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1. Ambient Temperature Channel
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Gain=0.66x2

ADC 12-bit
ADC-A3 _iq qTa;

int16 iTa;

LM35 

Sens=10mV/oC

Buffer
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FSV : Full-scale Voltage of ADC

Sens: The sensitivity of 

Temperature Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

+

Vbias = 

ZERO



2. IGBT-module’s Temperature Channel
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NTC built-in

IGBT module

+5V

HI Buffer

Rref

10K

ADC 12-bit

Gain=0.66

ADC-B3

_iq qTigbt;

int16 iTigbt;
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298.15

Using a Look-up table to find Tigbt [oC]



3. DC-Link Voltage Channel
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Gain=2

LOC110 

Kv=1:1

ADC 12-bit

ADC-A2

_iq qVdc;

int16 iVdc;

+

Vbias = ZERO
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Voltage 

Transducer

Gain=K1xKvxK2: The total gain 

of the signal conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

Divider

K1=0.005

K2=3.3/4

V
m

a
x

=
8

0
0

V



4.1. DC-Link Current Channel (ACS715)
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Gain=0.66 ADC 12-bit

ADC-B2 _iq qIdc;

int16 iIdc;

ACS715-20A 

Sens=185mV/A

+

Vbias = V_null
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Current 

Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

ACS715-30A 

Sens=133mV/A



4.2. DC-Link Current Channel (Shunt)

12/09/2014 (C) TRAN BINH DUONG 6

KDVS

Total Gain = 10*3*0.66

ADC 12-bit

ADC-B2 _iq qIdc;

int16 iIdc;

Shunt-10mΩ

Sens=10mV/A

+

Vbias = V_null
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Current 

Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

Shunt-10/3mΩ

Sens=3.333mV/A

Idc [A]



5.1 Motor Current Channels (ACS)
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Gain=0.66 ADC 12-bit

ADC-A0

_iq qI_PhU, qI_PhW;

int16 iI_PhU, iI_PhW;

ACS712-20A 

Sens=100mV/A

IPM=[-20A;+20A]

BW = 80kHz

+

Vbias = 1.65V
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Current 

Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

x2 channels

ACS712-30A 

Sens=66mV/A

ACS756-50A 

Sens=40mV/A

IPM=[-50A;+50A]



5.2 Motor Current Channels (LEM)
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Gain=0.66 ADC 12-bit

ADC-A0

_iq qI_PhU, qI_PhW;

int16 iI_PhU, iI_PhW;

LEM HO 25-NP 

Sens=32mV/A

[-62.5A ÷ 62.5A]

BW = 250kHz

+

Vbias = 1.65V
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Current 

Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

x2 channels



6. Motor Phase Voltage Channels
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Gain=0.66 ADC 12-bit

ADC-A0

_iq qV_PhA, qV_PhB, 

qV_PhC;

+

Vbias = 1.65V
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FSV : Full-scale Voltage of ADC

Sens : the sensitivity of Current 

Transducer

Gain: The gain of the signal 

conditioning stage

Vbias : the offset/bias of the 

measurement circuit.

x3 channels

Divider

K1=0.005



7.1 How to implement with IQmath (a)

• The general equation:

@A.= =

�	�
�� × ���
(2B − 1) − �����

����	[
�
C. D] × :

• E.U : The engineering unit of the sensing 

parameter or quantity.

• FSV : Full-scale voltage of ADC

• n: The number of bits of the built-in ADC

• Sens: The sensitivity of the used 

transducer

• K: The gain of the signal conditioning 

stage (SCS).

• Vbias : the bias or offset of the SCS when 

having no the sensing quantity.
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Representing in Global IQ-format:

� Variables:

• qEU

• qVbias

� Constants:

• CONS_IQ_FSV

• CONS_IQ_GAIN

• CONS_IQ_SENS



Implementation

7.2 How to implement with IQmath (b)

• For ADC-12bit and Global IQ = 24:
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Declaration

//Constants

#define CONS_IQ_FSV          _IQ(3.3)

#define CONS_IQ_GAIN       _IQ(1/K)

#define CONS_IQ_SENS       _IQ(1/Sens)

#define CONS_IQ_COFF       _IQ(1/(K*Sens))

//Global variables

_iq qEU, qVbias;

//Assuming that the quantity is monitored by 

//the ADC-A0. So, at the initialization of the 

//system.

qVbias = _IQmpy(CONS_IQ_FSV, 

_IQ12toIQ((_iq)AdcResult.ADCRESULT0);

//At running state of the system

qEU = _IQmpy(CONS_IQ_FSV, 

_IQ12toIQ((_iq)AdcResult.ADCRESULT0) -

qVbias;

//Converting to the real value in Q-format.

qEU = _IQmpy(CONS_IQ_COFF, qEU);



THE END.

Thanks for the attention!

Contact to: Eng. Tran Binh Duong

Tittle: Project Manager and Hardware Engineer.

Email: tran.binhduong@gmail.com
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