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Abstract

The objective of the project is to design and construct the digital wireless receiving/transmitting audio
signal system using the module TRW 2.4 GHz as a device for receiving and sending digital signal between the
Mixer and the Crossover Network. With this module, it is operated at 2.4 GHz, GFSK (Gaussian Frequency Shift
Keying) modulated where the data speed is at 250 kilo bits per second. The proposed digital audio wireless system
is comprised of two main circuits which are the transmitting circuit and the receiving circuit. The transmitting
circuit is designed to send audio signal in digital format while the receiving circuit is designed to detect the address
of the received digital signal and amplify the audio signal and then send through a iloudspeaker by crossover

network.
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2.3 msidauveialulnsneuiniaiaesju ET-BASE ARM7024 (ADUC7024)

7 o - ¥
ET-BASE ARM7024 Hunesalulnsnoulnsieailuaszga ARM7 suin 64 Pin Fudeonld

¥
luTasnouTnsians s ADUCT024 408 Analog Device il MCU tszd1uesa Tas MCU juilozussy

¥ ¥
agnuluAI0uL 64 Pin LQFP Tag MCU dailazligamu o anuainialumageuaenudygy v

2 a : ) ° 1 ) o 1 dy
U1Y Analog ¥3UN4 ADC YUIR 1210 01UIU 10 ¥D 3 Lo DAC YU 1210 31UIU 2 1ﬂﬂuﬂﬂﬂ1ﬂullf’1"fl

Y < das 1 vy Voo A& 2 o vy
ﬂ'ﬂllﬁ"li.ﬂSﬂ'ﬂN@n‘u‘ﬂ'ﬂﬂﬂ’J'\llli'ﬂuﬂTﬂJiﬁll’JﬂNﬂﬂﬂﬂ'ﬂhl.llﬂﬂﬂﬂ'ﬂﬂ’lﬂu"] “]Nﬁ"llﬂﬁﬂ?ﬂ\'ﬂu“lﬂﬂﬂﬂ

AN 41.78 MHz Tav1d XTAL 32.768KHz 57011112995 2A1D111 Phase Lock Loop atvlud)

¥ F 4 ]
MCU wenvinitudrdalinuiteunioudiogunssiiuguanqisuiiudens1dau  Tudeaiy

#120ANU TU5UATULLY Flash Y18 62 kbyte tazniioanud 1 1¥auuun RAM Fafiunda 8 kbyte
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muﬁlummlmqﬂnim Peripheral uuﬂuﬂ’ﬂﬂinﬂ’]ul'ﬂn1$Llﬂﬂ15u1"lﬂﬂ‘i$Qﬂﬂ1‘]fﬂ1ulﬂU’JﬂUﬂ'li

aruquuazilszyranadaq 1ddueinsd Tavezfiia SPI, UART,Watchdog, Timer/Counter, PWM Ing



s o ¥ 4 s 9 Va d A g o
ﬂ'\'iﬂi’)ﬂl.lll'ﬂjﬂiﬂﬂg13ﬂ@\ﬂlﬂiﬂuuﬂ$luuﬁﬂ\'l‘“lﬂﬂﬂl'ﬂ\'l'ﬂﬂ3ﬂ1ﬂBﬂlu’lﬂlaﬂl“ﬂiﬁTlUﬁﬂﬂWiu‘l1'].'

Uszona 1 unzazandemsiann Tlsunsy

2.3.1 guauiinvesuein
@onl¥ MCU aszna ARM7 TDMI Core (95 ADUc7024 U84 Analog Device 11U MCU
szdwesa Tandonlfunasiifiadganwuiniuuy XTAL 132768 KHz Faoansn
AMuAM3¥aI3 A Phase Lock Loop 1 MCU amnsailszsnanadauanudgagai
41.78 MHz 18820 Tavguianiidamusgues MCU laun
- fimieaud Flash dwmsudiouTUsunsy 62KByte uaz I RAM 41719 8Kbyte
- Inesa VO $1U9U 5 woTnAe PO(6BIL),P1(8Bit),P2(1Bit),P3(8Bit) taz P4(8Bit)
- ?J’Nil'iéﬂi’ﬂ‘iﬂlgﬂ‘ill UART §143% 1 Wosa uaziingesdoans SPI$1am 1 wesa
- 12993 Timer/Counter 112U 4 9@
- 1173993 ADC 919 124in $117U 10 $89 1Az DAC vua 12 ia $109u 2 ¥4
- 1793 Watchdog, Power-ON Reset, PWM
a‘j:m'aﬁ'iyiym /O #3111 TTL U Header 2x5 11474 3 4@ (P1,P3 Laz P4)

9
o

I}
-3
- {960 LCD 11 Header 2x7 3835 UN5 1300618111 1.CD Character (1I¥01ADNUY 4 1in)

9
- fivee 19 RS232 dwmsuldaiu uag M3 U Download H11 RS232
- MurasneTiuiia +5VDC 328 Regulate 3.3V on Board %0y LED €/01Ug Power

- 411 PCB Size 1an#H84 8 x 6 cm.
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710 2.6 Tnsaadrauesa ET-BASE ARM7024 (ADUc7024)

. yaneay 1 4o anonraing IMEowsveesa Wi solwasa +5vDC

- WIBIAY 2 0 Port-LCD ¥1iA Character Type 19 31Fondnini 4 Gia fi Port-P4[0..6]
« vaneay 3 Ao sadumudwmsvlsumaaraiedd Lep

« ¥iaEIaY 4 10 Port-P4 1 Y1114 8 Bit Ao P4[0..7]

- WANGIAY 5 fiD 9260 ADC $191 10 ¥94 fip ADCI0..9]

- HINBIaY 6 Ao YARBII RSB TH ADC MIRMBUBN

- WINBIDY 7 A0 270 DAC $147M 2 ¥83 D DACIO..1]

- vaneIay 8 Ao YAdens iuo199e1d DAC Minnouen

« WY 9 719 MCU 1183 ADUC7024 Fuiilu MCU @3z ARM7TDMI 910 Analog Device
« Yiangav 10 fio Crystal A1 32.768 KHz

« @@y 11 A0 Port-P0 3 4114 6 Bit Al P0[0,3,4,5,6,7] 1Az Port-P2 i 1 1in fia P2[0]

« 11818V 12 A Port-P1 1 Y118 6 Bit Ao P1[2..7]
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- HaNenav 13 7v Port-P3 1 ¥11A 8 Bit v P3[0..7]

* HANYIAY 14 A1D Switch RESET 19651 Reset M3%191M03 CPU

« HaBIAY 15 AD Switch LOAD 1¥52uffu RESET dm$uds Download HEX 18 MCU
- MNEIAY 16 70 13D ARM-ITAG 1131 Debug T1/51n53

 vinea 17 e 130 RS232 dwmduldaustyl oz Download HEX 18 MCU

- HINENAY 18 A LED Power 15uananuzyaumaniy W +5vDC
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194 VO MFoudemnnudya ey MCU Tauns s avun TaogaiFeuse fudyguniousnves

o o

veia il
- areivasiievin ¢SV DC
- 280 Port— PO T 6 A 710 PO [0.3.4.5.6,7]
- i Port P17 6 fia #i0 PI [2,3,4,5,6.71 81 P1.0 uaz P11 QNITONADHIUINS Line
Driver (MAX232) #iuntlassziudaasainszduladn TTL woe McU Thiludyega
HIIAUANIATFIUYDI RS232 Tﬂﬂﬁtgtymﬁ"lﬁ'%’ummﬂmﬁ‘lmmu Rs232 ﬂ:gm%ﬂuﬁa”lﬂ

58 13NaA 81U CPA %114 4 PIN (RS232)

9
o

- 4788 Port— P2 114 1 1ia A P2.0

(37

- 420 Port— P3 fjv11@ 8 1in Ao P2 [0,1,2,3,4.5,6,7]

(1]

- 4769 Port— P4 ivua 8 1in Aa P4 [0,1,2.3,4,5,6.7] 1a0iin15a0 ”n;npm"hlﬁaﬂ% LCD #78
$1u0u 7 4 e P4 [0,1,2,3,4,5,6] 1A 18

- sade ADC Tvam 10 901 e ADCO - ADCO Tauudyann Analog 18521313 0 2.5V

- 99503 3AUH1989UB1 DAC (DAC Reference) 310A0UBNYLIA 0 — 3V

- e DAC flwna 2 ¥e4 DACO, DACT Tavannsaadiadayaa Analog 140 - 2.5V

- A5UNSIRUA19BIUBI ADC (+Vref ADC) 1INNWUBAVUIA 0 — 2.5V

- 4HD ARM-JATG

¥
a0 o

- 9200 I RS232
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Wiring Diagram
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2.4.1.9 e luga
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Tnualumsldaues TRW-2.4 GHz Tiag 2 Tnusde
2.4.2.1 Shock Burst Mede
2.4.2.2 Direct Mode
Tﬂﬂuiﬂiqa1u°f?'lﬁﬁmu@ﬂﬁ'lngam1né"?mﬁnnﬁnmiﬂﬂhﬂ Shock Burst 453 1taziB6n

¥
fawo 11l

111 Shock Burst
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¥ 14 v
(First in — First out) laglumsdedoyatisisszdusanlumsddadoyalinnanniduazsedy
3 F PPN @ a 9 = o Y ¥
anuiaqe e Tugannudingiialulvua shock Burst  annsmmumsididsszdudeyalags (1
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o dy
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’ Ed
- aansvuiuvesdoyadioldnanlunms duszozdug

nénmahaluluua Shock Burst
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dieinsimuan I TugaiauluTuua Shock Burst 1d2 msiamveslugalumsiwds

¥

Ed
Toyalindnmaniauai

msastoyalulua Shock Burst
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TuTasnoulnsames Miagluaaiuz « ow » wonszquli Tugavimsddeya



fiinomanan nesvoinimanty i 17

msfudeyalulvium Shock Burst
d o 4 Y [l
Taolulasnoulnsames Mnsi¥eudouel CE, CLKI, DRI uaz DATA (nsanld
Fosdn NI oUADD)
A e 4 W ¥ A ¥ w o 9@
- 1}i® RF package lupaas angnaoauazviiavedteyauin 1 lugaszimswani 1y CE
agluanIug  high ”
A v do ¥ Y ¥ o ¥
- edeyanTvdmngndesieamsauaz CRC gnAss) Tuganz#inisdny preamble, address 1az
CRC TavwzudalildalulnsneuInsawes Tiiimsmaai DR1 Tdeglumarus « high » uazimadin
1 4
CE Togluaouz “low” Moveniwuziihinisiudeyasy
7 o 1 A& Qg ve W ¥ A o . o
- luTnsneuTnsaweivzmhmsmaduie Idiudeyaldmuzaunaziiioninsivdoymais
Soufeveziimameailian DRI TWegluaaiug « low ” ivon3vuwieunszFudoyaiidaunlvi
2.42.1.1 Tvua Acive (RX/TX) fioTvuavoamisy — dadoya nannziinssuds
Ed
YoyasrAnaiimsia CE 18y 1 w3od1 High Aoudazaan Cs 1Hilu 0 nie Low TavluTnuail
viiTnuades1l9uBnie Tnua Shock Burst 118z Tiua Direct Aanaaalunis 19 2.1
2.4.2.1.2 Tnum Configuration #n Inuanisasn s udul¥nonldansy uoansa nisen
1 ¥
wasveavlsudoyadagili 2.13 narwziimsdsildnudesiimaae e Ididlu 0 m3e31 Low fou
naz 1A ¢S T | w5e High daaaluaisei 2-8
2.42.13 Tnua Sand by 195vunsaunsenissenisniaiu (yu sefudygiaein

winanalao e CE waz s Whilu o wielvedluemniiz Low damnsluamisisdi 2.

