
» Lower system cost (facilitates use of less expensive micro controller)
« Greatly reduced risk of ‘on-air’ collisions due to short transmission time

The TRF-2.4G can be programmed using a simple 3-wire interface where the
data rate is decided by the speed of the micro controlier.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF link, the nRF ShockBurst mode reduces the average
current consumption in applications considerably.

6
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ShockBurst principle

When the TRF-2.4G is configured in ShockBurst, TX or RX operation is
conducted in the following way (10 kbps for the example only).

\f d__)
Sonbneoas TS
McU . TRFI-2-=IG 1
i ShockBurst  1Mbps

Figure 0 Clocking in data with MCU and sending with ShockBursttechnology

Without ShockBurst  runnng as speed dictated Dy 10Kbs MCLU
| |
T 1OmA perod  10Khs MU wih ShockBurst
1 26 40 &l 80 1449 1M 140 163 180 200 24 240
Time mS

Figure 1 Current consumption with & without ShockBursttechnology

TRF-2.4G ShockBurst Transmit:

MCU interface pins: CE, CLK1, DATA

1. When the application MCU has data to send, set CE high. This activates
TRF-2.4G on-board data processing.
2. The address of the receiving node (RX address) and payload data is
clocked into the TRF-2.4G. The application protocol or MCU sets the speed
<1Mbps (ex: 10kbps).
3. MCU sets CE low, this activates a TRF-2.4G ShockBurst transmission.
4. TRF-2.4G ShockBurst:

¢ RF front end is powered up

= RF package is completed (preamble added, CRC calculated)

e Data is transmitted at high speed (250 kbps or 1 Mbps configured by

user).
e TRF-2.4G return to stand-by when finished

7
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TRF-2.4G
in ShockBurst
TIX(CE=Hi)?

Data content of registers:

MCU Loading
ADDR & PAYLOAD
data ADDR PAYLOAD
4
TRF-2.4G
Calculating CRC ADDR PAYLOAD CRC
—— - - - ——Maximum 256 bits
NO
CE=Low ?
YES
TRF-2.4G o
Adding Preamble - amble ADDR PAYLOAD CRC

:

TRF-2.4G Sending
ShockBurst Package «—
{ 250K or 1Mbps )

( Input FIFO not Empty

YES

Sending
completed?

Figure 2 Flow Chart ShockBurst Transmit of TRF-2.4G

8

Laipac Technology Inc. www.laipac.com Phone +1-%05-7621228 Fax +1-505~7631737



TRF-2.4G ShockBurst Receive:

MCU interface pins: CE, DR1, CLK1 and DATA (one RX channel receive)
1. Correct address and size of payload of incoming RF packages are set
when TRF-2.4G is configured to ShockBurst RX.
2. To activate RX, set CE high.
3. After 200 s settling, TRF-2.4G is monitoring the air for incoming
communication.
4. When a valid package has been received (correct address and CRC
found), TRF-2.4G removes the preamble, address and CRC bits.
9. TRF-2.4G then notifies (interrupts) the MCU by setting the DR1 pin high.
6. MCU may (or may not) set the CE low to disable the RF front end (tow
current mode).
7. The MCU will clock out just the payload data at a suitable rate (ex. 10
kbps).
8. When all payload data is retrieved TRF-2.4G sets DR1 low again, and is
ready for new incoming data package if CE is kept high during data
download. If the CE was set low, a new start up sequence can begin, see
Figure 2.

9
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RF-2.4
in ShockBurst
RX ?

Data content of registers:

TRF-2.4G -
—»| Detects Preamble & e ADDR PAYLOAD CRC
Incoming Data

ADDR PAYLOAD CRC

TRF-2.4G
Receives Data & ADDR PAYLOAD CRC

Checking CRC

NO
ADDR PAYLOAD CRC

YES
TRF-2 4G
Set Data Ready
(DR1/2) High PAYLOAD
A
MCU
Clock out Payload PAYLOAD

RF-2.4G
Register
Empty?

