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2. HART

Tracey Johnson Michal Brychta
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16 32
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0.124

( ) 0.033

AD5700 0.157 5%

0.138 4% 

 3.100 100%

4. HART

HART
HART

HART
ADuCM360

——

PCB CN0267

HART www.hartmcomm.org

One Technology Way  P.O. Box 9106  Norwood, MA 02062-9106, U.S.A.  

Tel: 781.329.4700  Fax: 781.461.3113  www.analog.com 

Trademarks and registered trademarks are the property of 

their  respective owners.  TA12920sc-0-12/14      
www.analog.com/cn     

©2014 Analog Devices, Inc. 

Page 87

http://www.analog.com/zh/CN0267
http://en.hartcomm.org/


 

 
 

 

. 

 

1. 

 

MS-2475

Tracey Johnson

Michal Brychta ADI

4-20mA

ADI HART [1]

( )

4 mA
3.5 mA(“ ” )

Page 88



 
  

 
2. HART

 

 

 MS-2475

4-20 mA

HART®(
)

4-20 mA

1.2 kHz 2.2 kHz (FSK)
1 mA FSK

PCB

PCB

4-20 mA

1. 3
(

)

ADC
16 16

ADC Σ-Δ ADC  
ADC

10 MIPS 32 RISC
ARM Cortex™-M3

SRAM

(μC)

Page 89



   
  

 
3. 

 

        
4. HART

 MS-2475

2. μC DAC DAC
DAC

 
DAC

3. DAC HART μC UART
HART

HART
( 3 )

Page 90



 
  

 

 MS-2475

4 HART
(CN-0267) [2]

ADI ADuCM360 [3](
) AD5421 [4]( 16 4-20 mA

DAC) AD5700 [5]( HART IC

290 μA/MHz

 HART
124 μA 86 μA

DAC 300 μA
±0.048% FSR

3

1. ADC 0
ADC

32 ARM Cortex-M3 
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3
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ADM2485 2.5 kV (16 Mbps)
RS-485

ADM2486 2.5 kV (20 Mbps)
RS-485
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2. DC-DC

3. DC-DC

1
(
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1
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DC-DC
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3.  

2 DC-DC

( PCB
)
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3 1 W
DC-DC
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4. ADuM5010

1. 

10 mA

ADuM5010 30% 27% 6.8 mA 150 mW 1.3% 7.4 × 7.4 × 2 $1.50 

DCR010505 50% 21% 18 mA 1 W 3% 18 × 10 × 2.5 $5.95 

DCH010505 72% N/A 60 mA 1 W 10% 20 × 8 × 10 $4.25 

ADI iCoupler®
DC-DC

125 MHz Q

IC

DC-DC

1
TI

0 mW 150 mW

1

1 W 100 mW
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E
ci

en
cy

 (%
) 

Load Current (mA) 

DCR01
5V/5V
ADuM5010
5V/5V

5
0 mA 15 mA

PCB
180 mm2 10 mm

SSOP20 JEDEC 55 mm2

ADC

/

200 kHz 1 MHz

125 MHz
ADC PWM

ADC

ADuM5010
DC-DC

1.  ADuM5010
3.15 V 5.5 V ADC

2.  

154°C 10°C

3.  PWM

4.  

5.  (UVLO)

ADuM5010
6.  
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1. 

 
2. 

Frederik Dostal ADI

健康

1
(

ADP190) (RTC) (
ADP160) ADP190 2 μA

ADP160 560 nA

ADP2140

ADP5065

USB 2.0 USB 3.0 USB
1.1 mini-USB VBUS

USB
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0.8 V 1.5 V

2 ADP1607
3.3 V

“ ”

AC-DC

3 PMU( ) ADP5050
AC-DC 12 V PMU
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3. I2C   

4. 

EMI

I2C

(ECG)

IEC 60601-1
iCouplers®

USB I2C
IEC 60747-5-5 10 kV

iCoupler

4
(SiO2)
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5 isoPower® iCoupler isoPower
ADuM540x

500 mW
6

CT( ) X
MRI( ) PET( )

MS-2569

 
5. isoPower iCoupler

 
6. isoPower iCoupler

MRI PET

(
LDO )

EMI

康

ASSP(
) ASIC( )

Frederik Dostal
2001

4
Frederik 2009 ADI
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——

EMT

(
)

(
)

 

1.  

