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PGA308

This user's guide describes the function and operation of the PGA308, a single-supply, auto-zero sensor
amplifier with programmable gain and offset.
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1.1 Overview

The PGA308 is an ideal building block for resistive bridge sensor conditioning and general data
acquisition. Digitally-programmable coarse offset, fine offset, and gain may be controlled in real-time or
permanently programmed into the PGA308. Figure 1-1 shows the PGA308 in a typical bridge sensor

application.
Vs Veer  DourVorawp
74 F10 71
PGA308 |—> Viaer oTP
RAM
R ?J (7 Banks)
1
: —
I
! . Digital 2 o 1W
Doy Select Over-Scale | 3-Bit DAC (g’;zﬁ‘iﬁ)
Coarse Offset Output Gain Ref"
e
8
O Veg
Vexc ’ o Vs
? Fine Offset Output
Amplifier
5 16-Bit DAC i 9
Vint 1 . [ 8 Int/Ext Gain ?f:al_e O Vour
‘ % = imit
Bridge = <]
Sensor s E Ref"
23 =
£ ©
s £ +/
16-Bit DAC 3-Bit DAC
GD Front-End Gain Fine Gain Under-Scale
OS
GND

(1) Ref= Vg OrV g selectable.
Figure 1-1. PGA308 in a Typical Bridge Sensor Application
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1.1.1 Sensor Error Adjustment Range

The PGA308 is designed to readily accommodate the following sensors:

e Span,s.: 0.08mV/V to 296mV/V

« Initial Offset: 20mV/V

Span and Offset are based on a bridge sensor excitation voltage of +5V, a PGA308 output voltage span of
4V (+0.5V to +4.5V), Vi of +5V, and a Vq/V,y upper gain of 9600. Individual applications must consider

noise, small signal bandwidth, Vo /V,y gain, and required system error to assess whether or not the
PGA308 will work for a given sensor sensitivity.

The PGA308EVM provides easy-to-use setup and calibration of the PGA308 through a personal computer
and PGA308EVM software. Figure 1-2 shows the typical PGA308 device, EVM, and bridge connections.
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(1) Although not needed in all applications:

Rso provides the PGA308 with overvoltage protection on Sensor Out.
C, provides EMI/RFI filtering.

Cr provides the PGA308 with stability for the capacitive load of C,.

Figure 1-2. PGA308, Evaluation Module, and Bridge Sensor Connections
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1.2 Related Documentation from Texas Instruments
Current versions of all documentation can be obtained from the Tl website at http://www.ti.com/, or by
calling the Texas Instruments Literature Response Center at (800) 477-8924 or the Product Information
Center (PIC) at (972) 644-5580. When ordering, identify the document by both title and literature number
(shown in parentheses).
Data Sheets:
PGA308 (SBOS440)
User's Guides:
PGA308EVM User’'s Guide (SBOU060)
Sensor-Emulator-EVM Reference Guide (SBOA102)
USB DAQ Platform User’'s Guide (SBOUQ056)
Universal Serial Bus General-Purpose Device Controller (SLLS466)
Tools:
PGA308EVM Source Code (SBOC256)
PGA308EVM Software (SBOC257)
PGA308EVM Evaluation Module
1.3 If You Need Assistance
If you have questions about the PGA308 evaluation module, join the discussion with the Linear Amplifiers
Applications Team in the e2e™ forum at e2e.ti.com. Include PGA308 as the subject heading of your
posting.
1.4 Information About Cautions and Warnings
This document contains caution statements.
CAUTION
This is an example of a caution statement. A caution statement describes a
situation that could potentially damage your software or equipment.
The information in a caution or a warning is provided for your protection. Please read each caution and
warning carefully.
1.5 FCC Warning
This equipment is intended for use in a laboratory test environment only. It generates, uses, and can
radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to subpart J of part 15 of FCC rules, which are designed to provide reasonable
protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense is required to
take whatever measures may be required to correct this interference.
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Functional Description

This chapter describes the functions of the PGA308.
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2.1 Block Diagram

Figure 2-1 shows a detailed block diagram of the PGA308 and can be used as a reference figure for the
subsections in this section.
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Figure 2-1. Detailed Block Diagram
14 Functional Description SBOU069B—June 2009—-Revised January 2012

Submit Documentation Feedback
Copyright © 2009-2012, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOU069B

13 TEXAS
INSTRUMENTS

www.ti.com Amplification Signal Path

2.2 Amplification Signal Path

The PGA308 core consists of the precision, low-drift, low-noise, front-end programmable gain amplifier
(PGA). This Front-End PGA has gain capabilities from x4 to x1600. The Output Amplifier has a gain range
from x2 to x6. A fine gain adjust in front of the Output Amplifier offers a selectable x0.33 to x1.0
attenuation factor. Theoretically, this architecture yields a Vo {/V,y gain range of x2.66 to x9600 for the
PGA308. Many applications use overall gains of x1600 or less. Although capable of up to x9600 overall
gain, the selection of gains in the Front-End PGA and Output Amplifier are designed to allow for gain
distribution throughout the PGA308 that enables optimum span and offset scaling from input to output.
The Input Mux allows the polarity of the inputs to be switched in order to accommodate sensors with
unknown polarity output. Higher gains reduce bandwidth and require more analog filtering and/or system
analog-to-digital converter (ADC) averaging to reject noise.

2.3 Coarse and Fine Offset Adjustment

The sensor offset adjustment is performed in two stages. The input-referred Coarse Offset Adjust
Digital-to-Analog Converter (DAC) has a £100mV offset adjustment range for a selected Vgge Of +5V. Any
residual input sensor offset and any desired V; offset pedestal for zero-applied sensor strain input are
provided by a fine offset adjust through the 16-bit Zero DAC that combines with the signal from the output
of the Front-End PGA.

2.4 Voltage Reference

The PGA308 Vg pin is an input voltage reference pin. The reference voltage is used in the Coarse Offset
Adjust and Zero DACs. The Fault Monitor circuitry trip points, as well as the Over- and Under-Scale limits,
can be configured so that they are referenced to either Vg or Vgee. This flexibility permits both absolute
and ratiometric mode designs.

2.5 Fault Monitor Circuit: Sensor Fault Detection (also see Figure 3-12 and Figure 3-16)

To detect sensor burnout and/or short circuits, a set of four comparators (external fault comparators) are
connected to the inputs of the Front-End PGA. There are two fault detect modes of operation for these
comparators.

The first fault detect mode is Common-Mode Fault. If either input is taken to less than 100mV or greater
than Vg — 1.2V, then the corresponding comparator sets a sensor fault flag that can be programmed to
cause the PGA308 Vg to be driven to within 200mV (Ig,r < 4mA) of either Vg (Or Ve awe, iIf Veiawe IS USEd)
or ground. This level will be well above the set Over-Scale Limit level or well below the set Under-Scale
Limit level. The state of the fault condition can be read in digital form in the ALRM Register. If
Over-Scale/Under-Scale limiting is disabled, the PGA308 output voltage will continue to be driven to within
100mV (loyr < 4mA) of either Vg (or Vgiame, If Veiawe 1S Used) or ground, depending on the selected fault
polarity, high or low.

The second fault detect mode is Bridge Fault. In Bridge Fault Mode, either Vg or Vgee (Whichever is used
for bridge excitation) can be chosen as the fault voltage, Vg ;. If either of the inputs are taken to less than
the larger of either 100mV or 0.35V, 1, then a fault is signaled. Also, if either of the inputs are taken to
greater than the smaller of Vg — 1.2V or 0.65V, 1, then a fault is signaled. This design allows for bridge
differential voltages of up to 30% of the bridge excitation voltage. The corresponding comparator sets a
sensor fault flag that can be programmed to cause the PGA308 V; to be driven within 200mV (lgyr <
4mA) of either Vg (0r Vg ampes if Voiawe IS Used) or ground. This level will be well above the set Over-Scale
Limit level or well below the set Under-Scale Limit level. The state of the fault condition can be read in
digital form in the Fault Status Register. If Over-Scale/Under-Scale limiting is disabled, the PGA308 output
voltage will continue to be driven within 200mV (I, < 4mA) of either Vg or ground, depending on the
selected fault polarity, high or low.

In addition, there are five other fault detect comparators (internal fault comparators) that help detect subtle
PGA308 front-end violations that could result in linear voltages at Vo, and be interpreted as valid states.
These fault detect comparators are especially useful during factory calibration and setup. Section 3.6,
Fault Monitor Circuitry, provides details about the PGA308 fault monitoring capabilities.
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2.6

2.7

2.8

2.9

Over-Scale and Under-Scale Limits

The Over-Scale and Under-Scale Limit circuitry provides programmable upper and lower clip limits for the
PGA308 output voltage. Combining the fault monitor circuitry functions with system diagnostics allows the
user to determine when a conditioned sensor is defective or the process being monitored by the sensor is
out of range. The selected PGA308 V,,, is divided down by a precision resistor string to form the Over-
and Under-Scale Limit trip points. These resistor ratios are extremely accurate and produce no significant
initial or temperature errors. As shown in the Over-Scale/Under-Scale Limit Circuit (Figure 3-11), there are
two separate amplifiers, the Over-Scale and Under-Scale amplifiers, that use the Over-Scale or
Under-Scale threshold, respectively, and determine where the PGA308 output, Vg, is clipped. The
reference for the trip points, V,,y, is register-selectable for either Vg or Vs.

VCLAMP Pln

The V¢ awe PiN is a dual-use pin. It can be used for either a Vg, clamp function or as a digital output
function. The voltage clamp function provides an output voltage clamp that is external-resistor
programmable. In mixed-voltage systems, when powering the PGA308 from +5V with the output scaled for
0.1V to 2.9V, V¢ awe Can be set to 3.0V to prevent an overvoltage lock-up/latch-up condition on a 3V
system ADC or microcontroller input. The digital output function allows for configuration of a sensor
module. The value can either be pre-programmed in one-time programmable (OTP) memory or controlled
through the One-Wire interface (1W pin).

Digital Interface: One-Wire Program Protocol

The PGA308 is configurable through a single wire universal asynchronous receiver/transmitter
(UART)-compatible interface (1W pin). It is possible to connect this single wire communication pin to the
Vour pin in true three-wire sensor modules (Vg, GND, and Sensor Out) and continue to allow for calibration
and configuration programming. Refer to Section 4.4, Digital Interface, and the One-Wire Protocol timing
diagram (Figure 4-2).

Each transaction consists of several bytes of data transfer. Each byte consists of 10-bit periods. The first
bit is the start bit, which is always zero. The 1W pin must always be high when no communication is in
progress. The '1' to '0' (high to low) transition signals the start of a byte transfer with all timing information
for the current byte referenced to this transition.

The second through ninth bits are the eight data bits for the byte and are transferred LSB first. The 10th
bit is the stop bit, which is always '1'. The recommended circuit implementation uses a pull-up resistor
and/or current source with an open drain (or open collector) output connected to the 1W pin, which is also
an open drain output. The single wire may be driven high by the controller during transmission from the
controller, but some form of pull-up is required to allow the signal to go high during reception because the
PGA308 1W pin can only pull the output low.

All communication transactions start with an initialization byte that is transmitted by the controller. This
byte (55h) senses the baud rate used for the communication transaction. The baud rate is sensed during
the initialization byte of every transaction. This baud rate is used for the entire transaction. Each
transaction may use a different baud rate, if desired. Baud rates of 4.8k to 114k bits/second are
supported.

The second byte is a command/address byte. The last bit in this byte indicates either a read or write at the
address selected by the address pointer portion of the byte. Additional data transfer occurs after the
command/address byte. The number of bytes and direction of data transfer depend on the command byte.
For a read sequence, the PGA308 waits for a two-bit delay (unless programmed otherwise) after the
completion of the command/address byte before beginning to transmit. This wait period allows time for the
controller to ensure that the PGA308 is able to control the One-Wire interface. The least significant byte of
the register is transmitted first; the second byte is the most significant byte of the register.

Timeout on the One-Wire Interface

A timeout mechanism is implemented to allow for resynchronization of the One-Wire interface if

16
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2.10

2.11

synchronization between the controller and the PGA308 is lost for any reason. The timeout period is set to
approximately 28ms (typical). If the timeout period expires between the initialization byte and the
command byte, between the command byte and any data byte, or between any data bytes, the PGA308
resets the One-Wire interface circuitry to a state that expects an initialization byte. Every time a byte is
transmitted on the One-Wire interface, this timeout period is reset.