YES

TRF-2.4G
Set Data Ready Output Register Empty
{DR1/2) Low

Figure 3 Flow Chart ShockBurst Receive of TRF-2.4G
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TRF-2.4G Direct Mode:
In direct mode the TRF-2.4G works like a traditional RF device. Data must be at
1Mbps, or 250kbps at low data rate setting, for the receiver to detect the signals.

Direct Mode Transmit:

MCU interface pins: CE, DATA
1. When application MCU has data to send, set CE high
2. The TRF-2.4G RF front end is now immediately activated, and after 200
seconds settling time, data will modulate the carrier directly.
3. All RF protocol parts must hence be implemented in MCU firmware
{preamble, address and CRC).

Direct Mode Receive:

MCU interface pins: CE, CLK1, and DATA
1. Once the TRF-2.4G is configured and powered up (CE high) in direct RX
mode, DATA will start to toggle due to noise present on the air.
2. CLK1 will also start to toggle as TRF-2.4G is trying to lock on to the
incoming data stream.
3. Once a valid preamble arrives, CLK1 and DATA will lock on to the
incoming signal and the RF package will appear at the DATA pin with the
same speed as it is transmitted.
4. To enable the demodulator to re-generate the clock, the preamble must be
8 bits toggling hi-low, starting with low if the first data bit low.
2. In this mode no data ready (DR) signals is available. Address and
checksum verification must also be done in the receiving MC.

DuoCeiver Simultaneous Two Channel Receive Mode
In both ShockBurst & Direct modes the TRF-2.4G can facilitate simultaneous
reception of two parallel independent frequency channels at the maximum data
rate.
This means:
¢ TRF-2.4G can receive data from two 1 Mbps transmitters, 8 MHz (8
frequency channels) apart through one antenna interface.
» The output from the two data channels is fed to two separate MCU
interfaces.
e Data channel 1: CLK1, DATA, and DR1
e Data channelf 2: CLK2, DOUTZ2, and DR2
+ DR1 and DR2 are availabie only in ShockBurst.
The DuoCeiver technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.

H
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/ TRF-2.4G
\, TX / RX
TRF-2.4G : N
TX /RX -
/ .
& : TRF-2.4G
o TX /RX

Figure 4 Simultaneous 2 channel receive on TRF-2.4G

There is one absolute requirement for using the second data channel. For the
TRF-2.4G to be able to receive at the second data channel the frequency channel
must be 8MHz higher than the frequency of data channel 1. The TRF-2.4G must
be programmed to receive at the frequency of data channel 1. No time ultiplexing
is used in TRF-2.4G to fulfil this function. In direct mode the MCU must be able to
handle two simultaneously incoming data packets if it is not multiplexing between
the two data channels. In ShockBurst it is possibie for the MCU to clock out one
data channel at a time while data on the other data channel waits for MCU
availability, without any lost data packets, and by doing so reduce the needed
performance of the MCU.

FIFQ1 TRF.
DI[D DATA TRF2.4G 216

DR1

CLKY

ShoedBurst Engine \“{

| == 1001

— -
5@] DuoCeiver \/ | T

MO o
Auto-Addess & CRC Compube L T

oRe p| o 101 1

cue
TRF-
W FIFQ2 241G
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-
Clock ADDR [ DRI
Fper ™ Recovery. el CRC [ CLK1 > DataiF,..)
DataSlicer Check | ml DATA
_<
Clock ADDR DR2
Fep-=FrpBMHZ  ——®  Recovery. - CRC —w CLK2 > DataiFg..)
DataSlicer Cheok | g DDUTz_J

Figure 5 DuoCeiver with two simultaneously independent receive channels.

Configuration Mode

In configuration mode a configuration word of up to 15 bytes is downloaded to
TRF-2.4G. This is done through a simple 3-wire interface (CS, CLK1 and DATA).
For more information on configuration please refer to the TRF-2.4G Device
configuration chapter on next 2nd page.