2.  

3.  

4.  
( )

( )

IEC60601
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50 Hz 60 Hz

( )

2MOPP

IEC60601

4 kV

( ZigBee )

ZigBee

USB RS-232 RS-485

USB
PC

IEC60601

USB
USB
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DC-DC

ECG

MS-2425

   
  

 

“ ”
RS-232 RS-485

ADI ADuM2201
IEC60601 2MOPP

USB ADI
ADuM4160 USB 2MOPP

PC

USB
USB

1

ECG
ECG

ECG

ECG
USB
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1. 

 

Bill Crone ADI

—— 康

II (ECG)

12 ECG
(SpO2) CO

ECG (EEG) (EOG)
(EMG) ECG

, ——

“ ” “ ”

12

12 ( EKG)
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(RFI)

(M.I.)
( (A.F.))

(0.05 Hz 150 Hz)
( 2 Hz 30 Hz 0.5 Hz 40 Hz)

0.05 Hz ST

0.05 Hz
0.67 Hz
ECG

—— ——

(EMS)

(EMS)—— 9-1-1 ——
(EMT)

(AED)

(BLS)
(ALS) ALS

ECG
SpO2 CO

/

EMS

/ /
ECG ECG

12 ECG

——

—SpO2( SaO2)
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( )

EMS (EMT)
( ALS )

CPR SpO2

CPR
——

( )
( ) (

(COPD)

(SpCO)

(SpMET)

—— ( )

( )
——

——

( ) (IP) ——
/

——
ECG

(AED) ( II)

( PEA)

——
( )( )

QRS
—— ( )

R

R
——
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/

CPR

/ “H” “T”
(PEA) H

( ) T
( ) ( )

( )

(
)

RFI

( )

( )

(OR) (ER) (CCU)
(ICU) (EP) / /

/ ——

X (
) / ——

EMS 100%

,

12

4 5

——

(DNR)

EEG

Page 125



MS-2126

 (
)
SpO2 IR

/

/

( ECG
) (

)

/

—— ECG
24

——

——

——
——

——

( )

Wi-Fi

“ ”

AED

/

EMS
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1. → →

ECG

Bill Crone ADI

ECG

ECG
CMR( )

(AAMI)
IEC UL

ECG CMR

 

 

RFI
ECG

10 μA rms(DC 1.00 kHz
) ECG

50 μA rms 35 μA rms
10 uA rms

( 1)

ECG (
)

ESD( )

ECG
( RFI )

IEC 60601-1-1 “ ”

50 Hz 60 Hz
264 VAC rms
16.666 Hz

ECG
2

ECG
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2. ECG

RFI
1 ECG

ECG ECG

RFI

ECG ECG

ECG
( SCR/ )

/
——

/

Ag/AgCl
50,000 Ω
( 2)
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ECG
ECG 2.5 kΩ

49.9 kΩ
PCB RFI

RFI
RFI X2Y RFI

2XY RFI
( 6)

RLD
Winter Wilson Spinelli (
4 5)

RLD RLD Spinelli

ECG RFI
2

Ce1 Ce2

±1.0 V

±2.0 V 1 nA
( 100 pA)

16.666 Hz 50 Hz 60 Hz 100 Hz
120 Hz 150 Hz 180 Hz

5 10

 

 

 

 

DSP

FIR

ECG

/
ECG “ ”

ECG

1.
Michael M. Laks( ) Robert

Arzbaecher( ) David Geselowitz( )
James J. Bailey( ) Alan Berson( )
Circulation 2000 102 823-825

2.
A.C. Metting Van Rijn A. Peper C.A.

Frimbergen Meibergdreef
15 1105 AZ

3. X2Y RFI Johanson Dielectrics
1/11 http://www.johansondielectrics.com/x2y-
products/x2y-for-emi-filtering.html

4. Bruce Winter John G. Webster
IEEE Transactions on Biomedical Engineering BME-30

1983 1

5. Enrique Mario Spinelli
IEEE Transactions on Biomedical Engineereing 46

12 1999 12
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MS-1908 

1. WLCSP

2. WLCSP

Mike Delaus Santosh Kudtarkar(ADI )

。

(WLCSP)

WLCSP
(PCB)

( 1)
WLCSP
PCB (0.5 mm

300 μm 0.4 mm 250 um)

(
) 8 WLCSP

8 SOIC 8%

(SMT)

WLCSP (RDL)

WLCSP ( )

(UBM) UBM
(

) UBM ( 2)
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3. (RDL) WLCSP

4. 

