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Hoist crane overload protection meter hardware design

Abstract

Crane Overload Limiter (Crane Overload Limiter) is an important crane
overload protection device. Its main equipment in the vehicle suspension, tires and
other large crane and crawler crane. Through the system of sensors on the crane's key
operating parameters in real-time detection, after analyzing the results of calculation
and data processing are combined with a crane to judge the current conditions: load
close to the crane when the actual scope of work of non-security, the system pre-alarm.
Scope of work more than non-security, the system security alarm and automatically
control the direction of the dangerous action against Crane.

This paper presents a single chip embedded crane overload limiter, power, sensor
signal acquisition end, analog signal conditioning circuit, AD converter circuit,
antenna, photoelectric alarm circuit, 232 Interface, buttons and LCD display unit, etc.
to design parts. Instrument showing the weight of the main features, showing ceiling.
Including over-limit alarm and protection alarm alarm Alarm setting the photoelectric
alarm, same time, the limiter has a short-range wireless communications capability, so
that the application of more extensive and easier to use. The current international
trend is to protect the instrument to small, modular, integrated, intelligent
development, its technical performance tend to rate high accuracy, high stability and

high reliability.
Keywords: SCM CC2430, crane overload limiter embedded MCU, LCD display
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Al S AS V S 2 P AR IR SR BT AL IR S B TAEIAES, 1X 6 IE A% H RR AL I A 220
HIE, ERARPMGEISAET I F TAELLCE 2Rl Zidr, Jh R 82510
ATAEVERI A bE . [FERREAL IR DS BEH AR TR bR AN S RPN 5k L, B
|H bR T 2 57

fEGiME S L, SR AR R PR EAL B M AL RS A RR, H IS Hr
e TR TH E R R G R PR 8 S AF se AR “RREE” A«
D17 BB & k%8, MR AVH ARG TIX5r . IHERR
21 Tifabr, R FRATRE; FEMHARZRE. dirfawze . ERMRE. AR,
25 R R B I 22 LA R e A i R B IR 25 6 TR bR b R B R 22, SR e FR
AR KAV 252, 23 0.02. 0.03. 0.05......1.0 &R

oS FAF A — PP AR . E e E FIEER A L 1 44— e el
PRl T VB T R S o 5 R8BS IR Hb s 1 B 7 0 R N S AR ) e e 1)
SO, WREAGEERMMERE e br A LR e WiaR e, EEMRZE. AR,
SR B R R R R R S R RS . FE SR AR AR B R A, W LS
WRZEN R A P RS MER BT, PR e R W et 22 ( DR R K,
DS FH S0 I8 1 R — M S 10T o O FR T AR IR o [ Byl R 2 2L (OIML) IS
LIRSS IR 25T & (T as iR 2= AR 70%, FREALIKESIIZERZ . a2
DA R A R0 vk 52 S LAY el T3 80 2R 0 14 552 Wi T o5 |t 1 % 2 5 1) I\ R AN e
RARZERT 6 o IXHE VR SRR B IR ZE A m I TR, kA
ST IRV 1

3.1.2 43K

PREAR AR 0 e W, ARG, Aatls R AR
A s FEsROGS B AR A% 8 28, DL BN AR AT T 55

Je A AR A AR AR 5 ko

T AR IR A A I CHIE 1 1 3R 6 BB LA e e OE s 5 (& 2),
JetATPIE, N E e, g R A B S IndE K E S I
B A TIALAT RGAR I e Hs , s st MiHe sl SRS 8UBhtiz
M5l FIRDGHE . B A o R, BRIl oF S Ml i 5 /R S8,
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HOEMI L B0 £ RN, AN T Aff s R s sl 4 o

AL EEE (B 3) RS EE (79D & —BRIE7E R AL L1 iE I B,
A R i T G e SR URH TR RS o I AR A R A T A
IIRTAFAE RSB eI, TSR #eid— e M o e ok B T i B e 2 (s
SRR SCEAE T, RS RS T R A B, SR AR R BN AR A
FUEECT . SRR S AN 4 &R L

W AL s W 4 BToR, AE2 AR P AERTING, W i s 386K,
BORHIFREES P RIE b o WU H R 0 IS AR, BRI e e U 1 o ot o 8 P A
AR SR TR AR, DRSS, AR — AT 1/100,

Ha G UG I8y e R AR & i S A 5 FU R 0 A P ) SR B A (]
500 MRE G FHCE AN, AUAF P ) AR s O H ARSI H URE S
SN G RNG R, =AW )y, AT 2 RS o 6™ A2 G- 00 1
MR AT 2 e e, B AT i e A ) it . Wi ) AR SRS ME R v, ATk
1/2000~1/60000, (HFREEHAAE LT 2 10 T 582 1.

H A UL B B R H AR 2 B 3% HL B I PR SB ATR £ S5 AR R d 1) 1 Eb g
KAETAEE 6). HARAPIEL, —HMEEAZ, 5H—HPnlBa). 7E&ES 8
WAy, BEpath, MR I B B Ak A AR A, HLER IR G AR A i 2 AR Ak
WA ARG R AT SR R S B . AR R FE R R /D, G
%, WERAREE R 1/200~1/500.

WIS T AL s W 7 Biow,  BRECAHER N B 7R F R R AN IR
JEI, PWESFE RN 5 1 S RER AR, SRR T CRERD WM vk 2 25
Pl ) S L s AR Bt 2 A o N F s PR AR A i B AT SR H I B R L rd o, b
e B . A AR AL B I HMER S ANy, — Bk 17100, 3&FHFK
WA AR TAE, FREJH L2 T 5.

Pesh At s #EToiEsz 71 ), LA PR35 1E H D1 7 7 MEE .
N H A A AR A, RITRT SR HS Bl A P AR S oA i g, b sk o T R .
P B AL A AT e 5% AN SR

PesZ AL ikas (B 8 ) Bkt @ik . WRES Lina gy, v
5% 22 WAZ i pr ) ~, HASSZIH IR, A sZ b Jivsis o PR SZ I [l A5 4
RRAENFE RN K PIRREZ AR 2 2=, Bl sk iy i i . o204k
s HERG R, ATEA 1/1000~1/10000, FREJGHEIN 100 722 JLE T, {H
GERIE TR, INTHERE R, WM.

B SR RS (K 9 ) BRPE o fh 2 Yo & St [ e A I oo, e A
Y EEFEIRG, IR R , SR ES B s, 3 Xy
) 52 7 10 Bl A 4S8 0, B9 0 AR B 55 T n 0 9~ D7 AR B b o 3000 S [T A
A, Bk YN T & X ER ), dEfskEY . B XL AR R
TN, VRV EA 1/10000~1/200000, FREVEE Y 500g~10kg.

BRds A B Wil 10 s, B raefr HEZEd, DUARIHEE o 28 X Hita
SENER . WHERA AR S5 AMESRICE:, TS Y iRt AMESRE T
BRI SHUREEARE, gk i Z et . Hrah (X BNERZ AN e I
IREFIPIRAS o 3 3l — S A0 52 2040 3 (P/2VE IR, P ARt i e 3 B Z 4%
gl (5. HEBNMEE o 548 P2 bk, AR 1) ki o, B
AR AN RN, BT SR = AR AN g IR A 1 o

BEAB A AR AR I N A )R (S D), TR E IS, W RRELE Gppm),  #



AR/, AT S MEAAORE v, WA 2 R R 23 HE R (1/100000) A1 = T i
1 £ (1/30000~ 1/60000)

He, BEL Y 2 AT S AS R P B A% A% T Ik G, B i 2 e A ) Dt 2 T4
(B 11D EZH#ETO. BBANAR A W R AL g8 4 341k,
BH AR S AE s oo b, stk ootz A ey, 3 RN iz &8, %
S50 F BH O o 00 L B R AR L BEL R AR A AR Sk 5 AR D RIS B B A8 B LA
Shith. SRR AR B I i

FEL BEL AR SUAL IR B AR S L O 300g B80T kg, wHEUERIEEE 1/1000~
1/10000, S5 R4y i, Al SEVERCUT . R 40 F 10 o 2 A FH e A s

3.1.3 RANKRESLRS

AT S BRI EEsk (PR AL s st R : 2mV/V R E AL B M it FLFH
350 Q) , FRIEPEIRIINTE WAF ve v 1 PR 2 7 11 SUP94 NAR Fr =ik )45 I8y

HEARZSHAT
i RBUE 2.0£10% mV/V
FRf +2 %F.S.
E (32343 0. 02 %F.S.
] 0. 02 %F.S.
=AM 0.02 %F.S.

4% (30 20+ 0.03 %F.S.
EEREEESE  0.025 %F.S./10C
FREEED 0. 025 %F.S./10°C
NG 410430 Q
o 4 mLBH 350+3 Q
-t L < 2000/50VDC MQ
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oy

I BEE 10V
BAEHABEE 15V
BEAMET -10 ~ 40 C
TR EER -20 ~ 60 C
REBR 150 %F. S.
oA 300 %F.S. (SUP91: 200 %F.S.)
=M
' T
I I
i 11 11
| D ar 28
_@ H L =N H
@ j-
7 (——j 20
! I : I
11 I
! [l
B L
EH Fated Lead(t)| L H B D
0.1~—0,75 70O 20 19 M1Z =1.75
1,1. 5 T0 20 25 M12 >1. 75
2, 3,5 a5 18 25 Mi1E = 1.5
Y. 9,10 1320 172 o1 M30 2
15, 20 1s0 120 [=]8] M3 =2

TR RGEEK

3.2 ks

3.2.1 fiifr

JBOR A BEFTA A TS (10 F B OO ORI L, v sl A%

HLE

A s S A AR RS O 2 e HIAEEAR. /8. ik, WL, B 3h A 5 ke



B,
3.2.2 ERIEHBURE KR

138 F AR i as BN 2%

0 AR s ST OR AR 2 FR IR S E L EGE b, T 2 K2 5 ol N )
R R . A R AR s SO AR oo T 2, T RURITTIRY, Horp T Y JR I 2
BRBOREE, TR rh i 25 12 O RS, TRy s 3R Ia SO 2% . T RN 1T 7Y
FEAR eI, RN R EAE 2mV 24y, TR 2 — KT 80dB.

2. K P s SR A

A FE AR RIS S BOR AR AR IR L R R H T /), IR AR /N, DU RS
SCREH I L AR5 IS B OR3s « IX s BB e A Lh A /N . Forp i vy
WG AR B Is FROR 28 I A i e vl /N B LR, B /D B L AR R R G
o

3. e A 7Y A B SRR A v T A s ST A R L H R R R AR OK
H Ak 2~3kV/ 1 S,

4. = N BHTER iiis FIBON A%

m A A BB TAR s STRCR B IR A BT o3, NIRRT . XREH
TBOK AR 5T N 2 AE 1 K ) MOS

5 AR DIFESE s SO A%

R IDFELE Iz ST ORZS TAER R L AR /N, H P H R ARAIG, 3NS5
KA IIFEA A LBl IXFREE RE SO A% 2 H T 1= i .