Stand-By Mode

Stand by mode is used to minimize average current consumption while aintaining
short start up times. In this mode, part of the crystal oscillator is active. Current
consumption is dependent on crystal frequency (Ex: 12uA @ 4 MHz, 32uA@
16MHz). The configuration word content is maintained during stand by.

Power Down Mode

In power down the TRF-2.4G is disabled with minimal current consumption,
typically less than 1 A. Entering this mode when the device is not active
minimizes average current consumption, maximizing battery lifetime. The
configuration word content is maintained during power down.

13
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DEVICE CONFIGURATION

All configuration of the TRF-2.4G is done via a 3-wire interface to a single
configuration register. The configuration word can be up to 15 bytes long for
ShockBurst use and up to 2 bytes long for direct mode.

Configuration for ShockBurst operation

The configuration word in ShockBurst enables the TRF-2.4G to handle the RF
protocol. Once the protocol is completed and loaded into TRF-2.4G only one byte,
bit[7:0], needs to be updated during actual operation.

The configuration blocks dedicated to ShockBurst is as follows:
 Payload section width: Specifies the number of payload bits in a RF package.
This enables the TRF-2.4G to distinguish between payload data and the CRC
bytes in a received package.
» Address width: Sets the number of bits used for address in the RF package.
This enables the TRF-2.4G to distinguish between address and payload data.
¢ Address (RX Channel 1 and 2): Destination address for received data.
e CRC: Enables TRF-2.4G on-chip CRC generation and de-coding.

NOTE:

These configuration blocks, with the exception of the CRC, are dedicated for the
packages that a TRF-2.4G is to receive.

in TX mode, the MCU must generate an address and a payload section that fits
the configuration of the TRF-2.4G that is to receive the data.

When using the TRF-2.4G on-chip CRC feature ensure that CRC is enabled and
uses the same length for both the TX and RX devices.

| PRE-AMBLE | ADDRESS | PAYLOAD | CRC |
Figure 6 Data packet set-up

Configuration for Direct Mode operation

For direct mode operation only the two first bytes (bit[15:0]) of the configuring
word are relevant.
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Configuration Word overview

Bit Number | Name Function
position | of bits
e | 143:120 24 TEST Reserved for testing
S
= | 119:112 8 DATA2 W | Length of data payload section RX channel |
B
g | 111:104 8 DATA] W | Length of data payload section RX channel |
=
£ 110364 40 ADDR2 Up to 5 bytes address for channel 2
(%]
7 16324 40 ADDRI Up to 5 bytes address for channel |
é 23:18 6 ADDR W | Number of address bits{both RX channels)
E 17 I CRC L 8 or 16 bits CRC
216 1 CRC _EN Enable on-chip CRC generation/checking
- 15 1 RX2 EN Enable two channel receive mode
;§ 14 1 CM Communication mode ( Direct or ShockBurst)
;:'lIJ 13 1 RFDR SB | RF data rate (! Mbps requires 16MHz crystal)
‘E 12:10 3 X0 F Crystal frequency (Factory default 16MHz crystal mounted)
¥
E 9:8 2 RF PWR RF output power
W
-
s 7:1 7 RF CH# Frequency channel
7]
5 0 1 RXEN RX or TX operation

Tablte 4 Table of configuration words.

The configuration word is shifted in MSB first on positive CLK1 edges. New
configuration is enabled on the falling edge of CS.

NOTE.

On the failing edge of CS, the TRF-2.4G updates the number of bits actually
shifted in during the last configuration.

Ex:

If the TRF-2.4G is to be configured for 2 channel RX in ShockBurst, a total of 120
bits must be shifted in during the first configuration after VCC is applied.

Once the wanted protocol, modus and RF channel are set, only one bit (RXEN) is
shifted in to switch between RX and TX.

