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The Network Impedance Tester——Hardware Part

Abstract

This system with the 16-bit ultra low power microcontroller MSP430G2553 TI
company as the core, with matrix keyboard and 12864 LCD screen as man-machine
exchange interface. Use AD9851 chip of signal generator, frequency generated by
program control for sine wave of 1 KHZ to 100 KHZ, passes through A low-pass filter
that filters out noise, using impedance under test and benchmark impedance and
phase-sensitive detector bleeder circuit, detect the reference voltage vector in the
reference voltage and impedance voltage vector in the direction of projection, and

through the A/D chip samples, will be sampling the voltage signal into singlechip for



processing. Free axis method the basic idea is: for the impedance model Zs series
impedance Zx and standards, strict measured parameter vector projection on X, Y axis
orthogonal accurately, and then respectively measured impedance under test, standard
impedance at each end of the vector voltage Ux and Us in cartesian coordinates X, Y
axis component, finally into the microcontroller through the arithmetic to the

impedance values of impedance network and impedance Angle.
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Fii5k B 12FFi5E

#include<msp430g2553.h>

#include<math.h>
#include"ClklInit.h"

#include"AD9851 Serial.h"
#include"show 12864.h"

#include"CH452.h"

#define Keylnvalid 16

#define Rs_Sel A
#define Rs_Sel B
#define Rs Sel A 1
#define Rs Sel A 0
#define Rs Sel B 1
#defineRs Sel B 0
#define Rs_Sel 100
#define Rs_Sel 500
#define Rs_Sel 1K
#define Rs_Sel 5K

#define Gain_Sel A
#define Gain_Sel B
#define Gain_Sel C
#define Gain_Sel A 1
#define Gain_Sel A 0
#define Gain_Sel B 1
#define Gain_Sel B 0
#define Gain_Sel C 1
#define Gain_Sel C 0
#define Gain_Sel Us
#define Gain_Sel Ux
#define Gain_Sel 1X
#define Gain_Sel 2X
#define Gain_Sel 4X

BIT6

BIT7

P20UT[=Rs_Sel A
P20UT&=~Rs_Sel A
P20UT[=Rs Sel B
P20UT&=~Rs_Sel B

Rs Sel A O;Rs Sel B 0
Rs Sel A O;Rs Sel B 1
Rs Sel A I;Rs Sel B 1
Rs Sel A 1;Rs Sel B 0

BITO

BITI

BIT2

P20UT|=Gain_Sel A
P20UT&=~Gain_Sel A
P20UT|=Gain_Sel B
P20UT&=~Gain_Sel B
P20UT|=Gain_Sel C
P20UT&=~Gain_Sel C
Gain_Sel B 0

Gain Sel B 1

Gain_Sel A 1;Gain Sel C 1
Gain_Sel A 1;Gain_Sel C 0
Gain_Sel A 0;Gain_Sel C 0

/I SEER A7 0 F, M EE K 90 E

#define R 1 Sel
#defineR 1 Sel 1
#defineR 1 Sel 0
#defineR 1 Sel R
#defineR 1 Sel I

BITS
P20UT}=R_I_Sel
P20UT&=~R_I Sel
R I Sel 0

R I Sel 1
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#define Test Ux R Gain_Sel Ux;R I Sel R
#define Test Ux 1 Gain_Sel Ux;R I Sel I
#define Test Us R Gain_Sel Us;R I Sel R
#define Test Us I Gain_Sel Us;R I Sel I

unsigned char volatile KeyWord=16;

void LCDDisplayAuto()

{
_DINT();
show 12864 xy(2,0);
printf("F: Auto");
show 12864 xy(3,0);
printf("A: Q"y;
show 12864 xy(3,5);
printf("®:+00");
show 12864 xy(4,0);

printf("R: X: ");
_EINT();

H

void LCDDisplayHand()

{
_DINT();
show 12864 xy(2,0);
printf("F: Hand");
show 12864 xy(3,0);
printf("A: Q"y;

show 12864 xy(3,5);
printf("®:+00");

show 12864 xy(4,0);
printf("R: X: ");
_EINT();

void ADC10_Init()
{

ADCIOCTLO = SREF 0 + ADCIOSHT 2 + ADCIOON;//Ref=VCC,times sample
(16xADC10CLKs)

ADCI0CTL1 =INCH_7; /I input A7, P1.7

ADCI10AEQ |= BIT7; // PA.7 ADC option select

H
void TestInit()