6. i Ay 4 s SO A%

AT AR IS SISO A A AR e, PR 3 25 7 58 A TIRAR LA b, AEAE
FH 58 4007 TROR AL i v

7. 1o e AR s SOROR A

— AR A RO BB L TR AE 15V U, 1T i R B 4 iIE SO 23 1)
NIV R TN

8. D R AR i SN A%

DRI s S OR A i 2, m] 1) e ik b R T R i

3.2.3 RS SBOCHRE

AU SEIBON TR, FAiT AD620AN 1E R/ NSO R It 3285 Fr o 3L

SRR
3




ADG620AN, {REER . (RINFEOCRONSS, Wik EEHE 1 £ 10000

AD620AN [FB S AR RSN F R s

ADG620AN RIS H5iR

AD620 LAY
A TNV, A kSR
N BB, PDIPS

AD620AN H.AhS¥

T i 2 1.2 V/us
CETPANGER/ N 900 pA

i H LT 18 mA

i S -40°C~85°C

ADG620AN f)315 k. 287, PDIP 5| 8 75)/%: 300 mil
5| A e 1

3.3 &M

3.3.1 i

232 AV EN B iR 02—, B Dk B 4 (Electronic
Industries Association, EIA) Friill e ) DAL br iR 0. 8% RS-232 #:1HLA
9 NG| (DB-9) Hif2 25 M5 (DB-25) BB, — AN AN ot
P2l RS-232 #:, 4ralFkh COM1 Fl COM2.

332 REGE0

ARARGGEH P H$ & MAX232
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5145 R

L EFEFER www. Slkaifa com

P
Cl+ II £| Vier
v [2] [15] onp

o] amaama [ nou
ce+ [4]  maxaoee  [qa] R

cz 4] WResx 12] oot

V-] [11] T
T2007 [ 7] 0] T2m
Rz [ B | o] reour

SP202E / MAX232 / SP233E / SP310E / SP312E #8442 — M54 RS-232
V.28 AT SIS B 28 505, w5 A Y58 ESD P RE . XL ESD A PR1S
BT ok, AR AT NI S TEC1000-4-2 S BRI, A T +15kV.
SP202E / MAX232 / SP233E / SP310E / SP312E #$MF-4E5 | L2 Sipex
SP232A /233A /310A / 312A #fF, FFAI UTIARHE. SECRIRA—FE, 1
WA EAE LN SP202E / MAX232 / SP233E / SP310E / SP312E @t HH &b
120Kbps AP AL HIEZ, 0. 1uF PH A2 FEAY, DURIE I 7 b R R 2 AR i
[, XS AR HAT Sipex (XK CMOS #tit, RVHRINFEERAE, A%
Wi 4 it . SP202E / MAX232 / SP233E / SP310E / SP312E 41 0] ik ¥k} 5 B % DIP
1 SOIC 2%, fEazridkg, g ZE T 2 2 vu
o Ay

MAX232 FEARZSH

Vee(V) 5 (4.5~5.5)
fEHH A (kbps) 120
MAX232 HAh s
RILAR 2
£l E 2
ESD (KV) 15
N B AT A Yes
AP HL AL 4
AR FLZS K /N (uF) 0.1
TTL 3 7& No
MAX232 Ff %255
NSOIC16
WSOIC16

PDIP16
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3.4 RRA%

3.4.1

RGN BB AR ARG AT AL, BoRaR MK s TR 2 3
Z 7RIS, W, FeJ), MRREAEANRIAEEI S, B DL n] LR
NS, AN AT LE I ] L.

3.4.2 BrRBHS%E

WIoRES5r A LCD WoR#sf1 LED W R%s .

LCD W R8RS /& Liquid Crystal Display, 71 85— AN 7B AL,
22 TRV~ T 7 8 R ot S o o G TR D Bl R ) R 08 P A B 2« 3
IHESARTS AT e, e m il . ANEHRHESR L, B gk, Pifien
PR A VR 2 [ e TR BB B L 2 %% . 5 CRT WongsAll, LCD AL
MR REY, ARDFE, BV, REUN, BBEER, P ERER %,

LED XXMM E AR, ZafZ (UHB) 29 A6 E AR a8 100med
) LED, MFRIkfE+r LED. A B7s: LED e, SAamtbRs s, H
JEf EH R Z 1) VO BYRE, SR BAZ . sh&ER: ERH
TN A B A 08, o /b, B4l T Wat A, 8T
G AR O, LA IR I

5 LED #HLL,LCD i85 LL R4 5

(1) TAEHEAL, 1Y 3-6V;

(2) DhFet/N, b LED /N L%

(3) FHIEE M Rl LAUER BoR;

(4) TARRE®KA: —100—60°7TC

(5) NS,

343 REMERSE

KRG 2 7 B R W SRR 1ZD12864j-02




GBI anh

Interface Description
PIN | Symbol Level | Description
1 Vs 0V | Ground
2 | Vop 5.0V | Power supply for Logic
3 NC --—- | No connection
4 RS(CS) H/LL | H:Data L Instruction
(Chip enable for serial mode)
5 RW(SID) | HL H:Read L:Write
(Serial data for serial mode)
6 E(SCLK) H/L | Enable (Clock  signal for serial mode)
7-14 | DB0-DB7 | H/L | Data bus
15 | PSB H/L | H:Parallel mode 1.:Serial mode
16 | NC --—- | No connection
17 | RST L Reset signal, active low
18 | NC --—- | No connection
19 | A +5V | Anode of LED Backlight
20 | K 0V | Cathode of LED Backlight
Block Diagram
5 B e
=
A SO o —aln o Z
2890Z LRRRERRARLIEY .y
i S Al S et R i e 5] )R] i ] = B (51 M P

3.5 RGERBERH

R 20 % R 52 B ) D A R 48 6 CS1RE-CC2430-CS ZigBee TG4k M 48 4035
RJF K 245 .CC2430/CC2431 S Chipcon 24 &) #E H I R SEBLik A\ 38 ZigBee W
R ERS. &30 F 2.4GHz IEEE 802.15.4/ZigBee ThHill. HRAELH N B INAFE
IR, PR 3 A, B CC2430-F32/64/128, 43Xt . P & IN A7
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32/6 4/128 KB,

3.5.1 CC2430 B|

CC2430 (15| W~

a .
1 P17 Z g' 8 < aDD_RF2
P16 2 AVDD_SW
P15
P14 THRX_SWITCH 3.J
5 P13 p3.j
8 P12 0%” AVDD_AF1 31
7 DVED AVDD_PRE E
8- P1_1 .::
5 P10 VCO_GUARD %
' RESET_N AVDD_CHP 2

FO_D REIAS2

spagaatuldie
ER RSP

CC2430 (15| I :

DIO ¥ 25| T g
CC2430/CC2431 5 21 NA[9fE) VO 1511, Po. Pl H&5%E4n 8 frd,
P2 NHAS A
AT BT o IR BEE — 41 SFR 5 A7 a A A, Al L o | R4 Sy il
W VO HEAENER: ADC. TN 288 USART AT 4% /O FATH .
VO 1A [ B R
& MERENEFEK VO O, HAEENANE Vo D .
& FEHIANAE LR fifE
& 21 NECF VO 5] S EAT N AR T EE T o a0 TR BN R A
Ay 1/0
g LR AR, [R) ST A58 1 v DB A2t e At FH Ol e AR A 5
1~6 B (P1 2~ P1_7): Hf5 4mA ¥iHiKkzhfe
8~9 I (P1_0~P1_1): BA20mA MIKAIHES).
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11~18 il (PO 0 ~P0 7): HA 4mA HHiiKshae

43, 44, 45, 46, 48 I (P2 4, P2 3, P2 2, P2 1, P2 0): Hf 4 mA #iH
K5 He

)R S T fE

7 B (DVDD): A /O $#2ft2.0~3.6V TAEf/k.

20 il CAVDD_SOC): MUl HLEgER: 2.0~3.6 V [F K.,

23 Jl§ (AVDD_RREG): AFHUHLERIER: 2.0~3.6 V HIHLE,

24 I (RREG_OUT): A 25, 27~31, 35~40 5| D424t 1.8 V e H )k .
25 ) (AVDD_IF1 ): hHias i Brugis 2% . BEUIMNSEEN VGA W38
HL ke fit 1.8

V H s,

27 JHI CAVDD_CHP): A IRIRIESE A8 58— 50 /0 R FI 78 AR 42 (it 1.8 V HL .
28 I (VCO GUARD): VCO J5 it HiL i R 2 3% e 11 o

29 Jifi CAVDD _VCO) 24 VCO Fl PLL FRUEJ: 2855 #7424t 1.8 V L.
30 il CAVDD _PRE) ATiEhrat. Div2 M LO 24t 1.8V Mk,

31 |/ (AVDD_RF1) : 4 LNA. HiI'E & A PA 24 1.8V k.

33 Jil (TXRX _SWITCH) : & PA #2AtiH% )T,

35 il (AVDD _SW) :Jj LNA/PA AT # i dfit 1.8 V )i,

36 il (AVDD RF2) hFSAUR SHEMARIEHE 1.8V HL k.,

37 i CAVDD_IF2) AR A A VGA I n s et 1.8 vV k.
38 il (AVDD _ADC) :j ADC Fll DAC [{REHL 5B /0 424t 1.8 V. Hi [,

39 i (DVDD _ADC) :Jj ADC [0 HEs 324t 1.8 V ik,

40 i CAVDD DGUARD) : 5 25 5070 75 e i e L e

WA LM R oL e

%A G 2k okl R BB A B A | http//www.c51rf.com  http://www.rfmcu.cn
info@c51rf.com

028-86786586 86615004 86617556(1411L)

41 i1 CAVDD_DREG) :[n] L I 15 s i 02k 2.0~3.6 V Hik.

42 ) (DCOUPL) 424 1.8V XA, MHEEA SN P .

47 B (DVDD) A VO ¥ 144t 2.0~3.6 V [FJHL .

3G T T fie

10 B (RESET_N) :BEAr51H, LHFE.

19 i (XOSC Q2) :32 MHz itk 2.

21 i (XOSC_Q1) :32 MHz FIébdR5 1 1, AN EhimA5 11 .

