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INTRODUCTION

In today's highly competitive and highly technological
world, analog signal measurements and regulation
accuracies are ever increasing. The MCP19114/5
Digitally Enhanced Power Analog Synchronous Low-Side
Pulse-Width Modulation Controller from Microchip
Technology Inc. is an analog controller capable of
implementing several switch-mode power supply
topologies. This analog device has the distinct advantage
of a built-in PIC® core microcontroller. The microcontroller
can be used to improve overall performance without the
penalties of additional cost or device area. This
application note provides several explanations complete
with firmware examples on how to improve ratiometric
and non-ratiometric analog signal measurements.

As a digitally enhanced power analog controller, the
MCP19114/5 has a built-in 10-bit Analog-to-Digital
Converter (ADC). When using the ADC in practice,
several factors will affect the accuracy of the
measurement. These factors include noise, offset
errors, DNL/INL errors and variations in the ADC
reference voltage. These error sources will have some
initial errors specified at room temperature (+25°C).
Also, the error due to temperature variation of these
parameters should not be overlooked. This application
note will provide a means of alleviating these errors.

Utilizing factory calibration is advantageous when
attempting to compensate for measurement errors.
However, reference voltage inaccuracies and
temperature drift will directly affect the ADC
measurement result and cannot be easily corrected.
The unique feature of an integral 8-bit PIC
microcontroller allows MCP19114/5 to implement
software solutions to help resolve these issues. To
address high-accuracy requirements of ADC
measurements and the temperature drift issues, two
methods are discussed in this application note. Both
methods require software coding and hardware
configurations. Examples are provided to better
understand these methods.

ASSUMPTIONS

This application note assumes the user:

* is familiar with MCP19114/5 digitally enhanced
analog controllers;

* has basic knowledge of Analog-to-Digital
Converters (ADC);

» has working knowledge of C programming
language.

NON-RATIOMETRIC MEASUREMENT
CORRECTION

Non-ratiometric measurements are measurements
where the signal being measured is not related to the
ADC reference. The reference voltage of MCP19114/5
ADC is AVpp. Non-ratiometric measurement correction
can be achieved by measuring a signal of known
accuracy and using this measurement to correct for
other signal measurements. This method eliminates
the need to consider variations in the ADC reference
(AVpp). The MCP19114/5 internal signal Vgggr (1.23V)
is factory trimmed to within 1% and has an
overtemperature tolerance of +2.5%. This Vggg signal
can be read internally at the MCP19114/5 ADC through
configuration of the analog test MUX (refer to registers
ABECON and ADCONQO). Non-ratiometric correction is
a mathematical approach to eliminate the ADC
reference (AVpp) tolerance errors. This method is
presented in Figure 1.

_—
VBGR
MCP19114/5
> ADC
VsiGNAL
FIGURE 1: Non-ratiometric

Measurement Correction.
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First, use the ADC to measure Vggr. The measured
value Vppc ggr is calculated in Equation 1.

EQUATION 1:

Vegr(")
v BGR

ADC—BGR(counts) = W x 1024

Then, use the ADC to measure Vg gnAL-
The measured value Vapc_signaL Can be represented
as shown in Equation 2.

EQUATION 2:

VsignarL")

V counts)= ————— x 1024
ADC_SIGNAL( ™)~ —17 - "y

Dividing Equation 1 by Equation 2 will cancel AVpp(V),
as shown in Equation 3.

EQUATION 3:
VADciBGR(counts)

VpGr")

Vapc signarcounts)  Vergnar (V)

The accuracy impact of AVpp and the drift over
temperature is nullified in exchange for the more
precise Vggr signal accuracy over temperature. Vggr
is factory trimmed to 1.23V %1% (+2.5% over
temperature). VgignaL can be calculated as follows
from measured signals VADC BGR and VADC SIGNAL by
rearranging Equation 3, as shown in Equation 4.

EQUATION 4:

Vapc signar(counts)

v - v
siGnaL = Vpgr»") ViDC BORCOMTS)

If VgignaL threshold detection is desired, rearranging
Equation 4 and utilizing the known Vggg value will pro-
vide a signal value in counts, as shown in Equation 5.

