APPLICATION NOTE

QFANO12

(@ DC Calibration of the

Quickfilter”

QF4A512 Programmable Signal Converter

1) Introduction

This Application Note describes the DC calibration features of the QF4A512 which can be used not only to remove
sources of measurement errors in the device itself, but also variations in the external system front end components.

This application note describes the following:
e Overview.
e DC offset calibration.
e DC gain calibration.
e Example Use of a Extended Calibration Sequence.
e Calibration of QF4A512 Error Sources

2) Overview
Figure 1 shows the block diagram of the QF4A512.

Figure 1 — QF4A512 Block Diagram
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Included in the device are calibration registers, which provide an offset and gain adjustment on a per channel basis to
the samples after the ADC. The QF4A512 supports a calibration mode, which makes the calibration a simple
process. The user sets the device for calibration, selects the desired output level, and then inputs the calibration
signal. The QF4A512 will then take the measurement, determine what the calibration value needs to be, and then

loads this value in the calibration registers (CAL_x_OFF and CAL_x_GAIN).
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To make sure the ADC inside the QF4A512 is operating across the proper voltage range, the proper series resistors
and gain settings for the PGA need to be used. Table 1 shows the recommended input series resistors and PGA gain
settings for various ranges of voltage inputs.

3) DC Offset Calibration

Desired DC Series resistors PGA
Input Voltage R1-R8 setting
-0.25V +0.25V 10K x8
-0.5to +0.5V 10K x4

-1Vto 1V 10K X2
-2V to 2V 10K x1
-3V to 3V 20K x1
-3.3V to 3.3V 23K x1
-5V to 5V 40K x1

-10V to 10V 90K x1

-12V to 12V 110K x1

-15V to 15V 140K x1

-20V to 20V 190K x1

-24V to 24V 230K x1

-28V to 28V 270K x1

Table 1

Ideally the maximum input voltage to the QF4A512 should correspond to a full-scale reading from the ADC. If the
input signal is too low to achieve this, then the PGA gain can be adjusted to provide a larger signal to the ADC.

Design Note

The QF4A512 software enables a chopper circuit for designs using a sample rate of 200K or less. When the
chopper is enabled, DC offset is reduced, running calibration will further improve the offset measurement. The
chopper will be enabled automatically by the software for sample rates below 200KHz. The choppers main
purpose is to eliminate 1/f noise at lower frequencies.

For calibration, a low pass filter should be selected. Minimal ripple in the passband will give better results. A sample
filter has been designed, using a 50 Hz bandwidth sampled at 1 KHz. All 512 taps have been used for best

performance.

Step 1: Connect the input signal(s) to 0 Volts.
Step 2: Using the QuickFilter software, run “File > Open Filter >". Select the Ipf.qff file.
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Step 3: Select “Design Filter” and Save.
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Chip Type: QF4AS512

Step 4: Select “Next Step”. Highlight the channel desired and hit “Load”. Select the filter file “Ipf.qff”. Hit
“Configure” and “Save”. Select the “Control” tab at the top of the page.

QFControl

IC Contiel | ReadAwite | Export | EEPROM |

Download

Download
|C:\DocumentsandSattings\!—\llUsers\Documents\QuickFiIter\FiIttj Braowse..
Execute

Stop w Run Mode Fieset Chip @ Auto-Configuration
r Disconnect from USE @ Auto-Start

Configuration
1.00 kHz
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@ @ @ @
Status
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|
Update Successfully downloaded file to the chipl
ViewLog

View FFT
e DC

& | Connected

Claze Help

Chip Type: QF4A512
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Step 5: Select the “Download to Chip” button. Select the “View DC” button. Select DC. If your sampling
frequency is over 200KHz, deselect the “Chopper Enable”. Close this window..

DC Voltage Display f'5_<|

O Volkage (W)

of RMS f-=D Input Resistance Chopper
Channel 1 Mis = ' I—_l F
Channel 2 NfA o ™ I—_| "
Channel 3 M ol ~ I—_| =
Channel 4 0,00343 " aC O DC m ™ Enable

Step 6: Select the “Read/Write” tab. Select the “Register” radio button. Move the slider bar down so that the
CAL_CTRL register is visible (address 0OXED).

lorcontrol [Ftr 2o | v [ =) %)