22 | (RBIASD) 4225 LR SRS B ) O 2 FELFH

26 i (RBIAS2) RMLKSHAHIPH, 43kQ, +1%.

32 JH (RF_P) A& RX MMl LNA fANIE RG-S £ TX BRERek B
PA 4 IE

[ SR AU

34 JH (RF_ND 7E RX B[] LNA F A A5 5 76 TX BARERCk B
PA 4

[ SR AU 5

43 JHI(P2_4/XOSC_Q2):32.768 kHz XOSC ] 2.3 il

44 JHI(P2_4/XOSC_Q1):32.768 kHz XOSC ] 2.4 %ild.,



3.5.2 CC2430 KR F 1758

BRI g 27 A7 24 (SFR)FH 145576 8051 CPU A% Lo FIAM ¥ 4% . — B4 8051 CPU
W B AT 28 S FRUE 8051 IR I RE 2T AT 2R M ThREARTR] s 53— A A2 ae AN [F T A%
#E 8051 Rk Zfrds. AT RE AN e 1, DUAIE N RE WOR#s. F
PRINRE ZF A7 w251 CC2430/CC2431 1) 8051 WIAZ LA KL AMBE IR 45 Fh 5 () T RE
KB4 CC2430/CC2431 FRIRIIRE A A7 2 S b HENT 8051 RFERIhRE T A7 25 Thfe
A, AERAr ShniE 8051 HUANIR] . ASIFI IR D) B 25 A7 2% 32 222 A Tl Ak
DL SR 5 o

RN H T R D) R A7 2 hik . K5 T BRI S CC2430/CC2431
(FIRFR DI RE P A8, /NS A REANARESOST IR FIR I RE A7 A7 4% o

8 bg,l:tes
80 | pO sp dpl0 dph0 dpl1 dph1 UOCSR pcon 87
88 | tcon POIFG P1IFG P2IFG PICTL P1IEN - POINP 8F
90 | p1 RFIM dps MPAGE T2CMP STO ST1 ST2 97
98 | sOcon HSRC ien2 slcon T2ZPEROF0 | T2PEROF1 | T2PEROF2Z | - 9F
AD | p2 T20F0 T20F1 T20F2 T2CAPLPL | T2CAPHPH | T2TLD T2THD AT
A8 | ienD ip0 - FWT FADDRL FADDRH FCTL FWDATA | AF
BO | - ENCDI ENCDO ENCCS ADCCON1 | ADCCON2 | ADCCON2 | RCCTL BY
B8 | ienl ip1 ADCL ADCH RNDL RNDH SLEEP - BF
COD | ircon UOBUF UOBAUD T2CNF UODUCR UOGCR CLKCON MEMCTR | CT
C8 | t2con WDCTL T3CNT T3CTL T3CCTLOD T3CCO T3CCTL1 T3CCH CF
DO | psw DMAIRQ | DMAICFGL | DMA1CFGH | DMADCFGL | DMAOCFGH | DMAARM DMAREQ | D7
D8 | TIMIF RFD T1CCOoL T1CCOH T1CCIL T1CC1H T1CC2L T1CC2H | DF
FO | are RFST TICNTI TICNTH TICTI TICCTIND TICCTI TICCTI? | FT
E8 | ircon2 RFIF TACNT T4CTL T4CCTLO T4CCO T4CCTL1 T4CCH EF
FO | b PERCFG | ADCCFG POSEL P1SEL P2EL P1INP P2INP F7
F8 | UICSR U1BUF U1BAUD U1UCR U1GCR PODIR P1DIR P2DIR FF

BNE BRENBERPOEEFRT

REAFBEE AL O e LU, ARIERE TR SR, B S O, AD
e, OREGHSr, DGR K, 232 FTHLES, BRI LCD WoRi
Iy MR —— S )

4.1 BFERBS

RGN HRIE T FEF B AT AR — T SRR DIFE: —W
AT U4 ) FL B R Py BIORE AN ] P 5 L RS IR 75 22, A R0 O U7 S IRk =4
] SIZEI T L P A R R 428

ARG GG S ARG TR ), AR RGER I B)E 220V R JEAE 2 AR
JEZRE 5V, JFH SRR SPX1117-3.3 JLEZLH IR, DOl O A i L &
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FORIL AL F

*Wﬁ%—

£
aiis

J2

SPXIII‘? 3.3

3 Vin Vout 2
a
—_C4 C5

0.1ukH|

GN.

4.2 ERBESKER

FERGI T QML TAIRES L], N i AT B AR 41 T AL B W AR 5
Ll ds

HEL BEL AR A SR PR P R BEL AR SO, g 25 b g 2 B e o LA 5 1Y)
gk R Ik g o BN AR By S BN AR AR IR A% Lo iF, AR I B2 A1
FARLT LN AR RN, HL BN A8 RIVAT Sl f 0 A Ik s A, SCREAE D oot
255 A ORI

SRR HLBELBE A5 HUBRAR I 1 2B A A A I G U At BEL R A2 25N o HL BEL I AR Fr
FEHUBN AR 5 Fe 48 AR/R i, 13- WA A AT N L B AR AL — SBEAR BN,
ARG, FLAEAREE . DUt ORI BT NAL Fr [ AR/R A2 AL
o i I B AR A o FLHE T P i 0 P A

LU MR R AR 5 AN 32 B TG 2 1 70 AT HUO A RIS, FT
PUhE Sy, (E DU UBRN AR FR) i H 455/, SR v 1 2 A s B 1R IR BOR A3 0K

NECY - HRA AR R Y, E, B R E:

o Ein o

] 2. 6 it 4 J 0
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=4 LM i 1 0 9 R B s L BELIN m T 4L e O B, B ELUR PR AR
HU A, RIRAT L IR
4 WG RS Y BN, e o) I R A

U, =Upp, =U,p ~Uyp

R R,

=E
(&+& R, +R,

)

= Fe RR; - R,R, (2.2)

(R + R))(R; +R,)

i 2 25 RiR3=R2R4 I}, EfI

R/ _R, (2.3)
R2 B R3

u,=0, RIHM-FHT. X (2.3) BRVHTERAES
I A 0 AT A 0 A RSP, A TSN R S A R R S AR
J BB R AR BT 5 S PR L BH AR AL K
XN TAE, B RI=R-AR, R2=R+AR, R3=R-AR, R4=R+AR, $%z% (2.2), I
HA 7t A
|(&+2RY - (R-0RY|E
[(R +AR) +(R-AR)[[(R+AR) +(R - AR)|
AR
= F
R
= keE (2.4)

ARy AR A R

C1) RTINS, NAR Fy ol il 2% R U AT s o

(2) N MARIBL =, SRR

(3) giftie/lN, JPRPEEm/, R RAEGE N PR, WA R
SRR AR BT, BRI A

(4) mEdhte, A, EHseBlieii s, Ak,
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U5
SUP94 3.3V

,@. D’g ——C231
A T cap
— |1 | ?
47K

4.3 BREESHA R

£E 100°C IR, Pt100 itk ImA H I 5 B A R 138.5mV, et
15 5 BN L i FL RS EAT 18 M IBOR, A RBIEAN ADC JEATREEC 4, (R UER
55 00 1 P S PR RTORS B2 o JBOK R %K 22 A i S HOR 28 AT AR 5 80K - AR 4ia i
KA e WA HDO YR A e, B i r N PR RE AN IR/ Can
LM358 it #5 fm FEL s o8 VCC-1.5V AiAr),  HOGH B Al I A ™ B, PRI 25 7
PAMTH LG Pritie iR z=% . SEgsivHtl, SCRBURA IRt = 2=
fi%s Mg/ HAWHERIRATE ae 0. PR O i RELE . 3 DA T TR AN A
IERIBOR A B SR SURAN RS = (1 an K 5T 3| AD620 HAf 2 20 Je/ed7). Hiad
AJ HESZ AR L B BE I S 25

AD620 /& ADI 2 m) AL = [P B AR TR o« AT 7 (8, 7E it
(VCC=3~12V) LA IR ey . Wit — NNk 2 H B, ] DL (v
H AD620 MMGas: AN, ORI 15 EH AN F R, 3425
AT LAAE 1~1000 VG T, AMEZHEL Rg FITTHH A

G:fﬁ? (3.14) 1
AD620 HI 51 G E Fr R, SIThREa 2 T )
N He ; N /:

-RG: 55| 8 Bldr, AMEHH, WEBCKE ]
AIN: SOAH S A it 5 /v‘/+
+IN [F] FH % N\ i 5

o P I e WU g ) 3-20 AD623 HIAIR
Rm‘ﬁ@%F%A%
OUT: it 5| J#;
+Vs: YR I F YR A SRR
b P2 1 HL R

8. AMEHIBH, WE UK .

5 5 HOK R W R B E W E R, (55 OCEH B3, i REF 5] i#:
Moo REEHLFE R11 /E 4 AD620 (4N R Rg, AHM IBHAE N 100~161.05Q,
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Mk 1mA F2EI B 100mV~161.05mV, #EFE AD620 (4354 20, JHOK
HL T o 2.0V ~3.221V, R#ER(3.14), RgMHL 523K, W%, [EeHHY
H A7 2 B DRI, [T H L 1 FBELAEL N A B BEAELI 90% 2847, WUEEN R1=4.7K,
POT1=1K. AD620 £ M -h HEdF 40 et o | AL b 5 2%, AT 0.1 1 F 1%
FHAE CT RORELF. A CI18 il LI BRI AL I sy, C4 ImARS:
PR EPE. AD620 X f A —E 2k, HAPIARE /T 10K, HFH R12 #&
FHPTUCHCAE T, KT AD620 5k fHHT, /2 AD620 [ H ZK

fE AR R ARG 5 LSS, Wi JON RIS 5 8O, O L %
mr:

R11

—_—
—T

RES2

+5V
b
CAP
=]

5 \\ U8
c17 '|| rh 6 P12
/

R12 - I ADG620

Lt

ORI E SR L P12 [T, HT CC2430 [ O AD e
W, FTUAANH R4 AD B, HFE B HL R,

4.4 KBS

RECHR I3 B UL ()2 BAT IR, NR BTy E S, S k-

TX
antannal

N

W4 W4

1 co
) L3
‘é‘s‘ZNH Y YV [

22NH 1.8NH |
5.6pF

RENGERLF AL 32, 33, 34 =AM, WM, 7TRASUE R TAERER,
BEFT LA, T URIEER, DUSSIHEZ A AR B
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4.5 St IR A%

IEAE R B U AR s A S AR 2, i AU SN Y
BAEN AR AU, IR 5 S AN DR 2 F e 1R 1 I AE - 2 AL
T B HUE B 90%-105% L A TAT s, BB A gy 7, I A0 11
(¥) 105% N IR, I HALAT s, B2 il B e s

BENCER 3R/
Us D10 +5V
+5V
P13 }ﬁ I:
'l 4
E== = B
OPTOISO1 =
18(5] D4 +3V
+5V H T
P11 }5; L/,
Ky
= — ] LED
OPTOISO1 —
L /—\
BELL +35V
5V T

U7

P10 } ﬁ L/‘
1

OPTOISO1

B U6, U7, US Ak B Ay, HIRERY At AR RIS 8314, B
IERGERAME I AR, R LR, ORI A .

