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Abstract: This system realizes adjustment of frequency and power in 1GHz RF band. The signal generationg
circuit employs CPPLL to realize frequency synthesization, employs TRF3750 to realize prescaler, charge pump
and PFD, employs OPA365 to realize active loop filter and employs MSP430F149 as MCU. The amplifier
employs 2SC3358 RF transistor and uses the design concept of microtrip. The power adjustment circuit employs
M/A-COM’s AT65-0263 to realize controllable attenuation .The spurious wave rejection circuit uses microtrip
filter, the design of which is based on ADS simulation. This system realizes the function of RF signal source with

a low performance-cost ratio.
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Abstract: This system is built upon the core of 89C55 microcontroller (MCU) and

FPGA, consisting of the following functional blocks:progammable amplifier module,
comparator module, frequence and phase difference testing module.We implement the
equal accuracy frequency-examining technique and it manages to test the frequency
and circle of signal which ranges from 1Hz ~ 35MHz and the amplitude of which
ranges from SmVrms to 5Vrms.We manage to detect the phase difference of signal,the
amplitude of which range from 0.5Vrms to 5Vrms and the frequency of which range
from 10Hz tol100KHz.The function of the system is controlled by certain designed
keys,while the LCD display shows the results.The system reaches excellent capability
and is friendly interfaced. Our system also has the function of automatic calibration
and manual calibration of frequency.

Keywords:

Equal accuracy frequency-examining method Phase difference testing
Progammable amplifier
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ABSTRACT

The design with VCA822, MSP430F2012, DAC7611 chip for core, the electric
voltage which takes into the circuit realization of the other assistance to take
voltage enlarger , the breadth enlarges multiple and outputs voltage to carry
on an accurate control. The Amplifier multiple from 0.2-20with 0.1 to on
enactment, output electric voltage to take lmv as partition to enactment from
the 6-600mv, control an error margin to be no bigger than 5%, the bandwidth of
enlarger is at the 15MHz. Keyboard and manifestation electric circuit carry out
person’ s machine to hand over with each other , completion enlarges the enactment
of manifestation and voltage multiple .
Key words: Procedure Controls Amplifier; High accuracy; Control voltage;
voltage transformation; D/A; A/D.
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W, AFHAT AR EEK YN
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76 J1. J2 #:0 A DF1731SC2A Fa i FRYRFE X 9V, 77 R H i s, Rk
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(1) Ve i R s ik — R —nTLUEH, 7E DACT611 DAZRPEH AN
THOUR, VoSl R 2Rt R 4F, XA n] LARGIEXS VCAB22 14 2 L Af 1 15

(2) VCA822 %yt H R MR Eedetn & — . R = nl WL, Y VCAS22 [ N[N, #i
R AR IE A ZE 5, WRATLUE 1, B 40mv I gt Lhi Ay 20mv I [ 2 ik
BLhF, [Nk VCAS22 % £k 5 B I N IR FE T L R .

(3) MHAN 50mv, 500KHz B, Vo ¥l e, VCA822 i i AR AR EU X Rk
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2LV FR 0, n I3 2 R 42 EOKR

i_.
A 7611 & Ve 5] B R /mv Ve LR AHAR Z{H /mv
0 ~1079
100 ~870 209
200 -661 209
25mv 300 ~453 208
(45 %u1i) 400 -244 209
500 -35 209
IS 600 173 208
IMHz 700 300 209
800 591 209
900 799 208
1000 1008 209
x=
WA 7611 | i Zf/wv | WA 7611 {4 o ={H/mv
& (mv) (mv)
0 0
100 35 100 73.6
200 96 61 200 180 106. 4
20mv 300 158 62 40mv 300 328 146
CH %MD 400 220 62 (5% 4H) 400 460 134
500 283 63 500 589 129
AR 600 352 69 AR 600 712 123
IMHz 700 408 56 IMHz 700 832 120
800 464 56 800 946 124
900 526 62 900 1100 154
1000 | 530 4
L
(4) VARSI B A 3R o STRAA Efds | WRRE
112 DY v B TT DA L WEELR i P gy | R/ /mv /v
AR UT, RZELARTRELRIZ N, —LiRzE 25. 1 25.2 0.1
A DAAERE P R AT IR ZE A0 3 50. 2 50. 2 0
4. 3 REMT 75 75. 1 0.1
(D) HTDCERIIREA S, N EiR 99. 8 100 0.2
%, }%%iﬁﬁﬂﬁﬁiﬁ, Yﬂ%gg—giﬁﬁﬁuﬁy UHU% 124. 9 125 0.1
IE A A 2R THEAR, (U2 T 18 i 2 il &5 150 1509 02
- P24 1 22 B AR 2 B /N 43 Tl 5% LA