15
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Configuration Word Detailed Description

The following describes the function of the 144 bits (bit 143 = MSB) that is used to
configure the TRF-2.4G.

General Device Configuration: bit[15:0]
ShockBurst Configuration: bit[119:0]
Test Configuration: bit[143:120}

2153 TEST

Di+s | D1s2 FO40 [ oner [ oo [ 213 12027 [ Dl

Facamed fovcennng

S S D A A I .2
Mua | =37
T Tt o o o e n 150 o0 o B Te e o0 1o 150 5
Reserad for teting Tk FLL G T
O R DR - SN I NN I DB VR RN A I I S I S IS N 2

DATAY W
DI (DI [or [ ole[oas o= o o
Dt widdy chansel=l o = of it aveludnz add cic

I l Vv l 1 ] 4 | i ] a ] a l o Zabl ]

DATS W
Dl.i [ D1 |25 [ owe [ on” [ 1€ [ o0 [ Dig
Dtz widts chammel=l n: ® of it exeueng sdd cic

e P e oy T =EE |

s
DIgs | o6 [ o0l | . [ o1 | Do [ Dz | DFS | DE [ o5 [ 55 [ ot
C hanta,= Suddrers 35 fun o $0ks
| D S I AN N S A S 2 PO I R Esax |
ADDEE
Der [oér Tpses b Jpst [ow [Dxw [2is [Dx JDis [DF Tpia
Chone=1 Adddrers 35 1up 2o 4010
I R D O R I R A R Cadur |

ADDR W
D2z [ D [ D2 [ D Die [z
Adiiness wadh i = ef burs both channals)

a T s T 17T & T v T TeRn ]

CEL
D1” D
CRE Mecel= 6o C=8bir § CRC D =amns © = doable
i T HET
2F-Fiemazenmy o5
207 Dl DI [DU O JDs [38 D" JDe [P [D- DD ]2 [ 2%
TunCh 3T [605 SO Fequency FX Towm Chazel cemcnon INEY
7 7 S R I D R A I N I R N R T =5

Table 5 Configuration data word
The MSB bit shouid be loaded first into the configuration register.

ShochBurst configuation:

The section B[119:16] contains the segments of the configuration register
dedicated to ShockBurst operational protocol. After VCC s turned on ShockBurst
configuration is done once and remains set whilst VCC is present. During
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ADDR1: Receiver address channel 1, up to 40 bit.

NOTE!
Bits in ADDRx exceeding the address width set in ADDR_W are redundant
and can be set to logic 0.

ADDR_Wa& CRC

ADDR W CRC_ L |CRC_EN
23 22 21 20 19 18 17 16
Table 8 Number of bits reserved for RX address + CRC setting.

Bit 23 - 18:
ADDR_W: Number of bits reserved for RX address in ShockBurst
packages.
NOTE:
Maximum number of address bits is 40 (5 bytes). Values over 40 in
ADDR_W are not valid.
Bit 17:
CRC_L: CRC length to be caiculated by TRF-2.4G in ShockBurst.
Logic 0: 8 bit CRC
Logic 1: 16 bit CRC
Bit: 16:
CRC_EN: Enables on-chip CRC generation (TX) and verification (RX).
Logic 0: On-chip CRC generation/checking disabled
Logic 1: On-chip CRC generation/checking enabled
NOTE:
An 8 bit CRC will increase the number of payload bits possible in
each ShockBurst data packet, but will also reduce the system
integrity.

General device configuration:

This section of the configuration word handles RF and device related parameters.
Modes:
RX2 EN CM RFDR SB XO F RF PWR

15 14 13 12 11 10 9 8

Table 9 RF operational settings.
Bit 15:
RX2_EN:
Logic 0: One channel receive
Logic 1: Two channels receive

18
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NOTE:

In two channels receive, the TRF-2.4G receives on two, separate
frequency channels simultaneously. The frequency of receive channel
1 is set in the configuration word B[7-1], receive channel 2 is always 8

channels (8 MHz) above receive channel 1.
Bit 14:

Communication Mode:
Logic 0: TRF-2.4G operates in direct mode.