4.6 232 BEOHEK

RS233C & 2 [ H 7 TV B £ (BIA) il 52 ) — i ] o i 1 1) B 47402 1

e e B ) Ay 32 R A T s £ ity ¢ 4% (DTE) R AU 408 1 15 15 £ (DCE) il 222 1)

b, HEGCZL) 2 H T ENLS & el s 5% 00 B A TR 2 bR UE . 1ZAn T
e TlAE & 2 A SARIM N E . (E5Thae. st fER .

1. HUBERYE R A5 5 Thfg: RS232C HINUMERR I & 515 5 s T L5 4b

A R T WK 3-14 Fios, i DBO ¥ERESE, EH 9 NS, 1~5 51
h—HE, 6~9 SIA S —HE, K5I MIIEE N 3-3. RS232C FrAE HFEIEHNE

KBR Bk 15m, ft il 5 2%k 20000bps. =
3 3-3 RS232C 3|BITHALIHER ol 2
5ls | Beak Tyt {EHi T o—+—2
1 DCD Bkl N N
2 RXD Pel K LN Oi‘:é
3 TXD R Cfil \/o——‘
4 DTR A E iR il DB9
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5 GND {55t

6 DSR ANER V51 Sl 2 LTTPN
7 RTS T oRAR L il
8 CTS PIRARESES LN
9 RI PR FE~ LN

2. HAHRME ROERE TS RS232C WAL T & F5 S AL it 12 5
H1~F- o 6T TXD F RXD 55 5, K @4 . H-3~-25V0l T h-3~-15V)
FoREH 1; FH+3~+25VQEIH A+3~+15V)ERiZH 0. B4R, RS233C &4
H°F 5 ATmegal 6L ¥ &% PR . o T SEBLEATI W,  mtdb Z07E 5 2 (1)
B8N PRSP A L i

3. MAX232 HLSFEAN . MAX232 42 26 [ 5615 (MAXIM) 2 ] 1) B0 18
RS232 HIPHA S F o Z O+ i, LUK TTL/CMOS Hi P44 3]
RS232C &4 o MAX232 {05 5 I Bl (a) s, MAX232 [N ER 4 an
El(b)FT7

.

C1+ E E‘ Ve
W+ [2] [15] GND

o-[3] aamama 4 Mo
G2+ E MAXZED E fm

MACD
e [5] maeza  [r2] R

V- [&] 1] iy
T2qur [ 7] 0] Tam
Rew [ 8 9] Reour

(a) MAX232 5|~ E
(? T
[

|
L
1

16

4

] )
L 13 +5v T+ K &
]

T _|s +1ovAkiov’

t5V/

— | I H > 14
=1

RS232

LA X

TTL/ CMO{

~

e D

TTL/CMO

RS232

LA N

{>c
S PR I
SR

-I||—|:»— |||—|:»—

.|||_G

T 2618
MAX?23?2 B BIA 4



RS232 #£ LB R B iR, WA Cl~C4 75 SARYE BT I 205 (R Sz br 4
SERAE, MAX232 5k A 1uF, MAX232A kK 0.1uF, HA %4
P AL S N A B A DG B EE T o HLZR C5 D 2o RB A, AT LAYE 2 e b A e s
HLRH R1 AT R2 R ER, Biibdfse:. FEP e i i vk LR O . JP1 AT IP2 24
Bhek, M RS232 #: AN, TFEkbkekik, MAFF 2 RS232 H2ANy, L
BERZE M IT, TXD(PDO). RXD(PD1)w] LLVE A 170 .

33V ulo
} 16 1
- vee o L] -
CZ1 1uF 7] 3 0.1uF
I Lﬁ v+ c1- 474
ot AR G T
i 2 c21 15 , 3 c23
e 1uF GND C2- 0.10F
o+—3 JL o Tiout TIN —Hl] i
o—— = !l RIIN R1OUT —22
o
Faast e P
o R2IN ROUT —2
DEBO I MA232

RICZME (LED) BoRatefa TR A, 2806 e
S, AP A B N R, BN RS ) A S, Biae
INEFNERF . AR — A, BIERCHS FEAEE . W EREE (LCD)
e R RS T — 1) BN BRI 3 — i RN, JEAE 3 FL B
R (R RI v 280 — 2 B AR, BN ER I 21 5 90 BEMES Y, MR mPROGIE
S HARPR I 2 e 90 FE o Uitk inlbs)s, ERmERT, WM
AR, RO E-WN R, WG EHaEE . il 5l i o
TR I H M A48 o WELAE PRIV T PR I = 0 B v 2 R, S i B A b
Mg GERLBCFRE), sl 32 AR B AR R A ERER. NERER
WA BB, AT RN R B AT o R J08 71 8 AT FH P oD 200 PR A I, ) 428
AFIIRBN A B TAE . K bh Woniidl, $ilds, PCB Zeigti. TG, 45k
PEREICAE — G PR A RR 2 A Y S /s A (7 0 0 42 1 S 2 VAN A5 5 B
BAUME 5 BRI 3R 5 LCD Wor. P A Wos Bl 7 (8, &k, f25-f748 LCD
Fp FEE A LCD 331 2 N H .

ARG T LW RN A LR ERE, SR EERNLFFERR 10
i, PUAELE I, Nk b ERESR /D 10 £ XFERT LA IS AR e Bt I
B L& /AR BV R BRI mT DL sk B 3 7 O S PR B R R, TR
WAV E/REE, AE, LPRNFER=BE-0E. 4 EHE S EREBIR
JZD12864j-02 H W/ngs, WANHLEE, 8 A7 Cpu LML, {555 CMOS il
TTL 345, U2 T ARG & IEK .

CANESIE 2 (Eep
Y +5V;
W s

27



BoRF L 4B G /NLRD

T Ot

oA FEOR;

TAEURE: 0~+55 &
JZD12864j-02 ‘Lrnas B2k Wi T

I3

XSQ

52
o =
AR unELRRRREEe R uE v
S MAMRORRARRR AT S S M
= =lFlz =
5V 5V
2 3
4.8 E°ROM 75fi& 28 B B%
CS/WDI— — Voo
SO—— ——RESET
X 5045 .
WP— ——SCK
Vg Feetate] |

RYEN E’ROM ik 8852 X0545, '©47 8 NI
CS/WDI: Jr ik N/ T I AT HN 5

SO: HATHiIH

WP: S{RIFHEIN;

Vss:

Vee: HLH;

RESET: EAf7fit;

SCK: [F]25 I By N 5

SI: HATHIN .

X5045 [FPRA T A7 A R 23 2wk A&, SR Lk 1 jr s,
*1
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7 6 5 4 3 2 1 0
0 0 WDl WD0O BLI BLO WEL WIP

Hrr, WD1. WDO &% 1€ N i [ % E 47 ; BLI. BLO 21 o SR X
WEAN; WEL & HiEbridi, 1| RESMAEIF T IF; WIP t2 Nk, 1/8%
A WFIEAT 5 . AR, SR .

X5045 0 IR AR AT 4 B

(1) LB FEEl. EXT X5045 I, ERSET 5] % A3 Z0i5S, IF
PRFFA /D 200ms, i CPU 5 E AT .

(2) FHEYEH N . A 2 rE s i AR T3 T e e VTRIP B, RESET
B EAES, HAERPEBER T VIRIP FEREE D 200ms, S5 5 A4 9
{Ho VIRIP [FH ] (EARE O RS A FIEE 5 NGO R EE . X2
SR SIS RN A, T DA e R F i, XS S VTRIP HER AT
i

(3) Bl . R WHRE A1 WD, WDO 27 | 1405 N e B4,
EIDIRAS TP E T4 WRSR BHUX 2 Mr&Ar, wiheds 3 B ) b k4T
VR PR RS S IS 28 T T I AT 1 CS SN S B U 58 . 6 2 & WD
WDO0 45 )5 o

*2

WD1  WDO0 Al JfseE vy
0 0 1d4s

0 1 600ms

1 0 200ms

1 1 LA I TAE

(4) H4T E2PROM. S N 512 F A ot, 10 JTIRWEES, HdRirErn
[ 100 4. XICOR it 7 3 PRy 7 APribiRs . Wfh: WP SRy 51, 4
SR RARES, PEBAAAE R OIR S T AF AR B S I L BN (A XIS Ay A, @
REXPIRAS P A7 8% 09 BL1.BLO A2 3 &, 1] LUK B A R A7 A X IR dE A T 5 R 3
FERHAT AT S EAE AT &S 20T FF A RETFO¢, 11 HAE L )40 S ik 58 B
AR O AR . WA, EJLF RS 2 F, ARSI ek, &
3 /& BL1. BLO H&HIS X

*3

BLI BLO SR IcHhE
0 0 EHEP

0 1 180H~ 1FFH

1 0  100H~1FFH

1 1 000H~1FFH
XF X5045 HIERVE R 4 #EO%k CS. SCK. SI 1 SO HHAT A2 Hh AT 1815 Sk 58 %
fF). SCK ZAMERH N FE NS S o 2o ) e 2 BB Ny, IS4 v
¥ ST S G SN ZERHE B, 5 A 2 SO S E. %
s (R N/ S 2 S AR S

B WHILA 6 &54%, Wk 4 Prail,

% 4

wmALAH mAt N

WREN 00000110  FTIFEAERETT L
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WRDI 00000100  KMS{FRETTK
RDSR 00000101  iRAFIER
WRSR 0000 0001 IR T4
READ 0000 A8011 AT T
WRITE 0000 A8010  H{Ef#Hic
(1) WREN #1 WRDI /& Eff G ST/ R 5L EATHZ AR 2
(2) RDSR Fl WRSR JEIR A T2 L/ 5484 . fEM ST FiA$84 )5, RDSR
FIPAT S B, BRSSO B 1M WRSR 8 S35 M A B IL
B
AR s P an

+5%

o J
L /CS VCC =
[5]

so RESET
3 7 TD

Rr1 WP SCK
2k BRD
1 VSS st —8  RD

X5045

BHE S BER B T

MR 28 — Z BT et 1) Lt S B, 2R Rl 43, 5 mT DA 22 ) S0 PR PR AR
(PCB)K o &zl F i A 7588 A ] Protel99SE A«

5.1 Protel99SE %4 &/t

Protel99SE &P iy FH I FL B A i v A, 2k 3 2 el RS o Ak TR
R B % 1 (Advanced Schematic) F122 2 B L& A 1% 11 (Advanced PCB).
AR IR T — RA B TR, XL T H, ol n] DU 56 Rk
o S IR oI O R, Bt R RS T AE . seal, Hor 24l
LTt Ihaes Berh DA F & 10 A THRL 56 D B A 5 KT 56 3 (14T B H 2D
Ae, MO T P r A .