v ¥
131930 2.1 M3AeA TMuan13iiau

Mode CE CS
Active {(RX/TX} 1 0
Configuration 0 1
Stand by 0 0

243  diwlsznovveigadeya

Preamble Address Payload CRC

daulsznevvesyadoyautic1didu 4 dau fo

- Preamble Sumunsnvesyadoya iieumagas uduveamsutoya
- Address Sudiuiizyueamsavesiniudeya

- Payload iludniifiudoya

- crC dludwildasnaounnuianaaiinveayadoya
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244 mnmumwﬂmyammmin@amma’mq

Tumshazdmuamldnudr Tuganudingie i TuganudinghisuluTnuaii
¥ ¥ ¥ .
dpamstiusiwemsuneundessmuaniey lstheasludumstianmls dnfuaisiehiz.2 szuaas
o 1 = o Ao Hq 9 ] T Yo ey
dAurdavasiamoludnlugannudIngilelumsdmuaa viuda lugannuding
2.4.5 asaenidau
d oraw 4w s s @ ¥ . g
Tumsdsmldnusuauvedlugaoiieniues TRW - 24 GHz 1iudssinuatayn

144 iia i lugalasfideyalundnzdaliswaziBoadinsan 2.2 uaz 2.10

4 7 o o ' ¢ ¢
M15197 2.2 AanFumsinuuaazvivesTugaeisewiues TRW - 2.4 GHz

Pin
Pin Name Description
Function
1 | GND POWER | Ground (0V)
2 | CE Input Chip Enable Activates RX or TX mode
3 { CLK2 170 Clock Output/Input for RX data channel 2
4 | CS Input Chip Select Activates Configuration mode
5 | CLKl1 o Clock Input TX)&I/O (RX) for data channel | 3-Wire Interface
6 | DATA /O RX data channel 1/TX data Input 3-Wire Interface
7 | DRI Output RX data ready at data channel 1 (Shock Burst only)
8§ | DOUT2 Output RX data channel 2
9 | D2 Output RX data ready at data channel 2 (Shock Burst only)
10 | VCC POWER | Power Supply (+3V DC)




a3 2.3 maasn idauSuduvesTugaesieriues TRW - 2.4 GHz

Configuration Number of bit Name Funetion

143 :120 24 | TEST Reserve for testing

119:112 8 DATA2 W Length of data payload section
RX channel 2

Shock Burst | 111:104 8 DATA1 W Length of data payload section
configuration RX channel 1

103 :64 40 | ADDRI Up to 5 bytes address for
chammel 2

63 :24 40 | ADDR2 Up to 5 bytes address for
channel 1

23:18 6 ADDR W Number of address bits (both
RX channels)

17 1 CRC L 8 or 16 bits CRC

16 1 CRC_EN Enable on-chip CRC
generation/checking

General 15 1 RX2 EN Enable two channel receive
Device mode
configuration 14 1 CM Communication mode (Direct or

Shock Burst)

13 1 RFDR SB RF data rate (1 Mbps requires
16 MHz crystal)

12:10 3 X0 F Crystal frequency (Factory

default 16 MHz crystal

mounted)

19
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TEST 10 24 iia Asumiafiai 143-120 Suduusnveamsaan ao ifudufids MsB
veaunnng oen 1y

DATA2 W $1u7u 8 i fidumddaded 119-112 dudivdismuannuomvestayaiiogyiins
FU-6/9984 channel 2

DATAIW §1u9u 8 in figumisdiail 111-104 Wudauiidmuannuonvesdayaiiesiinns
FU-9v04 channel |

ADDR2 #1171 40 Tin Adwmiadafi 103-64 fudiufitimuaueansausadmiuias Address
fidpansdaveduds ves channel 2

ADDRI $1u21 40 Tin fidwmisiiaf 63-24 Wudrufimimuaueamsavesduiunag Address
oI5 d1up A YD channel |

ADDR W $11u21 6 1in fiawmisfinfi 23-18 fluaviiaauldwteusamse vosdusy

CRC L $ 1 1 ia Fanmisdadt 17 unssmuadiez 14 CRC-8 uSa CRC-16

CRC_EN #1117 1 @ Fdmmdadiad 16 Funsfmuadiazasivaey CRC nioly

RX2 EN $wu 1 ia fdwmisiad 15 fudwfivz@entesiu 1 91 nie 2 o9

cM $ruau 1 0 Fdwmisiiah 14 @uduiideninoz1d Tnue Direct w3 Tnua ShockBurst

RFDR_SB #112u 1 1a Feuenisian 3 dudmimuanandarlunisds Feezildiben 2
9813A9 250 n ladnAeiuiiiuay 1 wnzliadoTun

XO F $1au 3 ia Aawmistiaf 1210 Sududennufiveansaa

RF PWR 1191 2 14 Agumisfiad o-8 Wudmdmuadidads

RF_CH §1u7u 7 Ga figmmiatiadf 7-1 dludufmuasesdagne

RXEN #1u0u 1 1n Adumisden o fludaumsimuainzaamiosy
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2.4.5.1 Configuration mode timing

iio 1 9 w50 1A 1 5@ T configuration word Sutlunezdealaeualas 151

vz 1lq 18910 timing
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PAR_UFR | i
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CLKA MHu W TV WU
pate  TEEM 'ﬁDFU: ------ 00
el L
TN I
\ ) - —-
cs —
CK M |
ray aN T
CLKd \ru_/i,_ﬁl_
H Ml Eg -
D&TA D¥._,M‘,z,,,4, ). .o
|3
i':%! Ts Tn
~d
@
b

j_ﬂﬁ 2.13 Timing Diagram #1131 configuration 3TUVHOY nRF2401

al configuration mode 9111910 power down CS @111310 set high N9 10 Tpd2sby Taouansld
iulugli 2.13

2.4.5.2 Shock Burst Mode Timing

Shock Burst TX
t=e
| |
PWR_UP | i
e
T
cEy 5 QP —y |
CLK] T.x____*t "‘L"'-k}'”'-u"u' S AT AT L TATE
paTA TV HEEeeee- SRR
| |
ANTHANT2 1 T O
TN | i j
Td \ te— Teywsh  Toa
~
~
\ -
| |
cs| 1

317 2.14 Timing 403 Shock Burst Tu TX
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Tilsunsumamnaa
#include <ADUc7024 H>
#include <stdio.h>

// For Used Function printf
#include "led.h"
#include "trw.h"
#include "delay.h"
void test_adc(void);
// Test ADC 12Bit/10Channel
void test_dac(void);
// Test DAC 12Bit/2Channel
void test_lcd(void);
/f Test LCD 16x2
void test manual(void);

/! Test Port-10

JREE A ok ko sk kR KRR s Rk

/* Interrupt Service Rountine */

stk sk skl sk ook ok ok ok b ok sk RSk KRRk ok |

void IRQ_Handler (void) _irq
// TRQ Service Routine
{

static unsigned int 1=0;

if ((IRQSTA & 0x00000008) !=0)
// if Timer] TRQ Flag Status
{
if (++i > 1000)
{
/i GPIDAT "= 0x00800000;
// Complement P0.7
i=0;
;

// ADUc7024 MPU Register



TI1CLRI=0;

// Clear Timerl Trigger IRQ Flag

return ;

/* Main Program Start Here */
int main(void)
{
unsigned int send = 0;
GPICON = 0x0000001 1;
// Setup P1.1 = TXD & P1.0 = RXD
GP4CON = 0x00000000;
// Setup for GP1O
// Initial UART = 9600BPS
COMCONO = 0x80;
// Setting DLAB
COMDIVO0 = 0x88;
// Setting DIVO and DIV to DI. calculated
COMDIV1 = 0x00;
COMCONO = 0x07;
// Clearing DLAB
printf{"\fSystem Starting\rin™);
// Config GPIO Direction (Bit[31..24])
// Config GPIO Data Output (Bit[23..16])
GPIDAT = (x80000000;
#/ P1[7] = Output
data_dir_write();
/f Config GPIO Set Output (Bit[23..16])
GPISET = 0x00800000;
/I OFF P1[7]



GP4SET = 0x00000000;
// OFF P4 =0
IRQEN |= 0x00000008;

// Enable Timer1 Trigger IRQ Interrupt

// HCLK = 41.78 MHz
// Time 1 Cycle = 1/41.78 MHz
H = 23.9348 nS
// Time | KHz =1/1000
1 = 1 mS
// 1KHz Signal = Low 500uS + High 500uS
// Count 1 KHz = 500uS /23.9348nS8
7 = 20890 Cycle
/ TILD = 20890;
// Timer1 Count 500uS
TILD =41780;
// Timerl Count 500uS
T1CON &= OxFFFFFFFO;
// Prescale = HCLK / |
TI1CON &= OxFFFFFFCF;
// Format = Binary Counter
T1CON |= 0x00000040;
// Timerl Mode = Periodic
TICON &= OxFFFFFEFF;
// Timerl = Count Down
TICON &= OxFFFFFIFF;
// Timerl Clock Source = HCLK
T1CON |= 0x00000080;
/f Timer} Enable

/{ Power-ON ADC
ADCCON = 0x00000000;
// Reset ADC Config



ADCCON = 0x00000020;

// Power-ON ADC Function
delay(1000};

// Wait ADC Power-on Ready

ADCCON |= 0x00001400;
// ADC Clock = fADC/32
ADCCON [= 0x00000300;

// Acquisition Time = 16 Cycle Clock

ADCCON &= OxFFFFFFET;

/f ADC = Single-End Mode
ADCCON [= 0x00000004;

/f Continue Software Convert
REFCON = 0x00000001;

/f Used Internal 2.5V Reference
ADCCON |=  0x00000080;

/I ADC Start Conversion
ADCCP =0;
delay ms(1000);

data_dir write();

GP4SET = 0x00000000;
trw_clkl cln();
trw_ce_clr);

trw_cs_clr();

delay ms(10);
RF_CONFIG(1);
delay ms(10);

send = 2500;
while(1)