(2) BAFYMT THESEA, AT St 2 1 BN AR T4, 3
BAHE— B,

x=

Vo (V) | Vi (mv) | Vout (V) A Ve (V) | Vi (mv) | Vout (V) A

-0. 930 50.0 | 0.00113 | 0.0226 | 0.020 50. 0 0. 810 16. 2
-0. 910 50. 0 0.0118 | 0.236 0. 090 50. 0 0. 883 17. 66
-0. 900 50. 0 0.0210 0. 42 0. 150 50. 0 0. 955 19.1
-0. 890 50. 0 0. 0290 0.58 0.210 50. 0 1. 050 21. 0
-0. 880 50. 0 0. 0365 0.73 0. 270 50. 0 1. 050 21.0
-0. 830 50. 0 0. 0765 1.53 0.570 50. 0 1. 300 26. 0
-0. 770 50. 0 0. 123 2. 46 0. 630 50. 0 1. 360 27.2
-0. 710 50. 0 0.172 3. 44 0. 690 50. 0 1. 405 28. 1
-0. 650 50. 0 0. 222 4. 44 0. 730 50. 0 1. 410 28.2
-0. 590 50. 0 0. 269 5.38 0. 760 50. 0 1. 435 28.7
—0. 470 50. 0 0. 390 7.8 0. 820 50. 0 1. 480 29. 6
—0. 410 50. 0 0. 435 8.7 0. 850 50. 0 1. 505 30. 1
-0. 290 50. 0 0. 545 10.9 0.910 50. 0 1. 570 31.4
-0. 230 50. 0 0. 595 11.9 0. 940 50. 0 1.615 32.3
-0. 170 50. 0 0. 654 12.9 0. 945 50. 0 1. 620 32.4
-0. 110 50. 0 0. 705 14.1 0. 950 50. 0 1. 625 32.5
-0. 050 50. 0 0. 750 15.0 0. 955 50. 0 1. 630 32.6
-0. 040 50. 0 0. 760 15.2 0. 960 50. 0 1. 653 33. 06
-0.010 50. 0 0. 785 15. 7 0.975 50. 0 1. 660 33.2
0. 000 50. 0 0. 790 15. 8 0. 980 50. 0 1. 670 33.4
0. 005 50. 0 0. 800 16.0 0. 982 50. 0 1. 690 33.8

4.4 H—puE

T ACHA IR, BT e, BATVON R v it sy, $ln, T
B R RS 0 R P S POD PR R TR s vy 0 LA IR Bl , 4k ) S BRI IR
BEINFIA) s SR AT G I B 5 PR AR AT I R R, 3 iR RE P 1 2l IBOR s AR
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KRG M = RIBEFA: MRS H IR A e i . ARG g
WEs . RG LA IR S HL% O %0, L MSP4A30F 16124 F Lk 451 28 51l SPWM
g RAERS . W R, 3 SPWM (5 SR, ScBl e KTl AR
ERo AR ICRFE, X SPWM {550 2, SEIUUR BRESAH A PRER . &
Guescs, B3 TR

KEEE:  JFM SPWM  EREE

Abstract

The system contains three key technology :full bridge driving cirddibridge
power converter circuit and variable low pass filter .The cotbetystem is the full
bridge circuit and the main controller is the MSP430F1611.The magrofusie\WM
is adjusted based on the output voltage sampling ,so that the output pepdéreksy
the largest .The output frequency is following the referencguémrecy based the
sampled load voltage .The system is full functional ,meets allatiget of the basic
and exent demands .