{
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Rs_Sel 1K;
Gain_Sel 1X;
Test Ux R;

void main(void)

{
unsigned long int Freq=1000;
unsigned char LCDMode = 0, n=0,Freq_temp=0,Range=0;
unsigned long int number[6]={0,0,2,0,0,0};

double Ux R N=0,Ux I N=0,Us R N=0,Us I N=0,R=0,X=0,Imp A=0,Imp O=0;
float ADC10_Val;

unsigned int Timer num=0;

float Vout Pre=0,Vout Cur=0;

unsigned char N_num=0;

WDTCTL = WDTPW +WDTHOLD; // Stop Watchdog Timer
P2SEL &= ~BIT6+~BIT7,

P1DIR = 0xFF;

P2DIR = 0xFF;

Init_Clk();
show 12864 init();
InitKey();
TestInit();
ADI851 set serial(); /& 1T 5 N AE =
WriteData(85899,0);//2 A 1Khz
ADCI10_Init();
while(1)
{
if(KeyWord == 15) IR e |
{
LCDMode=~LCDMode;
if(LCDMode)LCDDisplayAuto();  /LCDMode==1 E 7]
else LCDDisplayHand(); //LCDMode==0 F 7]

KeyWord = Keylnvalid;

if(LCDMode==0 && KeyWord<=14)//"10" K& /N &; "11" K £ E%;

{
if(KeyWord!=12 && (n==0|[KeyWord==11) && KeyWord!=10)// & 7T & &

{
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show 12864 xy(2,1);printf(" ");show 12864 xy(2,1);
number[0]=0;number[ 1 ]=0;number|[2]=0;number[ 3 ]=0;number[4]=0;number[5]=0;

n=0;

if(KeyWord<10) x2S PN
{

number[n] = KeyWord;

show 12864 com(1,KeyWord+48);

n++;
if(n==6)n=0;
Freq temp++;
if(Freq_temp==7)Freq_temp=1;

if(KeyWord==12) /1%
{

switch(Freq_temp)

{

case 0:

case 1:

case 2:

case 3:break;

case 4:

{
Freq=number[0]*1000+number[1]*100+number[2]*10+number[3];
break;

H

case 5:

{

Freq=number[0]*10000+number[1]*1000+number[2]*100+number[3]*10+number[4];
break;
H

case 6:

{

Freq=number[0]*100000+number[1]*10000+number[2]*1000+number[3]*100+number[4]*10+n
umber[5];
break;
i
default:break;

H
if(Freq>=1000&&Freq<=100000)WriteData((unsigned long int)(Freq*85.89934592),0);
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n=0;

Freq_temp=0;

if(KeyWord==10)// /1 J& 44 i

{
Range++;
if(Range==4)Range=0;

H

if(KeyWord==13)//J,

{
if(Range==0)Freq = Freq - 1000;
else if(Range==1)Freq = Freq - 100;
else if(Range==2)Freq = Freq - 10;
else Freq = Freq - 1;
show 12864 xy(2,1);
if(Freq<1000)Freq=1000;
if(Freq>100000)Freq=100000;
show 12864 6int(Freq);

if(Freq>=1000&&Freq<=100000)WriteData((unsigned
int)(Freq*85.89934592),0);

H

if(KeyWord==14)// /1

{
if(Range==0)Freq = Freq + 1000;
else if(Range==1)Freq = Freq + 100;
else if(Range==2)Freq = Freq + 10;
else Freq = Freq + 1;
show 12864 xy(2,1);
if(Freq<1000)Freq=1000;
if(Freq>100000)Freq=100000;
show 12864 6int(Freq);

if(Freq>=1000& &Freq<=100000)WriteData((unsigned
int)(Freq*85.89934592),0);

H
KeyWord = Keylnvalid;
}
Timer num++;
ADCI10CTLO |= ENC + ADC10SC; // Sampling and conversion start
while (I(ADC10IFG & ADC10CTLO)); // First conversion?

if(ADC10MEM<0x3ff&&ADCI0MEM>0)ADC10_Val=(float) ADC10MEM;

Vout_Pre = Vout_Cur; /1% —K A0
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Vout_Cur = Vout_Pre*0.98 + ADC10_Val*0.02;
if(Timer num == 2000) 1187
{