// Loop Continue

/f Select Channel to Conversion



while (|ADCSTA)};

{/ Wait ADC Conversion Complete (Bit0="1")

send = (ADCDAT >> 16)& 0x00000FFF;

Result to Integer
SEND_RF(send),
delay us(245);
GPIDAT “= 0x00800000;

// Complement P0.7

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

/* Write Character To UART */
/***************************[
int putchar(int ch)
Write character to Serial Port
{
if (ch="n")
{
while(!(0x40==(COMSTAOQ & 0x40)))
{
}
COMTX = 0x0D;
// Write CR
h
while(1(0x40==(COMSTAO & 0x40)))
Complete
{
}

return {(COMTX = ch);
}

/! Shift ADC

1

// Wait TX Complete

/f Wait TX



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

/* Read Character From UART */
JrEE R Rk Rk ok R kR f
int getchar (void)
// Read character from Serial Port
"

while(!(0x01==(COMSTAQ & 0x01))) // Wait
Receive Data Ready

t

}

return (COMRX});
}

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

/* Test ADC 12Bit/10Ch */
/*********#*************/
void test_adc(void)
{
unsigned int val;
// ADC Result (HEX)
float volt;
// ADC Result Volit
int adc_scan;

// ADC Channel Scan

// Power-ON ADC
ADCCON = 0x00000000;

/f Reset ADC Config
ADCCON [= 0x00000020;

// Power-ON ADC Function
delay(1000);

/f Wait ADC Power-on Ready



ADCCON |= 0x00001400;

// ADC Clock = fADC/32
ADCCON [= 0x00000300;

// Acquisition Time = 16 Cycle Clock
ADCCON &= 0xFFFFFFE7;

/f ADC = Single-End Mode
ADCCON [= 0x00000004;

/f Continue Software Convert
REFCON = 0x00000001;

// Used Internal 2.5V Reference
ADCCON |=  0x00000080;

// ADC Start Conversion

printf"ET-ARM7 BASE ADUc7024.. TEST ADCI[0..9]\n\0");// Call printf Function
printf(" ADC Analog Input Voltage = 0-2.5V\n\n\0");

while (1)
i
printf("\rADC Result\0");

// Start Message Display

for (adc _scan=0;adc_scan<10;adc_scan++)
// Read 10-Channel ADC(ADCI0..9])

{

ADCCP = adc_scan; // Select Channel to Conversion
delay(1000);
// Wait Select Channcl Ready
while ({ADCSTA){};
// Wait ADC Conversion Complete (Bit0="1")

val = {ADCDAT >> 16)& 0x00000FFF; // Shift ADC Result to Integer



volt = val * (2.50 / 4096.0); /{ Volt = ADC Result x [2.5V / 4095]

printf(" : %1.11",volt); // Display 3-Digit Result(0-2.5V)
delay(1000);

H

printf{” Volt\r\0"); // End of Message Display

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

* Test DAC 12Bit/2Ch */

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

void test_dac(void}

{

const static unsigned short table_sine[64] = // Sine Function
{
Ox07FF, 0x08C8, 0x098E, 0x0A51, 0xOBOF, 0x0BC4, 0x0C71, 0x0D12,
0x0DA7, 0xOE2E, 0x0EAS, 0xGFOD, 0x0F63, 0x0F A6, 0xOFD7, Ox0FFS5,
0x0OFFF, 0x0FF5, 0x0FD7, 0x0FA6, 0x0F63, 0x0F0D, OxOEAS, 0x0E2E,

0x0DA7, 0x0D12, 0x0C71, 0xOBC4, 0x0BOF, 0x0AS51, 0x098E, 0x08C8,
0x07FF, 0x0736, 0x0670, 0x05AD, 0x04EF, 0x043A, 0x038D, 0x02EC,
0x0257, 0x01D0, 0x0159, 0x00F 1, 0x009B, 0x0058, 0x0027, 0x0009,
0x0000, 0x0009, 0x0027, 0x0058, 0x009B, 0x00F1, 0x0159, 0x01DO0,
0x0257, 0x02EC, 0x038D, 0x043A, 0x04EF, 0x05AD, 0x0670, 0x0736

|5

int i=0;

// Initial DACO

DACOCON &= 0xDF;

/f DACO Used Sysytem Clock
DACOCON [= 0x10;

// Enable DACO



DACOCON |= 0x03;
// DACO Output Range = AVDD..AGND

// Initial DAC1

DACICON &= 0xDF;

/f DACO Used Sysytem Clock

DACICON = 0x10;

// Enable DACO

DACICON [= 0x02;

// DACQO Output Range = +Vref.. AGND

REFCON =0x01; // Used Internal 2.5V Reference

while(1)
// Loop Continue

{

DACODAT = (table_sine[i] << 16); /f Update DACO Sine Output(0..3V3)
DACIDAT = ((i * 0x3F) << 16); / Update DAC1 SAW Output(0..2V5)
s
// Next Pointer
i &= 0x3F; //0..63
i
H
/‘****************/

/* Test Port-10 */

JRRAAAR ARk |

void test_manual(void)

{
unsigned char rs232_data; /f R8232 Get Byte
unsigned long int LED; /f LED Output Status Buffer
// Test Qutput GPIO (Active "0")
// P4[7..0] <- P3[7..0] <- P1[7..2] <- P2[0] <- PO[7..3] <- PO[0]



// Config All Port = GPIO

GPOCON = 0x00000000;, // PO =GPIO

GP1CON = 0x0000001 1; // PO[7..2]=GPIO,P1.1 = TXD & P1.0 = RXD
GP2CON = 0x00000000;, // P2 =GPIO

GP3CON = 0x00000000; // P3 =GPIO

GP4CON = 0x00000000; // P4 = GPIO

/{ Config GPIO Direction (Bit[31..24])
// Config GPIO Data Output (Bit[23..16])

GPODAT = 0xF9000000; // P0[7,6,5,4,3,0] = Output
GP1DAT = 0xFC000000; /1 P1[7,6,5,4,3,2] = Output
GP2DAT = 0x01000000; // P2[0] = Output

GP3DAT = OxFF000000; /1 P3[7,6,5,4,3,2,1,0] = Output
GP4DAT = 0xFF000000; // P4(7,6,5,4,3,2,1,0] = Output

// Config GPIO Set Output (Bit[23..16])

GPOSET = 0x00F90000; // OFF P0[7,6,5,4,3,0]
GPI1SET = 0x00FC0000; /1 OFF P1[7,6,5,4,3.2]
GP2SET = 0x00010000; // OFF P2[0]

GP3SET = 0x00FF0000; // OFF P3[7,6,5,4,3,2,1,0]
GP4SET = 0x00FF0000; /{ OFF P4[7,6,5,4,3,2,1,0]
while (1)

// Loop Continue

GPOCLR = 0x00010000; //ON P0.0

18232 data = getchar(); , // Wait Continue
GPOSET = 0x00F90000; // OFF P0[7,6,5,4,3,0]
/I Shift Left PO

I xxxx xxxx [7654 3xxx] XXXX XXXX XXXX XXXX

for (LED=0x00080000; LED<= 0x00800000; LED<<=1)  //Blink LED P0.7 <- P0.3



{
GPOCLR = LED; // Output to PO(Active "0")

15232 data = getchar(); /f Wait Continue
GPOSET = 0x00F80000; /1 OFF All PO
!
GP2CLR = 0x00010000; // ON P2.0
1s232_data = getchar(); // Wait Continue
GP2SET = 0x00010000; // OFF P2.0
// Shift Left Pl

[l XXXX XXXX {7654 32XX] XXX XXXX XXXX XXXX

for (LED=0x00040000; LED<= 0x00800000; LED<<=1)  // Blink LED P1.7 <- P1.2
i

GPICLR = LED; /I Output to P1(Active "0")
rs232 data = getchar(); // Wait Continue
GP1SET = 0x00FC0000; /I OFF All P1
}
/1 Shift Left P3

/1 xxxx xxxx [7654 3210] xxxx XXXX XXXX XXXX
for (LED=0x00010000; LED<= 0x00800000; LED<<=1} //Blink LED P3.7 <-P3.0
{

GP3CLR = LED; // Output to P3(Active "0")
rs232_data = getchar(); // Wait Continue
GP3SET = 0xC0FF0000; /t OFF All P3
'
// Shift Left P4

I xxxx xxxx [7654 3210] xxxX XXXX XXXX XXXX



for (LED=0x00010000; LED<= 0x00800000; LED<<=1)  // Blink LED P4.7 <- P4.0

{
GP4CLR = LED; // Output to P4(Active "0")

rs232_data = getchar(); // Wait Continue
GP4SET = 0x00FF0000; {// OFF All P4



Tilsupsumamniy
#include <ADUc7024.H>
#include <stdio.h>
// For Used Function printf
#include "led.h"
#include "trw.h"
#include "delay.h”
void test_adc(void);
void test_dac(void);
void test_led(void);

void test_manual(void),

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

/* Interrupt Service Rountine */

Aok Aok ok ek ok Aok Rk sk kb ko

void IRQ_Handler (void) __irq
{

static unsigned int i=0;

if (IRQSTA & 0x00000008) = 0)
{
if (++1 > 1000)
{
/ GPIDAT "= 0x00800000;
// Complement P0.7
i=0;
}
TICLRI=0;

/I ADUc7024 MPU Register

/t Test ADC 12Bit/10Channel
/I Test DAC 12Bit/2Channel
// Test LCD 16x2

/! Test Port-10

// IRQ Service Routine

/{ if Timerl IRQ Flag Status

// Clear Timer1 Trigger IRQ Flag

return ;



/* Main Program Start Here */

int main(void)

{

unsigned int datarec;
GPICON = 0x00000011;
GP4CON = 0x00000000;
// Initial UART = 9600BPS
COMCONJO = 0x80;

// Setting DLAB

COMDIV0 = 0x88;

// Setting DIV and DIV to DL calculated

COMDIV] = 0x00;
COMCONO = 0x07,
// Clearing DLAB
// printf{"\fSystem Starting\r\n");
// Config GPIO Direction {(Bit[31..24])
// Config GPIO Data Output (Bit[23..16])
GPIDAT = 0x80000000;
// P1[7] = Output
data_dir_write();
/f Config GPIO Set Output (Bit[23..16])
// GPISET = 0x00800000;
// OFF P1[7]
GP4SET = 0x00000000;
// OFFP4=0
/{ IRQEN |= 0x00000008;