Power-On Sequence of the PGA308

The PGA308 has circuitry to detect when the power supply is applied to the PGA308 and reset the
internal registers to a known power-on reset (POR) state. This reset also occurs when the power supply is
detected as invalid, so that the PGA308 is in a known state when the supply returns to a valid level. The
threshold for this circuit is approximately 1.5V to 2.5 V. When the power supply becomes valid, the
PGA308 waits for approximately 25ms, during which time V; is disabled, and then attempts to read the
data from the last valid OTP memory bank. If the memory bank has the proper checksum, the PGA308
registers are loaded with the OTP data and Vg is enabled. If the checksum is invalid, Vg is disabled.

The One-Wire Interface can always communicate with the PGA308 and override the contents of the
current OTP bank in use, unless this function is disabled by the OWD bit in the CFG2 Register
(Configuration Register 2). Overriding the contents of the current OTP bank is accomplished by setting the
appropriate SWL[2:0] bits in the SFTC Register (Software Control Register). For applications that require
an instant-on for Vg1, the NOW bit in the CFG2 Register must be set to '1', which eliminates the 25ms
disable of Vo, on power-up.

One-Wire Operation with 1W Connected to Vg,

Some sensor applications prefer a sensor module with three pins: V5, GND, and Sensor Out. These
applications also prefer digital calibration of the sensor module after the final assembly of the sensor and
electronics. The PGA308 has a mode that allows the One-Wire interface pin, 1W, to be connected directly
to the PGA308 output pin, Vqyr.

To calibrate the PGA308 + Sensaor, first configure the internal registers on the PGA308, then measure the
analog voltage on Vg as a result of these register value settings. Repeat the configuration and
measurement process until the correct voltage is obtained. Because Vr is connected to 1W, the ability to
enable and disable Vo is required to allow a multiplexing operation between 1W (using the connection as
a bidirectional digital interface) and V; (driving the connection as a conditioned sensor output voltage.)

The PGA308 also offers a mode in which the output amplifier can be enabled for a set time period and
then disabled to allow sharing of the 1W pin with the V,; connection. The enable/disable of the output
amplifier is accomplished by writing a value to bits OEN[7:0] in the One-Wire Enable Control register
(OENC). Any non-zero value enables the output. This non-zero value is decremented every 10ms until it
becomes zero. When this value becomes zero, V7 is disabled and a 1s timeout begins waiting for bus
activity on the digital interface (1W pin). As long as there is activity on the 1W pin, the 1s timeout is
continually reset.

After 1s of no bus activity, the PGA308 checks for a correct checksum. If the checksum is correct, the
PGA308 runs with the values that currently exist in RAM. If the checksum is not valid, the PGA308 checks
for written bank select registers in OTP in the order of BANK SEL4, BANK SEL3, BANK SEL2, then BANK
SEL1. The highest bank select register that contains valid programmed data is read. The value read from
this register points to one of the seven OTP banks, which is then loaded into RAM.
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2.12 OTP Memory Banks

There are four one-time programmable (OTP) bank selection registers: BANK SEL1, BANK SEL2, BANK
SEL3, and BANK SEL4. Bank selection can be set four times by programming the BANK SELXx registers in
sequence (1, 2, 3, 4). The default OTP bank used on POR is the location stored in the last programmed
BANK SELx register. Therefore, if programmed, BANK SEL4 always has priority over the other bank
select registers.

The PGA308 contains seven OTP user memory banks. All seven of these banks can be independently
programmed. However, the default bank at POR can be set only four times. The seven possible OTP user
memory banks allow an end product with a microcontroller interface between the end user and the
PGA308 to select from up to seven factory pre-programmed configurations. It also provides total user
flexibility for any other configuration through software communication over the One-Wire interface. This
flexibility allows no-scrap recovery from miscalibration situations.

18
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Analog Architecture

This chapter provides a detailed description of the PGA308 analog circuitry.
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3.1 Gain Scaling

The PGA308 contains three primary gain blocks for scaling differential input bridge sensor signals, as
shown in Figure 3-1. The Front-End PGA contains the highest gain selection to allow for the highest
signal-to-noise ratio by applying the largest gain at the front of the signal chain before the addition of other
noise sources. The Front-End PGA gain select has 16 gain settings (4, 8, 16, 32, 64, 100, 200, 400, 480,
600, 800, 960, 1200, and 1600) and is set by bits GI[4:0] (CFGO Register [D12:D8]). Gl4 selects the
polarity of the input mux. The input mux allows electronic lead swapping of the bridge inputs for proper
polarity selection of the differential input voltage after a module (that is, a sensor and the associated
electronics) is built.

PGA308 Differential Gain Range
X2.6666 to x9600

| Zoro DAG Gain
ero >—
Ving Vinn Network

VINP

<
=)
T
Input Mux
+ I

VOUT

Gain DAC

Front-End PGA Fine Gain Adjust Output Amplifier
4,6,8,12, 16, 32, 64, 100, 200, 400, 0.3333to0 1 2,2.4,3,36,4,45,0r6
480, 600, 800, 960, 1200, or 1600 16-Bit Resolution

Figure 3-1. PGA308 Gain Blocks

The Front-End PGA is followed by the Gain DAC. The fine gain adjust is controlled by the 16-bit Gain
DAC and is adjustable from 0.3333 to 1. The GDAC Register is used only for the Gain DAC setting. Final
signal gain is applied through the Output Amplifier, which has an internal select of seven gain settings (2,
2.4, 3, 3.6, 4.0, 4.5, and 6). The Output Amplifier has a selection to disable the internal gain and allow
user-supplied external resistors to set the Output Amplifier gain. Bits GO[2:0] (CFGO Register [D15:13])
select the internal Output Amplifier gains, except when programmed with ‘111’, which disables the internal
feedback.

The combined gain blocks allow for a Vo 1/Vp e Signal gain of 2.666 (1MHz bandwidth) to 9600 (10kHz
bandwidth). Higher gains result in higher noise at V,; and can require additional post-filtering, depending
upon the desired signal-to-noise ratio.

The wide selection of gains in various combinations is provided to optimize sensor input signal scaling for
almost any sensor application. The Front-End PGA of the PGA308 is a three op amp instrumentation
amplifier configuration for optimum rejection of common-mode voltages and high input impedance to avoid
loading of sensor signal sources. This instrumentation amplifier is constructed using op amps with
Auto-Zero front-ends to virtually eliminate 1/f noise.
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As with any instrumentation amplifier, there are limitations on the output voltage swing and input
common-mode voltage range. The circuit shown in Figure 3-2 is representative of the Front-End PGA
within the PGA308, and is used to evaluate critical internal node voltages to ensure that output voltage
swing and common-mode limits are not violated. It is possible to violate the limits of these internal nodes
and continue to have apparently valid output voltages at V,; of the PGA308. As a result, there are
internal comparators that can be set to monitor these internal nodes to indicate an out-of-limit condition
during sensor calibration (see Section 3.6, Fault Monitor Circuitry).

FRONT-END PGA GAINS
FE GAIN A1, A2 GAIN
(Voraa/Vorre) | (G =1+ 2 Re/Rg)
x4 x1
x6 x1.5
Viaer Vem = Vine + Vinn)/2 Zero DAC RTO Vgpga = (Vaer/2 - Voirr pac) x8 x2
+5V = (2.550V + 2.450V)/2 Zero DAC RTO Vgpgp = +0.4V x12 x3
=25V Vzero pac = +2.1V x16 x4
2.040kQ Voo =V v ZERO DAC = 5243 counts for Vggg = +5V x32 x8
: BR = YIN2 T VIN1
= 2,550 - 2.450 ﬁ%‘t) X;g
2.450V =100mV X X
0.1V = Vg, = Vg - 0.12V v x200 x50
REF
2.040kQ 1.960kQ v Voat = Vo = G(Vpiee/2) ey x400 x100
2550V 02Vs V= Vs =14V TREF v x600 x125
. ZERO DAC
0.2V = Vj = 3.6V ha 16-Bit DAC x800 x200
= v \ X960 X240
o x1200 x300
o
250 5° x1600 x400
VINN
NOTE: Boldface type indicates
values selected for this example.
0.05V = Vgpga = Vg - 0.1V
Vi V.o _V Front-End Voraa = (Vpire x FE GAIN) + (Vgge/2 - VZEROJAC)
DIFF = VINP = VINN Ra R PGA Gain =(0.1V x 32) + (5V/2 - 2.1V)
, = (3.2V) + (0.4V)
VREF( ) =3.6V
+5V
VIN2 V,
2550V | —T© e INP
Input Mux" /

0.2V = Vjyp = Vg - 1.4V
0.2V = Vjp = 3.6V Vons = Vem + G(Vpiee/2)
0.1V = Vgp s Vg - 0.12V
NOTE: Coarse offset is zero; therefore: Vi, = Viyp, Vine = Vinns Voire = Vers Ve = Vo gr-
(1) Input mux allows for sensor output polarity reversal.
(2) PGA Diff Amp gain of x4 allows full range out of Zero DAC and full voltage swing out of A1 and A2 without
common-mode violation on A3 input.

Figure 3-2. Front-End PGA Gain: Internal Node Calculations

After choosing appropriate scaling for the PGA308 gain blocks, a simple hand analysis can check for
internal node limit violations. It is important to convert the PGA308 input voltages (V y;, Viy,) 10
common-mode and differential components for the maximum sensor output. The model for this conversion

is illustrated in Figure 3-2.
The Front-End PGA has a gain of 4 in difference amplifier A3. To analyze important internal nodes Vg,
and Vg,,, it is necessary to assign the proper gain factor (G) to op amps Al and A2. This process is

detailed in Figure 3-2 with the respective equations for the output voltages shown at the appropriate
nodes. For maximum V¢ into the Front-End PGA, V,; and V,,, are within the allowed voltage swing of:

0.1V < (VOAl or VOAZ) < VS - 0.12V.
Or, for this example:
0.1V < (Va1 OF Vop,) < 4.88V.

Other applications may yield different results that require different gain scaling or a resistor in the positive
or negative leg of the sensor excitation path to adjust the common-mode input voltage of the PGA308.
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The maximum allowable input voltage range (IVR) of the PGA308 is specified as 0.2V < IVR < Vg - 1.4V,
which for this application translates to 0.2V < IVR < 3.6V. As shown in Figure 3-2 , V,yp = 2.550V and V,,
= 2.450V, which is within the acceptable IVR specification. The output voltage (Vopga) Of difference
amplifier A3 has a gain of 4 in it for voltages out of A2 and A1, but a scaling of (Vger/2 — Vzero pac) fOr
voltages out of the Zero DAC. This arrangement allows for Zero DAC offset scaling of +Vgge/2 t0 —Vgee/2
referred-to-output (RTO) of A3, Vopsa. This bipolar offset capability eases offset scaling for many sensor
applications. Vgpga is shown with the contribution from V- multiplied by the Front-End PGA gain (FE
GAIN), plus the Zero DAC output voltage. The Vpga Signal is further processed through the Gain DAC
and Output Amplifier gain blocks. Figure 3-3 depicts the Gain DAC and Output Amplifier gain blocks within
the PGA308. For this example, the Gain DAC was set to 0.625 and the Output Amplifier to a gain of 2. As
shown in Figure 3-3, the net output voltage (Vqy7) is 4.5V for the maximum V= output of the sensor.