Logic 1: TRF-2.4G operates in ShockBurst mode
Bit 13:

RF Data Rate:
Logic 0: 250 kbps
Logic 1: 1 Mbps

NOTE:
Utilizing 250 kbps instead of 1Mbps will improve the receiver
sensitivity by 10 dB. 1Mbps requires 16MHz crystal.

Bit 12-10:
XO_F: Selects the TRF-2.4G crystal frequency to be used:

XO FREQUENCY SELECTION
D12 D11 D10 Crystal Frequency (MHz)
0 1 1 16
Factory default: 16MHz Crystal is used inside module
Table 10 Crystal frequency setting.

Bit 9-8:
RF_PWR: Sets TRF-2.4G RF output power in transmit mode:

RF OUTPUT POWER
D9 | D8 P (dBm)
0 0 -20

0 i -10

| 0 5

| 1 0

Table 11 RF output power setting.

RF channel & direction

RF CH# RXEN
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Table 12 Frequency channel + RX / TX setting.
Bit 7 — 1:
RF_CH#: Sets the frequency channel the TRF-2.4G operates on.
The channel frequency in transmit is given by:
Channelgr = 2400MHz + RF CH# *1.OMH:z
RF _CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 is given by:
Channelr = 2400MHz + RF CH# *1 OMHz (Reiceive at PIN#5)
RF_CH #: between 2400MHz and 2524MHz may be set.
NOTE:
The channels above 83 can only be utilized in certain territories (ex: Japan)
The channel frequency in data channel 2 is given by:
Channelgs = 2400MHz + RF CH# *1. O0MHz+8MHz (Reiceive at PIN#4) 7?7
RF_CH #: between 2408MHz and 2524MHz may be set.
Bit O:
Set active mode:
Logic 0: transmit mode
Logic 1: receive mode
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operation only the first byte for frequency channel and RX/TX switching need to
be changed.

DATAx W
DATA2 W
119 | 118 117 116 15 114 113 112
DATAl W
i1 | 110 109 108 107 106 105 104
Table 6 Number of bits in payload.
Bit 119 - 112:

DATA2 W: Length of RF package payload section for receive-channel 2.
Bit 111 — 104:
DATA1_W: Length of RF package payload section for receive-channel 1.
NOTE:
The total number of bits in a ShockBurst RF package may not exceed 256!
Maximum length of payload section is hence given by:
DATAx _Wi(bits) = 256-ADDR_W - CRC
Where:
ADDR_W: length of RX address set in configuration word B[23:18]
CRC: check sum, 8 or 16 bits set in configuration word B[17]
PRE: preamble, 4 or 8 bits are automatically included
Shorter address and CRC leaves more room for payload data in each package.

ADDRXx
ADDR2
103 | 102 | 101 | ... ... 71 [70 |69 |68 |67 [66 |65 |64
ADDRI1
63 |62 |61 | ... .. 31 |30 [29 {28 |27 |26 [25 |24
Table 7 Address of receiver #2 and receiver #1.
Bit 103 — 64:

ADDR?2: Receiver address channel 2, up to 40 bit.
Bit 63 — 24: ADDR1
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DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLOAD CRC
Figure 7 Data Package Diagram

The data packet for both ShockBurst mode and direct mode communication is
divided into 4 sections. These are:

| » The preamble fi¢ld is required in ShockBurst and Direct modes
PREAMBLE | «Preamble is 8 (or 4) bits in length and is dependent of the first data bit in
direct mode.

PREAMBLE 1« ADDR-BIT

olotolol o

10101010 ¢

¢ Preamble is automatically added to the data packet in ShockBurst and
thereby gives extra space for payload.

