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Abstract

In the power testing instrument and its calibration device, high precision
constant current source is ofen needed .And constant current source output amplitude
adjustment are also needed . Constant current source on the market can not meet
the requirements of accuracy, stability, amplitude, prices, etc at the same time. This
kind of constant current source is needed to be designed.This paper presents the
performance parameters first ,then analyzes the working principle of the constant-
current source ,puts forward the design method of the high-precision power-frequency
constant-current source,introduces the key point of the significant circuit,gives the
method of microcontroller circuit control design and software design ,finally gives
test data and conclusions

My work is mainly the research and development of the voltage source,and to
propose closed loop voltage control strategy. The current source can output maximum
power at 300W, the maximum current can reach 36A, the maximum output frequency
can vary between 40 to 60Hz. In my paper,advanced direct digital synthesizer chip
(DDS) AD9851 systems is the chip signal generator,its filter circuit is using the form
of a second-order low-pass filter circuit and the first-order high-pass filter circuit in
series, it can filter high-frequency noise and DC component effectively, and improve
the quality of the sinusoidal frequency signal. The structure of circuit element
properties will be affected by the temperature and output current. Thus,output signal
can’t reach accuracy of 0.1%.

In view of this problem, this paper introduces the voltage loop control strategy.
16-bit DA-chip can achieve the control of amplitude of sine wave. Through the
modulation of the sine wave by analog multiplier , we can control the sine wave
amplitude.

Lastly, I operate a simulation of the total circuit which includes the voltage
current converter, power amplifier, feedback hardware circuits, and gain the
experimental data. The results can verify the correctness of the current source
design ,and they provide an important basis for the feasibility of the entire device.

Keyword:power magnifier,voltage control,analog multiplier,AD conversion,DA
conversion
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2 FSRFE
2.1 MR

PR HIBYOZ R A DDS W5 AD9851 SEELfK), DDS & B AEH 7 R A4 %
7% (Direct Digital Synthesizer) W45 . SEGKINE S RS,
DDS HAMCMA . KIFE. m FRE R ) PR 5, ) i A 7
AR TE S AR A, e SR S B I — AN O EERR . DDS AR —
FPAE — R AECA ARSI D/A B a4 AR 5 U B IR . Tl A
WA LA T MG T IR AR I SR B

2.1.1 wotZEalh

2.1.1.1 DDS W THEJR

DDS ) L AE B BEAE B 4 3-1 iz, 1 DDS [IZ5 FMER n LA Y, DDS E %
N AL, 248 ROM IESZ AT ]2 . DAC BUBLA% 4. I SE DR AT P 37 i) e 2
Jio

I NRLHIfL B ROMIE 3% 2% | pacHuss LPF{f 3%
L #k > # W
A T A
Fchd 4

K 2-1 DDS 1 R BEHE
DDS [ TARJREE: N A7 A4, SN2 fEA= il FOW T, BAZH I i
B £ R RS, uHMprNﬁiﬁA‘%%%ﬁ?%ﬁmﬁﬁﬂ i
FIOE B na% LK FCW x £ /2" 19 N SrEsbl 7 v A Ao MA@ it ROM 1E 5%
Arif) R ROM 84, =4 D AL AR S TERIEL P2 M (n), D BB 4 ¥ fir
#r. b AD9S5I ] D=10, FFFHI M (n) {ELEURHEH g L3 A il
FEBETE M (0, FTLUEH M (0 HBERI . 55 D83 2R J0IE b 4 L1 1F 54 0%
AT i i A
WS T FOW S Hmf i f YuE 7 DDS 55 MR, ez
(1) 0 ZR5 AL -
f =FCWx f /2" (2-1)



FEASC T AD9SHT MY AR,  f =15MHz, N=32, 4#fisE s B A%

fJa, ¥iblT FOW e T
FOW = f, x2" /15x10° = f, x285 (2-2)

B E %N, DDS vHnr BLA A 2555 5 A B rh BERE  1 E  EA v i
SCLIR R, B ERAE S IE A . AR AARAAE B, AR ENIEGE Y. MRS
(1) £ FEA AT LA R A DL f R RS, FH A5 42 1) ok 503 ) A3 1) SR B
WP, R R IR IE SRS S . T LLIA R DDS A& AN A gl

M TR R A N g5 0, DDS BR AT SLAh Al %4 vt 20 A AT 11
A i

(1) BRI =

BRI TS5 1, a5 DDS SRR . Af = f_ /2" (2-3)

KA N EUER K, a1 32 . 60 {7 KA1 43 HE 2 AR im R IA 2 Tl
Hz 9. ADI851 (WA 43 #E %k 0. 04Hz.

(2) SRR

DDS  FAAIAR V)45 I [) = g AR e Bk e, R T Ak e S I T AR, A7
FE DDS ZR 48 (1 A e V) 45 i [R] il Ik 2] ms 2%

(3) BRAEE PELF

fiy H PR LS AR ) R BT £ 3], BRI 7 5 N O 2 A7 o
Je R, RV R IR R T S A R T IR

(4) iy H AR AT ATy B AR 58

DDS i th A AL ] 8 OHz, SEBR R A T ORIER B A, fHmnl h
40% f,, KT AD9851 SR, & AR Y FEZ OHz " 6MHz .

2.1.1.2 AD9851 fajik

ADI851 ¥y N A i B A 1] 2-2 P, EHIEIWT LU, AD985L H 6 f5257%
P sy . I FE AT MM Bnes. ([CEIERE. D/A iy, Fiil
P R F N i LR AR AL R
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A, EZRET, A 4nW;

® LI, wH 8 7 AT HEERAT L BB AR . A AL I

® Sy TE, W ARG EY 07 72MHz;

® SR PR m, AE 180MHz (1) B b R fay HA P A0 AR B n) DLk 3
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N D2 D5 | —
1 n D6 ———
— DO D7 —
—| DGND DGND —
| DVDD DVDD |
| WCLK RESET |
| FQ_UD I0UT |
— CLKIN IOUTB |—
— AGND AGND ——
— AVDD AVDD ——
— 1 Rset DACBL |——
—{ QOUTB VINP |
| QOUT VINN

/€l 2-3 AD9S51 x5 el
T IE SCnEk 2-1 PR
R 2-1 EME SR

EIWrS EWR S B IWE X EWrrS RS B IWE X
1 D3 Kt N\ i 28 D4 AN
2 D2 HH i N\ S 27 D5 Htha i N\ i
3 D1 Kt i N\ i 26 D6 PN
4 DO Kt N\ i 25 D7 RN
5 DGND 6 i At Hh 24 DGND LSS
6 DVDD 6 1% 4 FL YR 23 DVDD e iR
7 W_CLK | ‘e b 22 RESET 5457 3
8 FQ_UD | MR 21 IoUT HA, 3t 0 HH i
9 CLKIN IS b A\ i 20 IOUTB P VAL 1 i

10 AGND BEAT 19 AGND HRLAL) Hhy

11 AVDD (EREN 18 AVDD (EPEN
12 Rset 2L i 17 DACBP DAC 354
13 QOUTB HAL R Ji e+ 16 VINP HLJE A+
14 QOUT HA A - 15 VINN CER T

AD9851 1 5 NN ZAr#s, AAfitk BT B 4m 40 ArisdlF . FA7
SR I A AT R AT R . BB AT TAE R, 40 ArEHI R Th R %
HUE 2-4 Fios:
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et | st e cor| SRR SR