5. 

RDL (
) WLCSP WLCSP

RDL

UBM ( 3)

PCB

IPC UBM
0.5 mm WLCSP 250 μm 0.4 mm
WLCSP 200 μm( 4)

100 μm

( 5)  

• (NSMD) PCB (I/O
)

• (SMD)  

NSMD SMD NSMD

(OSP) (ENIG) OSP
0.2 μm 0.5 μm

ENIG 5 μm 0.02 μm 0.05 μm

0.05 μm

0.4 mm 2.3 mm
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WLCSP
(HTS)

(HAST)
(HTOL) (UHAST)
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150°C / 175°C
1000
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1. 

2. LSB

Reza Moghimi ADI

——

——

SPICE
SPICE

IC

1
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1. ADC SNRLOSS

1 kHz SNR(nV/√Hz) LOSS

40 9.4
20 4.6
10 1.7
1 0.02

(
±22 V ±0.9 V) LSB

2 8
12

30 mV ( ) 12
1/2 LSB 3.5 μV

1 μV

ADC
(SNR) SNR

( dB)

 

NADC ADC (μV)

f–3 dB ADC –3 dB MHz( ADC
)

N ( 1)

EN nV/√Hz

FSR ADC ( ±2.5 V 5 V)

SNR
ADC 1

16 AD7671 SNRLOSS(28 μV rms
9.6 MHz 0 V 5 V G = 1)

( )
( )

(PN )

IC

(p-p) p-p
3

p-p

p-p

6.6 99.97% p-p
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4. ( )

3. 

IC 1/f
EN(f) IN(f) nV/√Hz pA/√Hz

1/f (
)

1/f IC
 IC

(RSS)
 

√2 3 dB  

4

 
 

(EN) (IN) “ ”
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5. 

( (RTI))
3

( )
1 + R2/R1 (

)

1.57 0.57 f0( )
f0 = β × ft

β ft
1.57 f0

1000
10 MHz

5

(
1/f)

0.9 nV/√Hz 60 nV/√Hz

( x nV/√Hz)

EN( RB

IC) IN

super-beta IB

(IB)

CMOS

(1/f)
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2. 
CMOS JFET

EN

IN

3. 

EN
(nV/√Hz)

IN
(pA/√Hz)

Fc
(Hz)

AD8599 1 1.5 9 

AD8655 2.7 0.007 2000 CMOS

AD8610 6 0.005 1000 JFET

(W × L)

CMOS

(IN)

BJT JFET gm FET
(EN)

JFET BJT
(IN)

20°
10° (IB) JFET

2 3

( ADI )

( ADI )

( )
6

f1 < 1.0f2
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6. 7. 1/f

1/f ( )
(1/f ) 7 1/f

BJT 1/f
CMOS

1/f

1/f

( )
IC “ ”

1/f

hfe (beta)

P-N IC
P-N

q = (1.6 × 10 19 )
I = ( pA)
Δf = ( Hz)
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8. 

P-N

1 kΩ 4 nV/√Hz
3 dB

(4 × = 6 dB)

 
k = (1.374 × 10–23 J/°K) 
T = (°K) T = °C + 273° 
R = (W) 

B = (Hz)
4 kT = 1.65 × 10–20 W/Hz

1)
2) ( ) 3)

EMI

RSS

RSS

8
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9. ( ADI OP177) 1/f ( ) ( ) ( ADI AD8551/AD8552/AD8554)
1/f ( ) PSpice AD8638 ( )

 
(OP177)

 
(AD8551/AD8552/AD8554)

0.1 Hz 10  Hz

0.01 Hz 1Hz

0.001 Hz 0.1 Hz

0.0001 Hz 0.01 Hz

0.238 μV p-p

0.135 μV p-p

0.120  μV p-p

0.118μV p-p

1.04 μV p-p

0.33 μV p-p

0.104 μV p-p

0.033 μV p-p

(RTI) (SNR)

1/f

22 nV/√Hz
10 nV/√Hz

1/f
( ADI OP177) 9

1/f
9

1/f
9

(22 nV/√Hz) PSpice
1/f
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10. 