EQUATION 5:

Vsionar”)

vV (counts)=V (counts)—————
ADC_SIGNAL ADC_BGR VBGR(V)

In Equation 4 and Equation 5, the reference voltage
AVpp is replaced by Vggg so the measurement accuracy
will incur the tolerance of Vggg.

RATIOMETRIC MEASUREMENT
CORRECTION

Another means to reduce measurement error is to
implement ratiometric measurements. Typically, a
ratiometric ADC measurement is accomplished by
utilizing the same voltage source to excite the target
circuit as is used for the ADC reference. If a signal level
is beyond the ADC maximum measurement range, a
resistor divider is applied to lower the input signal with
a K-factor. The measured signal is proportional to the
reference voltage, thus, the accuracy of the
measurement depends on the sensor resistors instead
of the reference voltage. In the case of the
MCP19114/5, the ADC reference is powered from
AVpp (4V) and not the Vpp (5V) regulator. The Vpp
(5V) source is available externally to power-up target
circuits. To assist users desiring to make ratiometric
ADC measurements with the MCP19114/5, a factory-
stored ADC measurement value of Vpp is available.

EQUATION 6:
. R2
K= (R1 +R2)
Vbp
R1
P R2 Vy= (VDDXK)‘ MCP19114/5
RI+R2 ADC
=3

FIGURE 2:
Correction.

Ratiometric Measurement
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Calibration Word 11 stores the internal ADC reading (in
counts) of Vpp/2 or half Vpp (HFVDD).This is a factory-
stored value at +25°C. This value can be used to cali-
brate ratiometric ADC measurements powered from
Vpp- Vpp and AVpp temperature drift track to within
1.1% over temperature.

EQUATION 7:
V 1
DD25°C ™3
HFVDD(counts)= T~ 1024
DD25°C

At x°C, the ADC measurement of signal V,¢ is shown
in Equation 8.

EQUATION 8:

vV o XK_ o
Vx aC(counts)= %‘ x 1024
DDx °C

Vpp and AVpp voltage drift will track respectively
together over temperature. Assume at temperature
x°C, Vpp and AVpp drift tracks to y%.

EQUATION 9:

Vpp25ec

AVpp2sec

x(1+y%) XKx °c

x(1+y%)

Vx aC(counts) x 1024

Vopasac XK. q
= —D§55 C X 1024
DD25 °C

Divide Equation 7 by Equation 9:

EQUATION 10:

NI~

HFEVDD(counts) _
Vx oc(counts) Kx o

EQUATION 11:

- Vx OC(counts) 7
K o= s X =
x°C  HFVDD(counts) 2

Once Ky-¢ is known, the R2 value can be calculated
from Equation 6. The reference voltage AVpp is elimi-
nated from the calculation. Since the tracking tolerance
is neglected during calculation, a tracking error will be
expected in the result. See “Vpp vs. AVpp Temperature
Drift Tracking” figure in Section 2.0 Typical Perfor-
mance Curves of the MCP19114/5 Data Sheet
(DS20005281).

VOLTAGE THRESHOLD LEVEL
CHECKING USING
NON-RATIOMETRIC MEASUREMENT

Systems requiring detection of several operation points
or thresholds can implement a comparison table. Using
Equation 5, the Vapc signaL (counts) can be com-
pared to the predetermined table values to perform
system operation decisions. The example shown in
Figure 3 describes the technique.

VIN
R1
R (Vv xK) |mcp19114/5
K=Ri+r2 ADC
R2§
FIGURE 3: - Voltage Threshold Level

Checking Using Non-ratiometric Measurement.

In Figure 3, assume a system wants to detect three
operating thresholds of input voltage V|:

. V|N op1 =8V (|OW)

* ViNop2 = 12V (normal)

M V|N op3 =18V (hlgh)

Calculate the divider K based on the hardware config-
uration. In Example 1, the divider K is set to 0.14977.

EXAMPLE 1:

R2

K= —=2 = 014977
®i+Ry ¥

Ratio Reference (R) can be defined as shown in
Equation 12

EQUATION 12:

ae Ls1GNALD)

VBGR

The relationship between VgignaL and V) is shown in
Equation 13.

EQUATION 13:

VsignarL(N= Vi) xK

© 2015 Microchip Technology Inc.
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Calculate the ratio reference of the three operating
pOintS V|N op1 =8V, V|N op2 =12V and V|N op3 =18V, as
in Example 2.