// Enable Timerl Trigger IRQ Interrupt

/HCLK = 41.78 MHz

// Time 1 Cycle=1/41.78 MHz
/ = 23.9348 nS

// Time t KHz =1/1000

/f Setup P1.1 =TXD & P1.0=RXD
// Setup for GPIO



1/ = 1 mS
// 1KHz Signal = Low 500uS + High 500uS
#/ Count 1 KHz = 500uS /23.9348nS
/f = 20890 Cycle
// TILD = 20890;
// Timer1 Count 500uS
// TILD = 41780;
// Timer1 Count 500uS
// TICON &= OxFFFFFFFO;
/{ Prescale = HCLK / 1
/' TICON &= OxFFFFFFCF;
/I Format = Binary Counter
// TICON |= 0x00000040;
/f Timerl Mode = Periodic
/I TICON &= OxFFFFFEFF;
/f Timer! = Count Down
/I TICON &= OxFFFFF1FF;
/f Timerl Clock Source = HCLK
// TICON |= 0x00000080;
// Timer! Enable

delay ms(100);

// Initial DACO

DACOCON &= 0xDF;

// DACO Used Sysytem Clock
DACOCON |=0x10;

// Enable DACO

DACOCON |= 0x03;

/l DACO Output Range = AVDD..AGND

// Initial DAC1
DACICON &= 0xDF;
// DACO Used Sysytem Clock



DACICON |=0x10;

// Enable DACO

DACICON |= 0x02;

/f DACO Output Range = +Vref. . AGND

REFCON =0x01; // Used Internal 2.5V Reference

data_dir write();
GP4SET = 0x00FF0000;
delay _ms(10);
RF_CONFIG(0);

delay ms(10);

while(1)

// Loop Continue

if ((GP4DAT & 0x00000008) = 0)
t
datarec = READ DATA();
1 printf{™\r\n%i",datarec);
DACODAT = (datarec << 16);
// Update DACO Sine Output(0..3V3)
GPIDAT #= 0x00800000;

/*********************#*****/

/* Write Character To UART */

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

int putchar(int ch) // Write character to Serial Port

{
if (ch == ")
{



while(!(0x40==(COMSTAO & 0x40)})
{
}
COMTX = 0x0D;
// Write CR
H
while(1(0x40==(COMSTAO & 0x40)}))
{
}

return (COMTX = ch);
'

SRk ook ok ok ok ok ook kb ok

/* Read Character From UART */
/****************************/
int getchar (void)
{
while(!(0x01==(COMSTAQ & 0x01)))
t
H
return (COMRX);
}

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

/* Test ADC 12Bit/10Ch */
ey
void test_adc(void)
{

unsigned int val;

float volt;

/1 ADC Result Volt

/f Wait TX Complete

// Wait TX Complete

/f Read character from Serial Port

// Wait Receive Data Ready

/{ ADC Result (HEX)



int adc_scan;

/1 ADC Channel Scan

/f Power-ON ADC
ADCCON = 0x00000000;

// Reset ADC Config
ADCCON |= 0x00000020;

/ Power-ON ADC Function
delay(1000);

// Wait ADC Power-on Ready

ADCCON [|= 0x00001400;

// ADC Clock = fADC/32
ADCCON [= 0x60000300;

/I Acquisition Time = 16 Cycle Clock
ADCCON &= O0xFFFFFFET,

// ADC = Single-End Mode
ADCCON [= 0x00000004;

// Continue Software Convert
REFCON = 0x00000001;

// Used Internal 2.5V Reference
ADCCON =  0x00000080;

// ADC Start Conversion

printf("ET-ARM7 BASE ADUc7024..TEST ADC[0..9]\n\0");// Call printf Function
printf(" ADC Analog Input Voltage = 0-2.5V\n\n\0"};

while (1)
{
printf("\rADC Result\0"); /1 Start Message Display
for (adc_scan=0;adc_scan<l0Q;adc scan++) // Read 19-Channel

ADC(ADCI[0..9])



{
ADCCP = adc_scan; /f Select Channel to Conversion
delay(1000);
// Wait Select Channel Ready
while {ADCSTA){};

// Wait ADC Conversion Complete (Bit0="1")

val = (ADCDAT >> 16)& 0x00000FFF; /I Shift ADC Result to Integer

volt = val * (2.50 / 4096.0); /} Volt = ADC Result x [2.5V / 4095]
printf(" : %1.1",volt); // Display 3-Digit Result(0-2.5V)
delay(1000);

H

printf(" Volt.\r\0"); // End of Message Display

/3 d ek Aok kool o ko kR ok /

/* Test DAC 12Bit/2Ch */

JoR sk sk ok sk sk ke ook e ek ok keok ok ok

void test_dac(void)
t
const static unsigned short table sine[64] = /I Sme Function
¢
0x07FF, 0x08C8, 0x098E, 0x0A51, 0x0BOF, 0x0BC4, 0x0C71, 0x0D12,
0xODA7, OxOE2E, 0xOEAS, 0x0FOD, 0x0F63, 0x0FA6, 0xOFD7, 0x0FFS5,
OxOFFF, 0xOFF5, 0x0FD7, 0x0FA6, 0x0F63, 0x0F0D, 0x0EAS5, Ox0E2E,
0xODA7, 0x0D12, 0x0C71, 0x0BC4, 0x0BOF, 0x0AS51, 0x098E, 0x08C8,
O0xO07FF, 0x0736, 0x0670, 0x05AD, 0x04EF, 0x043A, 0x038D, 0x02EC,
0x0257, 0x01D0, 0x0159, 0x00F 1, 0x009B, 0x0058, 0x0027, 0x0009,
0x0000, 0x0009, 0x0027, 0x0058, 0x009B, 0x00F 1, 0x0159, 0x01DO,
0x0257, 0x02EC, 0x038D, 0x043A, 0x04EF, 0x05AD, 0x0670, 0x0736
b



int 1=0;

// Initial DACO

DACOCON &= 0xDF;

// DACO Used Sysytem Clock
DACOCON }= 0x10;

// Enable DACO

DACOCON |= 0x03;

// DACO Output Range = AVDD.. AGND

// Initial DACI

DACICON &= 0xDF;

// DACO Used Sysytem Clock
DACICON |=0x10;

// Enable DACO

DACICON |= 0x02;

/f DACO Output Range = +Vref.. AGND

REFCON = 0x01; /f Used Internal 2.5V Reference
while(1)
// Loop Continue
{
DACODAT = (table sine[i] << 16); /{ Update DACO Sine Output(0..3V3)
DACIDAT = ((i * 0x3F) << 16); // Update DAC1 SAW Output(0..2V5)
i+
// Next Pointer
i &= 0x3F; 1/ 0..63

/******#*********/



/* Test Port-10 */

Jeesk sl e e otk ok ok f

void test manual{void)

i
unsigned char rs232_data; // R8232 Get Byte
unsigned long int LED; // LED Output Status Buffer
// Test Output GPIO (Active "0")

/f P4[7..0] <- P3[7..0] <- P1[7..2] <- P2[0] <- P0[7..3] <- PO[0]

// Config All Port = GPIO

GPOCON = 0x00000000; // PO = GPIO
GP1CON = 0x00000011; // PO[7..2]1=GPI0Q,P1.1 =TXD & P1.0 = RXD
GP2CON = 0x00000000; /P2 = GPIO
GP3CON = 0x00000000; /' P3 = GPIO
GP4CON = 0x00000000; /I P4 = GPIO

// Config GPIO Direction (Bit[31..24])
// Config GPIO Data Qutput (Bit[23..16])

GPODAT = 0xF9000000; // P0[7,6,5,4,3,0] = Output
GP1DAT = 0xFC000000; // P1[1,6,5,4,3,2] = Qutput
GP2DAT = 0x01000000; // P2[0] = Output

GP3DAT = 0xFF000000; // P3[7,6,5,4,3,2,1,0] = Output
GP4DAT = 0xFF000000; /1 P417,6,5,4,3,2,1,0] = Output

// Config GPIO Set Qutput (Bit[23..16])

GPOSET = 0x00F90000; // OFF P0[7,6,5,4,3,0]

GPISET = 0x00FC0000; // OFF P1[7,6,5,4,3,2]
GP2SET = 0x00010000; /1 OFF P2{0]

GP3SET = 0x00FF0000; // OFF P3[7,6,5,4,3,2,1,0]
GP4SET = 0x00FF0000; /1 OFF P4[7,6,5,4,3,2,1,0]
while (1)

// Loop Continue



GPOCLR = 0x00010000;

1s232_data = getchar();
GPOSET = 0x00F90000;

// Shift Lefi PO
/ xxxx XXxxX [7654 3xxx] XXXX XXXX XXXX XXXX
for (LED=0x00080000; LED<= (0x00800000; LED<<=1)

i
GPOCLR = LED;

rs232 data = getchar();
GPOSET = 0x00F80000;

!
GP2CLR = 0x00010000;
15232 _data = getchar();
GP2SET = 0x00010000;
/f Shift Left P1

/1 xXxX XXXX [7654 32xx] XKXXX XXXX XXXX XXXX

for (LED=0x00040000; LED<= (x00800000; LED<<=1}

{
GPICLR = LED;

rs232 data = getchar();

GPISET = 0x00FC0000;

// Shift Left P3

/1 xxxx xxxx [7654 3210] xxxx XXXX XXXX XXXX
for (LED=0x00010000; LED<= 0x00800000; LED<<=1)
{

//ON P0.0

/f Wait Continue

// OFF P0[7,6,5,4,3,0]

// Blink LED P0.7 <- P0.3

// Qutput to PO{Active "0")

// Wait Continue

// OFF Al PO

/fON P2.0

// Wait Continue

/ OFF P2.0

// Blink LED P1.7 <- P1.2

/{ Output to P1(Active "0")

// Wait Continue

// OFF All P1

// Blink LED P3.7 <-P3.0



GP3CLR =LED; #/ Output to P3(Active "0")

15232 data = getchar(}; // Wait Continue
GP3SET = 0x00FF0000; // OFF All P3
}
// Shift Left P4

/1 xxxx xxxx [7654 3210] xxxx XXXX XXXX XXXX

for (LED=0x00010000; LED<= 0x00800000; LED<<=1) // Blink LED P4.7 <- P4.0
{
GP4ACLR = LED; // Output to P4(Active "0")
rs232_data = getchar(); // Wait Continue

GP4SET = 0x00FF0000; / OFF All P4
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High frequency TRF-2.4G Transceiver module

Specification
® Frequency Range: 2.4~2.524 GHz I1SM band

® Modutate Mode: GFSK

® Data Rate: 1Mbps; 250Kbps

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

® Emulated fuli 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 3.6V

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

® Low 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

Wireiess 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. Tep. Max. Units
Operating conditions

vCC Supply voltage 1.9 3.0 3.6 \'

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

Vid HIGH level input voltage VCC-0.3 vCC v

ViL LOW level input voltage Vss 0.3 v
Digital output pin

VoH HIGH level output voltage (IOH=-0.5mA) VCC-0.3 vCe \'%

VoL LOW level output voltage (IOL=0.5mA) Vss 0.3 v
General RF conditions

fop Operating frequency 1) 2400 2524 MHz

Af Frequency deviation +156 kHz

RGFsk Data rate ShockBurst >0 1000 kbps

RGFsSK Data rate Direct Mode 2} 250 1000 kbps

FcHanNEL | Channel spacing 1 MHz

Transmitter operation

PRr Maximum Qutput Power 3 0 +4 dBm
PrrC RF Power Control Range 16 20 dB
PRFCR RF Power Control Range Resolution +3 dB
Paw 20dB Bandwidth for Modulated Carrier 1000 kHz
Prr2 2nd Adjacent Channel Transmit Power 2MHz -20 dBm
Prr3 3rd Adjacent Channel Transmit Power 3MHz -40 dBm
Ivee Supply current @ 0dBm output power 4) 13 mA
Ivce Supply current @ -20dBm output power 4) 8.8 mA
Ivce Average Supply current @ -5dBm output | 5) 0.8 mA
power, ShockBurst

Ivce Average Supply current in stand-by mode | 6) 12 uA
Ivee Average Supply current in power down 1 HA

Receiver operation

Tvee Supply current one channel 250kbps 18 mA
Ivee Supply current one channel 1000kbps 19 mA
Ivce Supply current two channels 250kbps 23 mA
Ivce Supply current two channels 1000kbps 25 mA
RXSENS Sensitivity at 0.1%BER (@250kbps) -90 dBm
RXSsENs Sensitivity at 0.1%BER (@ 1000kbps) -80 dBm
3
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C/Ico C/1 Co-channel 6 dB

C/list 1st Adjacent Channel Selectivity C/I -1 dB
1MHz

C/I2nD 2nd Adjacent Channel Selectivity C/I -16 dB
2MHz

C/I3RD 3w Adjacent Channel Selectivity C/I 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
or TMbps.