4. OP07 OP27

OP27EOP07E

nA70.5

nA±10±1.2

0.1 Hz
0.080.3510 Hz -p 

nV/√Hz39.6f = 1 kHz

pA/√Hz0.40.12f = 1 kHz

11. 

(RR)

10
RR

( ADI AD8506)

ADI OP07
4 ADI OP07

OP27

CMOS JFET

11

1000
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12. 

13. 

R1 R2
R 12 R

EMI

(BW)

RC
Hz

SNR

13

RC
14

ADC( 350 MHz)
166 μV rms RC

50 MHz 56 μV rms

RC SNR

15
1 + 

1

SNR
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14. 

 

15. (a) RC (b) (c)
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5. N
N NEB
1 1.57 f0
2 1.11 f0
3 1.05 f0
4 1.025 f0

16. 

17. 16

18. 16 (NEB)

V

R3

10kΩ

R1

1MΩ

V11
1V

C1

V+
3

6
U41

2

VCC VOUT1

VEE

AD8610
V–

15.9nF

C21

15.9pF 09
50
1-
01
7

09
50
1-
01
8

09
50
1-
01
9

“ ”
( )

(NEB)

–3 dB (f0)
0.707 1.57 f0

1.57 (N)
5

( 16 )
13

PSpice (1/2π × R3 × C1) (1/2π × R1 × C21)

NEB “ ” “ ”
“ ”

17

NEB 18 NEB
170 kHz
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19. 16

 

20. 16
( NEB )

6. AD8599

(EN p-p)
0.1 Hz
10 Hz 76 nV p-p 

(EN)
f = 1 kHz 1.07 1.15 nV/√Hz
f = 10 Hz 1.5 nV/√Hz

f = 1 kHz 2.0 pA/√Hz
f = 10 Hz 4.2 pA/√Hz
f = 1 kHz 2.4 pA/√Hz
f = 10 Hz 5.2 pA/√Hz

(THD + N)

G = 1, RL ≥ 1 
kΩ, f = 1 kHz, 
VRMS = 1 V −120 dB

(CS) f = 10 kHz −120 dB

21. 

PSpice
16

“ ”
19

s
20

( 1 Hz) 170 kHz
( )
“dif ”

IC
21

R5( R1 R4
)

22
14

PSpice

IC

6 ( ADI
AD8599)
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22. 21

 

23. 21

 
24. 

25. 24

NEB PSpice 23
1 15 kHz

24

(1001)

25
RB 15
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7. 21 24

VN
2

1.14–18 1.14–18

(4KTR3)2 7.99–18 3.99–18

(4KTR2)2 8.00–15 8.00–15

(4KTRb)2 0.0000 3.99–18

(4KTR1)2 8.00–18 4.00–18

IN− 2 Rb2
0.0000 2.49–19

IN− 2 R22
1.43–18 5.61E–19

IN+ 2 R32
1.44–12 1.00–12

 NEB 15.7 kHz 15.7 kHz

(RTO) μV 560 484

 

26. AD8675

7 21 24

21 R5

( ADC
)

26 ADI AD8675( = 2.8 nV/√Hz)
NEB (

) AD8675 NEB
(10 MHz)

( )
16

16 FL = 0.1 Hz FH = 70 Hz FC = 25 Hz
40.45 nV rms 17

( )
18

19
8.86 μV rms

20
SNR
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(AD8675
) SNR

20
16 ADC( ADI AD7671(SNR = 90 dB)) SNR

21

PSpice SPICE

13

AN-202 IC
ADI

AN-347 ——
ADI

AN-358  ADI

AN-581  
ADI

AN-940  
ADI

Barrow, J A. Paul Brokaw “ ”  
23 3 1989

James Bryant Lew Counts “ — ”  
24 2 1990

Freeman, J. J  John Wiley & Sons, Inc.
1958

Motchenbacher, C. D J. A. Connelly  
 John Wiley & Sons, Inc. 1993

 1

 2
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(ADC)

JESD204B

ADC

FPGA JESD204B

JESD204B
JESD204B
(ADC FPGA) (DAC

FPGA)

JESD204B ADC
DAC

JESD204B

JESD204B

( 1)