K 2-4 ¥R
PR FSW S8 S8R, FR GBI R £, 2 1) 2 K 5%
A
FSW =2"0f, /1. (2-4)
Horp: N=32, &y AD9851 A4 Ingef L.
M FARR A 6 f5afeds, MEHRZOCH, XARN BAT ZE R T LA
B 0, JTLL 40 {57 HT 8 1732 545~ M. 2 00000000
2. 1.2 SEREHIH R
DDS W B %5 A7 I C B 75 224 5 11 I AR ol rL B St JLIEAT #AE, SERR
MINIhRE. ARG T R AL H MSP430F149 i D #E 5 1 HLXT DDS 5 F
AD9851 HEAT#S BRI IE 5% 5 5 4. H 5 MSP430F149 (142 1 HiL i 4 &
2-5 7o

Ul3
P53 é D3 D4 gg 54
P32y—— D2 D5 —— P55
P3.1—— DI Db ———P56
P3.0,———{ DO(LSE) DA(S-) o —F57
DGHD DGND =55
Ly 3 DVDD DVDD 33 oD _1
= P34—— W-CLE RESET ————F37 1 |Ra0 100k
P3.5—5— FQ-UD 00T —— —
T CLEIN IOUTE T ——+——
AGHD AGHD ——2— R4l 1okl
DRl awn [ o
E Fset DACEL —— | 470pF
sk g QOUTE VIHP i 42100
—— QOUT VINN — N
ADS351

5] 2-5 AD9851 5 MSPA30F149 [)4% 11 i % 4]
ZAE T RABHAT P, AD985L. YU LS. SNBSS MBI . JE
PR T R A R G E SRy, TSR ER IE KB A S P A
() R AL (5 5 A 5 . ARIHUE H MSP430F149 H F HL k4% DDS £ A



AD9851 MIgfT, N T HERSEHMAIEMYE, DDS ML MR IHAT
By e . HoREPFRE D gk ] 2-5 P

2.1. 2. 1 SREHFHEE

fiiy HH A 5 TR A AT AR 4 1) 7 PN TR AR 386 I iR e o AR R N8 (1 47
o N, SRSl WA I D K, SR ) CLK, AD9851 (14

NIRRT, ; o . CON_wordxCLK
FPEH 5l CON_word, | DDS Z4e % HiAE 5 1A% £ . = -

iﬁﬁﬁ%%ﬁ%ﬁ%%%@%?y%o AL Z g 8 N=32, Aritts
FAG 5 Jy CLKIN=15MHz, 5255 5 0 #5290 0.0349Hz, 584
JEDNEAF SRR R f KR

WS R R, T84 DDS 5 F7 AD9851 Fy Sl 45 il - N A%y -

CON_word = (f x2")/CLK (2-5)

AD9851 [ Al K 45l FALE N A 32 A5, MW B R N
CLKIN=15MHz, #iif5 S 8% 4 40Hz 1 60Hz, Wi AD9851 5 A f4i%
FEHIA TR A L0 (2-6). (2-7):

CON _ word = (40x2*)/ (15x10°) = 0x2CBD (2-6)
CON _word = (60x2%)/ (15x10°) = 0x431C (2-7)

2.1.2.2 AD9851 I 34

AD9851 1] 40 fr il 32 AL H THZydl, 5 A7 H TAfI =1, 1 AT
HLRARIR S, 2 7 aE e TR 7 K.

Wil 2-6 sk AD9851 JHATHA T N P B, I TS 7 g ek, 15
SRR AR, B 8 ALK RS S N A AR, 40 AryEil/
B E RN N TE 5 AREEW, 76 FQ UD  bJHAY A shits i 8] i i 4%
iy, TEHETORMY 5 ANEHRRE AT UE 40 A7 FHE AT 75 A7 2 N B0 /A 7 45
ECH 25 A A, BOE AR 4l S sk nT LLEE T AD9SS L [ R FIARA . ARG
BRI BB R T A DDS G5 & AD9851 1) 8 AL IFATHEE R, 5 ANk A
A LA 40 A7 53 5 O\ AD985 1,
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SCLK

DATA X W0 X W1 X W2 X w3 X W4 X X
W_CLK |_
FQ_UD —|

2-6 AD9851 I ¥4 i &

AD9851 WU kgt DDS A AEII AL, AL BRI T A7 2% LA 1) 25 A7 4
HOEE, ARG FE,  EALIK s S R D OREE 5 AN R . AR
FE SR AN W ARDIFRIE R BEHA . K 6 S fiafeds, X
P FLRARHIR D RE, ARLZIREIR 0 T80T B i W39 W32=00000000, %
V7 S 1) VA I O O - /AN T
W31 W0=00000000000000000010110010111101, 4% AME L 60Hz W, HA
AT A4S 3] W31 W0=000000000000000000100001 100011100

BiR

AD985 141454k,

¢<
T e
(350

v

CLESarES
(3241

2-7 AD9851 Fi )y i fi I

Wil 2-7 ik AD985L [MFE I FER . A AIH P3.5 #51 AD9851
(KIS A, P3.4 4] AD9851 [ 4, PS5 =il %, 5 ADI85L [
PRI
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void WRITE_AD9851(void)

{
uchar i=0;
P30UT&=~BIT5; 152 B A B A
P30UT&=~BIT4; IR HAR

delay(10); IIZE
CON_word[0]=CON_word[0]&0xF8;  // PowerDown & %
for(i=0; i<5; i++)  //40 i ¥5HIF S 5 IR TE

{
if (CON_word[i]&BITO) /7 N JcHh 31 iy
P50UTI|=BITO:;
else
P50UT&=~BITO;
........... 1178 W HoAt, 7 /S 11O 1 8ds 40 iy
P30OUT|=BIT4;
delay(10); IIERY
P3OUT&=~BIT4; /I8
delay(10); JIFE B
}
P3OUT|=BIT4; /i 5hdrm
delay(10); IIFE Y
P3OUT|=BITS; /B Fif frm, Bl MM EEERE
delay(1000); IIAE R
P3OUT&=~(BIT5+BIT4); [/ E AL RN b A hr A%
delay(1000); IISE
}
AT (1) R ARG T
void changeAD9851(void)
{
uchar i;
CON_word[0]=0x04; 113 A0 [ AR 458 ) 7

CON_word[1]=0x00;
CON_word[2]=0x00;

12

. Control &%



CON_word[3]=0x43; H160HZ X 87 1 A% 4 il 7
CON_word[4]=0x1C;

WRITE_AD9851(): 14575 X\ AD9851
delay(100); ITFE ]

for(i=0; i<10; i++)

delay(50000); IZE

}
2.2 AD9851 %y H Y& B

M ARSI 43 )L 40HZ~60HZ, 1M FL4A H 1 A I N Tl R AR ke 43
PR K W AUE SRR DR IOR 2 i R B M LhiOK, ARG ¥4
PR R o IR IS I M SR AR AFAR K, 1T HL K 1) 238 1R DB A A AR AR AR K AR 1 B
K, OrAg Sy, 1 HIER AR WA RIRE . O TIEBNEORIBAR I EK, 7E/ME
FHE NI B BT 8 AR UEAE 5 B I e L AR R LR, BT
RN HLEK 5 |1 PV IAR /DN, FEA ] DL B R G HE AR TR R .