+5V

VOPGA

Front-End .
PGA Vop = (Vopga) (Gain DAC)

Gain DAC

0V = Vgp = Vg - 1.5V 0.1V = Vgur < Vg - 0.1V
= OV = Vgp = 35V 0.1V < Vgur < 4.9V
1 (4mA source/sink)
je— 1
= h 1
H =
Fine Gain Adjust ===—==—= 4 Vop Vour R
0.333333 < Gain DAC < 1 4.5V ISO
16-Bit DAC — AN/ —¢
28,673 Counts = 0.625 *
! LF
INT/EXT FB Select == === === m === N\ > 100pF
Allows for other output amplifier Rro VFB
external gain settings. ’—\/\/\/\ /
) —
Output Gain Select === == === o --| Allows for accurate dc
(X2), X2.4, X3, X3.6, X4, X4.5, X6 Rgo feedback when usingRgo | c
—_ “F
= Vs,

Allows for second feedback
path for C, compensation

Figure 3-3. Fine Gain Adjust and Output Gain Select

For Vour mine the sensor output of OV:
Vour un = Zero DAC x [(Gain DAC)(Output Amplifier Gain)] Q)

Where:
Zero DAC = Vero pac RTO Vopga

For this example, then: Vo1 wn = 0.4V [(0.625)(2)] = 0.5V

The Output Amplifier has external connections that allow the end-user to have maximum flexibility in
output amplifier configurations for a variety of applications. Use of the V; and Vg; pins is described in
Section 3.4, Output Amplifier.
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3.1.1 PGA308 Transfer Function

Equation 2 shows the mathematical expression that is used to compute the output voltage, V. This
equation can also be rearranged algebraically to solve for different terms. For example, during calibration,
this equation is rearranged to solve for V.

VOUT = [( mux_sign ° VIN + VCoarse_Offset) * Gl + VZero_DAC] *GD+GO

@
Where:

mux_sign: This term changes the polarity of the input signal; value is +1. See Table 7-28.

V\\: The input signal for the PGA308; V\y1 = Ve, Vin2 = Vi

Veoarse oftset- 1he coarse offset DAC output voltage. See Table 7-30.

Gl: Input stage gain. Refer to Table 7-29.

Vzero_pac: Z€ro DAC output voltage. See Table 7-23.

GD: Gain DAC. Refer to Table 7-25.

GO: Output stage gain. See Table 7-27.
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3.2

Offset Scaling

The coarse offset adjust is implemented after the input mux and before the Front-End PGA gain to allow
for maximum dynamic range. Many bridge sensors have initial offsets comparable to the respective
full-scale outputs. The coarse offset adjust can be applied as positive or negative. The coarse offset adjust
polarity is defined in Figure 3-4. Assuming proper input common-mode voltage in the linear input voltage
range of the device and a zero differential input voltage into the PGA308, coarse offset adjust polarity is
shown as V,yp With respect to V. A positive polarity for coarse offset adjust causes an increase in Vg
and a negative polarity causes a decrease in V. Coarse offset adjust is implemented in a 7-bit DAC +
sign and contains 100 positive selections, 100 negative selections, and '0'.

! |
I |
: : _ . Vour
« +
Ve @ Vi
I 1 Coarse PGA308
Offset FE-PGA to Output .@
Coarse Offset Adjust Sign +
Coarse Offset Adjust Sign -

Figure 3-4. Coarse Offset Adjust Polarity

Differential Input = OV

To optimize the range and resolution of the coarse offset adjust for different values of Vg, there is also a
coarse offset range selection feature in the PGA308. For COS VR1 = 1 and COS VRO = 1 (CFG2 Register
[D11:D10]) the 4.5V to 5.5V coarse offset reference range is selected. For this range, the resolution in
either the positive or negative range is (1/128)(Vre)(0.0256). For a +5V reference, this resolution
translates to 1mV steps, with a £100mV range.

Figure 3-5 depicts the PGA308 with the gain settings used for the example bridge sensor application
detailed in Figure 3-2 and Figure 3-3. The conversion of the bridge initial differential offset (plus its
common-mode) to the differential plus common-mode voltage source model is shown in Figure 3-5, for an
initial bridge sensor offset of 34mV (Vs — V\\)- Conceptually, this model divides into two 17mV offset
voltages with polarities as shown. If the coarse offset adjust is set for —34mV offset (V,yp — Vinn), then the
initial bridge offset is cancelled exactly. Any residual initial bridge offset that has not been cancelled by the
coarse offset adjust will be gained up by the Front-End PGA gain and must be accounted for when setting
the fine offset adjust by using the Zero DAC. The coarse offset adjust is set by bits OS[7:0] (CFGO
Register [D7:D0], with bit OS7 determining the coarse offset polarity as negative for a '1' and positive for a
'0". The internal architecture of the coarse offset adjust does yield duplicate digital codes for OV or a (-0 %
Veer) and a (+0 x Vgee). In addition, digital codes beyond the 100 positive and 100 negative selections
result in the maximum positive or maximum negative output, respectively. See Table 7-26 (CFGO
Register) and Table 7-36 (CFG2 Register) in the Detailed Register Descriptions section, for a complete
mapping of the coarse offset adjust settings.

The PGA308 Coarse Offset Adjust DAC circuitry is optimized for a given reference input by programming
the PGA308 for the voltage on the Vg pin. The COS VR[1:0] (CFG2 Register [D11:10]) bits select the
Vrer range to be as close as possible to the voltage on the Ve pin. Table 3-1 shows the coarse offset
Vger range selection versus COS VR[1:0] bits along with the coarse offset adjust resolution and range.

Table 3-1. Coarse Offset Reference Voltage Range

Coarse Offset Vg Range Coarse Offset Resolution Coarse Offset Range
COS VR1 COS VRO V) V) V)

0 0 1.6102.4 (1/128)(Vier) (0.064) (+100MV)(Veer/2)
0 1 2.4103.6 (1/128)(Vier) (0.0427) (+100MV)(Ver/3)
1 0 3.6 10 4.5 (1/128)(Vier)(0.0320) (+100MV)(Ver/4)
1 1 451055 (1/128)(Vrer)(0.0256) (+100MV)(Ver/5)
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The fine offset adjust is set by the Zero DAC. The Zero DAC output voltage, Vzero pacs IS Scaled through
summation with Vgee into A3, the difference amplifier of the Front-End PGA, to create an architecture that
allows for positive and negative offsets to be summed with (V=) (FE GAIN) at the output of A3, Vgpga-
The fine offset adjust allows for more flexible scaling when the Coarse Offset Adjust cannot entirely
remove the offset voltage of the sensor.

The programmable voltage range at Vopsa as a result of the Zero DAC is +(Vgee/2), referred-to-output
(RTO) of the Front-End PGA. The achievable voltage range out of the Zero DAC is limited to 0.1V < V xo
pac < Vs— 0.1 because of its internal output stage. Zero DAC RTO Vg, iS also subjected to the Fine Gain
Adjust and Output Amplifier Gain before its effect is seen on Vq,r. Zero DAC is used in single-supply
systems that are set to a known low-end voltage when the input differential voltage to the PGA308 is zero
(Voiee = OV). A typical 5V single-supply sensor signal conditioning system can use 0.5V to 4.5V for its
linear output range and the range from 0V to 0.5V and 4.5V to 5V for system diagnostic information, such
as Over-Scale, Under-Scale, and Fault Detect information. All of these additional features are in the
PGA308 (see Section 3.5, Over-Scale and Under-Scale Limits and Section 3.6, Fault Monitor Circuitry).
The 16-bit Zero DAC setting is contained in the ZDAC Register.

5V +5V ;- Coarse Offset Adjust

Veer 1 1LSB = £(1/128)(Vger) (0.0256)

1 34 LSBs =34mV - sign
2.0136kQ V Vigr = 45V 5V
Veos 7-Bit + Sign | ! Veer
2.483V +34mV DAC 0.1V < V. <Vg-0.1V
ZERODAC R TS - Fine Offset Adjust

i i VZERO DAC
1.9864kQ Vgg = -34mV , +sign/-sign ' -0.5Vger < Program Range < +0.5Vgep
17mv. tmres 1LSB = Vper/65536

VCOS/2

1.9864kQ

2.0136kQ

Ving

2517V 2.483V Zero DAC

Vinn Vzero pac = +2.1V
2

'
'
'
— —> ' Zero DAC = 5243 Counts for Ver = +5V
,
'
: PGA Zero DAC RTO Vopga = Vaer/2 = Vzero pac
H Differential Zero DAC RTO Vgpga = +0.4V
H Amplifier
'
: Fine Output
_ N Front-End Gain | | Amplifier |
Ver = Vina = Vins Vorre = Vine = Ving e " PGA Adjust Gain Vour
34mV x0.625 X2
8R Zero DAC RTO Vg1 = (Zero DAC RTO Vpgp) (Fine Gain Adjust) (Output Amplifier Gain)
Sensor at Opsi % 3 Zero DAC RTO Vg y = +0.5V
Offset = -34mV H —

Common-Mode = +2.5V Vine Vo2
Cos/
2817V 17mV Front- End PGA
Gain = x32

Key Front-End PGA Equations

Vine = Vo gr + Ver/2 + Veos/2
Vinn = VCNLBR - Vgrl2 - Vcos/2

Vem = Vine + Vinn/2
Ve = VCM_BH

Voire = Vine = Vinn
Voirr = Var + Veos

Figure 3-5. Coarse and Fine Offset Adjust
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3.3 Zero DAC Circuit Range

The fine offset adjust set by the Zero DAC has a programmable range from —Vge/2 t0 +Vge/2, as
Figure 3-6 illustrates. The output of the Zero DAC has a buffer op amp with a positive and negative
saturation voltage that limits how closely it can swing to ground or to Vs. For a +5V reference, the
programmable range of the Zero DAC is —2.5V to +2.5V for Zero DAC RTO Vgpga-

Because of the limitations on the voltage swing (+0.1V to +4.9V) of the Zero DAC output (ideally, OV to
+5V) the usable range of the Zero DAC RTO Vpga is —2.4V to +2.4V for a reference voltage of +5V. For a
reference less than (Vg — 0.1V), this range is skewed to yield full range on the negative side. For example,
with Vg= +5V and Ve = +2.5V, the Zero DAC RTO Vpea range is —1.25V to +1.15V (that is, the
programmable range for Zero DAC RTO Vgpga is —1.25V to +1.25V).

0.1V < Vgero pac < Vs - 0.1V Vier -VRger/2 < Zero DAC Program < +Vgee/2
+4.9V 5V +2.5V

¢ 1 '

V.
v ZERO DAC 16-Bit DAC Zero DAC RTO Vgpga
S * Program Range

+0.1V Zero DAC

4R
-2.5V
4R
\/\/\/\ 0.050V < Vgpga < Vs - 0.0050V
PGA 0.050V < Vgpga < 4.95V
Diff Amp +2.4V
Front-End f
PGA ——> Zero DAC RTO Vgpga
Veer
+5V -2.4V
R 8R Zero DAC RTO Vgpga = (VRer/2 = Vzero pac)
Zero DAC RTO Vgpga = (2.5 = Vero pac)

&R
3

Figure 3-6. Zero DAC Circuit Range
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3.3.1 Complete Scaling Example

The following complete scaling example uses the circuit shown in Figure 3-7.

+5V
T * * * +5V
gou PGA308 Output:
Vorawe | Vs Vrer ; Sensor put:
Out Voutmin = 0.5V
Vour max = 4.5V
w —< GND
—O0—
Riso
Vout 100Q
—o—+—/W
Lo
10nF
PGA308 Ves
—O
1 Ce -
Bridge Sensor Input: T 47pF
Offset = 3.1mV Vg,
Span = 20mV/V L
Vexc =5V
Rgrg = 5kQ

Figure 3-7. Complete Scaling Example Application Circuit

Given system parameters:
Vg := 5V
Viger := 5V
Given bridge sensor input:
Bridge_Offset := 3.1mV/V (Vg offset factor for zero input strain)
Bridge_Span := 20mV/V (Vg Offset factor for maximum input strain)
Vexe := 5V
Rgrs = 5kQ
Given desired PGA308 output:
Vour min = 0.5V
Vour max := 4.5V

Find PGA308 gain and offset settings:
Coarse Offset DAC
Front-End PGA Gain
Gain DAC
Zero DAC
Output Amplifier
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Overview:

Both the voltage reference and bridge excitation voltage are external to the PGA308. Therefore, there
are no load considerations on the PGA308 for these voltages. Be sure to use supplies with adequate
current drive for Vg and bridge Vigyc.