—.  HERrIE

AR B e DC-AC A%, 3l AR JLRT T %

Tr & R SLCHHEE = fdlre AR i, IE5Zs AR i i, Wil sy
Lo A A E Sz K s W I (E , WIL TR KB Ay, SE I RBOR, SEILIAR,

HE: XKHTHER SPWMEH, 774 SPWMAE S, i emis), sz
DRLIAR

HE=: XA SPWMIES, & MOS & IR, SR,

TR 7 B, e AR . TR L, B T
7R, ThRE/N, 55 S PR IR GE R G R

RO IS AR SRR ), RAGEM TR =, BAPERH MSP430F1611
BRAT P SR L T2 T PR o R i T A R R, R O A A AR, 518
AR (P IE 52 R AT LR, v B K T a2 A, i sy, i gl
ANTIESEPE BT, AR o SXRE i B R o 58 S e T 1 52 U TR TR A4 o
G Tl ANEF IR B A IR20105K 5 MOS 4 IRFB23 N15D 44, Sl Th%
UK, HHARM 8 208 HH DR E5% 9, RISER T DC-AC 4%,

RGUBMHEE WK 1-1 5w

+—T| 1R2010
'@ ud SheEmg | BkEE e
— - f‘jj ﬁ?éa
T— Ay
WY JE
— LR Wy J\‘i{}ﬁ% %%
JL:C 0 FE %
BRI P
WsPA30 V| T | [
FIERY Rl (N | e | | |
M —— ”

K 1-1 RGAHE K
—. Bt 5

1.MPPTI# M 11 558015

PR R, B KR I Rs=RLII Ud=30V, Ktk 2 E I HE ud,
WL, A ZARFAE 30V, (H5ER T e KT RIRE.

i A/D R AL Ud, S55KIIFE G (30V) #ATHE, KA PIHE
HEATIRSY . 24 Ud KT 30V I, 18/ SPWMEFISRKIEE, 24 ud /N T 30V
K SPWM SRR, MIAE1S D C A C AR D ok S K% Ao

2. [ARAH ST S S50

1) PR PR ER

T G LA A L BT A FE A R AL, A MR a3 T
AT VR, VHBUE N AIRAE S, IR BT B 508 SPWM K, ] SE B
AR PRI



sk T T /N
f

f,=—2%—xK

M SPWM #i% h M x2 o fosc RGN K i K. ARG
IEP A 7.3768MHz A RUEAIUR BREARS 5, i/ NMIR DUl 0.25Hz Kk
n=13 M=3600/, 7 fo=0.25KHz M {E 45Hz %] 60Hz[8] LA 0. 25Hz %1k,
i, A HE R 18051 240 LA 4 [AIRE .

Tl DR S, B SERENE Y, B L TR T B E AT A R ek
AR, B R] SR R o

2) ML FRER

B J0K Uf B Uref 398 05T, Gl SSAT L, B AT A B 3o ik 5

55, B R ML R PURIZIKTE(E 56 SPWME g ht T 5 1, 52
AT BRI o

SRR Ty i

1 A ER MOS & MIKEh L, i IR fIEtEfE MOS FIEHrIKE)
IR2010;

2) BRI TF AN, TRk DR A T RGN E A R R G 18 AR Ab 25 SRk
FE, EH TR AL D C A CHIARTE SRR AT R P W MAT%, 41 8 ~10KHz,
AT DL AR T 8 R FEL B B R , ) AMBE FH vy S8 FE A R R PR AA AR E 8 v
B, N RO I R, AT DA R I PiAE .