W B0 R ) ME S ELRER Al g 7 2, IR RSCR I A o B
R, X TR KA IR A T AR EAR Y

AR ZR G0 (1 DR R SR FH (10— B A SR T 8 R B — o TGt v e e v i
. B AD985L it M5 5 & i A A UM e, it DAKE S A7 AT
W, AR T S AR R G L (0 B A T, A A0 B — Y v
SEN 7 S 115 ] ﬁﬁﬁ&%%mﬁm&mﬁiﬁS%ﬂﬂ,ﬁ 7y 218 B HAL B 1)
BUESIE N 2Hz, IXFEL AT LT 40HZ~60Hz 11115 5 TG L0 I 3 o g vk v i

0.1uF
R32 | R33 3
—_— T
3K 1 <
SRS 3 2 |
0.1uF 2
R3S 200
=t —

K] 2-8 A YR D8 U L

13



AR ISR B A 2-8 P, R LA W, e YT RC E
3¢ VR R [R)AR LA TBOR i 2 B, G o AT B A5 IO P B I s At 2 P U 114
PR FURF A BB, R DU R B AT AR S Rl i BT
1%, Kokdem 1 A samfe ™ .

(7 AH EEAG SO F it P HL P 8 2 gl I T i 8 s A0ty Pl I I 2, BB A

PRI DR R AL R B R IE A . A = Ar =1+ R, /Ry, (2-8)
(1) fHi R4
MR8 AZ S TBOR A5 A\ i B R R DRIT VARG P A R R R I B AT 49«
AGs) =2 ) _ A . (2-9)
V.(s) 1+(3-A;)SRC+(sRC)
o, _ 1 (2-10)
RC
1
Q= 3-A. (2-12)
As) = A;Fa’f __ Ao, (2-13)

a,
P+ s+ P+ s+af

Hrb o, =1/RC NFFAEMAIA, 1 Q=1/(B—Ag) MIFK it it K #, MK
(2-13) FATBLE Y A = Ap <3BHE, A RERE TIE;: A =As 231H
fi, FECRARETR T TAE.
(2) T A J3;
FHARN A, ml 7 38 AT S RAH AR 3 ik 50, 40501k

ZOIQ‘% =20lg 12 (2-14)
eV (e
a)n a)nQ
() = —arctg 2L@Q) (2-15)

e

a)n

KRG MBI h R=3K, C=0.1uF, @i I 2 = al Bk 5
1

A=Ar=2, w:%:3333rad/s, Q=—1 =1, f- =530.7Hz. iX

" -Ar ° 2zRC

FERSBETE AT U T 1 E 92 B G IR R 8 FL %, 1 DDS A ™ ZE I e
M55 AT R B B o L PR R A P AR D8 I FL R PR R I AS IR AR,
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ARSI A IIE RPN TR PR IS, LA R I T R A E
PP A7, B USRI AT IR PR B i R B T B v L g i
R, H 2 IEERAE 5 TARAE R ERUHE . 0 2RI S50 A B — B g U v i
A ] 470uF (1 L R A IEBSCR UGS, n] BASE g R 5 h I LR
HOPo 1R R BUIRE ) 20K B4, bR T 2Hz, il REERIEEK.

MEWT
c1
12 1
il
100nF VEE
vee 1Y 15V
VEE 9 VEE
7 1115 U1
R11 R10
In_Aan, A1 ; 3 7|5 us
3kQ 3kQ l" 6 |, [E— [
Qut
C2 - 470uF —=
10DnF R6 R34 1.
n , OP01J [S2000 zomz“/
0 0 % o 0 4 oP(1J
L vss L L
= RS 10kQ = = .
§1om
VSS
0 | _Vss T
P a5V A5V
K] 2-9 JEE %
2.3 16 £7 D/A ¥#i5 i DAC8501
DAC8501 [N B4 HE Bl &l 2-10 7
VDD
I L lVFB
+ \
Veer 16{1iDAC _A: AL l Vour
—
16
DACH #7485
16
SYNC PrET
SO  — s H L5
IN

GND

K 2-10 DAC8501 PN ¥ &5 KIHEK]
DAC8501 & 16 frgiHiE (2. 7V™5.2V) ey, ZEppHa R&rH i AT D/A

15



e BEK D/A FESLINAIY 10us, SOVFFAERATHAR Y 30M. BAE 3 ZHAT
B, S5brvEf) SPI. QSPI. Microwire. DSP £ I1FE%S, (R Tdi 1 2
3 AR LB R, A LA R S S B . HIEL 4-6 BLUEH 16 A7)
D/A 5 A DAC8501 F-Zfy 16 {71 DAC. DAC ZA7a%. AL AF7%. k)%
LN R LI 271 45 8 0 A B

DAC8501 TR, —HAN 24 {7 #4750 . HLEIR i mE 2-11 Br
Ny E T AN AR, PD1. PDO P4 S T ik TAERE.

X X X X X X | PD1 | PDO | D15 | D14 | D13 | D12

D11 | D10 | D9 | D8 | D7 D6 | D5 | D4 | D3 | D2 | D1 | DO
2-11 DACS8501 % AN k% 2\

i PDO. PDL AR & S MR PR
% 2-2PDO0. PD1 & X

PD1 PDO HRAEREA
0 0 IEHRAE
i HLRE
0 1 i 1K FHb
1 0 i 100K F/ith
1 1 By e i v L
= JJUUUTUULTUDUUUUUU UL DU UL

[ §

Din B24|B23|B22 B0

2-12 DAC8501 i) J¥: 451 &)

MSP430F % DAC8501 frix il fe: il P4.5 ¥ DAC8501 ¥ SYNC 5l
T, o 1 PA.6 SEPEHIT, i PA.7 #Eif] DAC8501L [P .  ZR 40 3 I i e
i 8MHz, HRAT I BRI i 30MHz, T PA.7 BRI I b m] DL H A
H A0 8, A SE I o 3836 3 A 0 4 )t v AR 1 IE A 1Y)
BN . K 2-12 Fros i DAC8501 k&, MEh A LLE H, ZEIEH
(R N8 117 1 58 0 R G B R [ BEAT M 464k, AR5 M 1 P4.5 2% H —
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AMERKHSK E 3 DAC8501, JHshfa4enl 24 ANmf e nr LUEIE T 716 N DIA ¥
Pt b, AT SEL N F R 3G 5 (R4 o AR AR SE ARG R
void main()
{
uint t;
iniSys(); /1 RGIEIRIUG1E R %L
inilO(); /I &% 110 ¥lixik
while(1)
{

t++;
DAC_send(0x00,65535);  // il
}
}
FaR P 5 ARSIk
void DAC_send(uchar mode,uint dat)
{

uchar i
DCLK_0;
DCLK_1;
SYNC 0;
for(i=0; i<8; i++)
{
Tt P4.6 126 TAF J7 2\dz i+
}
for(i=0; i<16; i++)
{
Tk P4.6 16 R 3 25 45 1
}
SYNC_1;
}

2.4 BLRISRIE AR

2. 4.1 MRk SR
48 ADT34BN & —A Fki . B DU % BRI T/ vk 0%, ML
BN W=XY/U. B BT LR e
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® RERE: 0.1%M MR R
® =id: 10MHz WiTh Ry 5
450V/us [f[m]% %
B D) 0.1%F5 2 200ns
: AFEHI NG 5 1R E I h-80dB

® WAHE
® flkM

10Hz~20KHz I, {5 Lk 94dB

10Hz~10MHz I, {EM:Ll 4 70dB
® HHEIRVEA
® 1425°% 100 I, 7 5Ek 2MHz

X1
— 1
X2
— 2
uo
— 3
Ul
— 4
U2
1 5
Y1
— 1 6
Y2
7

14

13

12

11

10

9

8

VP

VDD

W

71

72

ER

VN

K| 2-13 AD734BN 45 i~ = K

2-13 i AD734BN & IR =, T Xk 2-3 fios:

% 2-3 AD734BN % JiiE X%

18

EHPS | EEAR | EWeEX | EWrS | AR | EleX

1 X1 FEBJ) N i 8 VP RSN TN

2 X2 75 BV N\ i 9 VDD Ha, FE A1 i i

3 uo Sy BEHLE 10 w b )

4 U1 Sy RERL R 11 Z1 7 51 N i

5 U2 I3 BEHL S 12 z2 ZE BN i

6 Y1 FEBJ N i 13 ER ZHE

7 Y2 FEBJ) N iy 14 VN LR E YN
ADT734 i3 AL 3 R N -

W :%{(Xl_(lj(lz_)gi)_“)—(21—zz)} (2-16)



o, A BT BORES BT IR 5, SLHOME D 72dB. X1, X2, Y1,
Y2. Z1. Z2 J}j AD734BN [1Zsh%iN. H Pl DARPEAS [F 1) 75 26 AD734BN
AT A Y B3, AT L SRAT A [R) B A% 8 R B, SEIRAS R D RE . 3 4b,
AD734BN K53 BEHL R U B 0] I A SO A E 55 ahh 25 2 2% i R e fit, |
HL B A 10V

FH P 3l 5 2 i A e — AN U i %, A B SR RIS S W Eh 0, [
I, B Z1 AW FAE i, X AD734 FIfE i B AU AR A -
_(X1-X2)(¥1-Y2)

U

ARGV T X2, Y2 J Z2 ¥gheih, X1 $H: AD9851 #irth (A i 1E 5%

%, Y14 DAC8501 fii i M HI B IEAE, X AD734B [P & s 204 4 «
X1Y1

W=—— (2-18)
U

W (2-17)

2.4.2 HMEREEER

WUR ERATH AD734BN [dF5 2 A4 0.1%., NN —MI5ik, AUHN
I B A R R R R T LA AD734B K 1 4 51 0.025%1),

AD734BN VU5 FRACFUSfe LA A B v DABR AL LU AR PORS E - HORS BEAS FH U 4
HL% AT LUA R T 0.1%; A4 A 137 5 (0 S A I mT BASE I 0.05% FIkE 155, [w] B
10MHz $& L3557 1y )3

R LT 20T ADT34BN  HOARSAF A I ORI RS BE ), AN 2288 Jn /b
HIAMBEAT, AR 7 SR R N R, BLA Ula AT Ulb
R, BRSO 4057 2 T i & — Bk 0.025%. SR sl (5 458 FH i A it
RTT 5N, I L SR T 2 R LR HE AN B RS ARG IF
ARAF X TP AN B B B, RO R s3I, 8 AN I A0 30 18 3 Fe 2 1) 1
T, DR SRR R C AT LUA BT 2 SIS, Imim A T T2 — 1)
FORIEAR, MR R ZI A SO B, T LA B R R ik, JEAN R A i
Wi 2-14 FioR:
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o \
AD822B X1 Vo[
Vx /
— X2 [
From X-input] 's)
R2 10K
Ground I:I RI U0 i
oK uoou RS V
I 200
\v/ U2 72 B
N Y1 ER To Output
o 1;D822B | Ground
Vy ¢ Y2 VN R7 VR1
500
— 200K
—
From Y-input gy 10K +15V R6
Ground I:I 5K 1. 87K
VR2 e
10K
-15V

& 2-14 AD734BN #1518 %% ey g%

2.5 MR YIH AL B

e HEEE R (Imd & 36A) 8K, R G AU 4 DA S i
P B SR R S A, R KR 5 5 N U 5 2 [RAR 220
i 40000 fiF, EXFERZEIRK. WOLZEHRA V) Bk 3T R I o G I 4% F s A
JCRE SRS AL ) D48, T A 7] 0 HE A B4 25 g v DUSICIRAS [RIRY A7 o F R 1, G
RER D)4 1R 0 2 FEL B T ] 2-15 oo MR LIRS 3 A4S T/0 Stn) BLR IS RSB
ETOAINR)E

Rx FFE 2-16 i s BHARE
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AA"AY 1
1kQ
R7
1kQ
0
- VDD
-15V
Kl 2-15 M35 Hi %
SEE
- Ra4
e Kl ’—‘ +_1|gv R45 180K
Pl é —— ; 5
300 T R46 51K
. ; TLP521-1 ; 7 RELAYSPST
. m 20 — p12¥ | 1ma0m
. 300 2 = > 7
= ; TLP521-1 ; 7 K2 +—1|2V
21 1
i S ==
- E R e— FELAY-SPST
. ; TLP521-1 ; 7
D13 1N4001

]

+12v

g
D

D14

114001

Kl 2-16 #4407 D)k HE %
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3 ThEMK

M5 2 B RIS SO AR Y, SR R LA O i[RI
IR B A R At D, AHC Ry IR 8. M e Tt L it DU 9 1 g
HL YL B 0 28 LB AR A2 4K

Bl 3-1 74 1 i
] 3-1 V1 RIS 5, RL H 5k, Tout i
. RISR3, R2=RA . #R JE 32 WM M O WE L W TR M S
|out=V1*RR|; 12V, NFER AT, T H Y N TR 4 2 S T A e

1'%
KA, Himh Wi S ek, ARG PASO ThRia UK g . HLRew st
RIHLFLIEE(EL 100A, REFFEA 40A HEUURE, Wmid UiREAL Llkar th A 2080 40A 1)
ATUR L. WO A RERT Y 400W (B, BT DUBUREHLEE RS BRI, w] LA
AR ER
3.2 &2

JisE T AT AR EGAsIF PASO PERELS, W7D, (HNOIEGR . EHEATHE
[FIAZR T, PASO wf M IS O =B A . il 3-2 Prose AP AR
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Fett i, DAIHFRACBRE . NPN =405 Q3Q2 #l—> NPN Z-54, PNP =4k
B QL 5 NPN =A% Q4 f—A PNP 264 . HTREAE IR R UL %
YR B UBOR R RN, WOXFER R T SR 3. mn T 428
RO FR D O LR o HG b R AN 0 — e 8 R A T R BRI R ) L
B

VEE2
50V
VEE2
R21 R32
80;, 1.
9 Q2
5 Q3
R2 A &1 36
—AM—2 MJ21194
1ki, MJ21194 10
1
R23 R24
1. 1.
V1
33
0.6 Vrms R3
6) 50 Hz A s ';33 29 1m!,
0 0ja 1 I
9 9 12 Q4
R4
L/\A/\,_44 Q1
-+ A D6
3 ¥ 1N3493 MU21194 0
vss
sV ] MJ21193 1 o
R22 4
80, R3 2
1 L
VDD2
R5
12!,
| vop2
50V

K 3-2 H Z 250K L
TR =S S R R R, MO K AR T 2 4l = A OF
Beo Wik 3-3 7% 2 ik El, SR 5 4IFBE, BEdl 4 =M.
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4.1 55 AR

AREEE M NAG TR AT, WK HRGX 7 B MSP430F149 () A/D
BATAEE, SRR Z A LRl MSP430F14 (W6 dH, 5 Z24Ef5 5 M4
ANBHATE BT . RRG L T BA 8 R 08 i AE 5 e ot
SHBEN 9 Wi s, FNWS IR wE MR . IR R = HITE
FEARFEFR LR 90 Bl 22 P FD 9 T A B 38 () B B 5 5 AN A/D BT AL