EXAMPLE 2:
CUIN op1 B gy 014977
Ropl ref = v = Ty S04
BGR :
N _op2>B) 1oy 014977
Rop2 ref = Vv = Ty el
BGR :
N op3 ™) sy 014977
Rop3 ref= —F = BV 21907
BGR :

All calculations need to be accomplished in firmware
via the microcontroller. However, in a digital system,
numbers (in counts) can only be represented as whole
numbers. This means an LSB can only represent 1 or
0. In order to get a 2719 (0.00098) decimal resolution,
the numerical representation of Ry, r¢f is multiplied by
210, as shown in Example 3.

EXAMPLE 3:

, _ 10 _
R opl ref = Rop] refX2 ~0x03E5

, _ 10 _
R op2 ref = RopZ refXZ ~0x05D8

, _ 10 _
R op3 ref = R0p3 refX2 ~0x08C4

Store the Ratio Reference table values in Program
Memory. These values, shown in Table 1, will not
change unless there is a hardware change in the resis-
tor divider.

TABLE 1: RATIO REFERENCE TABLE
0x03E5 0x05D8 0x08C4

DS00001882A-page 4
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Part-to-part variations in the Vggg along with tempera-
ture drift tolerances require a fresh Vggr ADC mea-
surement before calculating V(apc_sig_rer)- Configure
the ABECON and ADCONO registers to read Vgggr
using the ADC (see Example 4). Read Vggr and store
the value. In this example we'll assume the ADC read-
ing of VggR is 0x013D. To generate the table of ADC
readings of these three operating points, substitute
Equation 13 with Equation 5.

EQUATION 14:

Vapc siG_REF(COUS) = Vype pgplcounts) xR

. _ Mop1rer *Papc BGR _ gr03E5 x0x0130 _
ADC VIN REFI ST Mo 10 -

R op2 ref XVADCLBGR _ 0x05D8 x0x013D _

VADC_VIN REF2 ~ 70 - 70 = 0x0ICF

Rop3 rer *VapC BGR  0x08C4 x0x013D

VADC VIN REF3 = 10 = 10 = 0x02B6

Note:  After calculation of Vaopc viN_Rer divide by 210 to shift the value back to a 16-bit word.

Table 2 is the reference checking table.

REFERENCE CHECKING TABLE
0x01CF 0x02B6

TABLE 2:
0x0134

Variations in AVpp will result with changes in tempera-
ture. The values in Table 2 will also change in accor-
dance with the ADC measurements of Vgggr. Since the
drift of Vggr with temperature is very small, AVpp's
temperature errors can be accounted for with updated
measurements of VggR for Table 2.

Measure Vg gnaL With the ADC:
« If the ADC reading is smaller than 0x0134, Vy is
below 8V.

 If ADC reading is the same as 0x0134, V| equals
8V.

« If the ADC reading is larger than 0x0134, V| is
higher than 8V.

The same applies to 12V and 18V. Bench test results
are shown in Table 3.

TABLE 3: BENCH TEST RESULTS

Calculated Reference

Checking Table 2 Bench Test

Vin Applied (V) | ADC Reading of V| | V|y Represented (V) Error
VADC_8V_REF 0134 8 0133 7.953 1LSB
VADC_12V_REF 01CF 12 01CE 11.969 1LSB
VADC_18V_REF 02B6 18 02B7 18.006 1LSB

© 2015 Microchip Technology Inc.
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EXAMPLE 4: VOLTAGE THRESHOLD LEVEL CHECKING CODE EXAMPLE

ADCONO = 0x0D; // ADC channel set to VBGR
unsigned int adc; // VBGR ADC Reading routine
adc = 0;

_delay(10);

for (unsigned char i = 16; i > 0; i--)

{
ADCONObits.GO nDONE = 1; // Start ADC Reading
while (ADCONObits.GO_nDONE) ;
adc += ADRES;

}

adc >>= 4; // Average by 16, reduce noise

unsigned int VBGRREF;

VBGRREF = adc - A2DOFFSET; // Subtract the typ ADC offset and Store ADC reading of