3) AT HE FRARAR s 23 PRFE, A0 R 2% A FE A0 S i Fn g4t , R H H I 28
BAR A G4 nT DARRAR AR FE 25 (P A48, 1l e A RN e (148 e 28 7] DAk 451
AV TARBEEK) 0.35mmEE4N F 1) R AR 1 4%

48N w BNV
JEP P H 1 B R T AR 4 &, KRG T AIE ) 8.096KHzZ
HHE S 45Hz~55Hz W AtA MG 5 5 i), T A i as A AR A i

1.553
f=
SR SE RS, SRFH LC Mgk se, L 3dB A sEsiR Yy 2WLIC, Mk k4

%) 2000Hz 78 LC=1.529%10" | % L=1.6mH, C=9.4uF {2 5inE 2-2 ff

7N



.................. | I ouT
.................. + = + =
p L]
IR & I o
£ ey -, .
::::::::1:-5.".1H._:::‘J_:: o
ool e
L :::::::::::g,_l':l 10uF
SIS o T
TP |
::.Gr’}".kﬂl::::::::%—. :
S R B L &
E-,':::::::::é,_l'*l2 e
L A OLE
..... o 1T
emH———

B 2-1 yEB AR

. Reverse [ | Save ..

L )
: OF s« Yerti

z ) .
) z |- :
COMErOls « « ¢ e .
: : o Sefw. | -

- 1,672 kHz 736.92722 m + W In W — +ad Out WA —

K] 2-2 3£ 2% multism {7 B 45 R

5.1 D C-A CHyHh IR/ FAR He 2% M i 7] st

78 SPWM JT-5¢ LR HH T 1IE U5 5 AKX RR, 389 702 s 84 2= A2 B
P'E . ELU N B AR A AR R A O R R, — 7 T S B R R, 7
— 7T, BER BT B AR AR 2R THE K, BN, TEANER . K,
R BRAR T AR 28 R G e AR o S

A ZRGEE K R v S e s SR S EORE PR AR RN, I
X SPWM HEATAH N 38, PRI Il B 2 PR RN E Y

=, HEESERRE
1.DC-AC = [n] % 55 281 % £




F B AR SPWMAE 5 17242 A JBOK .

T 5 AR IR L MSP43077 4 SPWM {55, EORANHLK . IKEh HL ik 58
He SPWM K S8 P HIM5 5 DR ORI Zhae,  H IR IIRBOR, BRI CREL
5o ARG IR2010VF M IR s X A MF BEAT IK BN, % WK 305 A i s =ik 200V,
T H FUT 3.0A K H HL s 10—20V T 18 SC T I 8] 43731 4 95nsHl 65ns, Dy 3 4 1 ]
i He s I HPHAN, TR/ DR =R MOS & IRFB23 N15D, Wi 3-1 s
h AR E R

1 o]
'
1 4]

e l pueeld T |=]5a | RFAd=
y e i [, EEEER | oy

Tt I HA Ly FaiTie =i 1R

1 i ‘a
. td il
1
'

= Ly GEe
I‘}'-FFEJ- {‘I
™ mal iy

w
i
i

0 20

%] 3-1 DC-AC i AR 3K 5 FL %

AR IR B AT MOS PRAE T R G AR R

2 AT ASE I K 7] 20 1) Tl e SR

SEORH H B R P R A 5 IOAR AL 22 e e R I B Ik 95 5. 328 B BILRFE
FIWr AT -

LRI e

JH sk N L M AR s UF o e e, AT EOIRAS,  HFRAE AR Y
PIIETR o A ke RPN, SRR, SO HERR S, A3k .

4.5 Thfe

N I ELE AD BT, RBHEE, @A RE SR B HiR
55, 12 AID 5S¢l I fg .

5.3 IR R

A E RTINS, AR, SRR G B sh R s E] . H R
FER i 3-2 fiw .