M,

RIS o B G SR B A5 5, RS S e i AR S R ] 4-1
Fine B 4-2 S ISAG S M B R, X B RS 5 Se i b O s AE
o LS B LA AU O v AD63TKD REHALIF L Hs YL FEL 2 A, i S P LR A 2K

4 FERE

{EAR 5 T LAE AN A/D REES AT e e

T3

B

TRANSI1

C3s
[|
| [T000pF
2 Rd3
1K _ 1K RPI
6
bio | pu S~
4 1N4148
1]
1 N4148 1000pF

Bl A-1 LA 5 e R AR T PR S 2
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+15V
R6 g
570K 3 NN
L uoA
110K || R7 2 > 1
— _10P200
///
il
15

4-2 HURAR 5 R TR 2R Rt
BRI O PR L 2 5 A B 0 L 5 BT 6 5
e

HAUNI R UL S i A — 280 A R 45
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4.2 VIR HIRE A T AR R B

570K 0P200
+
110K >
! 147 147 HAEPED. 5V
NC— 2 13 ————
+Vs X60008BI
w T 3 12 — S8-25
50 4  ADB37 11 |—+Vs
s -5 10 [= Vs VREF VDD [~ *5V
— 6 9 2 +IN DCLK[~ p4.3
T Cav
7 8 -IN Doutf- p4.2
GND SHDN| p4. 1
+15V
'T_'F =  ADS8325
AD9851JE . A2, 5V
Ja M IEFZ B 104 X60008BI

12
*5V—ypp enp [

AD734B 11
VREF DIN [~
10 — P4.7
. NC VFB SCLK|- p4.6

104 Vout SYNC| _ p4.5
8 41
J__ DAC8501

-15V
[l 4-3 HL s s At 1 J 2

W 4-3 S H Rl R AR I ER i, IR e] DG HY R R R 23 A S
MUK 5, W B A AU R ADB37, Ay B U S K15 5 1k
AN AID ¥Hts i ADS83258, SKAEAT I S Tk AL T I, @
i FE A I 45 Rk shE DIA U5 DACS501, BARUIT &4 DACS501 7E 4 il 5

STHAMMRIANA, DIA HHMKIERES AD85L i th (1) 1E 7% 3 15 5 il it
AD734B iHfTizH, BHIGMNE TG E/DNRTE S, &1 DhZ00K i %
Je 3T AA3 2T DL Bl K TR a8 A F 0 =k B Th % (55

4.3 EARERGEG R NRESNA

15
L

13 $8-25
y

N OO O A W DN

4.3.1 AD637 PR E:H
&l 4-4 Frosch ADG37 [ INIBEEHER], HEH A LA AD637 FE i
CEMIBCRES . G JTBRVE RS . URIR AR RS L 40 FE I HE I AR e o 3
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I

FILTER/AMPLIFIER
24k(}

BUFF OUT {14, ONE QUADRANT

T T

| |

| SQUARERDIVIDER |

BUFF IN (1 BUFFER | |
AMPLIFIER | ;

| |

| |

L

RMS
out

ABSOLUTE VALUE VOLTAGE -
CURRENT CONVERTER

kg2 ke

12k LA Y Y

Um 65 Wiy )
A1
* : 10) Vs

4-4 AD637 N4 M HE K]

K AD A A HI LT S v AD637 RIEAT B ugde, i - Iooft
B R e, B AT 38w i/ ME Sl Rt 22 o ol /NN 5l Lk
F| 0.5mV, MIERERZENT, SUERETLI/NT £ 1%, 32— 0 Eoks BEAC H i
Fedf. ADG3T & il I B b 4ok B B e SO dae B IR AT RUE B 4 2%
ADG637KD [F)[E 4 K5 B2k +0.5mv + B8 (1) 0.2%, InAMBIRsEmEk LIS, R
A LA 3 + 0.25mv + 3511 0.05%.

ADG637 st AD Aw] RMS-DC ™ it K BEdpe i iy 0 g 5 (A8 B A 4 v
B, XTHBEN IV FARAES, B 3dB 4wk 8MHz, I H AT LU S A
SHESELL dB JERE R, H4h, AD637 it A R A Sh LW hRe, (1A
LA 3mA B&Z 45pA., BT LU AT B B AR5 5 A RUE,  SEE0 AR
Wy, RN IES BV RS, HMAE S IRIRA KT 2MHz i, Him
NG5 B A B AE 0.7V ~4V Y5 P BEARIE I it 22

4. 3.2 EAMEREHE Fbr e

FAMUEF WS e AD63T [WkrHERL I 4-5 Fror, MEIFRRTLUES], 6
A EHEWASMER T, ARG B E R, BN iEH
2 . AD637 nJ DAAEAT AT A8 UL 40 A AR 5 1A R0ME AL e 1 55 A7 R0 A 1Y) L H
He, AN HE 7 A O it
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1 14 f—
— 2 13 ——1(}:—0
I 3 12 —
— 4 11 +Vs
— 5 10 f— Vs
0
] ‘7‘ Z EX

K] 4-5 AD637KD [fIhnEREE:

T $E ADB37TKD 717 12 HE 71, ADG37KD H i B T S sk i,
FEASB U TP AME 22 BCR 28, B LURE 2 P BOK A5 I IE AR far AN BG M, [ IREg 3
e s R, — ORISR O BRI 8, T H A 13 F A\ fRi
WAZ WA 5, 9 W 5ACmE S5 A E N Em . &1 7 2 dB 554
Uig, ASCWITH AR RE, BT DATEIEANTEROAR .

FEASCHI B TR A RIS 104 /N R 2K TE AT AS RIS, SRR AT BAAT A%
(A IR S LN RS, 104 JEET AD637KD it F afe il iy 5 S e il

o

4.3.3 RSN R

AD637 H. 25 %t S UL S b RO B0z 22 M0 3E Dh g . nl LURH IX 28T
RE, REAUTOS I8 22 Ok AD o 38 4 TS50 2 T i 2 2 AL O 448 00 L FEL % v A N 2K
WA AR P E S T

ADG637 S1 4 LK G ] 4-6 o, HGAR A b g A TR 1O,

(D) K ANF 5, W RAE I 9 R E . B A —An]
LR EIME 5, UL R A H fedar o IE A 1 B0 FP

(2) R —JWH ) Hm ek O AELE A2 s 2 A S S AV, , TRy, ¥
A 9 A IEMI B R . gt & U, X T 1.000V 1 EL L H s N Y
g5t 1.000V WHEAHEAE . R, ST 2V BIEERIEZREMAG S, HR
B RN E 0.707V PRI 22 A8 tHARZ PR S 1
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+Vs

50K

14 F——

13

12 —

11 —

10

4.4 16 AL A/D RFERS - ADS8325

R G 5 REE RGNS AID B4t i Bask: ke, REER LW E .
ZEE DL AR L re ik A N A #s A~ | 17 16 47 A/D
o ADS8325, ADS8325 N 4 M HE Rt &l 4-7 B o

FATHA . i PR A

REF

ol 1
1K

4-6AD637 K 1 F i I

O

L

+IN

Cikes (2 X))
s

Pt

A

AL L8 0
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K] 4-7 ADS8325 PN il £ R HE &