// VBGR As reference
/*** TABLE 1 ***/

#define Ratiolref (unsigned int) 0x0134 // When Vin = 8V Ratiolref = 0x0134

#define Ratio2ref (unsigned int) O0x01CF // When Vin = 12V Ratio2ref = 0x0I1CF

#define Ratio3ref (unsigned int) 0x02B6 // When Vin = 18V Ratio3ref = 0x02B6

/*** Generate/Update Table 2 for ADC reading Reference ***/

unsigned long RIN_ADCtemp = (unsigned long) Ratiolref * VBGRREF;

unsigned int Vreflop ADC = (unsigned int) ( RIN_ADCtemp >> 10); // Calculate Vadc_8V_ref ADC Reference
RIN_ADCtemp = (unsigned long) Ratio2ref * VBGRREF;

unsigned int Vrefl2op ADC = (unsigned int) ( RIN ADCtemp >> 10); // Calculate Vadc 12V ref ADC Reference
RIN_ADCtemp = (unsigned long) Ratio3ref * VBGRREF;

unsigned int Vref3op ADC = (unsigned int) ( RIN_ADCtemp >> 10); // Calculate Vadc_18V_ref ADC Reference
/*** ADC READING VIN ***/

TRISGPAbits.TRISAO = 1; // Set GPAO as input

ANSELAbits.ANSAO = 1; // Analog Selected

__delay ms(30);

_nop () ;

ADCONO = 0x61; // ADC channel set to GPAO
__delay ms(30);

adc = 0; // Clear ADC

for (unsigned char i = 16; i > 0; i--) {

ADCONObits.GO nDONE = 1;

while (ADCONObits.GO_nDONE) ;

adc += ADRES;

}

adc >>= 4; // Average by 16 reduce noise error

unsigned int VIN = adc; // IF VIN = Vadc_8V_ref, Vin equals to 8V,

DS00001882A-page 6 © 2015 Microchip Technology Inc.
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DIRECT MEASUREMENT USING

NON-RATIOMETRIC MEASUREMENT
It may be preferable to read the VggnaL directly
instead of comparing the measurement to a threshold.

Equation 4 is applied to correct the VgngaL measure-
ment value.

Equation 15 shows the definition of variable M.

EQUATION 15:

Vapc siGnap(cownts)

M=
VADC—BGR(counts)

Substituting M in Equation 4 results in Equation 16.

EQUATION 16:

VsignarV) = Vpgr(") xM

1.23V xM

Users have the option of reporting the value M to a
higher system to avoid performing local multiplication
and consuming processor resources. The signal
VgigNaL €an be calculated with Equation 16. In order to
get a 2719 (0.00098) decimal resolution, VADC SIGNAL
needs to be multiplied by 210 prior to dividing by

Vabc_BGR-
Equation 17 shows the definition of variable M’.

VIN
R1
R2 (Vin*K) IMCP19114/5
K=5"75 ADC
RI +R2
R2§
FIGURE 4: Direct Measurement Using

Non-ratiometric Measurement.

Apply Viy = 12V, K = 0.14977. The ideal M'jgeq is
shown in Equation 18.

EQUATION 18:

10
o Vsignar(N x2

M’ -
ideal VBGR(V)

_ 12(V) x0.14977

12307 x 1024 ~0x05D8

EQUATION 17:
VADC_SIGNAL(CoumS) x2]0
B VADC—BGR(counts)
TABLE 4: BENCH TEST RESULTS
Vin Applied M'igeal M’ Measured Vin Represented Error
(V) (counts) (counts) (\2)] (%)
8 03E5 03E2 7.972 -0.348
9 0462 0460 8.983 -0.191
10 04DE 04DB 9.969 -0.308
11 055B 0559 10.980 -0.184
12 05D8 05D9 12.006 0.053
13 0654 0655 13.001 0.007
14 06D1 06D3 14.011 0.082
15 074E 0751 15.022 0.147
16 07CA 07CF 16.033 0.204
17 0847 084D 17.043 0.254
18 08C4 08CC 18.062 0.343

© 2015 Microchip Technology Inc.
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EXAMPLE 5: DIRECT MEASUREMENT CODE EXAMPLE