—fim s, Wil AR IEARFE AT LA 3 AP R

1. B R PR (SCH): FZAE A Protel99SE [ Jl B K B R G2l HY
—IRIEA . SEMA R K. RS R, EAE O AN B P T oAt
I 22 IAH N () T P o 4 75 A AR T, s 5 S ) S AH Y. [ e, A4
W& eSS RS, 2ot

2. ERCM 4R (Netlist): 945326 2 % 42 L it JsU B IR (SCH) 5 FEL % A 1K (PCB)
ZIR IR G, e AR AT R AR . W W, AR DA K
Ji B P (SCH) EK H AR ] 3115
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3. Beih rE AR LR BTt o A n A R A L. JEH, B E AR
N A SR X F 15 B LR LA, AP B S A BN T i, R HL e 1 i
v, HEIEM AN AL, LA s S RERPT T 2K

5.2 HfETHHRE

TG 3] 2 it 2 i 3 I vh T4 () Footprint 3630 BT N 2% . W T A — AN o,
WH AR ERER R, Fln ATmegal 6L 5. 5 MLt H PDIP-40. TQFP-44, MLE-44
—MEEE A o BSOS R ST, HE O SRR, A IE
HIIIRST, IXFE IO A e 0 225 M 22 AR A W i b o 7 S s I vh e T 119 A
JCFI S, 51 S e EE AN S, I RIPERA RS T AR 1M
7 FLEE AR B AR TR e 5 | R TR (R 3 S oo S L5 I A R .
Ji B P A e TR L G 5 I i A 2 B R AR G, TR B s S S
() P4 A 20 2t 8t Ay L B A P A8 S T A S 2 T o i L P 1) 5 | T G
SIS B P R R T 2, W 4-1 Fon, 22w o R BRI S |
BRSO N e R, Hoh R B, B LRSI RO R B, A
TR RAR—E, PN L N PR B B R I A

TR R G 4-2 TR, EAS = AN

1. JefFEE: JeftEr U IR, A& BAPE .
2. ﬁﬁ MU eI AN]SR C  ERER T ek = =3 I S At RS2 1
WA R BV TR () 5 | S S — B, 15 DU 2 H IR e/ P 281 0
ﬁoﬁﬁ%%@\ﬁﬁ\ﬁﬁ+ﬁﬁg,m%&m%ﬁ,%%mﬁéﬁ
I o
3. JofbEtE: T RE IO E . Bk G5 FNEBR RSN 2. Jofk
() e A g 1 2 75 (Designator) FI1VE B (Comment) o

R?
POTZ
— | 000

P e[ Tle

D? DIODE
Bl 4-1 JR IR O 5 g R0 B AR A o (15 R
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Ul Desigantor

Designator Ul 74HCH95 Comment
Plzzrt 74HC595 g = ] o
| SRR » T o @ U
T sax o2 . ©| |@ 74HC595
12 RCIK 8;1 g - - =
) L3 ]
ERN g 06 6 o o o
07 7 o o -
[ 6} L 11 g
9 o L o J —
Q7 -
L o L o J
Ji B ot DIP-16 SO-16

4-2 JultE e

Protel99SE A4 TR 25 H Moot E 2. o F—AN oo, IEFA~ &
TG B TR EER AT I N . W GIRZ oo, 24l gk s
) CIEAE Protel99SE R BIPL B e ], Xt 77 B il S oot L5
A E RS BAT HIE o B K .

Protel99SE $2 4t T H T-Hil/EH ootk e ootk st 2 m &, AR & nl U5
HIVERRR . H2¥. AR, DIP £3%. SOP #2455, thab, X+ —Le AT
Prdrde, T DA T HESIWE. A Design/Make Library 1] LUKS FE AR
e e Bt ke, HIE— Ao, XA T CLAE e vt I Ath F g A A A X
SOIetE e 7o B 4-3 SR ARSI TR EE QAT HIVE ) oo R B R

w—52. 0250202 (mm)ﬂ E‘D
T2 S Y=20.025 (mmd-=
£ o
> o
fe} —
S N
= ~
mmmmm 7$8- % &
(a) 5.6 ~F A AP HERT < SR LYER N
V E E 2
N E 1 £
3 2 4 O o 5 ;
> o N &) = g
10.125 (mmdio <4.025 (mm) 0

(c) Hfidy (d) B
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% N

v E y E

g a1 Zé*@

<—31.30008 (mm—>} 6.475 (mm)
(e) DBY #fik () KGR

K 4-3 B o oA E R R B

Q2 Q1 D4 D3
9012 9012 ' TL431 TL431

5.3 MERRAER (ed) [ee8] (s00] (eeq)

ue Uz2B Uz2a
MAX232 /| 74HC595, 74HC595

W 28 2 I IR FEL I T AF 9 T L BRERTT =M= =M= =[1=
P48 I 2 TR R R I HIER, B 2 S B 1) 5 ﬁHEE §§|:|§'* = =
ARIEF, RRHEESHEEBR-Z BT =
gr, R A . B LIS, JHE r14
i%-j@%i%%ﬁ Design/Create Netlist, |5-1|2 e e W]
ATHIN R, [Hr] DLEESL 43R, 7 PCB i Ibe
}gvgﬁzjé %&ﬁiﬁgeﬁg?ﬁ/]}fadie;g?} |mj® s'® & o » | Hesoeoe e
B 25 G AE 2N, O 1 D e A2 e B K] AR I i . .

(b)) MZ& 21 FH IS 00 A 35t 258 R/

o 2% 42 TN PR AR R B 2 S LA ' &
W) 28 2 B 1 ] APRAT B 22 A 25 S5 SUAT 2 10 2 g oA 2 AR DX 495 T3 28] L I
Wb MR RGBS G, HootrEe s B BEEFT . ofhg |
518y —— XN, WA, A ZEmWAER, @l BLfd: Execute
R PAT 2, K TR BE R N 28 B A AR L. ST 2 )5, o
MR Wi 4-4 Fros.

-y == =
i ey P

5.4 BEIREITED

RETHUT R SR 12 DA o 5 PE B—A FLAT 4 28
2 i, VLB R A B g TR B DU R 45 P B AR,
WA AR, SR ERAY R U RURR T 4R 5406

5.4.1 HEEEHR A%

GEN S TG AR R Dy N T e - NG R e AN N [ O
SORMBAZE T3 T 8 o H P P78 A 2= P A 7 A P e 24T i 2 T A 2 4 A 4 4K
T A A PR SR BB A M A PR S I B B A 22 FRAR AP ARl b el
) F S ARAT AN R 1 e A

L. BRSNS 4 REAT B A ARG 45 7 DR LA M5 P By o PR AN 1 A 5
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B, AT RALE 260°C H 5 AN T

2. e VR R A e L P 7 A SR DU i O M B B A 2 A

3. {EELKRBHBAMH Fiss b, ST A M TIRE R s i, X LE ik
MRABER N T BEIBR A I () L % R

4. FEPRAR RS NOAZARE AR I ThRE . FEEE A . SR AN
JSF. e E RS E, NARUE R A S NI R . W
DR R R 0.5mm. Imm. 1.5mm. 2mm %5,

5. HEEHRIIRT: MRRA . BT Bk Re %518, HER IR
JOST N, AHFERARORCT RN, TR S ANEF, HARAE
WL 2 A Sy st —RIEOLT, 2RI = PR A
SV A AR R . AR M B TR R, Kt 3:
28k 4: 3%,

5.4.2 FELBEARAT R SR

HAR Protel99SE HAFRENS H AN R, (HAE K2 Hb AR BT R N A
Ja, — FBEEAE LA st

1.

2.
3.
4.

11.

R oo H L D RE 0 RIEATAG =y, JOAFHEONZIN 5) . B B, Beisb
NGRS IO Z AR AR B A

PR IRE, S HER AN TR FL B IO AL L, A5 5 At N «
U BT R R SR, R R B ) e A e e e AT A R
Wy LR N AU LB ) T AR, AR R AR AU L, A
R S A S R HhEERR SRR . R UL S A
IF KA /NS 2 T

C RTFRAIRAR AR, NAZ G RN AR R, EOEILAETY, TR S

PR B P AR S T IR T7 R LN Y, FA7 2 5 i T gl
FEATURR IR L PR A7 AR

- RIREBOK o N g Tt .
- BT TR PR A I e A A, Ayl N 2 P Al 2 O B2 )

IR T, 2 T o B AR .

- JUFICE R B SETCR 57 i G R DTG A (0 1 5 A B IR o as 1 F

WAL . FRRAT . JFR%E. FRBCERF IR GRS R SR oo,
Bl R HoerE. AR RS, B BCE /N o, s, g
. THAEE,

LS 1 5 I T T R R B

PR B P T S G T LA A R AR TR o B AZ R R, A AR TR 1)
TCA 2 JBCAE TCA THT R TG A B B R B3 A5

o U R R LR A N iZ R B A B AE N T A fib S 37, bR
A, ARG I AN S 124

5.4.3 EEEHRfZR/EN

I.

2 IR A B W AZ S T RERE,  JCILAE R E i b S bt . A
LA AL 45° 5 EGL 90° A ERIA . FLEARCN XUHITAR N,
T (R R e N ZAT LA 1 RIS, ERAT TP AT, DA 27 A2 A
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5.
6.

ERE HABEE R OE R N AL L MR RER R, EL R AR A 2

i R s IMEEG Tl I R, — IS, 5 TR N K T4
T 10mil, FEYE RO 2R S BT . PCB 4B 4E (1) 5 15 DL 2% W) 4 7 3 R
KA, FR A OZ, BEFT]N 1/16 65, 10Z LB S . 20Z 5% 40Z
O EER Y &S I N = TR =P [0 7 W) 2 0 S = (U 1
KAWE 4-1,

R4 HBEEEESETRANER

(A | 107 I 41 93 (mill) | 207 I AR B4 378 (mil) | 26000/ 5 T
1 10 5 52
2 30 15 17.2
3 50 25 10.3
4 80 40 6.4
5 100 55 4.7

1} =S R 1S S el 1 SO VA T e SR WG N S T M ) e

(71 P R A, /D ) i 2 /D R RS2 BTN P S (VD UL, A 2 IR
RSO R, TEENGZR AT RER, Jr A Jb AR o X
FUHLBAR, s 2k fa] e — K 45 10mil.