ADS8325 J& i BT AT 16 ALIMEhAE EEURAE AID #ededs, fmRAE
AT IA R 100kHz HEmns, ~FHIFEAET 4.5mW, 10kHz 25, I
FE/NT 1ImW. ADS8325 & & T B s KR AP 2 liE R4 . KN H:
Wi MK, HAREFBORSES . DIA #eHuds. LREs . BUEIL T A7Fas AT 82

e m e




CS/SHDN _‘

H%ﬁ* g3 >

DCLK
Dout B15(B14

4-8ADS8325 I 44 i &

ADS8325 [Hi Wik 4-8 Fion, Zoid B R F O A I BRSPS
M ZE 4 A N i ZE Ay ON RIS R 2 0 3 . A I Al 20 8 AR
24KHz ~ 2.4MHz 2 [8), SRS, RABEMPESE, KX ADS8325 [4%#
R A SPI Ry =X, i i o VRS, BT DA RSSO IR B A e —
€ BLAE 24KHz ~ 2.4MHz [P FIZ N, 1 MSP430F149 (1) = i B %k 8MHz ,
XIS o m] LU SE )RR %0 Delay(10) M H3 11 P43 A5 481 H 1R B Bh 78 ) AE
24KHz ~24MHz Y5 2 W o EARE P #td, P41 #2iil ADS83525 1)
CS/SHDN [, i I P4.2 ¥ i) Ho 8048 ity 11 D, » 3 11 P43 428 11 L I 4ol
DCLK, i ADS8325 [¥Inf P il ] LUE H: ADS8325 X5 5 IR AT A& 1l ik Xf
CS/SHDN 3t & Ay & i F, P35 4 CS/SHDN #7ik fi2h ., CSISHDN i)
Bevh T DU 3 2, JT 5 AR TE 5 REE, SNBSS 3 I s BE 81K
Ffo 25 5 NIRRT BEVR I D, i BE8 1 H — AN Eh A AP, s R
B R i se ik, R N s B — 16 TR BE S 1) 16 /N B0 ) 1
Hr .

A/D KAL) A Bh el A %0 SampleCLK ) AL S8 an R

void SampleCLK (void) /AL 4d ek %

{
DCLK_0;

Delay(DELAYMS);
DCLK_1;
...... 113 VARSI 6 A RAF I b

B KRB 11996 50 ADRead(REIR ] TR 55 UM, LS i B
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Hefh, JLARRDSELR

unsigned int ADRead(void) /i3 AD i e %k

{
unsigned int i IR IR AL
unsigned int tempbit=0; /{347 % HE
unsigned int data=0;  /AEIBCRAER
DCLK_0; I P Us 1k
Delay(DELAYMS); IIGERY

for(i=0; i<16; i++) // 16 LR/

{
DCLK_1; It T
Delay(DELAYMS); ITZER}
if((PAIN>>2)&0x01)==0x01)  // i#it PAIN JWrise i () %ds
{
tempbit=1; IR H 3 o 1
}
else
{
tempbit=0; IR 2 4 0
}

data=(data<<1)|tempbit; IERFEE a7 A7 i H
DCLK _0; I BT B
Delay(DELAYMS);  //FEN

}
return data; 1R [PERAEAE

¥
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223t )t ADS8325 SRAFMIEE AL, HARACHAE 5 DN Bl 5
B R R I Ht s AN ARARE s W 200 KA ok ) Bt 2R AT 38 S A 34 g
gkasE, AVTFPRER % B kE5 AID 4k, 100us KAE—W. 1 26x
128 R PRFFAEIEATPIME T, ARIEXT 16 JOXFE 1P AT — P 4E
TS, SXARALBHE RAE LR A AR AR E , B RA AR EER,

4.5 ISR

24 DIA v DACS501 [ 474 44 il % 4ls 29000, X f DIA &
DACB501 %t 1) B FL 24 1.0041V ZiAy, iR B AR EE IR0 R AID SRAFAE
42215, 4RI RN E] AID {H/N T 42215 BHE, wiash{E DACS50L, filL
RN, ShYEER b, #5017 E O TR o M a, S Oy HEA
A b, RGARRWIIAI AT a Y1451 29000, b ¥J4ak 0, ZhYE(E b Bk
/N, AW R RS, (R R By, A, SR b BOREhAS R Y
U TE RS bt , W AR 5 e R AR A AR D, (ERRS B AT

LN AT DA S5 T0 AR S5 R I 8 ) P R PR ZE A, XA ZEAEE O SR AR B
error, error K Ui B A7 8t 1 FEUAS B 0 FRURR ZE(E 0K, SIS AT LOIn K S AR
b, IPRBhZAEmINIE R, Wk d error SR ESHEM b, %% error H53IE(L b
ZNAAFAE— A 31 8, AE s tp A I EL e R 80y 0.5, il Matlab {7 50A]
IE R LI RS) 05 I, HHIRGEIRER, (HZ M0 ARG 9 I a4
AR K, 3 error [ZEXNTE N #E M AR 7 Range, 4 Range [M{E KT 50
) I figeide FH BG4 R B0 15 R Sk, 10 24 Range /1 50 %, ¥ & b=5, XFf
F G AN Bl AR Wi Y. IR ) ORI 1, A 10s st o) BABEAARAS, iy FRG
P LAR B 73 22 =0 IXAERIURT LAAT R4 A RS 82 Ly 2 2l w2 I ] PR 8 J

R A [ R A AR -

Range=abs(41915-U1_rms2);

error=(41915-U1_rms2);

errorl=error*0.5;

if(Range>50)
{
HI S LU R BT, T LASE i 2R G 2 245 W) 2 P 3k
}
else
{

b=5, W LASCHUS S S R }
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5 #iFiit

KRAERGRH MSP430F149 Az F 45015 o MSP430 R 415 Bl 36
Tl AF A —3 16 fBEARIIFEM IR G E 5 4228 (Mixed Signal
Processor), ‘& ANXIIAEIRAG, 11 H R A 58K b3 B ) f=F 5 10 v A 2%
e BRI DAAERE R A R SR G A7 s B LA B2 F okt
TR R LR, B e i as, e DLt A ks FE ) AID Heda%; 16 e
N4 B R LR A e ds, nTUUH T3 kA PWM 45 26
B (USART) wscBilesb . [Pl s, w2 MU ESE N Bf
B2 10 i s 12 A7) AID B idi AR s M i 2, s )15 200Ksps,
RERS I AL K 2 B8 RAEN s LCD BREh AL BE H LIRS 2 ik 160 B
DMA Zh g il AP s S At 1, KR U v e b B % (1) 47 40

5.1 BAFEARE T

HEAFE PG 14 565 MSP430. AD9851 il DAC8501 A2 ADS8532 #Jh4k .
B EMmAdfE b as AD ¥4, AD # ¥y 4b 3 . LI J2 AD9851 FlI
DAC8501 s th &% . Wik AD e i %ts T4 r s A 4 8 R 1 bl
B, HWrafrs/E DAC8501, Yt L Al /N T-45 € FE R I, DACB8501 4
Tt DURME2 R IR, 2 B 1 F R (EK T 45 2 HR I, DACS8501 Jili /N
H LGS s H s . DACSB501 o H s [ M2 2 18 ek e i 4 rh gk AT 1, R e i
WUCE 1s BRIk E3h DA S DACSS501, M HL IR SRRt 2 e N EAT Y
—HE N EIEAT R RRAE, g N 5 MSP430F149 X RAFAE AT 204
ST GE S T DIA B DAC8501 Wif] a1 .
5.2 W

TEARRG At WA Y EZERN—35 . h g 2s CPU 7EIE
WOLAERS, BTSSR S BRI se e HE EFEAt, fE CPU HR b IEAEIBAT
R, X i IRss . WSS ARG, R [EI 24k 821847 187 I v Wy R
FP it R T UK K AR P 51548 RGN E IR .