I Control - Read/ite | Expont | EEFROM |

Wigw Forrnat Operations
" Signal & Hex
(% Register Read
™ Decimal
" Memory
Results
Register Address Chip Yalue EEFPROM Yalue -
AREC_CH3_OFC_1 ER co Co
Cal_3 OFF_0 ER ] oo
Cal 3 OFF_1 EV ] ]
Cal_ 3 GalM_0 ES uli] ]
CaL_ 3 GAIM_1 EQ a0 a0
SPIN_ID Ed 1 C1
IGC_SEQADDR_0 EB ] oo
IGC_SEQADDR_1 EC aF oF
Cal _CTAL ED ] oo
Cal DTGT_O EE ] ]
Cal DTGT_1 EF uli] ] 3
Bit 7 Bit B Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Description
Close Help

| Connected Chip Type: QF4a512
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Step 6: Make sure the CAL_DTGT_0/1 registers are set to 00. This sets the value which the QF4A512 will
correct the data to. Make sure the CAL_x_OFF_0/1 registers are set to 00. This resets the offset value
to the default value, with no offset added to the signal. In the CAL_CTRL register of the QF4A512, set
bits 0 & 1 to select the channel being calibrated. Set bit 2 to ‘0’ to select the offset calibration. Set bit 3 to
‘1’ to start the calibration. Make sure bit 4 is set to ‘0’, this bit sets the soft reset for the calibration circuit if
setto ‘1’. Writing these values to this register initiates the calibration.

Design Note

All of the registers that have more than one address value (for example CAL_DTGT 0 &

CAL_DTGT_1), need to have the lower register (CAL_DTGT_0) written first, then the upper one.
The value is updated after the upper register is written.

Step 7: If you select READ button on the Read/Write tab, you will now see the calculated offset calibration value

in the CAL_x_OFF_0/1 registers.

Step 8: Return to the “View DC” window to see the effects of the calibration.

4) Gain Calibration

Gain is calibrated in the QF4A512 by setting up a reference voltage coming into the part, setting the corresponding
output value of the part and then performing calibration. The voltage will depend on the input series resistance and
the PGA settings. Table 1 shows the calibration voltages when the CAL_x_DTGT_0/1 registers are set to 00h and

30h respectively.

Table 2: Calibration Voltages

Desired DC Series resistors PGA | Calibration
Input Voltage R1-R8 setting Voltage
-0.1V +0.25V 10K X8 94mV

-0.25V to +0.5V 10K x4 187mV
-0.5Vto 1V 10K X2 0.375V
-1V to 2V 10K x1 0.75V
-1.5V to 3V 20K x1 1.125V
-2V to 3.3V 23K x1 1.245V
-5V to 5V 40K x1 1.5V

-10V to 10V 90K x1 3.75V

-12V to 12V 110K x1 4.5V

-12V to 12V 230K X2 2.25V

-15V to 15V 140K x1 5.625V

-20V to 20V 190K x1 7.5V

-24V to 24V 230K x1 9V

-28V to 28V 270K x1 10.5vV

Design Note

The software calculates the DC voltage based on the Input Resistance selected on the DC Voltage
Display. If the actual input resistance differs from the selection on the display, the calculated voltage
will not match the input voltage see table 3.
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Step 1: Connect the reference voltage to the input of the signal path. Select the value from Table 1 or calculate
using the following formula: Vger = Vape * (Rseries + 10K) / 10K where Vape = 0.375 V.
Design Note

Different calibration target voltages can be used. Here is a list of settings for the CAL_DTGT_0/1
registers versus the voltage seen at the A/D converter:

Vanc CAL DTGT 0 | CAL DTGT 1
0.375 V 00h 30h
0.50 V 00h 40h
0.75 V 00h 60h

The following table shows some common reference voltages “VREF” which could be used for calibration coming
into the series resistor into the QF4A512 and what the corresponding CAL_DTGT _0/1 value should be.

Input
VREF se?ies Target CAL_DTGT 0 CAL_DTGT_1
(DC) resistors Decimal  Value HEX HEX
0.375V 0 12288 3000h 00 30
0.75V 10K 12288 3000h 00 30
1.2v 0 Out of range
1.2v 10K 19660 4CCCh CcC 4C
1.2v 20K 13107 3333h 33 33
1.2v 23.2K 11843 2E43h 43 2E
1.2v 40K 7864 1EB8h B8 1E
1.2v 91K Resolution too low for accurate calibration
1.8V 10K 29491 7333h 33 73
2.5V 10K Out of range
2.5V 20K 27306 6AAAN AA 6A
2.5V 23.2K 24674 6062h 62 60
2.5V 40K 16384 4000h 00 40
2.5V 91K 8110 1FAEh AE 1F
2.5V 110K 6826 1AAAQ AA 1A
2.5V 140K 5461 1555h 55 15
2.5V 191K Resolution too low for accurate calibration
4.096V 20K Out of range
4.096V 40K 26843 68DBh DB 68
4.096V 91K 13288 33E8h E8 33
4.096V 110K 11184 2BBOh BO 2B
4.096V 140K 8947 22F3h F3 22
4.096V 191K 6677 1A15h 15 1A
4.096V 232K 5546 15AAh AA 15
4.096V 270K 4793 12B%h B9 12
Table 3
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The formula for finding the target calibration number is:

X=(V*12,288) / 0.375 = decimal value not to exceed (32768)

Convert X to hexadecimal and store in CAL_DTGT _0, write the least significant byte first. Then write CAL_DTGT _1,
write the most significant byte last. Then read it back twice to show that the value is now correct.

Where, x= calibration number in decimal, must convert to hexadecimal.
V= voltage at the QF4A512 input channel after the resistor divide.
(V is calculated by the series input resistor divided by a 10K resistor to ground internally.)

Step 2: Go to the “View DC” window and record the indicated voltage.

DC Voltage Display @
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)

[ Enable

Step 3: Select the “Read/Write” tab. Select the “Register” radio button. Move the slider bar down so that the
CAL_CTRL register is visible (address OXED). Make sure the CAL_DTGT_0 registers is set to 00. Make
sure CAL_DTGT_1 is set to 30 or other value from the above table. The CAL_DTGT_0/1 registers hold
the target output value from the ADC for the applied reference voltage.

Step 4: Make sure the CAL_x_GAIN_O register is set to 00. Make sure that CAL_x_GAIN_1 register is set to 80.
These have to be written in order. This sets the gain to the default value, which is unity gain. In the
CAL_CTRL register of the QF4A512, set bits 0 & 1 to select the channel being calibrated. Set bit 2 to ‘1’
to select the gain calibration. Set bit 3 to ‘1’ to start the calibration. Make sure bit 4 is set to ‘0’, this bit
sets the soft reset for the calibration circuit if set to ‘1'. Writing these values to this register initiates the

calibration.
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Step 5:

Step 6:

QFControl

IC Contol Readiwiite | Export | EEFROM |

[ [2omo ) convo (s -]

View Farmat Operations
" Signal & Hex
(+ Register E J
....................  Decind
" Memary
Results
Rieqgister Addiess Chip Value EEFROM Value ~
AREC_CH3 OFC_1 E5 o o
CAL_3 OFF_0 EG cz2 it}
CAL_3 OFF_1 E7 FF it}
CAL_3 GAIN_O ES E4 it}
CaL_3 GAIN_1 Eg e a0
SPIN_ID E& c1 c1
IGC_SEQADDR_O ERB it} it}
IGC_SEQADDR_1 EC 0F 0F
Cal_CTRL ED o7 oo
CAL_DTGT_O EE FF it}
CAL_DTGT_1 EF IF it} 3
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitD
1 0 1] 1] 0 0 1] 1]
Description

| Connected Chip Type: QF44512

Cloze Help

If you select READ button on the Read/Write tab, you will now see the calculated gain calibration value in

the CAL_x_GAIN_0/1 registers.
Return to the “View DC” window to see the eff

DC Voltage Display

DC Wolkage ()
ar RM3 &-=0

Channel 1 MiA {=
Channel 2 M o
Channel 3 MiA {=
Channel 4 0.74947 " ac

ects of the calibration.

Input Resistance Chopper

r [10kohms =] ¥
coc oo 2] | P
(" [iokotms ~] | ¥
“oc [iokomms |

[ Enable

Additionally, the calibration values determined in this process can be written into the EEPROM registers of the
QF4A512. The device can be configured to load these values upon reset
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Bl orconva [ 2Eonin] o [ [ )
IC Contral ] Readwiite I Export  EEFROM ]
Internal
L R 3
| Copy Config from Rak /Registers to EEPROM |
e Copy Config fram EEPROM to RéM Registers
CHIP
Extemnal
—_— | — Download Image from File to EEPROM |
g_:::;_ Copy Image from EEPROM to File |
CHIP
Status
Close Help
Connected Chip Type: QF4A512

5) Example Use of an Extended Initialization Sequence

The optimum values for the gain and offset calibration will vary from channel to channel and also with PGA gain
settings. In the following example we will show how calibration values can be stored for all possible configurations
and then loading the appropriate values after a device reset or power on. It is also possible to have multiple values
per channel to allow for different calibration points over temperature, voltage levels, or whatever parameter that might
cause the values to change.