5) De-embedded Antenna load impedance = 400

6) Current if 4 MHz crystal is used.

Table 1 TRF-2.4G RF specifications

PIN ASSIGNMENT

Laipac Technology Inc.

. Effective data rate 250kbps

. Effective data rate 10kbps.

VCC

DR2

DouT2
DR1

——® DATA

L st €8
GND -
CE -
CLK2 -
CS -
CLK1 -

4
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20.5mm

9mm

PIN FUNCTIONS

l l - ool me i

SIEDVIEW

BOTTOM VIEW

Surface and size view

Smm

Smm

‘— 2.8mm

36 5rm {

I-z?mm
I

10.25mm |

3mm

3.2mm H JOP VIEW

1mm

Note: The conhector pitch size is 1 .25mm, mounting hole diameter is 2 8mm

Pin | Name Pin funtion | Description
1 GND Power Gound (0V)
2 CE Input Chip Enable activates RX or TX mode
3 CLK2 1’0 Clock outpu/input for RX data channel 2
- Cs Input Chip Select activates Configuration mode
5 CLKI1 11O Clock Input(TX)&VO(RX) for data channel 1 3-wire interface
6 DATA 1/0 RX data channel 1/TX data input /3-wire interface
7 DRI Output RX data ready at data channel 1 (ShockBurst only)
8 DOUT2 Output RX data channel 2
9 DR2 Output 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
Stand by 0 0

Laipac

Technology Inc.

Table 3 TRF-2.4G main modes

www.laipac.com Phone +1-905-7621228 Fax +1-905-7631737
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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

VCC..oeeeeeee -0.3Vto+ 3.6V
VSS i@, ov
Input/Output volitages

Vi -03Vito VCC+03V

VO v -0.3Vto VCC + 0.3V
Total Power Dissipation

Po (Ta=85°C) it 90mWwW
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 exampie only).

Mcu Continucs 10kbps TRF-2.4G ‘_—l L
AT e
(TS

11

ShockBurst 1Mbps

Figure 0 Clocking in data with MCU and sending with ShockBursttechnology

Without ShockBurst - running at speed dictated by 10Kbs MCU

! + 10mA periode — 7 Nl LA

—T 10mA period  10Kbs MCU with ShockBurst
|

0 20 40 60 80 100 120 140 160 180 200 220 40
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)

» 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
v

TRF-2.4G R

Calculating CRC ADDR PAYLOAD CRC
—— - - - —Maximum 2056 bits——
NO
CE=low ? -
YES

TRF-2.4G A

Adding Preamble ( AN ADDR PAYLOAD CRC

l

TRF-2.4G Sending
ShockBurst Package
(250K or 1Mbps )

‘ Input FIFO not Empty

Sending
completed?

Figure 2 Flow Chart ShockBurst Transmit of TRF-2.4G
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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.
5. 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 (low
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
downioad. If the CE was set low, a new start up sequence can begin, see
Figure 2.
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RF-2.4G
in ShockBurst
RX7?

Data content of registers:

TRF-2.4G
—» Detects Preamble &
Incoming Data

Correct
ADDR ?
YES

TRF-2.4G Y -
Receives Data & ADDR PAYLOAD CRC

Checking CRC

| NO
T ADDR PAYLOAD CRC

TRF-2.4G
Set Data Ready
(DR1/2) High PAYLOAD

;

MCU ol @ <y
Clock out Payload PAYLOAD

Pre ADDR J PAYLOAD CRC

amble

ADDR PAYLOAD CRC

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.
5. 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
» Data channel 2. CLK2, DOUT2, and DR2
¢ DR1 and DR2 are available only in ShockBurst.
The DuoCeiver technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.
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| TRF-2.4G
<”J TX / RX

TRF-2.4G

TX /RX

——>
< 1| TRF-24G

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 possible 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.
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Frey | Recovery. i CRC | CLKI > Data(F.,.,)
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—
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Fre-=Fre¥8MHz  ——»  Recovery. H» CRC (¥ CLK2 > Data(Fge-)
DataSlicer Check DOUT2
s

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 osciliator 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.
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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:
s 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.
e 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.
¢ 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 en-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
= | 143:120 24 TEST Reserved for testing
=]
= | 119:112 8 DATA2 W | Length of data payload section RX channel 1
e
g | 111:104 DATAL_W | Length of data payload section RX channel 1
<
S | 103:64 40 ADDR2 Up to 5 bytes address for channel 2
(=]
2 63:24 40 ADDRI Up to 5 bytes address for channel |
é 23:18 6 ADDR_W | Number of address bits(both RX channels)
_;c‘ 17 1 CRC L 8 or 16 bits CRC
2 116 1 CRC_EN Enable on-chip CRC generation/checking
- 15 1 RX2_EN Enable two channe! receive mode
-,E 14 1 CM Communication mode ( Direct or ShockBurst)
E’L 13 1 RFDR _SB | RF data rate (1 Mbps requires 16MHz crystal)
E 12:10 3 XO F Crystal frequency (Factory default 16MHz crystal mounted)
o
g 9:8 2 RF_PWR RF output power
Q&
=
® 7:1 7 RF_CH# Frequency channel
W
S 0 1 RXEN RX or TX operation

Table 4 Table of configuration words.

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

NOTE.

On the falling 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.

Laipac Techneclogy Inc.
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Configuration Word Detailed Description

The foliowing 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]

158 | TEST
D143 [ D132 [ D4l [D1C [ D32 [ DI | DII7 | DI

Rezerved for te-ting
1 | 0 T ¢ [T i T T T T 1T T T a |
M5E | TE5T
B [ Do | DI [ oh: | . [ oo | DI | D [ ol [ To¢ [ Dof | DI Q1 ohf [ o1 [ oiir [ oies

Reterved for tenning Clots PLL m T

3 (¢ j¢ {0 (T T3 ¢ ¢ TJo 3 To 1= 71 G |¢ Sebck |

DATAT W
D18 [ DI [Di17 [ D16 [ Daf [ 214 [ D13 [ DL
Data widsh chanmel=2 in 3 of ity exciudme adds cre

[ 0 [ 1 [ 8 [ o[ 3T aT ¢ S|

DATAl ™
DI.l [ DIt [ D.08 [ Dles | D.c7 | DItk | Dids | DI
Data width channel=] m = of it excuuding addr cxc

0 | ¢ [T 1T T % T 17T 9 T Y 1 ¢ =
ADDRC
Dios [ D102 | Oicl |... [ D1 | Do | DE [ D& [ D& | 366 | D65 | Dad
Channe.=? Adare-- RX Jup o 40biz:
g [ o W[l 7Pl WA PN [ WV ooy Vi ™ Kl —. Dodn: |
ADDRI
D3 [ D6 [ D& [.. [ DiL IDiC [D» [D% D2 [D s
Chamnel=] Addvess R /up 20 40bis) _
T [ 0 We 47 . [eCIHIL_[NNN_ g ] WPE ! ((F Jle: T

ADDR W
D23 [ D2 [ DAl [ D2 I plx [ D18
Addres: wadth in = of but; both chanpel-:

N I O T A e s g
CRC
DI~ D&
CRC Mede 1 = [€bur, € = 8bit CRC [ =enanie; L = d:zable
3 T TET |
FF-Programnrng 5]

BT [DII | D2 [ D DIl [Dit [D§ [Ds [ D [De DI [Ds [ DF 00 [D.| %
Two Ch 3CF [ 0O NO Freguency RF Powes Chanzel zelechon XX
3 3 I T B I B O N I P O B T Zd |

Table 5 Configuration data word
The MSB bit should 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 is turned on ShockBurst
configuration is done once and remains set whilst VCC is present. During
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operation only the first byte for frequency channel and RX/TX switching need to
be changed.

DATAx_W
DATA2 W
o [us [n7 Juse [us e [z fne2
DATAI_W
i [0 Jroo J18  [107 Tioe [tos  [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 W(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 J70 Jeo |68 [67 |66 |65 |64
ADDRI1
63 [62 [e1 |.... [31 [30 [20 [28 [27 [26 [25 [24
Table 7 Address of receiver #2 and receiver #1.
Bit 103 — 64:

ADDR2: Receiver address channel 2, up to 40 bit.
Bit 63 — 24: ADDR1
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ADDR1: Receiver address channel 1, up to 40 bit.

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

ADDR_W& 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 i2 i1 10 9 8

Table 9 RF operational settings.
Bit 15:
RX2 EN:
Logic 0: One channel receive
Logic 1: Two channels receive
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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: Seiects the TRF-2.4G crystal frequency to be used:
XO FREQUENCY SELECTION
DI2 DI 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 1 -10
| 0 -5
1 1 0

Table 11 RF output power setting.

RF channel & direction

RF_CH# RXEN
706|slals]2]1] o
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Table 12 Frequency channel + RX / TX setting.
Bit7 —1:
RF_CH#: Sets the frequency channel the TRF-2.4G operates on.
The channel frequency in transmit is given by:
Channelge = 2400MHz + RF_CH# *1.0MHz
RF_CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 is given by:
Channelp: = 2400MHz + RF CH# *1.0MHz (Reiceive at PIN#8)
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:
Channelpe = 2400MHz + RF_CH# *1.0MHz+8MHz (Reiceive at PIN#4) 2?7
RF_CH # between 2408MHz and 2524MHz may be set.
Bit O:
Set active mode;
Logic O: transmit mode
Logic 1: receive mode
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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:

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

PREAMBLE 1« ADDR-BIT

01010101 0

101010101

¢ 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 output

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

2 ADDRESS | e The address field is required in ShockBurst mode.
» 8 10 40 bits length.
¢ Address automatically removed from received packet in ShockBurst

mode. In Direct mode MCU must handle address.