Step 1. Calculate Zero and Full-Scale Bridge Sensor Input:
Ver wmiy = Bridge_Offset x Vi,
Ver_ min = 0.0155V
Vg max = Bridge_Span x Vg, + Bridge_Offset x Vg,
Ver_wax = (20 % 107°)(5) + (1.55 x 107%)(5)
Vgr max = 0.1155V

Step 2. Calculate Total Desired Gain:
G_tOtaI = (VOUT_MAX - VOUT_MIN)/ (VBR_MAX - VBR_MIN)
G_total = (4.5V - 0.5V) / (0.1155V — 0.0155V)
G_total = 40

Step 3. Partition Total Desired Gain:

Use Table 3-2 to choose the closest GT to G_total. Table 3-2 is based on setting Gain DAC =
midscale (0.6667) for maximum allowance for adjustment at final calibration. GT = Vg1 / (Vi —
VINl)'

Choose GT with the largest front-end gain possible for best signal-to-noise ratio. For example,
choose GT = 42.6688 — Front-End Gain = 32, Gain DAC = 0.6667, Output Amplifier = 2.

FE_Gain = 32 (Front-End PGA)
Out_Gain = 2 (Output Amplifier)

Table 3-2. PGA308 Total Gain Combinations with Gain DAC = 0.6667

Front-End Output Front-End Output
GT PGA Gain DAC Amplifier GT PGA Gain DAC Amplifier

5.3336 4 0.6667 2 320.0160 200 0.6667 24
6.4003 4 0.6667 2.4 400.0200 200 0.6667 3
8.0004 6 0.6667 2 400.0200 100 0.6667 6
8.0004 4 0.6667 3 480.0240 200 0.6667 3.6
9.6005 6 0.6667 2.4 533.3600 400 0.6667

9.6005 4 0.6667 3.6 533.3600 200 0.6667 4
10.6672 8 0.6667 2 600.0300 200 0.6667 45
10.6672 4 0.6667 640.0320 480 0.6667 2
12.0006 6 0.6667 640.0320 400 0.6667 2.4
12.0006 4 0.6667 45 768.0384 480 0.6667 2.4
12.8006 8 0.6667 2.4 800.0400 600 0.6667 2
14.4007 6 0.6667 3.6 800.0400 400 0.6667 3
16.0008 12 0.6667 2 800.0400 200 0.6667 6
16.0008 8 0.6667 3 960.0480 600 0.6667 2.4
16.0008 0.6667 4 960.0480 480 0.6667 3
16.0008 0.6667 6 960.0480 400 0.6667 3.6
18.0009 0.6667 45 1066.7200 800 0.6667

19.2010 12 0.6667 24 1066.7200 400 0.6667 4
19.2010 8 0.6667 3.6 1152.0576 480 0.6667 3.6
21.3344 16 0.6667 2 1200.0600 600 0.6667 3
21.3344 8 0.6667 1200.0600 400 0.6667 4.5
24.0012 12 0.6667 1280.0640 960 0.6667 2
24.0012 0.6667 45 1280.0640 800 0.6667 2.4
24.0012 0.6667 6 1280.0640 480 0.6667 4
25.6013 16 0.6667 2.4 1440.0720 600 0.6667 3.6
28.8014 12 0.6667 3.6 1440.0720 480 0.6667 4.5
32.0016 16 0.6667 3 1536.0768 960 0.6667 2.4
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Table 3-2. PGA308 Total Gain Combinations with Gain DAC = 0.6667 (continued)

32.0016 12 0.6667 4 1600.0800 1200 0.6667 2
32.0016 8 0.6667 6 1600.0800 800 0.6667 3
36.0018 12 0.6667 4.5 1600.0800 600 0.6667 4
38.4019 16 0.6667 3.6 1600.0800 400 0.6667 6
42.6688 32 0.6667 2 1800.0900 600 0.6667 4.5
42.6688 16 0.6667 4 1920.0960 1200 0.6667 2.4
48.0024 16 0.6667 4.5 1920.0960 960 0.6667 3
48.0024 12 0.6667 6 1920.0960 800 0.6667 3.6
51.2026 32 0.6667 2.4 1920.0960 480 0.6667 6
64.0032 32 0.6667 2133.4400 1600 0.6667

64.0032 16 0.6667 2133.4400 800 0.6667 4
76.8038 32 0.6667 3.6 2304.1152 960 0.6667 3.6
85.3376 64 0.6667 2 2400.1200 1200 0.6667 3
85.3376 32 0.6667 4 2400.1200 800 0.6667 4.5
96.0048 32 0.6667 4.5 2400.1200 600 0.6667 6
102.4051 64 0.6667 2.4 2560.1280 1600 0.6667 2.4
128.0064 64 0.6667 2560.1280 960 0.6667 4
128.0064 32 0.6667 2880.1440 1200 0.6667 3.6
133.3400 100 0.6667 2 2880.1440 960 0.6667 4.5
153.6077 64 0.6667 3.6 3200.1600 1600 0.6667

160.0080 100 0.6667 2.4 3200.1600 1200 0.6667 4
170.6752 64 0.6667 4 3200.1600 800 0.6667 6
192.0096 64 0.6667 4.5 3600.1800 1200 0.6667 4.5
200.0100 100 0.6667 3 3840.1920 1600 0.6667 3.6
240.0120 100 0.6667 3.6 3840.1920 960 0.6667

256.0128 64 0.6667 6 4266.8800 1600 0.6667 4
266.6800 200 0.6667 2 4800.2400 1600 0.6667 4.5
266.6800 100 0.6667 4 4800.2400 1200 0.6667 6
300.0150 100 0.6667 4.5 6400.3200 1600 0.6667 6
Step 4. Calculate Gain DAC Value:

Gain_DAC = G_total / [(FE_Gain)(Out_Gain)]

Gain_DAC = 40 / [(32)(2)]

Gain_DAC = 0.625
Step 5. Calculate Coarse Offset:

Bridge_offset = 15.5mV

Coarse Offset Adjust is ImV with a range of £100mV for Vgge = 5V

(see Table 7-36, CFG2 Register and Table 7-37, Coarse Offset Vrer Range Select Register for

det

Set Coarse Offset as close as possible t0 Vgg wiy
Coarse_Offset = —15mV — residual error on Vgg yy = 0.5mV

ails)

Coarse_Offset = -15mV
Step 6. Calculate Zero DAC:

Vour min = [(Ver win + Coarse_Offset)(FE_Gain) + Zero_DACX)](Gain_DAC)(Out_Gain)

Where:

Zero_DACx = Zero DAC RTO Vgpga
Zero_DACKX := [Vour win / (Gain_DAC)(Out_Gain)] — (Vgr_ uin + Coarse_Offset)(FE_Gain)
Zero_DACx = [0.5V / (0.625)(2)] — [15.5mV + (-15mV)](32)

Zero_DACx = 0.384V
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Step 7. Computed Values Check:
For Vgg uin: Check Vo iy Using computed values:
Vour min_compute -= [(Ver win + Coarse_Offset)(FE_Gain) + Zero_DACXx](Gain_DAC)(Out_Gain)
Vout min_compute = [(15.5mV + {~15mV})(32) + 0.384](0.625)(2)
VOUT_MIN_compute = 05\/
For Vgg wax, Check Vour uax Using computed values:
Vour max_compute -= [(Ver_max + Coarse_Offset)(FE_Gain) + Zero_DACx](Gain_DAC)(Out_Gain)
Vout max_compute = [(115.5mV + {~=15mV})(32) + 0.384] (0.625)(2)
Vout max_compute = 4.5V
Step 8. Measured Values:
Program the PGA308 with computed values and take real-world measurements for Voyr yy at
Ver_uin @Nd Vour wax at Ver_wax
Vout min_measure := 0.505315V
Vout max_measure .= 4.585756V
These real-world measurements are a result of gain and offset tolerances internal to the PGA308.
Step 9. Adjusted Vg inputs:

Refer all errors between the ideal V,r and measured Vo to the input for a final calibration of Gain
DAC and Zero DAC

Vout measure = [(Var_measure + COarse_Offset)(FE_Gain) + Zero_DAC](Gain_DAC)(Out_Gain)

Ver min_measure == L[ VouT min_measure / (GaIN_DAC)(Out_Gain)] — Zero_DACX] / (FE_Gain) —
Coarse_Offset

Ver_min_measure = [[0-505315V/(0.625)(2)] — 0.384]/(32) — (-15mV)

Var min_measure = 0.015633V

Ver max_measure = [[Vour max measure / (Gain_DAC)(Out_Gain)] - Zero_DACX] / (FE_Gain) —
Coarse_Offset

ViR max_measure = [[4-585756V / (0.625)(2)] - 0.384] / (32) - (-15mV)

ViR max_measure = 0.117644V

Step 10. Calibrated Gain DAC Values:

G_total_measure := (Vour wax = Vour min)/(Ver max_measure = VBR MIN_measure)

G_total_measure = (4.5V — 0.5V) / (0.117644V — 0.015633)

G_total_measure = 39.211448

Gain_DAC_calibrate := (G_total_measure / G_total) x Gain_DAC

Gain_DAC_calibrate = (39.211448 / 40) (0.625)

Gain_DAC _calibrate = 0.612679

Step 11. Calibrated Zero DAC Values:

Vour min = [(Ver min_measure T COarse_Offset)(FE_Gain) +
Zero_DAC_calibrate](Gain_DAC_calibrate)(Out_Gain)

Zero_DACx_calibrate := [Voyr wn / (Gain_DAC_calibrate x Out_Gain)] — (Ver min_measure +
Coarse_Offset)(FE_Gain)

Zero_DACx_calibrate = [0.5V / (0.612679)(2)] — [0.015633 + (-15mV)](32)

Zero_DACx_calibrate = 0.387792V
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Step 12. Final Calibrated PGA308 Settings:

Ver min_measure = 0.015633V, Voyr iy = 0.5V

ViR max_measure = 0.117644V, Vor yax = 4.5V

Vexc = 5V

Coarse_Offset = -15mV

FE_Gain = 32

Zero_DACx_calibrate = 0.387792V

Gain_DAC_calibrate = 0.612679

Out_Gain=2

Step 13. For final calibrated settings, check the internal PGA308 nodes for design margin:
(a) Front-End PGA Inputs (refer to Figure 3-5):
Vine_uin'= (Vexc 1 2) + (Ver_min_measure / 2) + (Coarse_Offset / 2)
Vine min = 2.500316V
Vine_max:= (Vexc 1 2) + (Var_vax_measure / 2) + (Coarse_Offset / 2)
Vine wax = 2.551322V
VINN_MIN:: (Vexc 1 2) = (VBR_MIN_measure 1 2) — (Coarse_Offset / 2)
Vinnwin = 2.499684V
Vinnmax:= (Vexc 1 2) = (Ver_vax_measure | 2) — (Coarse)Offset / 2)
Vinn vax = 2.448678V
For Vg = +5V:
0.2 < Linear Input Voltage Range < Vg — 1.4V
0.2 < Linear Input Voltage Range < 3.6V

Vine vine Vine_waxe Vinn vy @nd Vg wax are all within the allowed Linear Input Voltage
Range. The Linear Input Voltage Range specification is at the V,y ; and V,, pins and
already includes any coarse adjust effects.

(b) A1, A2 Outputs (refer to Figure 3-2):
FE_Gain=32->G=8
VCM_MAX:: (VINP_MAX + VINN_MAX) /2
Vew wax = 2.5V

VDIFF_MAX:: VINP_MAX - VINN_MAX

VD,FEMAX =0.102644V
VCMiMIN:: (VINPiMIN + VINNiMIN) /2
VCM_MlN = 2.5V

VDIFF_MIN:: VINP_MIN + VINN_MIN

Voire min = 0.000633V
VOAl_MIN:: VCM_MIN +Gx (VDIFF_MIN / 2)
Voar min = 2.502531V
VOAZJ\/HN:= VCMiMIN -G x (VDIFFiMIN / 2)
Voaz min = 2.497469V
VOAl_MAX:: VCM_MAX +Gx (VDIFF_MAX / 2)
Voar_wax = 2.910576V
VOAZ_MAX:: VCM_MAX -G x (VDIFF_MAX /2)
Voaz max = 2.089424V
For Vg = +5V:
0.1V £ Vgpuy, Vop £ Vg = 0.12V
0.1V £ Va1, Vouo < 4.88V
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Vo1 mine Yoaz mine Voar_waxs @Nd Vo, wax are all within the allowed Voa,, Vo, Output
range.
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(c) A3 Outputs (refer to Figure 3-2):

FE_Gain = 32, Zero_DACx_calibrate = 0.387792V
Vopa min -= (FE_Gain x Ve ) + Zero_DACKx_calibrate
Vopa mn = 0.408V
Vopa max -= (FE_Gain x Ve yax) + Zero_DACx_calibrate
Vopa wax = 3.672V
For Vg = +5V:

0.05V < Vgpga < V5 — 0.1V

0.05V < Vgpga < 4.9V

Vopa mn @Nd Vopa uax are both within the allowed Vgpea OUtput range.