/*** ADC READING VBGR***/
ADCONO = 0x0D; // ADC channel set to VBGR

unsigned int adc;

adec = 0;
_delay(100);
for (unsigned char i = 16; i > 0; i--)
{
ADCONObits.GO_nDONE = 1; // Start ADC Reading

while (ADCONObits.GO_nDONE) ;
adc += ADRES;
}

adc >>= 4; // Average by 16 reduce noise error

unsigned int VBGRREF;

VBGRREF = adc - A2DOFFSET; //Subtract the offset and Store ADC reading of VBGR As
//reference

/*** ADC READING EXAMPLE Vsignal = Vin x K ***/

TRISGPAbits.TRISAO = 1; // Example here using GPAO to read VIN Set GPAQO as input
ANSELAbits.ANSAO = 1; // Analog Selected

_nop () ;

ADCONO = 0x61; // ADC channel set to GPAO

_delay(100);

adc = 0; // Clear ADC

for (unsigned char i = 16; i > 0; i--) {

ADCONObits.GO_nDONE = 1;
while (ADCONObits.GO_nDONE) ;
adc += ADRES;

}

adc >>= 4; // Average by 16 reduce noise error
unsigned long VIN_ADC = (unsigned long) adc * 1024 ;
// ADC Reading of( Vin x K ) Counts x1024
unsigned int M = (unsigned long) VIN_ADC / VBGRREF';
// M'= (ADC Reading of( Vin x K)x 1024)/(ADC Reading

// of (V_BGR ))

DS00001882A-page 8 © 2015 Microchip Technology Inc.
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FIRMWARE OPTIMIZATION USING
SUCCESSIVE APPROXIMATION AND
HARDWARE APPROACH

This section and Example 6 are provided to help opti-
mize firmware efficiency. The successive approxima-
tion method saves code space by performing
subtraction functions instead of division. In
Equation 15, read internal Vggr (assume the ADC
reading is 300 counts). Reading Vg gnaL from an exter-
nal pin (assume the ADC reading is 800 counts) results
in Equation 19.

EQUATION 19:

800

M = 350

The result, in decimal system, is shown in Equation 20.

EQUATION 20:

800

— 2,
300 06

Using the successive approximation approach, the
calculation is:

800 - 300
500 - 300

500 count 1;
200 count 1;

When the remainder (200) is smaller than the divider
(300), the divider cannot be subtracted from the
remainder and result in a positive number. Therefore,
the integer part of the quotient is set to 2. To get the
tenths unit of the quotient, multiply 200 by 10, then use
2000 to subtract 300 as follows:

2000-300 = 1700 count 1;
1700 -300 = 1400 count 1;
1400-300 = 1100 count 1;
1100-300 = 800 count 1;
800-300 = 500 count 1;
500-300 = 200 count 1;

Again, 200 is smaller than 300, so the total counts for
the tenths unit is 1+1+1+1+1+1 = 6. Next, determine
the 1/100 unit. Multiply 200 by 10, then subtract.

Finally the successive approximation of M is 2.666...

This successive approximation approach can also be
used with the binary system.

800 - 300
500 - 300

500 count 1;
200 count 1;

200 — 300 is a negative number, so the total number of
counts for integer part is 2, which is 0b10;

Whole .
R Number Fraction

Weight | 2 1 | 1/2 | 1/4]1/8 [1/16|1/32 | 1/64
Ob 1 0

Because it is a binary system, instead of multiplying by
10, 200 is multiplied by 2. The counts of the 1/2 unit of
300 is:

400-300 = 100 count 1;
Whole .
R Number Fraction

Weight | 2 1 | 1/2 | 1/4]1/8 [1/16|1/32 | 1/64

Ob 1 0 1

Multiply 100 by 2 again and the counts of 1/4 unit of 300 is:

200 -300 negative, count 0;
Whole .
R Number Fraction
Weight | 2 1 (12| 1/4|1/8 |1/16|1/32|1/64
Ob 1 0 1 0

Redo the process as described above.

Whole

R Number Fraction
Weight | 2 1 | 1/2(14)1/8 [1/16|1/32|1/64
0b 1 0 1 0 1

The resolution depends on the cycles of subtraction. More
cycles will generate a more accurate approximation.

Whole .
R Number Fraction
Weight | 2 1 |12 14)1/8 [1/16|1/32|1/64
Ob 1 0 1 0 1 0 1 0

Mapproximation) = 172 + 0%1 + 1%1/2 + 0*1/4 + 1*1/8 +
0%1/16 + 1*1/32 + 0*1/64 ...