——
(LVDS)——JESD204B

(ILAS)
—— —— ILAS

JESD204B
JESD204B 0

JESD204 JESD204A 1
SYSREF 2

~SYNC
ILAS SYSREF ~SYNC

JESD204B

Ian Beavers

MS-2626

1. JESD204B

ADC
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1
(SYSREF) SYSREF

——
——

( 2)

FPGA

( 3)

ADC
DAC

JESD204B

ILAS

ADC DAC

JESD204B
ADC

JESD204B

DAC

2. JESD204B
(SYSREF)

8

3. JESD204B
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SYSREF FPGA
ILAS

JESD204B

1
SYSREF

SYSREF

SYSREF

SYSREF

SYSREF

SYSREF
SYSREF

SYSREF
SYSREF

SYSREF

SYSREF ADC

SYSREF
FPGA SYSREF

(PCB)

SYSREF

ADC SYSREF

( [N] [N+1])
SYSREF

SYSREF CLK

( )

SYSREF CLK
( 4)

4.
SYSREF -

 CLK
SYSREF
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1 2

JESD204B 1 2
1 SYSREF

2 ~SYNC
0

FPGA

( )
SYSREF SYSREF

FPGA

( 5 6)

JESD204B

ADC FPGA
JESD204B

SYSREF ADC CLK

Ian Beavers ADI
1999 ADI 18

MBA ADC
ADI

lanB

5. SYSREF FPGA
0 JESD204B

ADC

6. (
) FPGA
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ADC
Brad Brannon ADI

(ADC)

ADC

(ADC)
ADC

(SNR)

(ENOB) SNR
dBm/Hz nV/√Hz

(NSD) NSD
SNR (dBm/Hz)

ADC

 
(PSR) ADC

PSR
30 dB 50 dB

20 mV
0.7 V –31 dBFS

30 dB PSR –61 dBFS
PSR

PSR
DC-DC

(CMR)
ADC

PSR
RF RF

CMR
50 dB 80 dB CMR

ADC ADC
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ADI AN-501
AN-756

(SAR)

( )

ADC CMOS

LVDS
LVDS

LVDS

ADC

PCB

PSR
1
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1. 

Rob Reeder ADI

康

1990
( )

IC

1

8 —— 256 ——
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2. (DBF)

(Tx )

(DAC) FET
/

(T/R) ( ) Tx
(HV) /

(TGC) (LNA)
(VGA) (ADC) VGA

dB
TGC

LNA VGA

VGA ADC
LNA

VGA

ADC 10 ADC
12 14 ADC

(AAF) ADC
TGC

(CWD)

 

(ABF) (DBF) ABF DBF

ABF

ADC DBF
ADC DBF

DBF 2

TGC Rx/Tx
ASIC VGA ADC DAC

ASIC
( ADC) ASIC

ASIC FPGA DBF IC ADC VGA
( )

TGC ADC DAC
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3. 

VGA ADC
PCB

ADC
ADC

TGC
PCB

( AD9271)
LNA VGA 12 ADC TGC

LVDS

LNA

LNA
PCB VGA

/
ASIC

IC /

IC

IC
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/* SPECIFY DECIMATION RATE OPTIONS */ 

 

/*  256   */ 

// RESULT = ADI_SINC_SETRATECONTROL (DEV, ADI_SINC_GROUP_0, ADI_SINC_FILTER_PRIMARY,DECRATE_256, 0); 

//  RESULT = ADI_SINC_SETLEVELCONTROL (DEV, ADI_SINC_GROUP_0, 0, 0, SAMPLECOUNT_INTRATE, PSCALE_256);  // PCINT INT RATE  

 

/*   128    */ 

 RESULT = ADI_SINC_SETLEVELCONTROL (DEV, ADI_SINC_GROUP_0, 0, 0, SAMPLECOUNT_INTRATE, PSCALE_128); 

MS-2544

  // PCINT INT RATE  

 RESULT = ADI_SINC_SETRATECONTROL (DEV, ADI_SINC_GROUP_0, ADI_SINC_FILTER_PRIMARY,DECRATE_128, 0); 

 

/*   64    */ 

  RESULT = ADI_SINC_SETLEVELCONTROL (DEV, ADI_SINC_GROUP_0, 0, 0, SAMPLECOUNT_INTRATE, PSCALE_64); // PCINT INT RATE  

  RESULT = ADI_SINC_SETRATECONTROL (DEV, ADI_SINC_GROUP_0, ADI_SINC_FILTER_PRIMARY,DECRATE_64, 0); 