(d) Output Amplifier Input (refer to Figure 3-3):

Gain_DAC_calibrate = 0.612679
Vor min := (Vopea min) X (Gain_DAC_calibrate)
Vop min = 0.25V
Vor max -= (Vorea max) X (Gain_DAC_calibrate)
Vop max = 2.25V
For Vg = +5V:
OV £ Vgp £ Vg — 1.5V
0V < Ve < 3.5V
Vor min @Nd Vo yax are both within the allowed V,, input range.

(e) Output Amplifier Vo1 (refer to Figure 3-3):

From our desired PGA308 output:

Vour min = 0.5v
VOUTﬁMAX =4.5V
For Vg = +5V:

0.1V = Vgoyr £ Vg — 0.1V (for 4mA source/sink)
0.1V £ Vg £ 4.9V
Vour min @nd Vour uax are both within the allowed V; output range.
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3.4

Output Amplifier

The Output Amplifier portion of the PGA308 is configured to allow maximum flexibility and accuracy in the
end application. Figure 3-8 depicts the Output Amplifier in a common three-terminal sensor application. In
this application, it is desired to provide overvoltage protection as a result of mis-wires on the output of the
PGA308, as well as electromagnetic interference (EMI) and radio frequency interference (RFI) filtering
through a 10nF capacitor on the sensor module output. In this configuration, R, provides overvoltage
protection on Vot gr t0 16V by limiting the current into Vq; to about 150mA [(16V — 0.7V) / 100Q]. The
internal ESD diodes, Dggp, to V5 and Degp_ to GND, cause the 0.7V drop and are sized to accommodate
up to £180mA maximum fault currents. In addition, R,5, serves to isolate the 10nF, RFI/EMI filter,
capacitive load from Vg

D,, a zener diode or unipolar transient suppressor, provides a path for fault current flow because the
low-dropout regulator (LDO) cannot sink current. Furthermore, it is undesirable to have V5 on the PGA308
rise above its maximum voltage rating of 5.5V for positive fault currents. For negative fault currents, D, will
forward-bias to limit negative voltages across the PGA308 from Vg to GND to —0.7V.

Note that the point of feedback around the Output Amplifier, Vg, is taken from Vg1 g 1. Provided there is
adequate voltage swing headroom, the Output Amplifier will accurately scale Vgt .+ to match the desired
conditioned sensor voltage. The Vg pin is protected internally for overvoltages up to +30V to protect the
PGA308 under miswire conditions. If voltages exceed £30V, then the current into the V; pin must be
current-limited to £10mA. C; provides a second feedback path around the Output Amplifier for stability.
With the configuration shown, the Output Amplifier is stable for internal Output Amplifier gains from 2
(125kHz bandwidth, 63° loop gain phase margin, CMP SEL = 1) to 6 (64kHz bandwidth, 86° loop gain
phase margin, CMP SEL = 1).

+5.6Vto +16V

PGA308 Output Amplifer Vs

Allows for other Output Amplifer

Output Gain Select (1-0f-7)
X2, X2.4, X3, x3.6, x4, x4.5, x6

. LDO |———
Vs ‘ DZJ/%

Interface
and
Control
Circuitry

Front-End
PGA Out T 1w

Fine Gain Adjust (Gain DAC) Output < A
0.333333 < Gain DAC < 1

Amplifier Riso

Despe 153mA 100Q
—

% 1 1
1 1

VWA {VourFir ! Miswire H

1 1

Rro DESD Veg HRTY Fault |
< GND 1 Condition! 1

cL i :

1

1

DCLAMP+ 10nF !
30V Ce ]

47pF

INT/EXT FB Select

External Gain Settings

_________________

|

Deiamp-
30V

= t

J/ GND

Figure 3-8. Output Amplifier in a Common Three-Terminal Sensor Application
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Table 3-3 details the typical Output Amplifier resistor values for R and Rgq for a selected gain. The
Typical Characteristics section of the PGA308 data sheet contains an Open-Loop Output Impedance
curve for the Output Amplifier. These values, combined with the typical Output Amplifier Open-Loop Gain
curve and standard op amp stability techniques, allow the Output Amplifier to be tailored and configured
for a specific sensor application. When using the Over-Scale and Under-Scale Limit circuitry, the Output
Amplifier has small signal bandwidth and slew rate differences depending on the CMP SEL bit (CFG1
Register [D11]) setting. See Section 3.5, Over-Scale and Under-Scale Limits, for more details.

Table 3-3. Output Amplifier: Gain Select and CFGO Register Select Bits

Output Amplifier (Fe(iipgack Reo
GO2 [D15] GO1 [D14] GO0 [D13] Gain Resistor) @ (Input Resistor) @
0 0 0 2 90kQ 90kQ
0 0 1 2.4 105kQ 75kQ
0 1 0 3 120kQ 60kQ
0 1 1 3.6 130kQ 50kQ
1 0 0 4.0 135kQ 45kQ
1 0 1 4.5 140kQ 40kQ
1 1 0 6 150kQ 30kQ
1 1 1 Disg(l:(l;g;ts&nal See note @ See note @

@ Refer to the detailed block diagram shown in Figure 2-1 .
@ Disable Internal Feedback still leaves 180kQ between Vg5 and GND. Vg must be connected to Voyr or Vour g7 for the
Over-Scale and Under-Scale circuitry to work properly. See the detailed block diagram shown in Figure 2-1 .

In addition to using its own internal gain setting resistors, R, and R, the Output Amplifier may use
external feedback resistors Reg exr and Rgg exr, @S shown in Figure 3-9. Table 3-3 details the bits used in
the CFGO Register for the desired Output Amplifier gain configurations. To use the external feedback
resistors, set GO2, GO1, and GOO to all '1's.

In addition to allowing external feedback resistors to be used, this configuration provides a convenient
mechanism for testing the Output Amplifier stability, even if internal gain settings are to be used. As shown
in Figure 3-9, external feedback resistors Rrq gxr @and Rgo exr are both set to 90kQ, equivalent to the typical
resistor values used for an internal gain setting of 2. A small-signal transient response for the Output
Amplifier can be measured at Vg by biasing Vg to midscale (+2.5V for Vg = +5V) through the Zero
DAC, setting V= = 0V, and using a signal generator to inject a 200mV,, square wave (1kHz) into the end
of Rgo exy- Standard stability transient response criteria for a dominant two-pole system can then be used
to determine suitable phase margin based on the measured overshoot and ringing on Vq;. Note that
despite the fact that the internal gain-setting resistors ®., and Rg) are not being used the Vg pin must be
connected to Vqoyr rur @S shown in Figure 3-9 to use the Over-Scale and Under-Scale amplifiers.
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VST ' Vour H
. \_l,lf 125V | \ [ \ :
PGA308 Output Amplifer H H
Interface H H
and H H
Control R H
Circuitry ‘o H
1W g TV t o
Front-End L ' :
PGA Out O
R . Vg
Fine Gain Adjust (Gain DAC) Output Rl Vg
0.333333 < Gain DAC < 1 Amplifier D ’ Riso
eso- M \Voyr |, 1002 o
¢ YWW _T_ Vout Fir - +5V
c _
Rro Desp. * VAR N
INT/EXT FB Select 1|~ A . 8 [ 1onF GND
Allows for Other Output Amplifer - -~ D
External Gain Settings CLAMP+
1_ 30V C R
I —_—— “F FO EXT
) i Reo 47pF 90kQ
Output Gain Select (1-0f-7) _ _ 1 Deiamp-
X2, x2.4, x3, x3.6, x4, x4.5, x6 = 30V
L = ™
J/ GND

(1) Vg must be connected to Vqyr . in order to use the Over-Scale and Under-Scale amplifiers.

Figure 3-9. Output Amplifier Using External Feedback Resistors Reg gxr and Rgg exr

For low-supply applications, the minimum gain for the Output Amplifier is related to its common-mode
input range and output voltage swing. In Figure 3-10, the power supply is lowered to +2.7V. The tested
common-mode input range of the Output Amplifier is OV to Vg — 1.5V, as indicated in Figure 3-10. The
output voltage swing is tested to be 0.1V to +2.6V for a 4mA load, as shown. This tested result calculates
to a minimum gain of 2.08 (AVyyr / AV,,). For best performance, the Output Amplifier should be scaled for
a minimum gain of 2.4 for this application. Usually, this common-mode input range is only a factor at lower
voltages but is easily checked for each individual application. At higher supplies, the common-mode input
range is not an issue unless external feedback is selected and the Output Amplifier is connected in unity
gain. Because the minimum internal feedback of the Output Amplifier only allows a minimum gain of 2, the
common-mode input range is not an issue at supply voltages greater than 2.8V.

T

Common Mode Input Range

Vs - 18V Vg = +2.7V
+1.2v —X—
lour = *4MA T +2.6V
VIN+ v
ouT
ov
+0.1V

Output Amplifier Min Gain = Vg1 / V), = +2.5V/+1.2V = x2.08
Use x2.4

Figure 3-10. Output Amplifier Minimum Gain at Low Supply
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3.5

Over-Scale and Under-Scale Limits

The Over-Scale and Under-Scale Limit circuitry provides programmable upper and lower clip limits for the
PGA308 output voltage. When combined with the Fault Monitor circuitry, system diagnostics can be
performed to determine if a conditioned sensor is defective or if the process being monitored by the
sensor is out of range. Figure 3-11 details the key sections of the Over-Scale and Under-Scale Limit

circuitry.
— FLT_HI®
T Gﬁ OUEN

’ 5 : Vs
5 oorsme N | :
o o ver-Scale ' ' :
______ Amplifier : L VeLawe ;
Vi + : 0 0’ ' ReLt
: Y1I n' N
= o b
bt out/VeLave Rews
DOUT |

Over-Scale
Threshold

Over-Scale
Limit

?

Vour Vour

(Select 1-0f-8)
HL[2:0]

Under-Scale
Limit

(Select 1-0f-8)
LL[2:0]

Under-Scale
Threshold

Under-Scale -

Amplifier

(1) See Figure 3-16 for the logic that generates FLT_HI and FLT_LO.
Figure 3-11. Over-Scale and Under-Scale Limit Circuit

The reference for the Over-Scale and Under-Scale Limit circuit is selectable by the OU CFG bit (CFG1
Register [D13]). If OU CFG is '0', then the reference is the voltage on the Vg pin of the PGA308, which
allows for limit-scaling referenced to the same reference that an ADC would use in the system. If OU CFG
is '1', then Vg is used as the reference voltage, which allows for cases where a low-voltage external
reference is used to excite a sensor to minimize sensor power dissipation, but output scaling that is gained
up to the wider voltage range of Vs is still desired. The Zero DAC and Coarse Offset will be referenced to
the same low-voltage external reference for better accuracy because the Over-Scale and Under-Scale
limits are used for system diagnostics and not precise analog signal conditioning.

The Over-Scale threshold is set by HL[2:0] (CFG1 Register D[5:3]). One of eight divided voltages of V
(from 0.5703 x V,, to 0.9805 x V,,,) can be selected. The Under-Scale threshold is set by LL[2:0] (CFG1
Register D[2:0]). One of eight divided voltages of V,,,, from 0.01953 x V,,, to 0.0.0547 x V,,,, can be
selected. The resistor divider ratios are very accurate, with the dominant threshold error being the input
offset voltage of the Over-Scale Amplifier and Under-Scale Amplifier, respectively.
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3.6

When enabled by the OU EN bit (CFG1 Register [D6]), the Over-Scale and Under-Scale amplifiers can be
viewed as acting as the power-supply rails for the Output Amplifier. Therefore, under non-fault conditions,
Vour Of the PGA308 cannot swing outside of the Over-Scale and Under-Scale limits. The Over-Scale and

Under-Scale amplifiers can be overridden by the Fault Monitor Circuitry to force the minimum level of Vo
to ground, if FLT_LO is logic 1 (see Figure 3-16, Fault Monitor Logic and Fault Level Selection).