i LA RE e 7 AD637, Rl LI IF 52 ik e 4 by SLA5A B I HL i
Ty HEERAE H TR bR AT B, Jl i ADS8325 (1 K m BATH A
SER IR AID RAE I H R KMERT 2 60us, By LAnT LARIF 22 24 100us
e 2k T, RFE, Azl AID #: 4, 128 YOP W — RO U, BT
THE B UL i A KEE, PrUA et 16 ik Ul B384 U2, &
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—UCTIIAE U2 FEIR KL 204.8ms, FHEIK U2 52 RGEM T EOR I RRE T
FrHbER U2 5, Wikt 4s DAC8501 M. R[], SfF F—I ek
o
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6 RS
SEH ] multisim BT FLDI S BOR AL T 58 2 Bl i 25l o 1 -

61 fiEg R

B E | 113 R | RE | HUUWE | Veb IWH | IS H L

50 | (R (A (%) | (upd) JE (V) Eb. 51
3.1 0.2 37.078 | 0. 007 306 | /NT 5V 11. 96064516
3.1 0.1 37.085 | 0. 007 955 | /NT- 5V 11. 96290323
3.1 0 37. 089 0 1020 | /NT- 5V 11. 96419355
3 0.25 35.879 | 0. 023 536 | /T 5V 11. 95966667
3 0.2 35.883 | 0.021 191 | /NT- 5V 11.961
3 0.1 35. 888 | 0. 007 311 | /hT 5V 11. 96266667
3 0 35. 894 0 1210 | /MF 5V 11. 96466667
2 0.4 23.91 | 0. 041 326 | /N 5V 11.955
2 0.2 23.921 | 0. 008 487 | /NT- 5V 11. 9605
2 0 23.929 0 952 | /NT- 5V 11. 9645
1 2 11.886 | 0. 006 42 | /NT BV 11. 886
1 1 11.935 | 0. 106 96 | /NT 5V 11.935
1 0 11. 965 0 829 | /NT- 5V 11.965
0.1 3 1.182 0. 398 11 | /T 5V 11.82
0.1 1.5 1.191 | 0. 002 46 | Z/NT- BV 11.91
0.1 0 1. 196 0 753 | /N 5V 11.96
0.01 3 0.118 0 26 | /NT- 5V 11.8
0.01 1.5 0.119 0 52 | /T BV 11.9
0.01 0 0.12 0 748 | /NT 5V 12
0. 001 3 0.0118 0 27 | /T BV 11.8
0.001 0 0.012 0 752 | /NT 5V 12
0. 0001 31 1.182m 0 27.5 | /NF 5V 11.82
0. 0001 1.5 1.192m 0 53.1 | /NF 5V 11.92
0.0001 0| 1.197m 0 752 | /NT 5V 11.97
0. 00008 3| 0.946m 0 27.5 | /NT 5V 11.83
0. 00008 1.5 0.953m 0 53.1| /MF 5V 11.91
0. 00008 0]0.957m 0 752 | /NT BV 11.96

s 0 = M2 % MJ21193,MJ21194 1 BE 35 Fr Vebo<5V, Vcbo<400V ,

Vceo<250V, PD<250W, Ic<16A, Ib<5A.
SEEGINAE Vebo<5V. HF H AL L A IE L 50V, i AR b L A E
502

2
%¢?1mvo%ﬁ%ﬁﬁ%?m2<Eqm&&%ﬂ@ﬁﬁﬁ%ﬁﬁsmn

L
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RL>1). MUEFEMALZOR. T KM iy 36A, 5 4E 1 (RF4 4 4> )
Yo OSBRI AL ZER . PTLL A L — AR TEREEEK

Uepi A R DL A T DLSEIE ImA 28 36A ARAk, H 4 H Bl i A\ A8 fh 2%
PESEESS, oyt B S AR ARE Mg, it FR B SR VERS, RIUR /N n E AR
Hoy s, RSP,
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7 BE

g5 AR H B R HUE I EEIAZ L, 456 A A AD9SSL |
AD734B. DAC8501. AD637. ADS8325, ¥il T —&5:%. &, mkE R 7%
W77 %, Hodr, DAC8501 AF Ay H H 388 25 A 15 (1A% o [ I, 5 F R JEAT T A R4
Eile ASCEBETE T IR BOCHES . AR BT I, T R
DN VL B N B o BRUEBASE, ASCER4H T RGN BAT Bt . S H Ay
BT, ASCHFRI ShsCh B a DA DA, 1mA 28 36A HIE X HLR, HLA H Bl N
AR LT, B SR B AR e P, B R R SRR, KRB N
AN B R R, RSP

A HTARANEARU LA CHTFRRIIAL, RECHERII RS G
S o M IS L IGAE T 7 R RTAT I, IR AR A TS .
TEHESSEE, MERSR, AERAUHRT. 25, RaBmsd, fFh—
BN SRE
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FERENVAR SCIE N B, i S TR B ) ST TF Bz, s b he it 4y
BIXFE— A B PRE R, EIRAEEIL A CRF VU AT . 2T
PRI TPEEIRA A B BT S A R T RA I Rk, ANUE
BT B2 S 4T R T RS SEa, 1 E A AN W i e R el 3R 4 4
JE N AR TE B

7 L, S JR A S 3 = ) 3 T R 2 e~ UL, el At AT 7 et 21 DR e
BRI E RS, EE iR ARIES .

RIS KN RIS T 78, SEUF MDY K%
iR

B Ja, RO S AR T A T PRl R BRI TR AR S AR
b, A A Z RIS IF o

IR

20104F:6 JJ10H
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B3R 1 AR

B HLRHE IR

#include "msp430x14x.h"

#include "msp430F_c.h"

#include <math.h>

#include <stdlib.h>

#define DCLK_0 PAOUT&=~BIT3
#define DCLK_1 PAOUT|=BIT3
#define CS_0 P4AOUT&=~BIT1
#define CS_1 P4AOUT|=BIT1
#define DATA_IN ((P4IN>>2)&0x01)
#define DELAYMS 10

#define SCLK_0 PAOUT&=~BIT7
#define SCLK_1 P4AOUT|=BIT7
#define SYNC_0 P4AOUT&=~BIT5
#define SYNC_1 PAOUT|=BIT5
#define V_GIVEN 20000

uchar CON_word[5];

uchar th,flag;

ulong U1_rms2,ADdata,m=0;
uint temp,a;

uint samplpoint;

static void Delay(unsigned int n)
{unsigned int i;
for(i=0;i<N;i++);

return;

}

void delay(uint t)

{
while(t--);
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void SampleCLK(void)  //RAE S 4
{DCLK_O0;
Delay(DELAYMS);
DCLK_1;
Delay(DELAYMS);
DCLK_0;
Delay(DELAYMS);
DCLK 1;
Delay(DELAYMS);
DCLK_0;
Delay(DELAYMS);
DCLK 1;
Delay(DELAYMS);
DCLK_0;
Delay(DELAYMS);
DCLK_1;
Delay(DELAYMS);
DCLK_0;
Delay(DELAYMS);
DCLK_1;
Delay(DELAYMS);
DCLK_0;
Delay(DELAYMS);
DCLK_1;
Delay(DELAYMS);

}

unsigned int ADRead(void) /1 AD 4
{unsigned int i;

unsigned int tempbit=0;

unsigned int data=0;

DCLK_0;

Delay(DELAYMS);

for(i=0;i<16;i++)

{DCLK_1;
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Delay(DELAYMS);
if(DATA_IN==0x01)
{tempbit=1;

¥

else

{tempbit=0;