P WL AL, MR R] BEIBCAE FL AR I SR ), AR L

B bRz R AT e Ok A A Dy bk, DLRE I i s i T ame Jr . Hheki
TEAR S I ORI TE B RCAR - 22 J2 F R AR R R A2 A BN B 2k 1
LHYZ, D e BOE 2L B oSOR -

S TR B 5 8 L

AU AR L, WSCE 2 fL, AN L

5.4.4 LT HETHREM

I.

2.

Pl EHAE DT RGP T LI RS Bl b))
Hopih, BEYMAE, JERMAIN NIz LU LA

1) RS S RN 22 . 0 TR B, 3 R P M
2) A H T HU AL 7y TT 5

3) SR ATRENA LR B8 S 5

4)  [F]— 2 P R R 2 A2 R e AL

5) s IR T DL R B R R BT TP RE

I AR AR A Bl il . LB A PERET AL i U DI RE BRI
IS B AR A TR o AR IRATR R T B P A A 25 B A1 e P AN v R S 9
THnE

PR E IR YRR I RGN, R A IR RS . R

G EAL. HWTEES T B S S BN . B A] LLE
K B PRI M o AT ORI BES MR 75, AEAT T OQ ALY ) L%
o N ALY H i R IBCPE A, JFIC 100 F AL, IRAEPTAT N A
PR S I K 25l 1),

- U RS T JOEAE A AR LR A B BT 0 P EE BT IR

BT Z R RO L B, AU L 0 LR A R 7S ) v
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B3It

5. BRI ERHRAELUR R iR el )2 B R H A A R R AL
BT PR AR N, RS RS HL ) LR ML £ 5 | R TR 8 > 2R el
o BB —RERBHIERLA, ROz %
JRRERTT T IANSCT TIBR ) (O Fe OB RE R, — 2 55 s i an A 7 A 1) sy DA
Fio HUT BRI LR A 0.1 w Fo ZORE ANV W] RESEIT FL IR
51 R

6. KUy AR BB K JCH] 5| IRAR P iz oo (s T AT AL 2. N E i
SRR A% AT DA o i P PR B4 R, [ i A\ S m LA

7. AR AL
) & HGEFEREAZEG AT R P JZEF 1D R AT G =, W]
LRI SRk . JEHAROL T, DYRBEEXUZAR 1 74K 20dB;
2) LT AURHA] 45° Befty, IXAEn] LA Sy e (K A0 RIAR
Mt
3) W EENME S LT AR, )DL PR R R P TRE
4) FAER: Bt B AEEAE A b 2 N ER A R A
T AT LA IR PR

5.5 HEEIRHEE

AR b P 1) F AR AT JR S, R SR Y 2 O EAT T AR, S
WAZAZAT R IATATERIN, ISR T A B AL, AR AR A e 2 M,
IR, W TR A . e A, SEIARRLDL R S LS 2 B R
JUPEA R I AIRR S B, BRI B /N, L) T RIS

5.6 HIEIRMAL

S Te AN R, UnT DI P B AR A 2 . AR SEIGARCR FH H A 46 5 N T FilAH
S AT S I o AEAE ] Protel99SE 1 H BNATZ LI RERT, 7] LAKE 4 v st AR 1 1% e
Bk, 1E Design/Rule " s —Lev vHRE . 3 B s v R4
1. ‘Z4=[AlfH(Clearance Constraint): & 4-7(a)ffi~, W@ Track. Via
H1 Pad [ 5 R Y 2 8] (1) d /N ERLES,3EH BR IR 20mil;
ELHE 77 L(Routing Corners): 41F 4-7(b) iz, FT v e i 2 i) % £ 7
X, BROAIEE M7k 45°, B AR50 100mil;
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Clearance Rule 21X
Edit Rule | Edit Cnmmentl

21

Edit Rule |Edit Cnmmentl

Rule scope: I—“'lij Rule scope: " J
Apply this rule to all object pairs [AB] where: | Fulc HamClearance_1 Apply this rule 1o all objects 4] where: Rule Nan[RoutingCorners_i

A belongs to the set of objects filtered by: ~Rule Attributes

A belongs to the set of objects filtered by: Rule Attributes
an | ar |
Filter kind hole Board hd num Clearance |[20mil Filter kind hole Board - Stvle |45 Degrees vl

Y

sethack |100mil  to [100mil

All design objects are included in this All design objects are included in this
B belongs to the set of objects filtered by:
an |

Filter kind -
All design objects are included in this W
,TI Cancel | Help |

(a) ‘2 4=[n] R
4-7 H BN ) R E]

Cancel | Help

EnITTE— xS 21
Edit Rule |Edil Cnmment' Edilc | EdlL Cnmmenll
Rule scope: Rule Nan[Width_3 | Rule scope: Rule Nan|PolygonConnect_1 J
Apply this rule to all objects [4) where: = = Apply this rule to all objects [A) where: = -
A belongs to the set of objects filtered by: ~Rule Atirib A belongs to the set of objects filtered by: Rule Attrib

All | Minimum Wim All | |He|ief Connect j
Filter kind hole Board| b2 Maximum Wil Omil Filter kind hole Board - Conductor Width |10mil
i f Conductors
All design objects are included in this Preferred Wi{10mil 264

All design objects are included in this

90 Angle -

0K I Cancel Help

| cancet | Heip
(a) HAMBEEL 58 BE (b) iR 7 20
K 4-8 BRI (D aREE

2. M4 i B (Width Constraint) : 411 4-8 (a) o, e Bl 1) 96
HFHAZ R0 AT L7468 (1)K P 9058 48 R b 42 0

3. AR IEH: 77 3 (Polygon Connect Style) : #1E] 4-8 (b) Frzw, #] L E Gl i
B IR Ry (2 MR Zenl 4 1R Zk) « IER T

SRR B I BT ) N A

AR AT ERIAME 20mi, 7 VS D AR

o EEE AT AEERUE, MU 45° , B A KR 100mil;

AR RS (5 54k 10mil. 20mil, FHIFZE S0mil;

COBIAIER T R 4 5%, JERERYE: 10mil, JEBEAMSE: 90
& o

4. WESERIEMNG, @07 PIE Auto Route/Setup & ribdT H B4 L4
Ve AENMZTERG, 20 AR &AM AT A e, fea it
AT HBZE B ER A o BRI SEARE A, [ B SR 7 5
HAL B A e 25 AT SR L T is

A W N -
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BANE KEERRH

6.1 %t 18

TG I AL AR R A 5 AT R A, B G Sl aruiisoe . A R
RO S A2 A/D BE 3 g BEAT AL EE, A/D B )5 o B BT 0 e A e 4 o R ILHEA T B
ASHE I R

REKM T CC2430 4 FACFRN o I KIS KAERNREES, BN
A/D Bty Bl U RAR S o B 5 S, R R HLA SRR v B A B R
JEAH

CENREAE S, VB T B A s, A ISk i ri L BELA A A2 oA, A0 3 AR A

BELpL 227, 4 SR B L B A, 28 A/D B il 715 5,

T R AL BRI IR A 5 AT AL RS 87 R B A 25 80 » 30 3 TG 26 1 A

AT R FOBR (S S 8

TAEN PR 2.2 fras, WHCSHIEESR, « Emah, TA/EFGRGE, 76A
TR Z AN, B-C BN EhA RS RE, Yin s B e )5, C-D B h&fsta
ELFE. D S TERAKAE. B e E S, WRFERTE B S T,

A

N
WEH —

0 A B C D E
&l 2. 2 AR

IR IRE AR : w=(f-2)*k
6.2 TEFREHR
SRR AR AR ] -
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6.3 FIFELBIERE L TEIES

6.3.1 4%

FHEE—IRERERT, N SRR M4 K. RN “0” AT, B
NIAT IS . HERAERSERTHEATH . AR, ERERS NHEEE
RN EIR “07, RNINEATIAE . 7R N ERARFIARRS, $#54E N AR
A& T CHEY 8, Kot AshiiE, WEREHRGE, I B shd AP ER
A WRAREIEF W Za0E SR, WIATgek-F AR, 75 )k B % R
MR/ e R FESERr 2R il Ry . ok =2 . R 2=AD

FREAECLNYa el % EE SR> A BRI

WERE PR

int zero O;

void zero(void)

{
zero 0=ad_ sum;
}
WAL TS
Z=AD
EIik&=0
Kl 2.5 1 AFEAE &
6.3.2 Ir5E

P it e T O 0 R PR AR AL AL X e S PEREA T, Al 2 3 1) SR ) R
.

)A€ 1B 56 N e B B

bR AT %, PLORIEZ s A AER I -

3)b o I A2 B AR ERE A AR ERL ) o 208 kR, AR s S b
{H.

i BERRE PP 2R
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int, zero 0,k 0, fO;
void ak (void)
{
k 0=f0*%10000. /(float) (ad_sum-zero 0) ;
}
Hrp zero 0 WAEHR .

i f T

‘z|7’-'T 'I_{*[ I_'.-'-:_J,-;
K=w0/(f-7)

H
Pt
i

P 2.6 kg FFEAE
6.3.3 RE

AR S S EARREIRES, FREIR KON L, e R AR s kT S
KI5t B2 RS, HE%T [RREY 8, LRI HCY g gt AR AR
FREARFEF T -
int ad_count,ad sum,zero 0,k 0,f0,w;
int ad_0[100];
void weight(void)

{
/" ad_ 0=ADC _Read(4);
/I uprintf("AD=%d ",ad_0);
if(ad_count>=100)
{
ad_count=0;
ad_sum=0;
for(int 1=0;1<100;1++)
{
ad sum-+=ad O[i];
uprintf("%d\r\n",1);

/" ad_sum=ad_sum-+ad O[i];

}
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ad_sum/=100;
uprintf("%d\r\n",ad_sum);
b

}

void me(void)

{
w=k 0*(float)(ad_sum-zero_0)/10000.;

uprintf("%d\r\n",ad_sum);
PR
A

}
THE R
w=k*(AD-Z)

Y

w>w_SD?