The maximum level of V,; can be forced to go above the Over-Scale limit when a fault is detected by the
FLT_HI signal going to logic 1 (see Figure 3-16, Fault Monitor Logic and Fault Level Selection). When
FLT_Hlis logic 1, Vo7 is determined by the status of the DOUT SEL bit (CFG2 Register [D8]). If DOUT
SEL is logic 0, then the V¢ ayp Circuit is selected and Vo, maximum is set by an external resistor divider
or voltage source connected to the Dqy/Vc ave PiN. Note that in this mode, Vg r max is limited to Vg avpe
regardless of whether or not the Over-Scale threshold is set higher than V¢ aue, as shown in Figure 3-11,
where Vg, is the Over-Scale amplifier positive power supply. If DOUT SEL is logic 1, the Vo, maximum
is determined by V¢ minus the saturation voltage of the Output Amplifier output stage.

Consider the stability of the Over-Scale and Under-Scale amplifiers when connecting capacitive loads to
Vours €ither through an isolation resistor (R,so) as shown in Figure 3-9, or with no isolation resistor. There
is a selectable compensation in the PGA308 to give clean transitions into and out of the Over-Scale and
Under-Scale limit regions of operation. The CMP SEL bit (CFG1 Register [D11]) defaults to logic O for light
compensation and is preferred for loads less than 200pF. The CMP SEL bit must be set to logic 1 for
loads greater than 1nF. This compensation is designed to work effectively for capacitive loads up to 10nF.
The Over-Scale and Under-Scale amplifiers are highly integrated into the Output Amplifier. In the actual
silicon, there are small-signal bandwidth and slew rate considerations for each of the CMP SEL bit
settings. See the PGA308 data sheet (SBOS440) typical characteristic curves and electrical
characteristics for more details.

Fault Monitor Circuitry

Fault monitoring on the PGA308 is provided through nine internal comparators; refer to Figure 3-12.
These comparators are grouped into two sets: internal fault comparators and external fault comparators.
In Figure 3-12, these comparators are denoted by EXT for those in the External Fault Comparator group
and by INT for those in the internal fault comparator group. The external fault comparators focus on bridge
sensor fault detection while the internal fault comparators monitor key internal nodes for voltage violations
that could result in improper Vo Voltages as a result of internal node saturations.
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(1) External fault comparator group.

(2) Internal fault comparator group.

(3) Ilpyuy and Ipy, (register-selectable for enable/disable) are needed for fault detection of opens on V; and V,y,.
(4) CFGL1 register select bits.

(5) POR mux state shown.

Figure 3-12. Fault Monitor Comparators
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The internal fault comparators monitor the Front-End PGA internal nodes of the PGA308 (see

Figure 3-12). When PGA308 + Sensor calibration is in process, it is crucial to have the internal comparator
group enabled because it can alert the user to an internal node violation. Such a violation may yield an
output voltage within the expected linear range, but it will not be accurate. Each of the Front-End PGA
amplifiers, A1 and A2, has the respective output monitored for both saturation to the positive supply or to
ground. If either comparator trips during calibration, it is an indication of an out-of-range scaling condition
as a result of either an incorrect Front-End PGA gain select or a coarse offset adjust. The A3 amplifier in
the Front-End PGA is also monitored for negative swing violations that can occur if the Zero DAC is
incorrectly combined with the Front-End PGA gain select.

To understand the use of the external fault comparators, it is important to review some common bridge
sensor configurations. Many bridge sensors have a very large temperature coefficient of bridge resistance
(for example, 3500ppm/°C). The temperature coefficient of the bridge is often used (after calibration) to
detect the temperature of the bridge sensor and compensate for bridge changes in offset and span with
temperature. The compensation is accomplished by changing the Gain DAC and Zero DAC in the
PGA308 through the use of an external microcontroller.

Figure 3-13 shows two cases of common bridge sensor configurations without temperature sense. Case 1:
Straight Bridge uses Vg, directly across the bridge. Case 2: Reduced Bridge Excitation adds equivalent
value resistors in the top ®g,c,) and bottom ®g,. ) of the bridge to reduce the applied Vg, voltage. This
configuration is used in applications where an accurate voltage is used on the PGA308 V. pin but a
lower net voltage across the bridge excitation pins is desired to minimize self-heating of the bridge sensor.

Case 1: Straight Bridge Case 2: Reduced Bridge Excitation

Vexc = Veur Vexc = Vrur

Rexc: = Rexc-

-30% Vexc = Vg = +30% Veye -30% Vexc = Vg = +30% Vexe
Rgr = Bridge Resistance Between Rgg = Bridge Resistance Between
Bridge Excitation or Output Terminals Bridge Excitation or Output Terminals

Figure 3-13. Bridge Sensor Configuration without Temperature Sense

Figure 3-14 shows two cases of common bridge sensor configurations with temperature sense. Case 3:
Bottom Bridge Temperature Sense uses a resistor in the bottom of the bridge (R;_) to provide a method of
measuring a voltage (V;.) that is proportional to bridge temperature. The recommended maximum value
for Ry_ is 10%o0f Ry, where Rgy is the terminal resistance of the bridge sensor. Case 4: Top Bridge
Temperature Sense uses a resistor in the top of the bridge (R;.) to provide a method of measuring a
voltage, (V) that is proportional to bridge temperature. The recommended maximum value for Ry, is 10%
of Rgg, where Ry is the terminal resistance of the bridge sensor. This technique allows the voltage across
R+, to be measured relative to Vgyc, which has system advantages in some applications.
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Vexc = Veur Vexc = Veur
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(10% Rgp)

———————Oovy,
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Sensor

Ry = 10% Rgg Ry, = 10% Rgg
~20% Vixc < Vpr = +20% Veye ~20% Vixc < Vpr = +20% Veye
Rgr = Bridge Resistance Between Rgr = Bridge Resistance Between
Bridge Excitation or Output Terminals Bridge Excitation or Output Terminals

Figure 3-14. Bridge Sensor Configuration with Temperature Sense

The external fault comparator group has a choice of both fault reference and fault detection configurations,
as shown in Figure 3-12. For bridge sensor applications, it is recommended to use the bridge fault
configuration by setting FLT SEL = 1 (CFG1 Register [D12]). In this mode, the primary upper trip
reference (FLT+) for the external fault comparators is the lesser of 0.65 x Vg ; or Vg — 1.2V. The primary
lower trip reference (FLT-) is the greater of 0.35 x V ; or 100mV. These thresholds are designed to catch
any of the bridge fault cases detailed in Table 3-4.

There is also a choice of setting V¢ ; (the reference voltage to generate FLT+ and FLT-) between Vg or
Ve This option gives optimum flexibility in system configurations where the bridge may be excited by a
different voltage than the Vg pin. The FLT REF bit (CFG1 Register [D15]) selects the external fault
comparator reference between Vg (logic 1) or Vg, (logic 0).

The other fault detect configuration is common-mode fault. In this configuration, FLT+ is fixed at Vg — 1.2V,
and FLT-is fixed at 100mV. The common-mode fault configuration trips the external fault comparators if
either of the inputs into the Front-End PGA, V Or V,\p, are outside of the input voltage range. The input
voltage range is 0.2V to (V5 — 1.4V). FTL+ and FLT- are set just beyond this range to trip in a faulted
input condition and yet not trip erroneously if the input voltage is getting close to the specified range. This
configuration can prove useful when using the PGA308 as a general-purpose instrumentation amplifier
input with programmable gain.

For the Bridge Fault configuration, there is also a limit to the maximum input differential signal (V\yp — Vinn
or Vggr) that can be applied to the PGA308 inputs without tripping an external fault comparator. For Vi ; set
to Veyc, the allowable Vg for common bridge applications is shown in Figure 3-13 and Figure 3-14. For
most bridge applications, these ranges are adequate and allow the Bridge Fault configuration to detect
any and all faults described in Table 3-4. If a bridge application cannot be limited to these Vg, ranges and
fault detection is still desired, the common mode fault configuration can be selected with
application-specific analysis performed to ensure that all faults can be detected.

If fault detection of floating inputs (that is, the sensor is disconnected entirely from one or both of the
PGA308 inputs) is to be accurately reported, it is necessary to add pull-up current sources (lpy; and I,) to
each input (V,; and V,,) shown in Figure 3-12 because of the extremely low input bias currents of the
PGA308. These 30nA (typ) current sources are designed to be large enough to overcome ESD cell
leakages and force the external fault comparators into a fault-detected state for open PGA308 inputs. For
most sensor applications, this additional current will only add a common-mode shift because the difference
between the pull-up current sources is 2nA (typ). The FLT IPU bit (CFG1 Register [D14]) enables I,,; and
loy, With a logic 0, and disables them with a logic 1.
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Figure 3-15 and Table 3-4 illustrate how the external fault comparators work to detect bridge sensor faults.
The bridge sensor configuration in Figure 3-15 (bottom bridge temperature sense) was chosen because it
highlights the capability of the fault monitor circuitry to detect faults; a straight bridge configuration is the
easiest configuration to detect bridge faults.

+4.096V
Vexe = Ver

Vg = +5V

Vger = +4.096V

O Vinp Front-End PGA Gain = x4 (A1 = x1, A2 = x1, A3 = x4)
Zero DAC RTO VOPGA = 0.5V

Gain DAC = x0.5

Output Amplifier Gain = x2

O Vr_ Veir = Veyg = 4.096V

0.65V 1 = 2.6624V

0.35Vg 1 = 1.4336V

Bridge Fault Configuration

Bridge

Ry = 10% Rgg
-20% Vgyg < Vg s +20% Veye

Figure 3-15. Bridge Fault Example: Bottom Bridge Temperature Sense

Table 3-4. Bridge Fault Example: Bottom Bridge Temperature Sense

ALSAT_ | A1SAT_ A2SAT_ | A2SAT_ A3SAT_
Case Viwe Vin | INP_HI | INP_LO | INN_HI | INN_LO | VOA1 HI LO VOA2 HI Lo VOA3 LO
Normal 22240 | 2.2240 0 0 0 0 2.2240 0 0 2.2240 0 0 0.5000 0
Rg: Open @ 0.1840 | 2.1400 0 1 0 0 2.1400 0 0 0.1840 0 0 <0.050 1
Rg, Open @ 2.1400 | 0.1840 0 0 0 1 0.1840 0 0 2.1400 0 0 >4.9 0
Ras Open 2.1400 | 4.0960 0 0 1 0 4.0960 0 0 2.1400 0 0 <0.050 1
Rg, Open 4.0960 | 2.1400 1 0 0 0 2.1400 0 0 4.0960 0 0 >4.9 0
Rgy Short 4.0960 | 2.3011 1 0 0 0 2.3011 0 0 4.0960 0 0 >4.9 0
Rg» Short 2.3011 | 4.0960 0 0 1 0 4.0960 0 0 2.3011 0 0 <0.050 1
Rgs Short ® 23011 | 0.5062 0 0 0 1 0.5062 0 0 2.3011 0 0 >4.9 0
Rga Short @ 05062 | 2.3011 0 1 0 0 2.3011 0 0 0.5062 0 0 <0.050 1
Opegﬁg”s” 4.0960 | 4.0960 1 0 1 0 4.0960 0 0 4.0960 0 0 0.5000 0
Opeg Sensor | 40000 | 0.0000 0 1 0 1 <0.1 0 1 <0.1 0 1 0.5000 0
EXC
Ve shon© | 0.0000 | 0.0000 1 1 1 1 <01 0 1 <0.1 0 1 0.5000 0
Vi Open 50000 | 2.2240 1 0 0 0 2.2240 0 0 >4.9 1 0 >4.9 0
Vi Open 2.2240 | 5.0000 0 0 1 0 >4.9 1 0 2.2240 0 0 <0.050 1
Vi Short to GND | 0.0000 | 2.1324 0 1 0 0 2.1324 0 0 <0.1 0 1 <0.050 1
V'NNGS,\TS“ | 21324 | 0.0000 0 0 0 1 <0.1 0 1 2.1324 0 0 >4.9 0
Vine Short 10 Veye | 4.0960 | 2.3011 1 0 0 0 2.3011 0 0 4.0960 0 0 >4.9 0
Vi Short 1o Veye | 2.3011 | 4.0960 0 0 1 0 4.0960 0 0 2.3011 0 0 <0.050 1
Vine: Viow Open | 5.0000 | 5.0000 1 0 1 0 >4.9 1 0 >4.9 1 0 0.5000 0
Vie: Vg'&gh"” | 0.0000 | 0.0000 0 1 0 1 <0.1 0 1 <0.1 0 1 0.5000 0
Vine: VCN Shortto | 4 0960 | 4.0960 1 0 1 0 4.0960 0 0 4.0960 0 0 0.5000 0
EXC

@ These bridge fault conditions cannot be detected in common-mode fault configuration.
@ This bridge fault would not have been detected in bridge fault configuration without the FLT circuitry that selects
FLT- equal to the greater of 100mV or (0.35 x Vg 1).
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Fault Monitor Circuitry

Figure 3-16 provides an equivalent logic diagram of the PGA308 fault monitor logic and fault selection
functions. Each individual Internal and external fault comparator output can be read through the One-Wire
interface. The current results are stored in the ALRM Register [D8:D0] with the respective bit names
corresponding to the fault comparator outputs as detailed in Figure 3-12 and Figure 3-16.