After six cycles, the approximation is:

M (approximationy =  2.66
In a binary system:

M (Approximation) 010101010

© 2015 Microchip Technology Inc.
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At this point, since Vggg is known as 1.23V, using it in
Equation 16 will result Equation 21:

EQUATION 21:

VSIGNAL(Appraximatian)(V) = VBGR(V) XMAppraximatian

In this example:

VS]GNAL(Approximation)(V) = 123 x2.66 ~3.277

Using the successive approximation approach saves
processor resources when compared to division or
multiplication functions. One way to eliminate multipli-
cation is to use a special hardware configuration
designed for system mathematics convenience.
Figure 5 shows an example of how Vgt is measured.

Vour
% R1=51.1kQ
MCP19114/5
VsiGNaL ADC
§ R2 =2.05 kQ
FIGURE 5: Vouyt Measurement Use

Successive Approximation Approach.

EQUATION 22:

V =V X—R2
SIGNAL OUT " R2+RI]

R1 and R2 are chosen to set a special value of
R2/R2+R1, as shown in Equation 23.

EQUATION 23:

R2 1.2

w

+
R2+RI 2N

In this example, R1 = 2.05Q and R2 = 51.1Q, thus
resulting in Equation 24.

EQUATION 24:

2.05 1.23

Vsionar = Vour *355+511 = our * 33

32
Vour *VsiGNaL 733

Substituting Equation 16 into Equation 24 results in
Equation 25.

EQUATION 25:

32
Vour *VpGrt") xM <1753

Since we know Vggr (V) = 1.23 V, we can find Vgoyr
using Equation 26.

EQUATION 26:

~M x32(V)

~M x25

Your

In a digital system, especially when doing a multiplication
of 2N, the result can shift N bits instead of multiplying by
2N In this case, the number 32 is chosen based on the
applications requirement. At this point, division and
multiplication is eliminated from coding calculation.

DS00001882A-page 10
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TEMPERATURE MEASUREMENT
USING RATIOMETRIC
MEASUREMENT

Temperature measurement is a common application
(see Figure 6). The resistance of a thermistor will
change with temperature. Using the manufacturer's
specification for resistance versus temperature of a
given thermistor, K can be calculated. Once K is estab-
lished for target temperatures, a temperature reference
table can be generated.

Vbb

RIS
(Voo * K)ImcP19114/5

ADC
Thermistor Bg(

FIGURE 6: Temperature Measurement
Using Ratiometric Measurement.

EQUATION 27:

_ ThermistorR
(R1 + ThermistorR)

In Equation 28, use the data from Equation 27.

EQUATION 28:

ThermistorR 70 °C

Kopopr = i ~0.6622
70°C ~ (RI + ThermistorR 5 o)
p _ Thermistoero oC 03378
100°C ~ (RI + ThermistorR e

100°C)

Adjust the numerical representation into hexadecimal
format, as shown in Equation 29.

EQUATION 29:

K000 = Kygoc x1024 ~0x0246 (in hex)

KIIOO"C = K]OOOC x 1024 ~0x0159 (in hex)

This example represents two points:

 Store the values in Table 5. The K' values of
+70°C and +100°C are fixed values. They will not
change unless there is a hardware change.

TABLE 5: K’ NUMERICAL
REPRESENTATION

Temperature K'

+70°C 0x02A6
+100°C 0x0159

» Read from the Calibration Word 11 register, gen-
erate the ADC reference Table 6 (as shown by
Equation 30).

EQUATION 30:

K’

I xHFVDD x2

Temp 7goc ref =

_ 0x0246 x 0x0290 x 2 (Note)
1024

~0x0364

TemmeoC ref= K2’" xHFVDD x2 ~0x01BA

Note:  To get a full range of Vpp, HFVDD must
be multiplied by 2. After calculation of
Tempgec ref, Shift back 10 bits to achieve
a 16-bit representation.