15 1Lt

Kl 2.7 BRI FEAE &
6.4 AR R

BEAL PRSI PR AR FEAT DO REB AL 2, EUGnX B S B R AN €07 Il A
Ja REARR EAR A Bl J i bR B i An &, AR “17 AIREES, “27 ke
R, “37 AECFHAE IR . U ANFCF AR PRSI, TEBRECF RS AR
JG, BB I R, BONEE A, S AR IR S 5 A
G VIR
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AR AP

EPREEN

R RS

K] 2. 10 2Bl PR

EPREEH 2

TR AR

K] 2. 11 Ay B AC PR

6.4.2 ML HEBERF

tinclude “project.h”

int che now;

int input_num;

int nn;

int delay time=150;//150

unsigned int key number: //3R{EFEEHY

unsigned char numkey count;

unsigned int key havemark;

unsigned int havenumkey;//$%H WoR 25 fE 25 A E AR IR
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unsigned char a7281 use mark=0;

void init 7281()

{
send byte (0x10) ;
send byte (0xff) ;
send byte (0x12) ;
send_byte (0x80) ;

unsigned char read728X(unsigned char reg add)
{

send byte (reg add|0x80) ;

return(receive byte());

}

void send byte(unsigned char send byte)
{
unsigned char bit counter;
int timer=0;
timer=0;
AT91F PI0 Cfglnput (AT91C BASE PIOA, AT91C PIO PA30);//Bl'&E PA23 A%
A H
do
{
AT91F PIO ClearOutput (AT91C_BASE PIOA, AT91C PIO PA2) ;//PA22=0
delay(delay time) ;
AT91F PIO SetOutput (AT91C _BASE PIOA, AT91C PIO PA2);//PA22=1
delay(delay time);
} while ((AT91F PIO GetInput (AT91C BASE PIOA) & AT91C PIO PA30) &&
(timer++ <8));//HIWr PA23 ZEAHIK

AT91F _PIO_ClearOutput (AT91C_BASE_PTOA, AT91C_PI0 PA2) ://PA22=0

delay(delay time) ;

AT91F PIO_SetOutput (AT91C_BASE PIOA, AT91C_PIO PA2) ;//PA22=1

delay(delay time) ;

timer=0;

while ((! (AT91F_PIO GetInput (AT91C BASE PIOA) & AT91C_PIO PA30))&&
(timer++ <8));//FIWr PA23/ /2545 5 V- SRS

AT91F P10 CfgOutput (AT91C_BASE PTOA, AT91C PIO PA30) ;//HC & PA23 hy#
HH
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for(bit counter=0;bit counter<8;bit counter++)
{
if((send byte&0x80)==0)
{
AT91F PIO ClearOutput (AT91C_BASE PIOA, AT91C PIO PA30) ;//PA23=0
}
else
{
AT91F PIO SetOutput (AT91C_BASE PIOA, AT91C PIO PA30) ;//PA23=1
}
send byte <<=1;
AT91F PIO ClearOutput (AT91C_BASE PIOA, AT91C PIO PA2) ;//PA22=0
delay(delay time);
AT91F PIO SetOutput (AT91C BASE PIOA, AT91C PIO PA2);//PA22=1
delay(delay time);
}
AT91F PI0 Cfglnput (AT91C BASE PIOA, AT91C PIO PA30);//Bl'&E PA23 A%
A H
delay(delay timex8) ;

void delay (unsigned int time)
{
while (time>0)
{
time—;
}
}

void chengliang handling (void) //” Fg" &b ¥
{
program_status=0;
numkey_count=0;
havenumkey=0;
display_int (4, para_c[21]+1); //EB/R"YHIHEE
}

void tiaoling handling(void)//” 12" HAbFH
{
if (havenumkey && input num==111&&program status==0)
{
program_status=1;
display int (8, para c[1]);
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display int(4,0) ;
}
havenumkey=0;
numkey_count=0;

}

void biaoding handling(void)//”#rE” B AbFH
{
if (havenumkey && input num==222&&program status==0)
{
program_status=2;
display int (8, para c[2]);
display int (4, para _c[5]);
}
havenumkey=0;
numkey_ count=0;

}

void canshu_handling(void)

{
if (program_status==0) // MFREIR AN
{

program_status=5;

}

void gingchu_handling (void) //J5 KREEAb P
{
if (havenumkey && numkey count>0) //F&%8 /Ny A7 on A H
{
input _num=input num/10;
numkey_count——;
display int (8, input num) ;
felse
if (program status==0 && (numkey count==0 || havenumkey==0))
{
para_c[45]=0;
display int(8,0);
}
}

void key handling(unsigned char key valu) //#Z8EFEFESY  key valu b

JI ) 2P AL
{
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unsigned char key media;
key_havemark=FALSE;
switch

{

}

if (key media<10)

{

}

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

(key valu)

0x08: key media=1;
0x00: key media=2;
0x19: key media=3;
0x01: key media=4;
Oxla: key media=5;
0x12: key media=6;
Ox1lb: key media=7;
0x13: key media=8;
0x0Ob: key media=9;
0x0c: key media=0;
0x18: key media=10;
0x10: key media=11;
0x11: key media=12;
0x09: key media=13;
0x0a: key media=14;
0x03: key media=15;
0x14: key media=16;
0x04: key media=17;
0x02: key media=18;

Oxlc:

key media=19;

default: break;

break;
break;
break;
break;
break;
break;
break;
break;
break;
break;

//
//
//
//
//
//
//
//
//
//

/ /AT A P Xk I (1 T AR 7 B g

break; //Fri
break;//ii=%
break; //Eb5
break;//IIRg (Z40)
break; //4TEl
break;//iE%
break; / /i
break; //#fi &
break;// I
break;//

if (!havenumkey || numkey count>=8)

{

havenumkey=1;
input_num=key media;

numkey count=1;//%i 24l v+ 5

}

else// WA A<

{

input_num=input_num*10+key media;

numkey_count++; //%i HHE A 1141

}

display int (8, input num) ;

else

{

/RN Ve B

49

/RN BB (R 7m0y 2 TR

/R HO=8



key _media=key media—10;
if (key media>9) key media=0;
switch (key media)

{

case 0: chengliang handling(); break;//Ff@®

case 1: tiaoling handling(); break;//i{%E

case 2: biaoding handling() ;break:;//FriE

case 3: canshu handling () ;break;//Z# (IhfesH)
case 4: gingchu handling() ;break;//ifs a8 AbH
case b: queren handling () ;break;//#fiil\d b3
case 6: xiangshang handling() ;break;//[n]_b%H#AbFH

case 7: xiangxia handling() ;break;//[n] &b
default: break;
}
}

6.5 FHERERIR

6.5.1 f5 5 REM/ N

IO HIAE Dl A= IR AT 2 P 22 1, X DL AR R 1045 5 1B TR
55 AP B WL, AR IER A5 5 T BAT B 5 MUK A5 5 P Rk . A UCR AR
FRAUME S A/D e 22 BT OS5 HLBR A BB R AR, R AR ] 2
5 0-10mV HLIRAS 5o AEREERE ] B DL 1T BORERIHER, X 2
HAepi T, 2 yEBOBORA B, nIS RSN A/D Befllids. 155 1s il
B, S T
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6.5.2 {5 5 REREH

i

.

11 B e )

PR =l

4.5.3 5 S RERRER

void fifty ms handling()
{
if (fs_time!=0)
{
timer_countl=(timer _countl+1) % (fs_time/50);
if (timer_count1==0) fssj mark=1;
}
fifty ms arrived=0;

if (warning_mark==true)

{
if (warning_time>=10)
{
warning_mark=false;
warning_time=0;
fmg=1;
}
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else

fmqg=0;

warning_time++;

}

unsigned char time 1,time 2,time 3;

>

void int_time(void) interrupt 1

{
TL0=0xb0;
THO0=0x3c;
time 1++;
time 2++;
time 3++;
if (time_3>=2) {time 3=0; fifty ms_arrived=1;}
if (time_1>=40)
{time_1=0;
second _arrived=1;
}
if (time_2>=40/2)
{time_2=0;
control mark=1;
H
if(fmq_mark!=0)
{
if(fmq_mark>=3) {fmq mark=0; fmg=1;}
else fmq_mark++;
H
H

unsigned char key number;

void int_key(void) interrupt 0

{
key havemark=true;
key number=read728x(0x13);
fmqg=0;
fmq_mark++;
H
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6.6 HiEAbzE

6.6.1 Hik

ARRBHAETF P B Bl 2 il T i, il 1N AD, W% k1
z = AD 9bp EICRHN I EE £ =2, AP BORORLE ABON 5 2R LY,

AW AR K AR R s BB N R R B )5 k= wy / (f —2) 38 k {H.

MENFEREAXN: w=(f-2)*k

A TE R A AL R R AR ER, . 48 1s IR R AR 2 5]
K N ANARE S, WIX N A AT En b B . 75— 53 P9 B AS [R] s ) g5
HORE, AR A SRS, XA 7 vk ] LA 2 BRI R T4

YN

Yk = (Xk1+ Xk2 + Xk3+...+ XkN)/ N

6.6.2 MEHE

Frhn ARBI |45

[ T ==

v

A Fip LE A S

BLHD AR ENTHT
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6.6.3 B LB REF

void me(void)

{
w=k 0*(float)(ad_sum-zero 0)/10000.;
uprintf("%d\r\n",ad_sum); }

6.7 B A& ix

6.7.1 {55 REH I
REITL A NI S (M 8E 20T zigbee K i% .. {55 1s BBk, S
it 52 I I
void aplFmtSendMSG (BYTE dstMode,
LADDR UT}ITON sdstADDR,
BYTE dstEP,
BYTE cluster,
BYTE srcEP,
BYTE* pload,
BYTE plen,,
BYTE tsn,,
BYTE reqack) ;
BYTE dstMode : 84 A X AL 2504 1IN, DL 16 A7 () I 2 il 36 2K
P 2o 2, L 64 A7 AP PR I AR .
LADDR_UNTON *dstADDR : A IR #cHf i) H Btk . w16 A7 Rk,
AT LA 64 A7l o
BYTE dstEP: H b s,
BYTE cluster: HIRESF R,
BYTE srcEP: K& i,
BYTE* pload: AN k1% i 454 o
BYTE plen: KikH¥s
BYTE  tsnA&4mF515 .
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FEZHI2E 2 1) MCS-51 253 HLIEERE L, FRAEEIR T CC2430 55 HLAAS
BB R L P REARE RURITR BTV, ARV R VO i T, /RS
ADC. SPI fl USART ZBiRgufefs T — & AR 77T ATmegal 6L [1)
W RGN, BT CC2430 MAHICTERL, 2% 3 THEB HOR 4 25 B 1) S
Jig%. MFEAEE . PCB WK, . RS, BTSRRI
TR R 5K,

ARILTEIRIR T 3T CC2430 7 LI PR AR 3 2 1) e v Ak, LI
RS — e H ™ T RO AR, TR L e TR, A AT
JUAN B

1. BB ST DhRE . A8 AT DL AT TR R 3K s

2. BT WA IANES, S SIAH DA

3. MREROFER, R RGNS TR

4. WUHEPERER R, RIS TR e o PR e, BN O A

S
5. WPz EEE, %1 PCB
6. FEBE. IR HER I
7. AT, SEEL S BT DD RE
8. AT WAL SZIG AR, B ARSI AE LI PERE

ARSI PRI PR s )2 LA VL R SR TR (U i R Tl T RS232
B0 W) PC HUEIEEHRETRE . o T 7 1R 507 r s RSB A BT, SEG AR
W IR, Er A SRR R T R e W a1 S HRUERARE, B
1B AT B e R SR — B TR A 2, mT LA 2 bt
THEESR . &b, B8] T Protel99SE. CVAVR. ICCAVR. Ponyprog 254k
-,

AP IR E IR B AR ZHOTAAL, FEG LU LA H:

1. RS232 #1115 PC HLERSEIL ) DhRe D, A5 RedE PC ML i H Bk FE S

ek, IFFREBEMRSE, iR R S s sl — P .