When the PGA308 output is enabled, the values of the ALRM Register bits reflect the current state of the
fault comparators. When V¢ is disabled, the values of the bits in the register indicate the respective
comparator status immediately before the output was disabled. The ALRM Register allows for easier
identification and debugging of a three terminal sensor module (1W shorted to V). See Section 2.11,
One-Wire Operation with 1W Connected to V1 , for details. In addition, each group of comparators
(internal fault and external fault) can be programmed such that if any comparator in the respective group is
logic high, indicating a fault, the PGA308 output (Vo) will be forced to a fault that indicates voltage of
either a high fault or low fault level beyond the calibrated linear output voltage range of V.

FLT_HI
H OUEN
:
:
:

pmmmmmmmmmeeeees DOUT SEL
'

External Comparator EXTPOL —
Fault Flag 1 = force V1 high Over-Scale

External

INP_HI

\ 0 = force Vg low Amplifier Rous

INP_LO

INN_HI

INN_LO

(1 = fault on all comparators)

(1 = fault on all comparators)

Internal
Comparators

A2SAT_LO

:
:
: ;
: o :
' '
1 = fault WX} '

EXTEN »—D EXTPOL - °  DourVeLawe
1= enable FLT_HI [ bour | ReLo
0 = disable -

L EXTPOL
L FLT_LO B A Fault High Limit (Vg or Ve aye)

"""""" Over-Scale Limit
Output autput
Amplifier | Stage, Vour Vour Vour
+

EXTPOL FLT_HI :
- FLT_HI
Alarm INTPOL FLT_HI :D+ -
‘0" \ s Under-Scale Limit
EXTPOL FLT_LO :D+ » V- Fault Low Limit (GND)

A2SAT_HI

A3SAT_LO

Status
INTPOL FLT_LO
OUEN
o FLT_LO

A1SAT_LO

A1SAT_HI

1 = fault

INTPOL Amplifier
FLT HI

INTEN
1= enable
Internal Comparator o _ gisable INTPOL -
Fault Flag 1 = force Vo high
0 = force Vgyr low

Register
INTPOL 410
FLT_LO
Under-Scale

Figure 3-16. Fault Monitor Logic and Fault Level Selection

Refer to Figure 3-16 for the following detailed discussion of selecting and using the Fault Monitor Logic
and Fault Selection functions.

The individual comparator outputs in both the internal and external fault comparator groups are combined
to generate an internal comparator fault flag and an external comparator fault flag. For the external
comparator group, EXTEN (CFG1 Register [D10]) determines whether the external comparator fault flag
will be sent forward to force Vq; to a fault indication state. For the internal comparator group, INTEN
(CFG1 Register [D9]) determines whether the internal comparator fault flag will be sent forward to force
Vour to a fault indication state. A fault indication on Vg, can be programmed as either a low fault (Vqyr
driven to GND) or a high fault (Vo7 driven to Vg or Ve awe)- A low fault indication will be the negative
saturation voltage on Vo (0.1V for 4mA sink). High fault indication will depend on the DOUT SEL bit
(CFG2 Register [D8]), which sets the Dqy/Voave PiN @s either a digital output function or as a Vg awe
function.

If DOUT SEL is logic 1 (Dgu/Vcawe PIN = digital output function) then a high fault indication will be positive
saturation of Vg r to Vg (Vg — 0.1V for 4mA source). If DOUT SEL is logic O (Dout/Veiame PIN = Ve amp
function) then a high fault indication will be the positive saturation of Vo1 t0 Veiawe (Verawe — 0.1V for 4mA
source), where V¢ .y IS the external voltage set on the Dgyr/Veave PIN.

For each of the comparator groups, the fault indication state on V; is programmable as either high fault
or low fault. INT POL (CFG1 Register [D7]) selects this state for the internal comparator group, and
EXTPOL (CFG1 Register [D8]) selects this state for the external comparator group.
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3.7

The external comparator fault flag has priority over the internal comparator fault flag, as shown in

Figure 3-16. For example, if the internal fault comparator group is set to force V1 to a low fault and the
external fault comparator group is set to force Vo to a high fault, and both groups detect a fault (which is
possible if both are enabled), then the external fault comparator group takes precedence and Vg is
forced to a high fault, indicating a sensor fault was detected. This detection priority ensures that for most
real-world applications, a critical sensor fault will be reported as a priority over an internal node violation.
At the time of a detected fault, the fault logic always prevails (if enabled), and will override the linear
output or the Over-Scale or Under-Scale limits (if enabled) to indicate a fault on Vg as a high fault level
or a low fault level.

DOUT/VCLAMP Pln

The Dour/Veawe PIN is selectable as either a push/pull digital output pin or as a Vg awe input pin. The DOUT
SEL bit (CFG2 Register [D8]) sets the Do /Veave PIN as either a digital output function (DOUT SEL = 1)
or as a V¢ awpe function (DOUT SEL = 0).

In the Digital Output Function Mode, the DOUT bit (CFG2 Register [D7]) determines whether the
Dout/VeLawe PIN is logic high or logic low. The Dgy/Veawe PIN in Doy Mode is a push/pull digital output.
The value in the DOUT bit may be preprogrammed in OTP, or controlled through the One-Wire interface
(AW pin). The POR value for DOUT SEL is 0', which configures Dgy/Vc ave @S @ high-impedance input in
Veiave Mode.

In Ve ave Mode, the Output Amplifier output, Vg, is limited to the voltage applied to the Doy/Vame PIN
(see Figure 3-17). Vo awe Option 1 shows an implementation for a bridge sensor module that is powered
from +5V. This option allows maximum voltage for the Vg, of a bridge sensor. This module will be scaled
for a linear output of 0.3V to 3.0V, with the Over-Scale Limit set to 3.13V and the Under-Scale Limit set to
0.18V. A bridge sensor fault condition will drive Vo, high. However, because this sensor module is
intended to interface with a 3.3V microcontroller, Vo, must not be driven as high as Vg (+5V). If Vo, goes
to +5V, it will turn on the ESD structures inside the microcontroller ADC input. This action can cause the
microcontroller to latch up, and requires a power cycle to recover. Instead, use a resistor divider to create
a 3.3V V¢ awp Set point on the Dgyr/Veiawe PIN. IN Ve ave Mode, the Dgoy/Veawe PIN is a high-impedance
input (200nA typ); therefore, a resistor divider from Vg will work. If the PGA308 is being used local to the
microcontroller as a programmable instrumentation amplifier front-end, then the microcontroller power
supply can be connected directly to the Dy /Vawe PIN in order to set the V¢ e VOItage such that it can
never exceed the microcontroller supply voltage of +3.3V (see Figure 3-17, V¢ awe Option 2). In this
configuration, both R, and Cy provide noise filtering.

VS

+5V

PGA308 G—ﬁ g FLT_HI
o OUEN

DOUT SEL

Veamp Option 1

Over-Scale
Amplifier

Vosa

P R
VeLame Option 2 W
DOUT Oﬁ F :L 3.3V Microcontroller

1
Vouwe % -
L

VOUT

Output
Amplifier

; 3.3V

VOUT

“F

Figure 3-17. Doyr/Vcame Function
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3.8 System Budget for Over-Scale, Under-Scale, Linear Output, and Fault Detection
The many features of the PGA308 allow for a linear output range as well as over-scale clip, under-scale
clip, external fault detection, and internal fault detection. The use of all these features and diagnostic
capabilities depends on the final application. The following example shows one way to partition a usable
ADC input range to fully use all the diagnostics and features of the PGA308.
Given:
Reference specifications: Vger = 4.096V, £0.2%, 10ppm/°C
Vim = Vrer
Operating temperature range: —40°C to +125°C
Vg = +5V
External fault monitor: Trip high when fault detected
Internal fault monitor: Trip low when fault detected
System scaling relative to a 16-bit ADC with Vgge apc = 4.096V
Allow 1% of Vger apc at the upper and lower end of ADC range for ADC headroom (noise floor, ADC gain
error, ADC offset error)
Find: Recommended levels to allow for over-/under-scale limits as well as fault detection.
(a) Over-Scale Limit
(b) Under-Scale Limit
(c) Usable Linear PGS308 Output Range
(d) System ADC Trip Points: Over-Scale, Under-Scale, External Fault Detection, Internal Fault Detection
Solution:
1. Analyze the worst-case offset errors on the over-scale and under-scale amplifiers over the operating
temperature range.
Table 3-5. Over-/Under-Scale Typical Offset and Drift Values
PARAMETER TYPICAL VALUE UNITS
Over-scale amplifier offset, under-scale amplifier offset +9 mV
Over-scale amplifier offset drift, under-scale amplifier offset drift +10 uvi/i°C
Over-Scale and Under-Scale Amplifier Offset Calculation:
Amplifier Offset Temperature Dirift:
—40°C to +125°C: 1.65mV = (10uV/°C)[(+125°C — (—40°C)]
Amplifier offset min and max over temperature:
Vos Max = 9mV + 1.65mV = 10.65mV
2. Analyze the worst-case change in Vg Over the operating temperature range.
Vgzer Temperature Drift:
—40°C to +125°C: [(10ppm/°C)/(1e6)][+125°C — (—40°C)]Vger = 0.00165 Vger
Vree Min and Max:
Vger Min = 4.0878V — (0.00165)(4.096V) = 4.0810V
Vger Max = 4.1042V + (0.00165)(4.096V) = 4.1109V
3. Analyze the worst-case Over-Scale and Under-Scale ratio over the operating temperature range.
Ratio Temperature Drift:
Threshold tempco = x3ppm/°C
—40°C to +125°C: 480ppm = (3ppm/°C)(+125°C — —40°C)
—40°C to +125°C: 0.00048 = (480ppm)/(1e+6)
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Over-Scale (OS) Min and Max Ratio:

OS ratio min temperature = (OS ratio min) — (OS ratio min)(0.00048)
OS ratio max temperature = (OS ratio max) + (OS ratio max)(0.00048)
Under-Scale (US) Min and Max Ratio:

US ratio min temperature = (US ratio min) — (US ratio min)(0.00048)
US ratio max temperature = (US ratio max) + (US ratio max)(0.00048)