}
data=(data<<1)[tempbit;
DCLK 0;
Delay(DELAYMS);
}

return data;

}

/**********************ﬂ Hﬂ‘ %'E?E}_‘%*********************************/

void delay1S(void)
{
uchar i;
for(i=0;i<20;i++)
delay(15000);

/**************************System in Itlal IZatl0n***********************/

[*system clock initialization, shut down WDT timer*/
void iniSys(void)
{
WDTCTL=WDTPW+WDTHOLD; /*close WDT timer*/
BCSCTL1&=~(XT20FF+XTS); [*turn on crystal XT2, chose XT1 as
ACLK */
do
{
IFG1&=~OFIFG;
delay(100);
}
while((IFG1&OFIFG)!=0);
BCSCTL2|=SELM_2+SELS; /* XT2 as MCLK, non division ,SMCLK is
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XT2, non division*/

/*define 10 pin function */
void inilO(void)
{
//IDAC8501
PASEL=0x00;
PADIR|=BIT5+BIT6+BIT7;
P40OUT|=BITS5;

//ADS8325
P4SEL=0x00;
PADIR|=BIT1+BIT3;
PADIR&=~BIT2;
P4AOUT|=BIT],;

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

119850

P3DIR|=BIT4+BIT5;//; /IP3.0,P3.1,P3.2 Ay #i
P30UT&=~(BIT4+BIT5);//
P5SEL=0x00;

PS5DIR|=BIT0+BIT1+BIT2+BIT3+BIT4+BIT5+BIT6+BIT7;
P50UT&=~(BITO+BIT1+BIT2+BIT3+BIT4+BIT5+BIT6+BIT7);

Delay(DELAYMS);

/****************************AD9850*********************************/

void REST_AD9850(void)
{
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P30OUT&=~BIT7;
delay(10);
P3OUT|=BIT7;
delay(1000);
P30OUT&=~BIT7,
//delay(1600);

void WRITE_AD9850(void)
{
uchar i=0;
/lluint kO,k1,k2,k3,k4,k5,k6,k7;

//a=100;//test only

/IFQ_UD=0;
P30UT&=~BITS;

IIW_CLK=0;
P30OUT&=~BIT4,
delay(10);

CON_word[0]=CON_word[0]&0xF8;  // PowerDown &2 Control &%

for(i=0;i<5;i++)
{
/I P30UT|=BIT4;
/I delay(10);
/1/*1000;//test only
111b/1414;

// data_out=CON_word[i];
if(CON_word[i]&BIT0)
P5OUT|=BITO;
/1 kO=1;
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else
P50UT&=~BITO;
/1k0=0;

if(CON_word[i]&BIT1)
P50UT|=BIT1;
1Ik1=1;
else
P50UT&=~BIT],;
1/k1=0;

if(CON_word[i]&BIT2)
P50UT|=BIT2;
11k2=1;
else
P50UT&=~BIT2;
1Ik2=0;

if(CON_word[i]&BIT3)
P50UT|=BITS3;
1/k3=1,
else
P50UT&=~BITS3;
1/k3=0;

if(CON_word[i]&BIT4)
P50UT|=BIT4;
Il k4=1,;
else
P50UT&=~BIT4;
1/k4=0;

if(CON_word[i]&BIT5)
P50UT|=BIT5;
Il k5=1,
else
P50UT&=~BIT5;
1/k5=0;
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if(CON_word[i]&BIT6)
P50UT|=BITE6;
/Il k6=1;
else
P50UT&=~BIT6;
1/k6=0;

if(CON_word[i]&BIT7)
P50UT|=BIT7;
IIk7=1;
else
P50UT&=~BIT7,
1IK7=0;

P30OUT|=BIT4;
delay(10);

Il W_CLK=0;
P30UT&=~BIT4;
delay(10);

I/ W_CLK=1;

}
/IFQ_UD=1;
P30OUT|=BITS;
delay(1000);
P30OUT&=~(BIT5+BIT4);
delay(1000);

void changeAD9850(void)
{

uchar i;
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CON_word[0]=0x04;
CON_word[1]=0x0;
CON_word[2]=0x0;
CON_word[3]=0xDF;
CON_word[4]=0xA2;

WRITE_AD9850();

delay(100);
for(i=0;i<10;i++)

delay(50000);

void iniTimer_B(void)

{

/I SMCLK 1/8 s K1 #0{E 10 47 1023, 45 1114k
TBCTL=TBSSEL_2+CNTL_0+ID_3+MC_0+TBCLR;
TBCCTLOJ=CCIE;

void DAC_send(uchar mode,uint dat)

{

uchar i;
SCLK_0;
SCLK 1,
SYNC_0;
delay(10);
SYNC 1;
SYNC_0;
for(i=0;i<8;i++)
{
/IDAC_CLK=1,;
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if(mode&0x80)

P4OUT|=BITES;
else

PAOUT&=~BITS;
SCLK_1;

/I DAC_CLK=0;
mode<<=1,
SCLK_O0;

}

for(i=0;i<16;i++)

{
if(dat&0x8000)

PAOUT|=BITE6;
else
P4OUT&=~BIT®6;
SCLK_1;
dat<<=1,
SCLK 0;
}
SYNC_1;
}
I*TTUARFERE P>
void Sampling(void)
{
TBCCR0=100; IITB LLEAli 3R 25 A7 4% O Bl S I I 1) CRAE ) i)
TBCTL|=MCO0+TBCLR,; Il JFTB
}
void ADC12on(void)
{

CS_0;
SampleCLK();
temp=ADRead();
CS_1;
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ADdata+=temp;

I*Timer_B 1K1 Ik 55 1 )37/

#pragma vector=TIMERBO_VECTOR

__interrupt void TIMER_B(void) // EFEG N ST 4w 4 o A o
{

uint t,range;
float error,errorl;
t=64,
if(tb<t)
{
ADC120n();
th++;
}
else
{
tb=0;
ADdata=ADdata>>6;
m++;
Ul rms2=ADdata;
m=16;
if(m==16)
{ Il K 16 YCRAERT- 1

/lU1_rms2=U1l_rms2>>4;
range=abs(V_GIVEN-U1 _rms2);
error=(V_GIVEN-U1_rms2);
/lerrorl=error*0.5;
errorl=error*1.1093;
if(error1>15000) Il 951 DA {EiBid
65535
error1=15000;

Il Ul _rms2=0;
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/I m=0;

if(range>15000)
{
if(flag==0)
{

a=10000+errorl,
DAC_send(0x00,a);
flag=1,
}

else

at=errorl;
DAC_send(0x00,a);
}

else

if(U1_rms2<V_GIVEN)
{
if(range>0)
{
a+=30;
DAC_send(0x00,a);
}
else
{
Il a=a+2;
DAC_send(0x00,a);
}
}

else

{
if(range>0)

{
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a-=30;
DAC_send(0x00,a);

}
else
{
lla=a-2;
DAC_send(0x00,a);
}
¥
}
¥
Sampling();
ADdata=0;
}

}

void iniVar(void)

{

flag=0;
tb=0; // TB HWHREEZE
ADdata=0;
a=29000;
¥

/**************************“Aa"]funcﬁ0n******************************/

void main(void)

{/*******************************************************************

_DINT(); /*disable intertupt */
iniSys(); [* system initialization */
inilO(); /* 10 initialization */
iniVar();
iniTimer_B();
changeAD9850();
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DAC_send(0x00,0);

II_EINT();
Sampling();
while(1)
{
/IADC120n();
// DAC_send(0x00,5000);
// delay(100);
}
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