2. SEEOMRAT AR A AGELZ A, IR R D, AN RS AT

AME . W BT LR R SRS I AR B, R AT Rk K R H AR

i, A RERGRFEIR R R

3. WHSHOERAAGEZA, FET SERR I . B0 AD623 1Y 5 %

AT R .

AN TR TR 2 WK, FEI% 18] (5 52 7 K R0 Fr 5t T
FESCTORE, B4R T — Ll R BRI SR AR v, 0P vh rp B A e R IR R A N
A& TR IR T TLA31 FEATR B .. AD620 JLifs 5 S
FIRFR, MAX232 HPEH 46 . 7Rk i rf, JRAG21 T 20048
MR RGO, 5% T KENEERL, EER IR
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i 1 SoREXSHERBEFEL

13.3 16-bit Timer, Timerl

Timer 1 is an independent 16-bit timer whichsupports typical timer/counter functions

such as input capture, output compare and PWMfunctions. The timer has three

independentcapture/compare channels. The timer uses one /O pin per channel. The

timer is used fora wide range of control and measurementapplications and the

availability of up/down count mode with three channels will forexample allow

implementation of motor control applications.

The features of Timer 1 are as follows:

» Three capture/compare channels

» Rising, falling or any edge inputcapture

» Set, clear or toggle output compare

* Free-running, modulo or up/down counter operation

* Clock prescaler for divide by 1, 8, 32 or 128

» Interrupt request generated on each capture/compare and terminal count

» Capture can be triggered by radio

*  DMA trigger function

13.3.1 16-bit Timer Counter

The timer consists of a 16-bit counter thatincrements or decrements at each active

clockedge. The period of the active clock edges isdefined by the register bits

CLKCON.TICKSPDwhich sets theglobal division of the system clock giving a

variable clock tick frequencyfrom 0.25 MHz to 32 MHz. This is furtherdivided in

Timer 1 by the prescaler value setby TICTL.DIV. This prescalervalue can be from 1

to 128. Thus the lowest clock frequencyused by Timer 1 is 1953.125 Hz and

thehighest is 32 MHz when the 32 MHz crystaloscillator is used as system clock

source. When the 16 MHz RC oscillator is used assystem clock source then the

highest clockfrequency used by Timer 1 is 16 MHz. The counter operates as either a

free-running counter, a modulo counter or as an up/down counter for use in

centre-aligned PWM.It is possible to read the 16-bit counter value through the two

8-bit SFRs; TICNTH and T1CNTL containing the high-order byte andlow-order

byte respectively. When the TICNTLis read, the high-order byte of the counter at that

instant is buffered in TICNTH so that the high-order byte can be read from
T1CNTH.

Thus TICNTL shall always be read first beforereading TICNTH.AIl write accesses to

the TICNTL register will reset the 16-bit counter.The counter produces an interrupt

request when the terminal count value (overflow) is reached. It is possible to clear and

halt thecounter with TICTL control register settings.The counter is started when a

value other than 00 is written to TICTL.MODE. If 00 is written toTICTL.MODE the

counter halts at its presentvalue.

13.3.2  Timer I Operation

In general the control register TICTL is usedto control the timer operation. The
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variousmodes of operation are described below.

13.3.3 Free-running Mode

In the free-running mode of operation the counter starts from 0x0000 and increments
at each active clock edge. When the counter reaches OXFFFF the counter is loaded
with0x0000 and continues incrementing its valueas shown in_Figure 19. When the
terminal count value OXFFFF is reached, the flagT 1ICTL.OVFIF is set. An interrupt
request isgenerated if the corresponding interrupt maskbit ~ TIMIF.OVFIM is set.
The free-running mode can be used to generate independent time intervals and output
signal frequencies.
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Figure 19: Free-running mode

13.3.4 Modulo Mode
When the timer operates in modulo mode the 16-bit counter starts at 0x0000 and
incrementsat each active clock edge. When the counter reaches the terminal count
value held in registersTICCOH:T1CCOL, the counter isreset to 0x0000 and continues
to increment. The flagT1CTL.OVFIF is set when theterminal count value is reached.
An interrupt request is generated if the correspondinginterrupt mask bit

TIMIF.OVFIM is set. Themodulo mode can be used for applications where a
period other then OXxFFFF is required. The counter operation is shown in Figure 20.
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Figure 20: Modulo mode

13.3.5 Up/down Mode

In the up/down timer mode, the counterrepeatedly starts from 0x0000 and counts up
until the value held in TICCOH:T1CCOL isreached and then the counter counts down
until 0x0000 is reached as shown in_Figure 21. This timer mode is used when
symmetrical output pulses are required with a period otherthan 0xFFFF, and
therefore allows implementation of centre-aligned PWM output applications.Clearing
the counter by writing to TICNTL will also reset the count direction to the count up
from 0x0000 mode.
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Figure 21 : Up/down mode
13.3.6 Channel Mode Control
The channel mode is set with each channel’s control and status register =~ TICCTLn.
Thesettings include input capture and output compare modes.
13.3.7 Input Capture Mode
When a channel is configured as an input capture channel, the I/O pin associated with
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that channel, is configured as an input. Afterthe timer has been started, a rising
edge,falling edge orany edge on the input pin will trigger a capture of the 16-bit
counter contentsinto the associatedcapture register. Thus the timer is able to capture
the time when anexternal event takes place. Note: before an input/output pin can be
used by the timer, the required I/O pin must be configured as a Timer 1 peripheral pin
as described in section 13.1.3 on page 69 .The channelinput pin is synchronized to the
internal system clock. Thus pulses on the inputpin must have a minimum duration
greater than the system clock period.The contents of the 16-bit captureregister isread
out from registers TICCnH:T1CCnL.When the capture takes place the interrupt flag
for the channel is set. This bit iSsTICTL.CHOIF for channel 0,T1CTL.CHI1IFfor
channel 1, and TICTL.CH2IF for channel 2. An interrupt request is generated if the
corresponding interrupt mask  bit onT1CCTLO.IM, TICCTLI1.IM, or
T1CCTL2.IM,respectively, is set.
13.3.8 RF Event Capture
Each timer channel may be configured so that an RF interrupt event will trigger a
capture instead of the normal input pin capture. This function is selected with the
register bitT1CCTLx.CPSEL,which selects to use either the input pin or the RF
interrupt as capture event. When RF is selected as capture input,the interrupt source(s)
enabled by RFIM (see section 14.4.1 on page 163) will trigger a capture. In this way
the timer can be used tocapture a value when e.g. a start of frame delimiter (SFD) is
detected. 13.3.9 Output Compare Modeln output compare mode the I/O pin
associated with a channel is set to an output. After thetimer has been started, the
contents of the counter is compared with the contents of thechannel compare register
T1CCnH:T1CCnlL. If the compare register equals the countercontents, the output pin
is set, reset or toggled according to the compare output mode setting of
T1CCTLn.CMP. Note that all edges onoutput pins are glitch-free when operating
in agiven output compare mode. Writing to thecompare register T1CCnL is buffered
so that avalue written to T1CCnL does not take effect until the corresponding high
order register, T1CCnH is written. For output compare modes1-3, a new value written
to the compare register TICCnH:T1CCnL takes effect after thregisters have been
written. For other outputcompare modes the new value written to thecompare register
take effect when the timerreaches 0x0000.Note that channel 0 has fewer output
compare modes because TICCOH:T1CCOL has aspecial function in modes 6 and 7,
meaning these modes would not be useful for channel0.When a compare occurs, the
interrupt flag forthe channel is set. This bitis  T1CTL.CHOIFfor channel 0,
TICTL.CH1IF for channel 1, and TICTL.CH2IF for channel 2. An
interruprequest is generated if the correspondinginterrupt ~ mask  bit
onT1CCTLO.IM,
T1CCTL1.IM, orTICCTL2.IM, respectively,is set.Examples of output compare
modes in varioustimer modes are given in the following figures.
Edge-aligned PWM output signals can be enerated using the timer free-running
modeand channels 1 and 2 in output compare mode 6 or 7 as shown in Figure 22. The
period of thePWM signal is determined by the settingT1CCO and the duty cycle for
the channeloutput is determined by TICCn. The polarity ofthe PWM signal is
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determined by whetheroutput compare mode 6 or 7 is used. PWMoutput signals can
also be generated using output compare modes 4 and 5 as shown in the same figure,
or by using modulo mode asshown in Figure 23. Using output comparemode 4 and 5
is preferred for simple PWM.

Centre-alignedPWM outputs can be generated when the timer up/down mode is
selected. The channel output compare mode 4 or 5 is selected depending on required
polarity

of the PWM signal. The period of the PWMsignal is determined by TICCO and the
dutycycle for the channel output is determined by T1CCn. The centre-aligned PWM
mode is required by certain types of motor drive applications and typically less noise
is produced than the edge-aligned PWM mode because the I/O pin transitions are not
lined up on the same clockedge.In some types of applications, a defined delay or dead
time is required between outputs.Typically this is required for outputs driving
anH-bridge configuration to avoid uncontrolled cross-conduction in one side of the
H-bridge.The delay or dead-time can be obtained in thePWM outputs by using
T1CCn as shown in thefollowing: Assuming that channel 1 and channel 2 areused to
drive the outputs using timer up/downmode and the channels use output
comparemodes 4 and 5 respectively, then the timerperiod (in Timer 1 clock periods)
is:Tp = T1CCO and the dead time, i.e. the time when both outputs are low, (in Timer 1
clock periods) isgiven by:Tp= (T1CC1 - T1CC2 ) x TICCO
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