Timer num=0;

switch(N_num)
{
case 0: Ux_R_N = (double)(Vout Cur-430);break; /136 T 1.5V, N=430
case 1: Ux_I N = (double)(Vout Cur-430);break;
case2: Us R N =(double)(Vout Cur-430);break;
case 3: Us_I N = (double)(Vout_Cur-430);break;

default:break;
}
if(N_num==3) /REEMEHERTE! HHooooo
{
R =
((Ux_R N*Us R N+Ux_I N*Us I N)/(Us_R N*Us R N+Us I N*Us I N))*1000;//=,[F
X =

((Ux_I N*Us_ R _N-Ux R N*Us I N)/(Us R N*Us R N+Us I N*Us I N))*1000;// %1
show 12864 xy(4,1);
show 12864 4int((unsigned int)R);
show 12864 xy(4,5);
show 12864 4int((unsigned int)X);
Imp_ A = sqrt(R*R+X*X);
show 12864 xy(3,1);
show 12864 4int((unsigned int)imp_A);
Imp_O = atan2(X,R);
Imp O=Imp O*180/3.1415;
show 12864 xy(3,5);
if(Imp 0>=0)
{
printf("®:+");
show 12864 char((unsigned char)fabs(Imp_O));
H

else

{
printf("®:-");
show 12864 char((unsigned char)fabs(Imp_0));

N_num++;
if(N_num==4)N_num=0;
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}
switch(N_num) /1#7% N_num=0
{

case 0: Test Ux R;break;

case 1: Test Ux I;break;

case 2: Test Us R;break;

case 3: Test Us_I;break;

default:break;
H
H
}
#pragma vector=PORT2_VECTOR
__interrupt void Port 2(void) // Port 2 interrupt service routine
{
if (P2IFG & BIT4)
{
P2IFG &= ~BIT4, // P2.4 IFG cleared
KeyWord=CH452_Read_Key(0);/0 K & HIZ % F 1 & E # % ACCSII &
/ show 12864 xy(3,3);
/ show 12864 char(KeyWord);
H
}

#include <msp430g2553.h>

/******************************************************************************
sk sk sfe sk sk sk skoskeoskok

* BAEHE
********************************************************************/

static void DcoClkSet(unsigned char x,unsigned char y); //msp430g2553datasheet P30

static void MClkSet(unsigned char Div);

static void SMClkSet(unsigned char Div);

static void AClkSet(unsigned char Div);

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

* 44 :DcoClkSet

* B RE © X A4 DCOCLK # 4T FL &

* BB HS  EANWFE N x iy, HMESH 2553datsheet & 28 T F DCO # % %k
* R EE L

************************************************************************/
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void DcoClkSet(unsigned char x,unsigned char y) // msp430g2553datasheet P30
{

DCOCTL &= 0x00;

BCSCTL1 &= 0x80;

unsigned char temp=(x<<4)+y;

switch(temp)

{

case 0x00:

{
DCOCTL &=~( DCOO0 + DCO1 + DCO2);
BCSCTL1 &=~( RSELO + RSEL1 + RSEL2 + RSEL3);
break;

H

case 0x03:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 &=~( RSELO + RSEL1 + RSEL2 + RSEL3);
break;

H

case 0x13:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = ( RSELO );
break;

H

case 0x23:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = ( RSEL1 );
break;

H

case 0x33:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 |= ( RSELO + RSEL1 );
break;

H

case 0x43:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = ( RSEL2);
break;

H

case 0x53:
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DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = (RSELO + RSEL2);
break;

H

case 0x63:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 |= ( RSEL1 + RSEL2 );
break;

H

case 0x73:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 |= (RSELO + RSEL1 + RSEL2 );
break;

H

case 0x83:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = ( RSEL3);
break;

}
case 0x93: /12M

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTLI1 |= ( RSELO+ RSEL3);
break;

}
case 0xA3:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTLI1 = ( RSELI1 + RSEL3);
break;

}
case 0xB3:

{
DCOCTL |= ( DCOO + DCO1 );
DCOCTL |= (MOD4 + MOD3 + MOD2 + MOD1 + MODO );//# #& DCOCLK
BCSCTLI |= (RSELO + RSEL1 + RSEL3);
break;

}
case 0xC3:

{
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DCOCTL |= ( DCO0 + DCOL1 );
BCSCTLI1 = ( RSEL2 + RSEL3);
break;

¥
case 0xD3:

{
DCOCTL |= ( DCO0 + DCOL1 );
DCOCTL |= (MOD4 + MOD3 + MOD2 + MODI + MODO );//#% # DCOCLK
BCSCTLI1 = (RSELO + RSEL2 + RSEL3);
break;