¢ In ShockBurst mode the preamble is stripped from the received ;)ulpul

data. in direct mode the preamble is transparent to the output data.

2 ADDRESS | » The address field is requircd in ShockBurst mode.
« 8 to 40 bits length.
» Address automatically removed from received packet in ShockBurst

mode. In Direct mode MCLU must handle address.

3 PAYLOAD | » The data to be transmitted

+ In Shock-Burst mode payload size is 256 bits minus the following:
{Address: 8 to 40 bits, 4+ CRC 8 or 16 bits).

= [n Direct mode the payload size is defined by tMbps for 4ms: 4000 bits
minus the following: (Preamblc: 8 (or 4) bits. + Address: 8 to 40 bits, +
CRC: 0. 8 or 16 bits).

4 CRC * The CRC is optional in ShockBurst mode,
and is not used in Direct mode.
= 8 or 16 bits length

s The CRC is stripped from the received output data.

Table 13 Data package description
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IMPORTANT TIMING DATA

The following timing applies for operation of TRF-2.4G.
TRF-2.4G Timing Information

TRF-2.4G timing Max. Min. Name
PWR _DWN=> ST_BY mode 3ms Tpd2sby
PWR_DWN =>Active mode (RX/TX) 3ms Tpd2a
ST BY == TX ShockBurst 19515 Tsby2tx5B
ST _BY => TX Direct Mode 202us Tsby2xDM
ST BY => RX mode 202us Tsby2rx
Minimum delay from CS to data Sps Tes2data
Minimum delay trom CE to data Sps Tce2data
Minimum delay from DR1/2 to clk 50ns Tdr2clk
Maximum delay from clk to data 50ns Telk2data
Delay between edges 50ns Td
Setup time 500ns Ts
Hold time 500ns Th
Delay 1o finish intemal GFSK data 1/data rate Tfd
Minimum input clock high 500ns Thmin
Set-up of data in Direct Mode 50ns Tsdm
Minimum clock high in Direct Mode 300ns Thdm
Minimum clock low in Direct Mode 230ns Tldm

Table 14 Switching times for TRF-2.4G

When the TRF-2.4G is in power down it must always settle in stand-by (Tpd2sby)
before it can enter configuration or one of the active modes.

|
i
/

CE

|
|
|
|
! F— -y ‘;' '8 "
|
|
|

i

DATA

00000000000

Tpd2Zsby
Figure 8 Timing diagram for power down (or VCC off) to stand by mode
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I !
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i i
i :
CS { E
| |
CE | /
|
CLK1 | LOO00COUCOOCL
i L ‘ . X .
DATA § CO0CO00CO0C00CEL
| |
le. .

Trad®a

Figure 9 Power down (or VCC off) to active mode

Note that the configuration word will be lost when VCC is turned off and that the
device then must be configured before going to one of the active modes. If the
device is configured one can go directly from power down to the wanted active

mode.
Note:

CE and CS may not be high at the same time. Setting one or the other
decides whether configuration or active mode is entered.

Laipac Technolocgy
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Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the
following timing apply.

vee {

CE |
i T ANUY- = == = A
aa T gy

Figure 10 Timing diagram for configuration of TRF-2.4G
If configuration mode is entered from power down, CS can be set high after
Tpd2sby as shown in Figure 10.
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ShockBurst mode timing

ShockBurst TX:
=y

| L

VCC g | !

s W

Ck A | .

TR VYV VITIV
DATA SN JE’_DJlL'( BEEEEERS 85 5 T
ANT1ANTZ : : g

*“;.\ ~— e Tr.l:-_;:r:i‘E.. T
N N, -

N —~—_

[ : |

S |

| i |

\,'[:I./f{ : ;j'""'”;i I

ckil N

N ; P |

DATA |_>‘< X X |

Figure 11 Timing of ShockBurst in TX
The package length and the data rate give the delay Toa (time on air), as shown

in the equation.
Toa = 1/datarate * (#databits +1)
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ShockBurst RX:
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Figure 12 Timing of ShockBurst in RX
The CE may be kept high during downloading of data, but the cost is higher

current consumption (18mA) and the benefit is no start-up time (200 s) after the
DR1 goes low.