3 PAYLOAD | = The data 1o be transmitted

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

» In Direct mode the payload size is defined by 1Mbps for 4ms: 4000 bits
minus the following: (Preamble: 8 (or 4) bits. + Address: 8 to 40 bits. +
CRC: 0, 8 or 16 bits).

4 CRC e The CRC is optional in ShockBurst mode,

and is not used in Direct mode.

¢ 8 or 16 bits length

+ 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 195us Tsby2txSB
ST BY => TX Direct Mode 202ps Tsby2txDM
ST BY => RX mode 202us Tsby2rx
Minimum delay from CS to data Sus Tes2data
Minimum delay from CE to data Sus Tee2data
Minimum delay from DR1/2 to ¢tk 50mns Tdr2cik
Maximum delay from clk to data 50ns Telk2data
Delay between edges 50ns Td
Setup time 500ns Ts
Held time 500ns Th
Delay to finish internal 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.

! |
VCC
i |
s >
| |
CE ]
I
am DOCOOC000000C

!
DATA . 0000000000000
1

!
e om0

TpdZshy

Figure 8 Timing diagram for power down (or VCC off) to stand by mode
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i t
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! ]
I
DATA 000000CC00000XC
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|

pry
-

r

Tpd2a

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 tc 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.
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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.

| |
VCC ’ |
1 l
cS _____{ i \
CE I |
| 1
e WAV = = = = =AWV
DATA m_FD(IDDC ------ 'S 06 6 S
=\
Td N “‘-a&_‘__h
N NI~
~ N
cs |
CE .
Thmin ,
CLK1 RARAR ; j i
paTa [[ D MBB_r ¢
o Ts Th
Y
’.—_

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:
1w
| i f
VCC | |
e | |
- 1 =
ce .t ¥ 1 \
| |
ki W AUV - = = = =AW
DATA W_FV:D(PDC' N/
ANT LANT? * ' IIIIIE
2] ! - ;
~ ol shyltSB Toa
1H e W Ty
N g nl
y <) <
X
C8 L

CLK] | _..,___/m
DATA | LXK X

Ts h

|

{

| |
(;E‘-/ ETI h'“f'li !
|

|

b

t

Toeidala

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:

=0
i |
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!
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% 8
AR
Td B =
A\ 8
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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) afier the

DR1 goes low.

Direct Mode

Laipac Technolegy Inc.
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Direct Mode TX

vee
s
CE 1 N
cuct
DATA  ChRA OO === - OO0 [
ANT1ANT2 OO0 ---=-200000
- P Y —.A “;‘—H
Td  Tsby2tOM ToaDM " THd

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:
Tooyavom = 194uS + 1/Fyo * 14 + 2.25uS
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Direct Mode RX
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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 dBr +3dB 13.0 mA
10 -5 dBm +3dB 10.5 mA
01 -10 dBm +3dB 9.4 mA
00 -20 dBm +3dB 8.8 mA

Conditions: VCC = 3.0V, VSS = 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
1 0 0 0 ! 1 1 0
Bit135 Bit134 Bit133 Bit132 Bit131 Bit130 Bit129 Bit128
0 0 0 0 l 0 0 0
Bit127 Bit126 Bit125 Bit124 Bit123 Bit122 Bit121 Bit120
0 0 0 1 1 | 0 0
Bit119 Bit118 Bit117 Bit116 Bitl!15 Bit114 Bit113 Bit112
1 1 0 0 1 0 0 0
Bitl11 Bit110 Bit109 Bit108 Bit107 Bit106 Bit105 Bit104
1 1 0 0 1 0 0 0
Bit103 Bit102 Bit101 Bit100 Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 | 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 I 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
l 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 ! 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bitd2 Bitd1 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bii34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bitl19 Biti8 Bitl7 Bit16
1 0 1 0 0 0 1 1
Bit15 Bit4 Bit13 Bit]2 Bit11 Bit10 Bit9 Bit8
0 1 i 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0

Table 16 Configuration Example
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ANALOG
DEVICES

Precision Analog Microcontroller 12-bit

Analog 1/0, ARM7TDMI® MCU

ADuC7019/20/21/22/24/25/26/21

FEATURES

Analog 1/O

Multichannel, 12-bit, 1 MSPS ADC

Up to 16 ADC channels’

Fully differential and single-ended modes

0 to Vrer analog input range

12-bit voltage output DACs

Up to 4 DAC outputs available'

On-chip voltage reference

On-chip temperature sensor (+3°C)

Voltage comparator
Microcontroller

ARM7TDMI core, 16-bit/32-bit RISC architecture

JTAG port supports code download and debug
Clocking options

Trimmed on-chip oscillator (+3%)

External watch crystal

External clock source up to 44 MHz

41.78 MHz PLL with programmable divider
Memory

62 kB flash/EE memory, 8 kB SRAM

In-circuit download, JTAG-based debug

Software triggered in-circuit reprogrammability

On-chip peripherals

UART, 2 x I’C® and SPI° serial I/O

Up to 40-pin GPIO port'

4 x general-purpose timers

Wake-up and watchdog timers (WDT)

Power supply monitor

Three-phase, 16-bit PWM generator’

Programmable logic array (PLA)

External memory interface, up to 512 kB'
Power

Specified for 3V operation

Active mode: 11 mA @ 5 MHz; 40 mA @ 41.78 MHz
Packages and temperature range

From 40-lead 6 mm x 6 mm LFCSP to 80-lead LQFP'

Fully specified for -40°C to +125°C operation
Tools

Low-cost QuickStart™ development system

Full third-party support

APPLICATIONS

Industrial control and automation systems
Smart sensors, precision instrumentation
Base station systems, optical networking

FUNCTIONAL BLOCK DIAGRAM
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GENERAL DESCRIPTION

The ADuC7019/7020/7021/7022/7024/7025/7026/7027 are fully
integrated, 1 MSPS, 12-bit data acquisition systems incorporat-
ing high performance multichannel ADCs, 16-bit/32-bit MCUs
and Flash/EE memory on a single chip.

The ADC consists of up to 12 single-ended inputs. An
additional four inputs are available but are multiplexed

with the four DAC output pins. The four DAC outputs are

only available on certain models (ADuC7020, and ADuC7026).
However, in many cases where the DAC outputs are not present,
these pins can still be used as additional ADC inputs, giving a
maximum of 16 ADC input channels. The ADC can operate in
single-ended or differential input modes. The ADC input
voltage is 0 to Vggr. Low-drift bandgap reference, temperature
sensor, and voltage comparator complete the ADC peripheral
set.

Depending on the part model, up to four buffered voltage
output DACs are available on-chip. The DAC output range is
programmable to one of three voltage ranges.

The devices operate from an on-chip oscillator and a PLL
generating an internal high frequency clock of 41.78 MHz. This
clock is routed through a programmable clock divider from
which the MCU core clock operating frequency is generated.
The microcontroller core is an ARM7TDMI, 16-bit/32-bit RISC
machine, which offers up to 41 MIPS peak performance. Eight
kilobytes of SRAM and 62 kilobytes of nonvolatile Flash/EE
memory are provided on-chip. The ARM7TDMI core views all
memory and registers as a single linear array.

On-chip factory firmware supports in-circuit serial download
via the UART or I’C serial interface ports, while nonintrusive
emulation is also supported via the JTAG interface. These
features are incorporated into a low-cost QuickStart™
Development System supporting this MicroConverter® family.

The parts aperate from 2.7 V to 3.6 V and are specified overan
industrial temperature range of ~40°C to +125°C. When operating
at 41.78 MHz, the power dissipation is typically 120 mW. The
ADuC7019/7020/7021/7022/7024/7025/7026/7027 are available in
a variety of memory models and packages.
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DETAILED BLOCK DIAGRAM
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SPECIFICATIONS

AVDD = 10Vop=2.7 V t0 3.6 V, Veer = 2.5 V internal reference, fcors = 41.78 MHz, T4 = 40°C to 125°C, unless otherwise noted.