72 Jik o 1)

WK BE, AR

N A SPWM IS

, SRR

Ud,UERAEE <

SUR/ RS

N
P #SPWM 3 %1 ‘

:

—# 12 7RUd,Uo,1&l0,Pd,Po

B

{ 22t AN, ‘

el 3-2 BT iR
M. W07 R 5 MRS R

1R AS: Agilent 54622D MIXED SIGNAL OSCILLOSCOPE
F8OMY & M AR 5 KA AT s
TAITAN DT9295 %707 H 3%

2 MR 5 1520 R B A s

1) E K Dy FRER IR

MAE Rs M 30Q~3602, K57 K #E 2 Rs Py il il 1, Wl &0 H L o

WA RS=RL=3® I, i &N 30.0V
FHUERT L, B RIPREREE RS, A3 T R4St 1%k 2 FIFR bR 2K
2) B R BRI



=5 RS T R R Uref i, OUAR Uref 8% M 45Hz 3] 55Hz, K7
AR B RL ) g 00 o AR

* 4-1

fref (Hz)

45

50

55

fout

45.0

50.0

54.6

MR, PR ERERRS S, TAS) T RS 1% 2 I FR PR 2K .

3) el

7E Rs=RL=3CR Itf, FIJ7 HI3 B RS s A N HL Hs B IR 3R AUt R 00 i
HLS, 3 oA g PR

* 4-2

fAHE Ud (V)

ENHR D (A)

Fi i HE Uol (V)

i R 101 (A)

29.8

0.925

25.5

25.5/28.5

n= R x10096='o1"Yer 1009

R 22 2

a*Uq

UK 137 =82.77%

KT 80%, AR T ARIETR S 80% K FEbREK .

4) R ARS A

TSR R R B I FHE I, SRS MmN, A ud s,
HZRWEL Ud KR G TR K m B 28 R BB RL vy, WU M HE He A e i
HH 21T L B ) R IS ] o PR S ST I O, IR AAIC FE R B L B AR i 1Y
Wi )5 ) [F]

AR R Im S A 25V

S, R LAWK, R 2500 500ms I8 B AR 53 i N AN E
it 1Sk,

5) It PR

BT R A sl A, B N, N Bk, (e
ISR B, My g, W Im A Koras k22 RL b,
N5 ) S T

MAFEt ORI A 1.51A.

ZE, RGESRMERERR)S, TLLASiKkE, N2, 700ms A E]
ARy W N ASHE L 1s 122K

6) AT HREEIR

KA e A UF o 21 St FUR N, A5 5 R AR s I 5% 3 H 2 21 Uref g
TNV 2SRy R UF D&, A Uref AR, 085 I AT A 22

ﬂ N ;l;_:\l.l\ éljj:

AR SRR L, PEREIL R, TR AR T H K. BRT B3
WAL R IS R R S ORG A1 30T Al FE AR B DRI S AR7n B ThRE, Al B %
Ao



b %

o
1. 5% H g R B K]
P3 +12V
HINL N 10Uf c2
LINL > \
HINZ B fex<]
LIN2 2 \ |
GND c 104/ |
Header 5 —
GND
GND
— R1 _—
GND 10K Ul
10K ig NG o ; LO1 oo
> VSS COM |—3
GATEI&I]_L E'E';‘ V% 4 N
GNDUETI04 Hlﬁ 5 Vsl
HIN VS o
1+3 3V 9 e ©
NG Mo 7 ___HOL c7 c8
lOK
10K IR2010 o 10uF. 104
R GND — 104
GND
N -
— IRl —
GND $10K u2
10K ig NG o % LO2 s
> VSS COM
'-”t%m 21 '\ wvee |3
Ci1 GATEMLL o NG |2
GNDUE 104 HI 10 5 V2
HIN VS o
1.+339 | \pp  ve -8
RI5 8 | (o Mo |_7___HO2 c12 [c13
10K
10K IR2010 10uF. 104
GND
Kl 6-1 H IR 3 HL i
POWER
c
h 1%OV/47OUF
] 1%OV/47'OUF
' 104-250\-CBB
GND
Q1
HO1 R2 [agp¥ez {: | IRF640 R3 HO2
I M7 & |RF640 ™ 0
10 10
Vs1 R6 ouT1 ouT2 R7 Vs2
10 10
10 10
Q3 R10
Lo1 R9 ‘:}Q4 {:\ IRF640 LO2
0 I & |RF640 ™ 0
10 o 10