 

 

/*   SET SECONDARY RATE CONTROL   “/ 

RESULT = ADI_SINC_SETRATECONTROL (DEV, ADI_SINC_GROUP_0, ADI_SINC_FILTER_SECONDARY, 8, 0); 

RESULT = ADI_SINC_SETFILTERORDER (DEV, ADI_SINC_GROUP_0, ADI_SINC_FILTER_THIRD_ORDER, ADI_SINC_FILTER_THIRD_ORDER); RESULT = ADI_SINC_SETCIRCBUFFER(DEV, ADI_SINC_GROUP_0, SINC_CIRCBUFFER, 
CIRC_BUF_SIZE); 

   

 /* SET  OVERLOAD AMPLITUDE DETECTION LIMITS TO 0 – FULLSCALE  */ 

 RESULT = ADI_SINC_SETAMPLITUDELIMIT (DEV, ADI_SINC_PAIR_0, 0X0000, 0XFFFF); 

 RESULT = ADI_SINC_SETAMPLITUDELIMIT (DEV, ADI_SINC_PAIR_1, 0X0000, 0XFFFF); 

 RESULT = ADI_SINC_SETAMPLITUDELIMIT (DEV, ADI_SINC_PAIR_2, 0X0000, 0XFFFF); 

 RESULT = ADI_SINC_SETAMPLITUDELIMIT (DEV, ADI_SINC_PAIR_3, 0X0000, 0XFFFF); 

 

 /* SPECIFY MODULATOR CLOCK FREQUENCY, PHASE & STARTUP SYNCHRONIZATION  */ 

RESULT = ADI_SINC_CONFIGMODCLOCK (DEV, ADI_SINC_GROUP_0, FSYSCLK, MODCLK, 0, FALSE);  // UP TO 20MHZ 

 

/* IT’S THE SAME CLOCK AS THE PWM – SO PWM AND SINC ARE SYNCHRONOUS   */ 

RESULT = ADI_SINC_ENABLEMODCLOCK (DEV, ADI_SINC_GROUP_0, ADI_SINC_MOD_CLK_IMMEDIATE );    

 

 /* ASSIGN BUFFERS TO RECEIVE SINC DATA  - AUTOMATICALLY DMA’D INTO SRAM IN THE ADSP-CM403*/ 

RESULT = ADI_SINC_SUBMITBUFFER(DEV, ADI_SINC_GROUP_0, SINCDATA0, NUM_SAMPLES); 

 

 /* ROUTE THE TRU INTERRUPT */ 

RESULT = ADI_SINC_ENABLEDATAINTERRUPT (DEV, ADI_SINC_GROUP_0, ADI_SINC_DATA_INT_0, TRUE); 

 

 /* ENABLE & ASSIGN USED SINC FILTER PAIR, AND SPECIFY INTERRUPT MASKS */ 

RESULT = ADI_SINC_SETCONTROLINTMASK (DEV, ADI_SINC_INT_EPCNT0|ADI_SINC_INT_EFOVF0|ADI_SINC_INT_EPCNT1|ADI_SINC_INT_EFOVF1);    

RESULT = ADI_SINC_ENABLEPAIR(DEV, ADI_SINC_PAIR_0, ADI_SINC_GROUP_0, TRUE);   //  ACV_EXTERNAL 

RESULT = ADI_SINC_ENABLEPAIR(DEV, ADI_SINC_PAIR_1, ADI_SINC_GROUP_0, TRUE);    //  ACV_INTERNAL 

RESULT = ADI_SINC_ENABLEPAIR(DEV, ADI_SINC_PAIR_2, ADI_SINC_GROUP_0, TRUE);  //  DC LINK 

RESULT = ADI_SINC_ENABLEPAIR(DEV, ADI_SINC_PAIR_3, ADI_SINC_GROUP_0, TRUE);    //  AC_CURRENT 

   

/* WAIT AND READ FULL  SINE WAVE INTO SRAM – START NEAR AC  CROSSOVER.  */ 

  DO 

  { 

          PWM_SINC_LOOP=0;           

          GET_ADC_DATA_PWM();       