Table 1.
Parameter Min Typ Max Unit Test Conditions/Comments
ADC CHANNEL SPECIFICATIONS Eight acquisition clocks and fADC/2
ADC Power-Up Time 5 Hs
DC Accuracy' 2
Resoclution 12 Bits
Integrat Nonlinearity +0.6 +15 LS8 2.5 Vinternal reference
+1.0 LSB 1.0V external reference
Differentiai Nonlinearity* +0.5 +1/-09 | LSB 2.5 Vinternal reference
+0.7/-0.6 LSB 1.0V external reference
DC Code Distribution 1 LSB ADC input is a dc voltage
ENDPOINT ERRORS®
Offset Error +1 +2 LSB
Offset Error Match +1 LSB
Gain Error +2 +5 LSB
Gain Error Match 1 LSB
DYNAMIC PERFORMANCE fin = 10 kHz sine wave, fsampie = 1 MSPS
Signal-to-Noise Ratio (SNR) 69 dB Includes distortion and noise components
Total Harmonic Distortion (THD) -78 dB
Peak Harmonic or Spurious Noise -75 dB
Channel-to-Channel Crosstalk -80 dB Measured on adjacent channels
ANALOG INPUT
Input Voltage Ranges
Differential Mode Vem® v
+Viaer/2
Single-Ended Mode 0 to Vrer v
Leakage Current +1 +6 pA
Input Capacitance 20 pF During ADC acquisition
ON-CHIP VOLTAGE REFERENCE 0.47 yF from Veer to AGND
Output Voltage 25 v
Accuracy +5 mv Ta=25°C
Reference Temperature Coefficient +40 ppm/°C
Power Supply Rejection Ratio 75 dB
QOutput Impedance 70 Q Ta=25°C
Internal Veer Power-On Time 1 ms
EXTERNAL REFERENCE |NPUT’
Input Voltage Range 0.625 AVep Vv
Input Impedance 65 kQ
DAC CHANNEL SPECIFICATIONS Ru =5 k€, G =100 pF
DC ACCURACY®
Resolution 12 Bits
Relative Accuracy +2 LSB
Differential Nonlinearity +1 LSB Guaranteed monotonic
Offset Error +15 mv 2.5 Vinternal reference
Gain Error?® +1 %
Gain Error Mismatch 0.1 % % of full scale on DACO
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Parameter Min Typ Max Unit Test Conditions/Comments
ANALOG OUTPUTS
Output Voltage Range_0 Oto v DACrer range: DACGND to DACVoo
DACrer
Cutput Voltage Range_1 Oto25 \'
Output Voltage Range_2 Oto v
DACVeo
Output Impedance 2 Q
DAC AC CHARACTERISTICS
Voltage Output Settling Time 10 Hs
Digital to Analog Glitch Energy *20 nV-sec 1 LSB change at major carry
COMPARATOR
Input Offset Voltage +15 mv
Input Bias Current 1 A
Input Voltage Range AGND AVep—12 | V
Input Capacitance 7 pF
Hysteresis*¢ 2 15 mV Hysteresis can be turned on or off via the
CMPHYST bit in the CMPCON register
Response Time 3 Hs 100 mV overdrive and configured with
CMPRES = 11
TEMPERATURE SENSOR
Voltage Qutput at 25°C 780 mV
Voltage TC -13 mv/°C
Accuracy +3 °C
POWER SUPPLY MONITOR (PSM)
IOVop Trip Point Selection 2.79 v Two selectable trip points
307 v
Power Supply Trip Point Accuracy 125 % Of the selected nominal trip point voltage
POWER-ON RESET 2.36 A
GLITCH IMMUNITY ON RESET PIN? 50 s
WATCHDOG TIMER (WDT)
Timeout Period 0 512 sec
FLASH/EE MEMORY
Endurance'® 10,000 cycles
Data Retention 20 years T,=85°C
DIGITAL INPUTS All digital inputs excluding XCLKI and XCLKO
Logic 1 Input Current +0.2 11 HA Vu=VDDorVm=5V
Logic 0 Input Current —40 -60 HA Ve =0V; except TDj on
ADuC7019/20/21/22/24/25
—-80 -120 HA Vi =0V, TD|, on ADuC7019/20/21/22/24/25
Input Capacitance 10 pF
LOGIC INPUTS? Alt logic inputs excluding XCLKI and XCLKO
Vinu, Input Low Voltage 0.8 Vv
Vs, Input High Voltage 2.0 v
LOGIC QUTPUTS All digital outputs excluding XCLK! and XCLKO
Von, Output High Voltage 24 Vv Isource = 1.6 mA
Voo, Output Low Voltage ? 04 \4 lank = 1.6 MA
CRYSTAL INPUTS XCLKI and XCLKO
Logic Inputs, XCLKI Only
Viny, Input Low Voltage 1.1 Vv
Vs, Input High Voltage 1.7 v
XCLK! Input Capacitance 20 pF
XCLKO Output Capacitance 20 pF
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Parameter Min Typ Max Unit Test Conditions/Comments
INTERNAL OSCILLATOR 32.768 kHz
+3 %
MCU CLOCK RATE
From 32 kHz Internal Cscillator 326 kHz D=7
From 32 kHz External Crystal 41.78 MHz D=0
Using an External Clock 0.05 44 MHz Ta=85°C
0.05 41.78 MHz Ta=125°C
START-UP TIME Core clock =41.78 MHz
At Power-On 130 ms
From Pause/Nap Mode 24 ns ch=0
3.06 us b=7
From Sleep Mode 1.58 ms
From Stop Mode 1.7 ms
PROGRAMMARBLE LOGIC ARRAY (PLA)}
Pin Propagation Delay 12 ns From input pin to output pin
Element Propagation Delay 25 ns

POWER REQUIREMENTS "> *
Power Supply Voltage Range

AVpp — AGND and OV ~ IOGND 27 36 v
Analog Power Supply Currents
AVop Current 200 HA ADC in idle mode; all parts except ADuC7019
400 HA ADCin idle mode; ADuC7019 only
DACVoo Current™ 3 25 HA
Digital Power Supply Current
I0Vop Current in Normal Mode Code executing from Flash/EE
7 10 mA D=7
1 15 mA D=3
40 45 mA CD =0(41.78 MHz clock)
10Voo Current in Pause Mode 25 30 mA CD =0 (41.78 MHz clock)
IOVoo Current in Sleep Mode 250 400 HA Ta=85°C
600 1000 pA Ta=125C
Additional Power Supply Currents
ADC 2 mA @ 1 MSPS
0.7 mA @ 62.5 kSPS
DAC 700 HA per DAC

! All ADC channel specifications are guaranteed during normal MicroConverter core operation.

2 Apply to all ADC input channels.

* Measured using the factory set defauit values in ADCOF and ADCGN.

* Not production tested but supported by design and/or characterization data on production release.

% Measured using the factory set default values in ADCOF and ADCGN using an external AD845 op amp as an input buffer stage as shown in Figure 47. Based on
external ADC system components, the user may need to execute a system calibration 1o remove external endpoint errors and achieve these specifications (see the
Calibration section).

The input signal can be centered on any dc common-mode voltage (Vo) as long as this value is within the ADC voltage input range specified.

’ When using an external reference input pin, the internal reference must be disabled by setting the LSB in the REFCON memory mapped register to 0.

& DAC linearity is calculated using a reduced code range of 100 to 3995.

¢ DAC gain error is calculated using a reduced code range of 100 ta internal 2.5 V Veer.

'® Endurance is qualified as per JEDEC Standard 22 method A117 and measured at —40°C, +25°C, +85°C, and +125°C.

"' Retention lifetime equivalent at junction temperature {T)) = 85°C as per JEDEC Standard 22 method A117. Retention lifetime derates with junction temperature.

2 Test carried out with a maximum of eight I/0 set to a low output level.

 Power supply current consumption is measured in normal, pause, and sleep modes under the following conditions: Normal Mode: 3.6 V supply, Pause Mode: 3.6 V
supply, Sleep Mode: 3.6 V supply.

" 10Voo power supply current dacreases typically by 2 mA during a flash/EE erase cycle.

5 On the ADUC7019/20/21/22, this current must be added to AVoo current.
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ADC CIRCUIT OVERVIEW

The analog-to-digital converter (ADC) incorporates a fast,
multichannel, 12-bit ADC. It can operate from 2.7 Vto 3.6 V
supplies and is capable of providing a throughput of up to 1 MSPS
when the clock source is 41.78 MHz. This block provides the user
with 2 multichannel multiplexer, differential track-and-hold, on-
chip reference, and ADC.

The ADC consists of a 12-bit successive approximation
converter based around two capacitor DACs. Depending on the
input signal configuration, the ADC can operate in one of three
different modes:

e  Fully differential mode, for small and balanced signals
e  Single-ended mode, for any single-ended signals

e Pseudo differential mode, for any single-ended signals,
taking advantage of the common-mode rejection offered
by the pseudo differential input

The converter accepts an analog input range of 0 to Vg when
operating in single-ended mode or pseudo differential mode. In
fully differential mode, the input signal must be balanced
around a common-mode voltage Vcy, in the range 0V to AVpp,
and with a maximum amplitude of 2 Ve (see Figure 36).

%@ foe

Vem Nuer

y

Figure 36. Examples of Balanced Signals in Fully Differential Mode

A

AVpo

0

04858011

A high precision, low drift, and factory calibrated 2.5 V
reference is provided on-chip. An external reference can also be
connected as described later in the Band Gap Reference section.

Single or continuous conversion modes can be initiated in the
software. An external CONVstarr pin, an output generated from
the on-chip PLA, or a Timer0 or Timer1 overflow can also be
used to generate a repetitive trigger for ADC conversions.

A voltage output from an en-chip band gap reference
proportional to absolute temperature can also be routed
through the front-end ADC multiplexer, effectively an
additional ADC channel input. This facilitates an internal
temperature sensor channel, which measures die temperature to
an accuracy of £3°C.

TRANSFER FUNCTION
Pseudo Differential and Single-Ended Modes

In pseudo differential or single-ended modes, the input range is
0 V to Vier. The output coding is straight binary in pseudo
differential and single-ended modes with

1 LSB = F§/4096, or
2.5 V/4096 = 0.61 mV, or
610 nV when Vegs =25V

The ideal code transitions occur midway between successive
integer LSB values (that is, 1/2 LSB, 3/2 LSB, 5/2 LSB, ...,

FS — 3/2 LSB). The ideal input/output transfer characteristic
is shown in Figure 37.

1111 1111 111 4
1111 1111 1110
111 1111 1101 |

111 1111 1100 |
FS
4096

IS8 =

=

OUTPUT CODE

0000 0000 0011
0000 0000 0010 1
0000 0000 0001
0000 0000 0000

31
L{4

oV 1LSB +FS - 1LSB

04955012

VOLTAGE INPUT

Figure 37. ADC Transfer Function in Pseudo Differential Mode
or Single-Ended Mode

Fully Differential Mode

The amplitude of the differential signal is the difference
between the signals applied to the Vin. and Vi pins (that is,
Vine = Vi), The maximum amplitude of the differential signal
is therefore -~ Vier t0 +Veer p-p (that is, 2 x Veer). This is
regardless of the common mode (CM). The common mode is
the average of the two signals, for example, (Vv + Vin-)/2, and
is therefore the voltage that the two inputs are centered on. This
results in the span of each input being CM + Viee/2. This
voltage has to be set up externally and its range varies with Vaer
(see the Driving the Analog Inputs section).

The output coding is twos complement in fully differential
mode with 1 LSB = 2 Vee/4096 or 2 x 2.5 V/4096 = 1.22 mV
when Veer = 2.5 V. The designed code transitions occur midway
between successive integer LSB values (that is, 1/2 LSB, 3/2 LSB,
5/2LSB, ..., FS - 3/2 LSB). The ideal input/output transfer
characteristic is shown in Figure 38.

Rev. A | Page 37 of 92




ADuC7019/20/21/22/24/25/26/21

SIGN
BIT
0 1111 1111 1110
0 1111 1111 1100 § LSB=
0 1111 1111 1010

0 0000 0000 0010
0 0000 0000 0000 + — - —-------
1111 111 1110 ¢

1 0000 0000 0100 T
1 0000 0000 0010 |
1 0000 0000 0000 »

[{4 W v
—Vger + 1LSB oLsa Vgee - 1LSB
VOLTAGE INPUT (Viy+ — Vi)

OUTPUT CODE

|
I
T
'
i
1
1
i
1
1
1
1
1
1
1
1
1
1
1
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1
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Figure 38. ADC Transfer Function in Differential Mode

TYPICAL OPERATION

Once configured via the ADC control and channel selection
registers, the ADC converts the analog input and provides a
12-bit result in the ADC data register.

The top 4 bits are the sign bits. The 12-bit result is placed from
Bit 16 to Bit 27 as shown in Figure 39. Again, it should be noted
that in fully differential mode, the result is represented in twos
complement format, and in pseudo differential and single-
ended modes, the result is represented in straight binary format.

3 27 16 15 0
I I T T T . 1T T T 1 1. ‘ I ] :
T 1111 I~ 1T T 7 1 [ 11 i
7 Ay ]
SIGN BITS 12-BIT ADC RESULT g

Figure 39. ADC Result Format

The same format is used in DACxDAT, simplifying the software.