TABLE 6: ADC REFERENCE TABLE
Temperature Tempger
+70°C 0x0364
+100°C 0x01BA
At this point:

* If the ADC reading is larger than 0x0364, the tem-
perature is lower than +70°C;

* If the ADC reading is 0x0364, the temperature is
equal to +70°C;

* If the ADC reading is less than 0x0364 but larger
than 0x01BA, the temperature is between +70°C
and +100°C

« If the ADC reading is 0x01BA, the temperature is
equal to +100°C;

* If the ADC reading is less than 0x01BA, the tem-
perature is higher than +100°C;

Increasing the table contents will increase the resolu-

tion of the temperature measurement.

© 2015 Microchip Technology Inc.
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TABLE 7: BENCH TEST EXAMPLE

Reference Table Bench Test
K K’ Temp. Temp. ADC reading K represented Error (%)
0.6621 01BA +70°C 01BB 0.663 0.153%
0.3378 0364 +100°C 0366 0.338 -0.044%

EXAMPLE 6: TEMPERATURE MEASUREMENT CODE EXAMPLE

[/ K ok ko ok K ok ok ok ok ok K ok ko ok K ok ok ok o ok K ok ok ok ok ok K ok ok ok ok K ok ok ok o ok K ok ok K ok ok K ok K ok ok ok ok ok K ok ok K ok ok ok ok ok K ok K ok ok K ok ok K

* Example Vdd with 2 resistors divider 5.546k and 10.87K

*

* K1 calculation 10.87/(5.546 + 10.87) = 0.6622

* Value stored in K1' = trunc (0.6622 * 2710) = 02A6(in HEX)
*

* K2 calculation 5.546/(5.546 + 10.87) = 0.3378

* Value stored in K2' = +trunc (0.3378 * 2710) = 0159 (in HEX)

* Value stored @calibration VDDCAL = 0290 (in HEX)

* Calculate T70 REF ADC reference counts = (0226 * 0290)*2 >> 10 = 0364 (in HEX)

* Calculate T100 REF ADC reference counts = (0156 * 0290)*2 >> 10 = 01lBA (in HEX)

**************************************************************************/
#define VDDCAL (unsigned int) 0x0290 // Assuming Read from calibration word VDDCAL
/*Pre Calculated K Tabel */
#define K1 (unsigned int) O0x02A6 //K1 = 0.6622
#define K2 (unsigned int) 0x0159 //K2 = 0.3378

/*Generate Reference Table */
unsigned long T70ADCtmp = (unsigned long)Ratiol * VDDCAL * 2; // Full range of vdd
unsigned int T70_REF = (unsigned int) ( T70ADCtmp >> 10); // T70_REF ADC reference
unsigned long T100ADCtmp = (unsigned long)Ratio2 * VDDCAL * 2; // Full range of vdd

unsigned int T100_REF (unsigned int) ( T100ADCtmp >> 10); // T100_REF ADC reference
/*Read from ADC, compare ADC reading with T70_REF and T100_REF reference*/
/*Users own program*/

DS00001882A-page 12 © 2015 Microchip Technology Inc.
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COMBINATION OF MEASUREMENTS
AND OPTIMIZATION EXAMPLE

Figure 7 shows the combination of V), Voum
Temperature and BIN measurements for MCP19114/5.

Vout

51.1kQ

MCP19114/5
ADC

2.05kQ
VS

Voo
16.2 kQ £

/0 GPA2

/0 GPAO
Vb 1/0 GPBA1
1.5kQ
Thermistors
NTCLE305E4103SB

L

BIN
0 1

1.69 kQ §3.01 kQ§4.53 m%eu kQ§8.45 ko§ 11 kQ §14.3k0 g 18.2 kﬂg

BIN
2

111111

BIN
3 4 5 6 7 8

FIGURE 7:

In an effort to optimize code space, the example shown
in Figure 7 implements only one measurement sub-
routine to measure all signals.

Thermistor NTCLE305E4103SB has been chosen for this
application example. Temperature readings cover the
range from +50°C to +125°C with a resolution of +1°C.

V|y measurements cover the range from 0 to 23.4V
with a resolution of 0.125V. The resolution can be eas-
ily configured via firmware. When increasing the reso-
lution of V)y measurement, users can increase the
memory size of 'ref' in the RE_CALCU routine using an
unsigned int instead of unsigned char. See the details
in Example 7.

Combination of Different Measurements.