  } 

  WHILE ((SINC_VEXT_DATA[0] > 50) || (SINC_VEXT_DATA[0] < -50)) ;    // START SINC AT 0 V MEASUREMENT - ALIGNS WITH SINEWAVE. 
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INT HAE_CONFIG(VOID) 

{   INT I;     

     

  HAE_INPUT_DATA(VOUTPUT, SINC_VEXT_DATA); 

  HAE_INPUT_DATA(IOUTPUT, SINC_IMEAS_DATA); 

      

  RESULT = ADI_HAE_OPEN(DEVNUM, DEVMEMORY, MEMORY_SIZE, &DEV);  

  RESULT = ADI_HAE_REGISTERCALLBACK(DEV, HAECALLBACK, 0); 

  RESULT = ADI_HAE_SELECTLINEFREQ(DEV, ADI_HAE_LINE_FREQ_50); 

  RESULT = ADI_HAE_CONFIGRESULTS(DEV,  ADI_HAE_RESULT_MODE_IMMEDIATE,  ADI_HAE_SETTLE_TIME_512,                           ADI_HAE_UPDATE_RATE_128000); 

  RESULT = ADI_HAE_SETVOLTAGELEVEL (DEV, 1.0); 

  RESULT = ADI_HAE_ENABLEINPUTPROCESSING(DEV, FALSE, FALSE); /* FILTER ENABLED */ 

  /* ENABLE ALL HARMONICS (IN ORDER) */ 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_1, 1); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_2, 2); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_3, 3); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_4, 4); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_5, 5); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_6, 6); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_7, 7); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_8, 8); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_9, 9); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_10, 10); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_11, 11); 

  RESULT = ADI_HAE_HARMONICINDEX (DEV, ADI_HAE_HARMONIC_INDEX_12, 12);   

   

  RESULT = ADI_HAE_SUBMITTXBUFFER(DEV, &TXBUFFER1[0], SIZEOF(TXBUFFER1)); 

  RESULT = ADI_HAE_SUBMITTXBUFFER(DEV, &TXBUFFER2[0], SIZEOF(TXBUFFER2)); 

  RESULT = ADI_HAE_ENABLEINTERRUPT(DEV, ADI_HAE_INT_RX, TRUE); 

  RESULT = ADI_HAE_ENABLEINTERRUPT(DEV, ADI_HAE_INT_TX, TRUE); 

  RESULT = ADI_HAE_CONFIGSAMPLEDIVIDER(DEV, 100000000); 

  RESULT = ADI_HAE_RUN(DEV, TRUE); 

//  RESULT = ADI_HAE_CLOSE(DEV); 

} 

 

/* EVENTS */ 

VOID HAECALLBACK(VOID* PHANDLE, UINT32_T EVENT, VOID* PARG)  /* ISR ROUTINE TO LOAD / UNLOAD DATA FROM HAE 

{ 

    UINT32_T N; 

    ADI_HAE_EVENT EEVENT = (ADI_HAE_EVENT)EVENT; /* RESULTS RECEIVED FROM HAE  128MS */ 

    IF (EEVENT == ADI_HAE_EVENT_RESULTS_READY) 

    {       /* GET RESULTS */ 

        PRESULTS = (ADI_HAE_RESULT_STRUCT*)PARG;     /* POINTER TO TXBUFFER1 OR TXBUFFER2 */         

 /* DO SOMETHING WITH THE RESULTS */ 

        FOR (N=0; N<NUM_CHANNELS; N++) 

        { 

            IRMS[N] = PRESULTS[N].IRMS; 

 

            VRMS[N] = PRESULTS[N].VRMS; 

            ACTIVEPWR[N] = PRESULTS[N].ACTIVEPWR; 

        } 

    }      /* TRANSMIT INPUT SAMPLES TO HAE – 8KHZ */ 

    IF (EEVENT == ADI_HAE_EVENT_INPUT_SAMPLE) 

    {      /*  FIND LATETS SAMPLES FROM SINC BUFFER . */ 

     ADI_HAE_INPUTSAMPLE(DEV, (SINC_IMEAS_DATA[PWM_SINC_LOOP]), (SINC_VEXT_DATA[PWM_SINC_LOOP]));      

     INDEX++; 

        IF (INDEX >= NUM_SAMPLES) INDEX = 0;  

    } 

    COUNT++; 

} 
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