Direct Mode
26
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Direct Mode TX

VCC

pacn TER OO0 ---- 50000 L

P OO0 - - - - 00000

R

Toalbk " Tt

H 1
. i

T Tahy 21201

-

Figure 13 Timing of direct mode TX

In TX direct mode the input data will be sampled by TRF-2.4G and therefore no

clock is needed. The clock must be stable at low level during transmission due to

noise considerations. The exact delay Tsby2txDM is given by the equation:
Teoyzoom = 194US + 1/F * 14 + 2.25uS
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Direct Mode RX

t=40

VCC

LK1

—— —, J— L —p—— — —

N EEE R
A LAY r B .'.l

DATA DT i

ANT LANT2 IR I A S
P . |
Tc Tsbhy2n d
Gl AT

: -

P ; ~d i

CLK12 . | W

DATADCUT2 P e

Tsctm

Figure 14 Timing of direct mode RX

Tsby2rx describes the delay from the positive edge of CE to the start detection of
(demodulated) incoming data.

PERIPHERAL RFINFORMATION
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Antenna output

The ANT1 & ANT2 output pins provide a balanced RF output to the antenna. The
pins must have a DC path to VCC, either via a RF choke or via the center point in
a dipole antenna. The load impedance seen between the ANT1/ANT2 outputs
should be in the range 200-700 . A de-embedded load impedance i.e.
impedance seen at drain terminals of the output transistors of 400 _is
recommended for maximum output power (0dBm). Lower load impedance (for
instance 50 ) can be obtained by fitting a simple matching network.

Output Power adjustment

Power setting bits of RF output power DC current
Configuring word consumption
11 0 dBm =343 13.0 mA
10 -5 dBm +3dB 10.5 mA
01 -10 dBm +3dB 9.4 mA
00 220 dBm £3dB 8.8 mA

Conditions: VCC = 3.0V, V55 =0V, TA = 27°C, Load impedance = 400

Table 15 RF output power setting for the TRF-2.4G.
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Configuration Word Example
1 Channel, Freq.: 2410MHz, 1Mbps and Transmit mode:

Bit143 Bit142 Bit41 Bit140 Bit139 Bit138 Bit137 Bit136
! 0 0 0 | 1 1 0
Bitl35 Bit134 Bit133 Bit132 Bitl31 Bit130 Bit129 Bit128
0 0 0 0 1 0 0 0
Bit127 Bit126 Biti25 Biti24 Bit123 Bit122 Bit121 Bit120
0 0 0 1 1 [ 0 0
Bit119 Bitl18 Bitl117 Bitl16 Bitl15 Bitl14 Bitl13 Bit112
1 i 0 0 | 0 0 0
Bitl1l Biti10 Bit109 Bit108 Bit107 Bitt06 Bit105 Bit104
I I 0 0 1 0 0 0
Bitt03 Bit102 Bitl01 Bit100 Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bii88
1 0 ! 0 ! 0 1 0
Bit87 Bit86 Bit85 Bit84 Bii83 Bit82 Bit8! Bit80
0 1 0 1 0 I 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
I 0 I 0 1 0 ] 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 ! 0 I 0 1
Bit63 Bit62 Bit6 1 Bit60 Bit59 Bit58 Bit57 Bit56
! 0 I 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bi47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 I 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 ] 0 ]
Bit31 Bit30 Bit29 Bit28 Bi27 Bit26 Bit25 Bi24
1 0 I 0 1 0 i 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bit16
t 0 I 0 0 0 i !
Bitl5 Bit4 Bit13 Bitl2 Bitll Bit10 Bit9 Bit8
0 1 i 0 1 1 ] 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0

Table 16 Configuration Example
30
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