VouTt measurements cover the range from 0 to 93.6V
with a resolution of 0.5V. Resolution can be easily con-
figured via firmware. When increasing the resolution of
the Voyt measurement, users can increase the mem-
ory size of 'ref' in the RE_CALCU routine using an
unsigned int instead of unsigned char. See the details
in Example 7.

When one of the BIN selecting resistors is connected,
the BIN measurement routine will return a number from
Oto9.

© 2015 Microchip Technology Inc.
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EXAMPLE 7:

COMBINATION MEASUREMENTS CODE EXAMPLE

{

#define A2DOFFSET

int ADCREAD() ;

(unsigned int) 0x0286

(unsigned char) 0x03

unsigned char result;

while (1)

/*TEMPERATURE READ ROUTIN*/
TRISGPBbits.TRISB1 = 1;
ANSELBbits.ANSBl = 1;

ADCONO = 0x71;
ADCREAD() ;
result = REicALCU(ADRES,HFVDD,7);

if (result < 64)
{
TEMPERATURE = 173 - result;

else

result = result >> 1;

TEMPERATURE = 141 - result;

/*BING READ ROUTINE*/
TRISGPAbits.TRISA2 = 1;
ANSELAbits.ANSA2 = 1;

ADCONO = 0x69;

ADCREAD() ;

RE_CALCU (ADRES, HFVDD, 3) ;
if (BIN >= 9)BIN =9;

BIN =

/* VOUT READ ROUTINE*/
unsigned int VBGRREF;

ADCONO = 0xO0D;

ADCREAD () ;

VBGRREF = ADRES - A2DOFFSET;
ADCONO = 0x11;

ADCREAD () ;

ADRES = ADRES - A2DOFFSET;

VOUT =RE_CALCU (ADRES, VBGRREF, 6) ;

/*VIN READ ROUTINE*/
TRISAbits.TRISAO = 1;

ADCONO = 0x61;

ADCREAD () ;
VIN=RE7CALCU(ADRES,VBGRREF,6);

int RE_CALCU (unsigned int M, unsigned int R, unsigned char count);

#define HFVDD

//
//
//
//

/7
/7
/7
//
//
!/
/7
//
/7
//
//

/7

//
//
/7

Users can read from calibration word 11
Here HFVDD defined as 0x0286 is only for
code explanation

Define Typ ADC offset

// Set GPBl as input
// Analog Selected
// ADC channel GPBl selected

// Temperature Measurement routine

// Update Temperature Measurement Result

// Set GPA2 as input
// Analog Selected
// ADC channel GPA2 selected

!/
// Update BIN Measurement Result

ADC channel set to VBGR

Start ADC reading routine

Subtract the offset and Store ADC reading of VBGR
As reference

ADC channel set to VS(VOUT)

Start ADC reading routine

Subtract the offset

6 -> 0.5V resolution,

7 -> 0.25V resolution(RE_CALCU subroutine need
'ref'

define as an unsigned int),

8 -> 0.125V resolution >>

ADC channel set to GPAl

6 -> 0.125V resolution,
7 -> 0.0625V resolution(RE_CALCU subroutine need
'ref!

define as an unsigned int),

DS00001882A-page 14
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EXAMPLE 7: CODE EXAMPLE (CONTINUED)

}

int ADCREAD () // ADC Reading Routine
{

_delay(10);

ADCONObits.GO_nDONE = 1;

while (ADCONObits.GO_nDONE) ;

/* Measurement Sub-routine for all measurements */
int RE_CALCU (unsigned int M, unsigned int R, unsigned char count)
{
unsigned char ref;
ref = 0;
while( M >= R )
{
if( M >= R)
{
M-=R;

ref++;

}
while (count)
{
ref = ref << 1;
M =M< 1;
if( M >= R)
{
M-=R;
ref++;
}
count--;
}

return (ref) ;

CONCLUSION

The MCP19114/5 Digitally Enhanced PWM Controller,
with its on-chip microprocessor core, possesses
flexibility not common to most Analog Power
Controllers. The techniques described can be utilized
to assist users to improve the accuracy and
performance of their designs, whether they are
attempting ratiometric or non-ratiometric analog to
digital conversions. With the examples provided, the
users can easily create firmware to improve
measurement performance without the expense of
additional hardware.

© 2015 Microchip Technology Inc.
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NOTES:
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