Current Consumption

The ADC in standby mode, that is, powered up but not converting,
typically consumes 640 pA. The internal reference adds 140 pA.
During conversion, the extra current is 0.3 uA multiplied by the
sampling frequency (in kHz). Figure 31 shows the current
consumption versus the sampling frequency of the ADC.

Timing

Figure 40 gives details of the ADC timing. Users have control on
the ADC clock speed and on the number of acquisition clocks
in the ADCCON MMR. By default, the acquisition time is eight
clocks and the clock divider is two. The number of extra clocks
{such as bit trial or write) is set to 19, which gives a sampling
rate of 774 kSPS. For conversion on temperature sensor, the

ADC acquisition time is automatically set to 16 clocks and the
ADC clock divider is set to 32.

ACQ BITTRIAL WRITE

ADChysy l

ADCDAT X DATA

ADCSTA=0 ADCSTA =1

o
e
&
B
3

C4B55-015

ADC INTERRUPT
Figure 40. ADC Timing

ADuC7019

The ADuC7019 is identical to the ADuC7020 except for one
buffered ADC channel, ADC3, and it has only three DACs. The
output buffer of the fourth DAC is internally connected to the
ADC3 channel as shown in Figure 41.

ADuC7019

1MSPS 12.BIT
12-BIT ADC DAC
ADC15 g

Figure 41. ADC3 Buffered Input

ADC3

O4p55MHE

Note that the DAC3 output pin must be connected to a 10 nF
capacitor to AGND. This channel should be used to measure dc
voltages only. ADC calibration might be necessary on this
channel.

MMRS INTERFACE

The ADC is controlled and configured via the eight MMRs
described in this section.

ADCCON Register
Name Address Default Value Access
ADCCON OxFFFFO500 0x0600 R/W

ADCCON is an ADC control register that allows the
programmer 1o enable the ADC peripheral, select the mode
of operation of the ADC (either in single-ended mode, pseudo
differential mode, or fully differential mode), and select the
conversion type. This MMR is described in Table 14.
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Table 14. ADCCON MMR Bit Designations ADCCP Register

Bit Value | Description Name Address Default Value [ Access
15113 Reserved. ADCCP OxFFFF0504 0x00 R/W
12:10 ADC clock speed.

000 fADC/1. This divider is provided to obtain
1 MSPS ADC with an external clock <41.78 MHz.

001 fADC/2 (defauit value),

00 fADC/4.
011 fADC/8.
100 fADC/16.
101 fADC/32.
9:8 ADC acquisition time.
00 2 clocks.
) 4 clocks.
10 8 clocks {default value).
1 16 clocks.
7 Enable start conversion.

Set by the user to start any type of conversion
command. Cleared by the user to disable a
start conversion (clearing this bit does not

6 Enable ADCausy.
Set by the user to enable the ADCgusy pin.

5 ADC power control.

Set by the user to place the ADC in normal
mode {the ADC must be powered up for at least
5 ps before it converts correctly). Cleared by the
user to place the ADC in power-down mode.

43 Conversion mode.
00 Single-ended mode.
01 Differentiai mode.
10 Pseudo differential mode.
11 Reserved.
2:0 Conversion type.
000 Enable CONVsragr pin as a conversion input.
001 Enable Timer1 as a conversion input,
010 Enable Timer0 as a conversion input.
011 Single software conversion; sets to 000 after

conversion (Bit 7 of ADCCON MMR should be
cleared after starting a single software
conversion to avoid further conversions
triggered by the CONVsyanr pin).

100 Continuous software conversion,

101 PLA conversion.

Other | Reserved.

ADCCEP is an ADC positive channel selection register. This
MMR is described in Table 15.

Table 15. ADCCP' MMR Bit Designation

Bit Value | Description

stop the ADC when continuousiy converting).

Cleared by the user to disable the ADCsusy pin.

75 Reserved

A:0 Positive channel selection bits
00000 | ADCO
00001 ADC1
00010 | ADC2
00011 ADC3
00100 ADC4
00101 ADC5
00110 ADC6
a01Mm ADC?7
01000 ADC8
01001 ADC9

01010 | ADC10

01011 | ADC11

01100 | DACO/ADC12

01101 | DAC1/ADC13

01110 | DAC2/ADC14

01111 DAC3/ADCYS

10000 | Temperature sensor

10001 | AGND (self-diagnostic feature)
10010 Internal reference {self-diagnostic feature)
10011 AVop/2

Others | Reserved

"ADC and DAC channel availabitity depends on part model. See the Ordering
Guide for details.
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OTHER ANALOG PERIPHERALS

DAC

‘The ADuC7019/7020/7021/7022/7024/7025/7026/7027
incorporate twao, three, or four 12-bit voltage output DACs on-
chip depending on the model. Each DAC has a rail-to-rail voltage
output buffer capable of driving 5 k€2/100 pF.

Each DAC has three selectable ranges: 0 V to Vg (internal
band gap 2.5 V reference), 0 V to DACggr. and 0 V to AV,
DACxge is equivalent to an external reference for the DAC.
The signal range is 0 V to AVpp.

MMRs Interface

Each DAC is configurable independently through a control
register and a data register. These two registers are identical for
the four DACs. Only DACOCON (see Table 26) and DACODAT
(see Table 27) are described in detail in this section.

DACxDAT Registers

Name Address Default Value Access
DACODAT 0xFFFFO604 0x00000000 R/W
DACTDAT OxFFFFO60C 0x00000000 RW
DAC2DAT OxFFFFO614 0x00000000 R/W
DAC3DAT OxFFFFO61C 0x00000000 R/W

Table 27. DACODAT MMR Bit Designations

DACxCON Registers

Name Address Default Vatue Access
DACOCON OxFFFF0O600 0x00 R/W
DACI1CON OxFFFF0608 0x00 R/W
DAC2CON OxFFFF0610 0x00 R/W
DAC3CON OxFFFF0618 0x00 R/W

Table 26. DACOCON MMR Bit Designations

Bit | Value | Name Description

6 Reserved.

5 DACCLK | DAC Update Rate. Set by user to
update the DAC using Timer1.
Cleared by user to update the DAC
using HCLK (core clock).

4 DACCLR | DAC Clear Bit. Set by user to enable
normal DAC operation. Cleared by
user to reset data register of the DAC
to zero.

3 Reserved. This bit should be left at 0.
2 Reserved. This bit should be left at 0.
10 DAC Range Bits.

00 Power-Down Mode. The DAC output
is in tri-state.

0 0 ~ DACrer Range.
10 D- VneF (25 V) Range.
11 0 - AVoo Range.

Bit Description

31:28 Reserved

27:16 12-bit data for DACO
15:0 Reserved

Using the DACs

The on-chip DAC architecture consists of a resistor string DAC
followed by an output buffer amplifier, the functional
equivalent of which is shown in Figure 51.

AVpp QUTPUT
Veer BYPASSED
DACRer — g FROM MCU
o
R
h - ? DACO
R
o
1 1
\0—4}
R
o
R
Wi .

Figure 51. DAC Structure

As illustrated in Figure 51, the reference source for each DAC is
user selectable in software. It can be either AVon, Veer, of DACker.
In 0-to-AVoo mode, the DAC output transfer function spans
from 0V to the voltage at the AVoo pin. In 0-to-DACrer mode,
the DAC output transfer function spans from 0 V to the voltage at
the DACker pin. In 0-to-Veer mode, the DAC output transfer
function spans from 0 V to the internal 2.5 V reference, Vecr.

The DAC output buffer amplifier features a true rail-to-rail
output stage implementation. This means that, unloaded, each
output is capable of swinging to within less than 5 mV of both
AVpp and ground. Moreover, the DAC’s linearity specification
(when driving a 5 k() resistive load to ground) is guaranteed
through the full transfer function except codes 0 to 100, and, in
0-t0-AVop mode only, codes 3995 to 4095.
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Linearity degradation near ground and Voo is caused by
saturation of the output amplifier, and a general representation

of its effects (neglecting offset and gain error) is illustrated in
Figure 52. The dotted line in Figure 52 indicates the ideal transfer
function, and the solid line represents what the transfer function
might look like with endpoint nonlinearities due to saturation of
the output amplifier. Note that Figure 52 represents a transfer
function in 0-to-AVpp mode only. In 0-t0-Vigg or 0-t0-DACygr
modes {(with Vigr < AVpp or DACger < AVpp), the lower non-
linearity is similar. However, the upper portion of the transfer
function follows the “ideal” line right to the end (Ve in this case,
not AVpp), showing no signs of endpoint linearity errors.

AVpp
AVpp - 100mV -

T

100mv 4

-

0x00000000 0x0FFF0000

04955-024

Figure 52. Endpoint Nonlinearities Due to Amplifier Saturation

The endpoint nonlinearities conceptually illustrated in

Figure 52 get worse as a function of output loading. Most of
the ADuC7019/7020/7021/7022/7024/7025/7026/7027’s data
sheet specifications assume a 5 k{2 resistive load to ground at
the DAC output. As the output is forced to source or sink more
current, the nonlinear regions at the top or bottom
(respectively) of Figure 52 become larger. With larger current
demands, this can significantly limit output voltage swing.

POWER SUPPLY MONITOR

'The power supply monitor regulates the [OVyp, supply on the
ADuC7019/7020/7021/7022/7024/7025/7026/7027. It indicates
when the IGVoo supply pin drops below one of two supply trip
points. The monitor function is controlled via the PSMCON
register. If enabled in the IRQEN or FIQEN register, then the
monitor interrupts the core using the PSMI bit in the PSMCON
MMR. This bit is immediately cleared once CMP goes high.

This monitor function allows the user to save working registers
to avoid possible data loss due to the low supply or brown-out
conditions. It also ensures that normal code execution does not
resume until a safe supply level has been established.

PSMCON Register
Name Address Default Value Access
PSMCON OxFFFF0440 0x0008 R/W

Table 28. PSMCON MMR Bit Descriptions

Bit | Name | Description

3 CMP Comparator Bit. This is a read-only bit and
directly reflects the state of the comparator.
Read 1 indicates that the IOVyp supply is above
its selected trip point or the PSM is in power-
down mode. Read 0 indicates the IOVpo supply is
below its selected trip point. This bit should be
set before leaving the interrupt service routine.

2 1P Trip Point Selection Bits. 0=2.79V, 1 =3.07 V.

1 PSMEN | Power Supply Monitor Enable Bit. Setto 1 to
enable the power supply monitor circuit. Clear to
0 to disable the power supply monitor circuit.
Power Supply Monitor Interrupt Bit. This bit is set
high by the MicroConverter once when CMP
goes low, indicating low I/O supply. The PSMI bit
can be used tc interrupt the processor. Once
CMP returns high, the PSMI bit can be cleared by
writing a 1 to this location. A 0 write has no
effect. There is no timeout delay; PSMI can be
immediately cleared once CMP goes high.

0 PSMI
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