Example Configuration

Channel 1 = PGA gain x1
Channel 2 = PGA gain x1
Channel 3 = PGA gain x2
Channel 4 = PGA gain x4

The relevant registers and the memory map shown in Figure 2. Note how sequence 1 points to the correct locations
for channel 1, sequence 2 for channel 2, and so on.
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Register EEPROM
Name Address Data Data
STARTUP_1 T hit7=1 hit7=1 Select alternate values for Startup_2 register
STARTUP_2 E} hit2=1 hit2=1 Select Extended Initialization
Channel T Calibration Registers
CAL_1_OFF 56 Offset 15t byte
57 ] Offset 3nd byte
CAL_1_GAIN a8 e Gain 1st byte
59 Gain 2nd byte
Channel 2 Calibration Reglisters
CAL_2_OFF g6 Offset 1st byte
a7 Offset 2nd byte
CAL_2_GAIN ge Gain 1st byte
B9 Gain 2nd byte
Channel ? Calibration Registers
CAL_3_OFF 86 Offset 1st byte
B7 Offset 2nd byte
CAL_3_GAIN B8 Gain 1st byte
B9 Gain 2nd byte
Channel 4 Calibration Registers
CAL_4_OFF B Offset 15t hyte
=7 Offset 2nd byte
CAL_4_GAIN E8 Gain 1st byte
ES Gain 2nd byte
IGC_SEQADDR EB FOO Starting address for Extended Initialization sequence(s)
/
USER MEMORY Foo F1A Sequence end address
Sequence 1 FO2 F20 Channel 1 EEPROM Start Address for Cal values
Fo4 56 Offset/Gain Registers Start Address
FOB 58 Offset/Gain Registers End Address
Sequence 2 FO8 F30 Channel 2 EEFPRCM Start Address for Cal values
FOA 86 Offset/Gain Registers Start Address
FOC 89 OffsetiGain Registers End Address
Seguence 3 FOE Fd4 Channel 3 EEPROM Start Address for Cal values
F10 BB Offset/Gain Registers Start Address
F12 BY Offset/Gain Registers End Address
Sequence 4 F14 F&a Channel 4 EEPRCM Start Address for Cal values
F16 EB Offset/Gain Registers Start Address
F18 / E8 Offset/Gain Registers End Address
F14
Measured Calibration Data (arbitrary starting address)
F20 —| caldata |Channel1 FGA=1 Offset
F22 — caldata Gain
F24 cal data PGA=2 Offset
F26 cal data Gain
F28 cal data PGA=4 Offset
F2A cal data Gain
F2C cal data FPGA=8 Offset
F2E cal data Gain
Fan caldata  |Channel 2 FGA=1 Offset
F32 cal data Gain
Fa4 cal data PGA=2 Offset
F36 cal data Gain
Fag cal data FGA=4 Offset
FaA cal data Gain
F3c cal data FPGA=8 Offset
F3E cal data Gain
F40 caldata |Channel 3 FGA=1 Offset
F42 cal data Gain
Fa4 cal data FPGA=2 Offset
F46 cal data Gain
F48 cal data FPGA=4 Offset
FaA cal data Gain
F4C cal data FPGA=8 Offset
F4E cal data Gain
Fa0 caldata |Channel4 FGA=1 Offset
Fa2 cal data Gain
Fa4 cal data PGA=2 Offset
FaB cal data Gain
F&8 cal data PGA=4 Offset
F54 cal data Gain
F&C cal data FGA=8 Offset
FSE cal data Gain
Figure 2

6) Calibration of QF4A512 Error Sources

Many of the sources of measurement errors can be compensated with the gain and offset calibration of the QF4A512.
One of the error sources of the QF4A512 is the inaccuracy of the internal voltage reference under different load
conditions. Another source is variation of the internal load resistance from the 10K ideal value. Both of these error
sources will cause gain and offset errors in DC measurements. The calibration capability of the QF4A512 can be
used to remove these errors in the measurement.
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7) Summary

Digital calibration can be used to correct offset and gain errors seen in the device and the input voltage divider
network. By inputting in a known reference voltage and programming the expected value, the calibration function in
the QF4A512 can calibrate for gain and offset, getting improved DC performance.
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