}
case 0xE3:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTLI1 = (RSELI + RSEL2 + RSEL3);
break;

H

case 0xF3:

{
DCOCTL |= ( DCO0 + DCOL1 );
BCSCTL1 = (RSELO + RSEL1 + RSEL2 + RSEL3);
break;

H

case O0xF7:

{
DCOCTL |= (DCO0 + DCO1 + DCO2 );
BCSCTL1 = (RSELO + RSEL1 + RSEL2 + RSEL3);
break;

}
default:

{
DCOCTL |= ( DCOO + DCO1 + DCO2 );
BCSCTLI |= (RSELO + RSELI + RSEL2 + RSEL3);

}

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

* 4 MCIkSet

B Ek o XPEC e MCLK #ATH &

BHEF S . AWK S A Div, X E4JE DCOCLK # 1T Div 41t

* MBEEME T
********************************************************************/

void MCIkSet(unsigned char Div)
{

*

*
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BCSCTL2 &= ~(SELM1+SELMO); //select DCOCLK for MCLK
switch(Div)
{
case 0x01:
{11 2R
BCSCTL2 &=~(DIVM1 + DIVMO);
break;
}
case 0x02:
{112 53R
BCSCTL2 &=~(DIVMI + DIVMO); //i&#
BCSCTL2 [=DIVMO;
break;
}
case 0x04:
{114 2R
BCSCTL2 &=~(DIVMI + DIVMO); //i&#
BCSCTL2 [=DIVMI;
break;
}
case 0x08:
{118 7 HR
BCSCTL2 [=(DIVMI + DIVMO);
break;
}
default :
{ 1IBRINT 44T
BCSCTL2 &=~(DIVM1 + DIVMO);

}

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

* H# 4 : SMCIkSet
B# e . AEF4F MCLK #HATE &
* K S . ENHF S K Div, i 4R DCOCLK # 1T Div 43
BEEEE T
********************************************************************/
void SMCIlkSet(unsigned char Div)
{

BCSCTL2 &= ~(SELS); //select DCOCLK for SMCLK

switch(Div)

{

case 0x01:
VAW

*

*
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BCSCTL2 &=~(DIVS _3);
break;

H

case 0x02:

{112 540
BCSCTL2 &=~(DIVS 3); /&%
BCSCTL2 =(DIVS 1);
break;

H

case 0x04:

{114 2R
BCSCTL2 &=~(DIVS 3); /&%
BCSCTL2 =(DIVS 2);
break;

H

case 0x08:

{118 247
BCSCTL2 =(DIVS_3);
break;

H

default :

{ 1IBRINT 44T
BCSCTL2 &=~(DIVS_3);

}

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

* H# 4 : ACIkSet
* KN EE © XTE4F MCLK #ATEL &
B S5 . E NS A Div, B4R LEXTICLK #4T Div 4
BHLEEME : T
********************************************************************/
void AClkSet(unsigned char Div)
{
BCSCTL1 &=~(XTS); //low-frequency mode
switch(Div)
{
case 0x01:
{111 247
BCSCTL1 &=~(DIVA_3);
break;
H
case 0x02:
{112 54

*

*
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BCSCTL1 &=~(DIVA 3);
BCSCTL1 |=(DIVA_1);
break;

H

case 0x04:

{ 114 5
BCSCTL1 &=~(DIVA 3);
BCSCTL1 |=(DIVA_2);
break;

H

case 0x08:

{118 247
BCSCTL1 |=(DIVA_3);
break;

}
default :
{ /BN 297

BCSCTL1 &=~(DIVA 3);

//BCSCTL3 |= XT2S0 + LFXT1S0 + XCAP _3; /B2 & ACLK [T &, %

BCSCTL3 |= LFXTI1S 2;

/11 B P93 VLO fE A Bt 48 !

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

*

*

*

*

£Z# : Init_Clk()
&6 - MSP430 B 4% & L4146 A2 7
mA T

FEEME L

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

void Init Clk() /4t 2 5% &

{

}

DcoClkSet(11,3); //4M
ACIkSet(0x01);
SMCIkSet(0x01);
MClkSet(0x01);

//1 4% VLOCLK 12K
//1 4% SMCLK = 4M/1 =4M
//1 24 MCLK = 4M/1 =4M

/************************ end Ofﬁle *************************/
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