H#F



P
PO7CP

| uiour
AL
GND
+2v P2 -12v+12v =
—AN
P1 b1
1 v
Rl Header 2
47K PINI =,
GND R3
; :
L BUFAN BUFFOUT |8 e P5
2 15 P3
3N o VN 1 PINT " L
. L4 oumpur orrser +vs |13
N 2 12 Header 2
GND 6] & AR o5
& DENINPUT RMSOUT 1 . | oS,
DBOUTPUT cAV s
8 | nC NG 2 o]
[10b 105 | =
R ADG37 — G\D
i GND
2.2k
_—¢C
104
GND

Vo33
<
A
2./ p PR Q-5 MCTAHCE phaseaut
Uref
3
R3 et [T OK
ar 0P
X
G\D B .
BVEYE
Veock}
S
V-]
4 D PR Q2 NN
Leb ax
58
S >4 ar P
33VEEE m%
i

el

2. UMY

PID 5%

Yyfe e PID 5
¥

& 6-5 A b



p:pid 44 k444
VR
*/
double pid_inc_calc(pid_t *p,double v){
double err,inc;
err=p->target-v; 4 i i
inc=p->proportion*erri# %1 7
-p->integral*p->last_err# 3 3
+p->derivative*p->pre_errii{ 5 i
p->sum_err+=err;fH B
p->pre_err=p->last_err;
p->last_err=err;
return inc;

MPPT Pl

/lout_amp_h/out_amp M 1/100~1{ % DDS fig /& 1 25
out_amp_[=100;
pid_set_proportion(&pid,0.025)if & L5 7 %k P
pid_set_integral(&pid,0.008)#k & FH 73 Z 3K |
pid_v=pid_inc_calc(&pid,avai_in_va)i# & P fiy i
/1454 DDS g J&

dds_coef-=pid_v;

if(dds_coef>97)

dds_coef=97;

out_ amp_h=97;
}
else if(dds_coef<3){

dds_coef=3;

out amp_h=3;
}
else{

out_amp_h=(uint)dds_coef;

}
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AVTFLL TT A A H CC2430 B MDA T — M eE w2 % . 1%
RG2S A 4 A, SRR Mg g Ry, 257 A B O H R
POSFEAR——ZigBee Phill. IR0 WO A (OTLRE « SERE . VRS B
AT B BRI, [R) A e SR SN AL S D R 28 70 05, PR AT S TR e S
T ) 8 T AT IE R . RIS AR iR RGUA R T T RS I )
. ZARGHACIAE. KA. 5 T4IMmgedr . vl § RErEir Sy s, AR
UF P SEHANME S T35
RS TEEE 802. 15. 4 thill. TLEKAR ML . BEEX T RS ZigBee

Abstract

The design establishes a wireless intelligent home network which is based on
the TI company’s IC CC2430. The system is constructed with a coordinator and a lot
of terminal notes and uses the star topological network. We have used the pop topic
ZigBee protocol among notes. The system can automatic detect physical quantities
of temperature. brightness. humidity etc at every monitoring point , and transmits
the survey results to the coordinator in real-time. The coordinator note can control the
terminal notes to execute suitable operation according to the pre-set standard
parameters. The test result shows that: the system has achieved the designning
function. The system has the advantages of low-power. low-cost. easy to network
and maintenance. good expansibility and so on, so that it has a good practical value
and the market prospects.

Key Words: IEEE 802.15.4 . Wireless Sensor Network . The intelligent home
system . Zigbee
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