4. Calculate the over-scale and under-scale min and max clip points over the operating temperature
range for each Over-Scale and Under-Scale threshold (refer to Table 3-6).
Over-Scale (OS) Min and Max Trip Points:
OS min = Vgee min (OS ratio min temperature) — Vo max
OS max = Vg max (OS ratio max temperature) + Vo5 max
Under-Scale (US) Min and Max Trip Points:
US min = Vg min (US ratio min temperature) — Vog max
US max = Ve max (US ratio max temperature) + Vog max
Table 3-6. Over-Scale and Under-Scale Min and Max Clip Point Calculations®
Over-/
Under-
Scale Min Typ Max Min Clip | Typ Clip | Max Clip Min Clip Typ Clip Max Clip
Index | Threshold | Threshold | Threshold V) V) V) (% Vger anc) (% Vger anc) (% Vger apc)
OSO | 0.97000 | 0.98050 | 0.99000 | 3.94602 | 4.01613 | 4.08239 96.34 98.05 99.67
OS1 | 0.95880 | 0.96880 | 0.97880 | 3.90033 | 3.96820 | 4.03633 95.22 96.88 98.54
0S2 | 0.95090 | 0.96090 | 0.97090 | 3.86811 | 3.93585 | 4.00384 94.44 96.09 97.75
0S3 | 0.93920 | 0.94920 | 0.94920 | 3.82039 | 3.88792 | 3.91459 93.27 94.92 95.57
0S4 | 0.84160 | 0.85160 | 0.86160 | 3.42227 | 3.48815 | 3.55430 83.55 85.16 83.77
0S5 | 0.76730 | 0.77730 | 0.78730 | 3.11920 | 3.18382 | 3.24872 76.15 77.73 79.31
0OS6 | 0.61890 | 0.62890 | 0.63890 | 2.51387 | 2.57597 | 2.63836 61.37 62.89 64.41
OS7 | 0.56030 | 0.57030 | 0.58030 | 2.27484 | 2.33595 | 2.39735 55.54 57.03 58.53
USO | 0.01353 | 0.01953 | 0.02553 | 0.04454 | 0.07999 | 0.11565 1.09 1.95 2.82
US1 | 0.01743 | 0.02343 | 0.02943 | 0.06045 | 0.09597 | 0.13169 1.48 2.34 3.22
US2 | 0.02525 | 0.03125 | 0.03725 | 0.09235 | 0.12800 | 0.16385 2.25 3.13 4.00
US3 | 0.02916 | 0.03516 | 0.04116 | 0.10829 | 0.14402 | 0.17994 2.64 3.52 4.39
US4 |0.03306 0.03906 | 0.04506 | 0.12420 | 0.15999 | 0.19598 3.03 3.91 4,78
US5 | 0.04088 | 0.04688 | 0.05288 | 0.15610 | 0.19202 | 0.22814 3.81 4.69 5.57
US6 | 0.04478 | 0.05078 | 0.05678 | 0.17201 | 0.20799 | 0.24418 4.20 5.08 5.96
US7 | 0.04870 | 0.05470 | 0.06070 | 0.18800 | 0.22405 | 0.26030 459 5.47 6.36

@ Vo max = 0.01065V; Ratio A Temp = 0.00048; Vger min = 4.0810V; Vier Max = 4.1109V; Ve typ = 4.096V; Vier anc = 4.0960V;
Vg = 5V.

5. From the over-scale and under-scale min and max clip point calculations, choose the best selection
that will allow for the optimum system ADC range budget (see Figure 3-18). For this example, the
PGA308 is scalable for a linear output of 8% to 91% of the system ADC reference. In addition, we can
set reasonable trip points for detecting the over-scale limit, under-scale limit, and both internal and
external faults.

6. Check that the PGA308 V; can support the voltage swings defined in the System ADC range budget.
In this example, the lower end is limited by the Vo1  ow Of the PGA308 and not the ADC Lower
Headroom. The upper end has plenty of margin since Vggr aoc is 4.096V and the PGA308 will be
supplied by Vg = 5V.
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Veee PiN

Supply PGA308 Levels
(Vger = 4.096V)

Vg (5V)

Vour High (4.9V)

Max Over-Scale (3.91455V)
Typ Over-Scale (3.88782V)
Min Over-Scale (3.82034V)

Max Linear Output (3.72736V)

Min Linear Output (0.32768V)

Max Under-Scale (0.22815V)
Typ Under-Scale (0.19210V)
Min Under-Scale (0.15606V)

Vour Low (0.1V)
GND (0V)

System Levels
(%VREF_ADC)

Vour High (119.63% Vier anc)

Max Over-Scale (95.57% Vger apc)
Typ Over-Scale (94.92% Vger apc)
Min Over-Scale (93.27% Vger apc)

Max Linear Output (91% Vger apc)

Min Linear Output (8% Vger apc)

Max Under-Scale (5.57% Vger apc)
Typ Under-Scale (4.69% Viger apc)
Min Under-Scale (3.81% Vger apc)

Vour LOW (2.44% Veer anc)

System Trip Levels
(Ver_anc = 4-096V)

ADC Upper Headroom (99% Vger apc) — 4.05504V

________________ — —= External Fault Threshold (> 98% Vger apc) — 4.01408V

———————————————— — —> Over-Scale Threshold (> 92% Vggr apc) — 3.76832V

Max Linear Output (91% Vggg apc) — 3.72736V

Min Linear Output (8% Vger apc) — 0.32768V

________________ — —= Under-Scale Threshold (< 7% Vggr apc) — 0.28672V

— —= Internal Fault Threshold (< 3% Vggg apc) — 0.12288V

ADC Lower Headroom (1% Vgge apc) — 0.04096V

Figure 3-18. System ADC Range Budget: Over-Scale, Under-Scale, Linear Output, Fault Detect

3.9 Vg Pin

The reference voltage input pin, Vgg, is always used for the coarse offset adjust reference and for the
Zero DAC reference. Vg 0Or Vg may be individually selected for Over/Under-Scale threshold reference
and fault monitor comparator reference. Input current drive requirements for Vg are 100pA (typ) with an
input voltage range from 1.8V to Vg. Noise on the Vi input reflects directly into the PGA308 internal
circuitry; consequently, it is advisable to bypass the Vg pin with at least a 0.1uF ceramic capacitor
directly at the PGA308 to the PGA308 local ground connection.
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3.10 General AC Considerations

In addition to normal good analog layout and design practices, there are several key items to check when
designing with the PGA308.

1. Vger pin 10: Bypass this pin with a 0.1yF capacitor.

2. Vg, pin 7: This pin is the negative input to the Output Amplifier; it is high-impedance. Route
low-impedance traces (such as V, ;) and noisy traces away from Vg;. Minimize trace lengths to avoid
unwanted additional capacitance on Vg;.

3. Vi, Pin 5 and V,,, pin 6: For source resistances greater than or equal to 10kQ, add a 1nF to 2nF
capacitor between V; and V,, to minimize noise coupling.

4. V1, pin 5 and V,,, pin 6: RFI filtering is always a concern for instrumentation amplifier applications.
RFI signals injected into instrumentation amplifiers become rectified and appear on the output as a dc
drift or offset; high-gain circuits amplify this effect. Figure 3-19 depicts input filtering for the PGA308.
Depending on the distance of the bridge sensor from the PGA308 and the sensor module shielding, R,
and R, may be required. C; should be equal to C,, and C; should be ten times larger than C1 to
attenuate any common-mode signals that become differential as a result of the mismatch in C, and C..
All input filter components should be located directly at the PGA308 inputs to avoid long trace lengths
from becoming receiving RFI antennas.

5. Printed circuit board (PCB) layout: Proper routing of sensitive signals, component placement, and local
bypass capacitors are all important to optimize PGA308 performance. Figure 3-19 is a schematic of a
typical PGA308 application. Figure 3-20 is a recommended two-layer PCB layout for this application.

DOUT/
? VCLAMP VS VHEF
——Cq <R
CL CL2 1W
O 1W

L
Note (1) - R
7 /R— o > Cg p— PGA308 VOUT 1SO
N Vine —O——/\\— Vour FiLr
VBR+ O—‘—W—‘—{‘Oﬁ c
Ve L
Note (1) C,® = O :I:
—c =
’ N V. E
; R A Vint SJC
Vgr 0—6—\/\/\/\—6—4-—O—

c,® iE fND

(1) Depends on bridge sensor resistance and distance from the bridge sensor to thePGA308.
(2) C,=C,C;3=10xC,.

Figure 3-19. PGA308 Application Schematic: AC Considerations
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Figure 3-20. PGA308 Application PCB Layout: AC Considerations
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Detailed Digital Description

This chapter provides a detailed description of the digital circuitry for the PGA308.
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4.1

Memory Structure

Figure 4-1 shows the internal memory structure of the PGA308. The memory is divided into two separate
regions: one time programmable (OTP) memory and random access memory (RAM). The OTP memory
section contains one final test bank and seven OTP user banks. Each of these banks consists of eight
16-bit registers. For specific register bit definitions, see Chapter 7, Detailed Register Description.

[OTP]

Final Test Bank

Tl Flag Register
MFR1 Register
MFR2 Register
MFR3 Register

BANK SEL1 Register
BANK SEL2 Register
BANK SEL3 Register
BANK SEL4 Register

[RAM]

ZDAC Register

OTP User Bank 1

|GDAC Register
! CFGO Register
i CFG1 Register
| CFG2 Register

USER1 Register
USER2 Register

GDAC Register

CFGO Register

CFG1 Register

CFG2 Register

CHKS Register

CHSR Register

SFTC Register

OTP User Bank 2"

OENC Register

ALRM Register

OTPS Register

Factory Reserved

Factory Reserved

Factory Reserved

Factory Reserved

Factory Reserved

(1) Contents same as OTP User Bank 1.

Figure 4-1. PGA308 Memory Structure
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4.2 OTP Memory Section

The Final Test Bank contains four factory registers used during final test to trim the PGA308 for optimum
performance:

* Tl FLAG Register
*+  MFR1 Register
*  MFR2 Register
*  MFR3 Register

The remaining four registers are used to program a pointer to the desired OTP User Bank X (where X =1
to 7) to be loaded on power-up for Standalone Mode:

* BANK SEL1 Register
* BANK SEL2 Register
*  BANK SEL3 Register
*  BANK SEL4 Register

OTP User Bank X selection may be set four times by programming the BANK SELX registers in order
(where x =1, 2, 3, or 4). The default power-on reset (POR) OTP User Bank X (1 of 7) selected will be the
one addressed by the pointer stored in the last programmed BANK SELx (1 of 4) Register. Therefore,
when programmed, BANK SEL4 always has priority over lower-numbered bank select registers.

The PGA308 can be programmed in OTP seven times and the POR OTP User Bank selection can be
changed four times. This programmability allows for situations where a calibration may be conducted on a
given module before discovery that the calibration system was not configured correctly or was out of
calibration. This four-time re-programmability for OTP user bank selection allows for recalibration rather
than discarding the final sensor module.

The seven OTP user banks (OTP User Bank 1 through OTP User Bank 7) each contain the same eight
register sets. Six of these registers (ZDAC Register, GDAC Register, CFGO Register, CFG1 Register,
CFG2 Register, CHKS Register) map directly into the RAM section of the PGA308 and are used for
configuration of the PGA308. On POR, the OTP user bank that is pointed to by the highest-number
programmed BANK SELx Register will have its contents loaded directly into RAM. The remaining two
registers (USER1 Register, USER2 Register) are available for user data such as model number, serial
number, lot code, or other manufacturing/identification information. The seven possible user OTP banks
allow an end product (using a microcontroller as the interface between the end user and the PGA308) to
contain up to seven factory preprogrammed configurations and allow total user flexibility for any other
configuration through software communication over the One-Wire interface (1W pin).
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4.3 RAM Memory Section
The RAM section contains all of the real-time registers for configuration of the PGA308. The first six of
these 14 registers are used for the configuration of the PGA308:
+ ZDAC Register
* GDAC Register
* CFGO Register
+ CFGL1 Register
* CFG2 Register
* CHKS Register
These six registers map directly from the OTP User Bank section of the PGA308, or can be entered
real-time through the One-Wire interface.
The remaining eight registers contain both factory-only usage/information, as well as advanced features of
the PGA308 (see Chapter 5, Operating Modes, and Chapter 7, Detailed Register Description):
* CHSR Register
* SFTC Register
* OENC Register
* ALRM Register
*  OTPS Register
* TST Register
+ BDCL Register
* TRST Register
4.4 Digital Interface
The PGA308 digital interface pin, 1W, uses a One-Wire, UART-compatible interface, with bit rates from
4.8kbits/s (4800 baud) tol114kbits/s (114k baud). It is possible to connect this single-wire communication
pin to the Vgt pin in true three-wire sensor modules (Vg, GND, and Sensor Out) and continue to allow for
calibration and configuration programming (see Chapter 5, Operating Modes).
Figure 4-2 illustrates the One-Wire interface protocol used on the 1W pin to communicate with the
PGA308. Each transaction consists of several bytes of data transfer. Each byte consists of 10-bit periods.
The first bit is the start bit and is always '0". The 1W pin should always be high when no communication is
in progress. The '1' to '0' (high to low) transition signals the start of a byte transfer with all timing
information for the current byte referenced to this transition. The second through ninth bits are the eight
data bits for the command byte (see Figure 4-3), and are transferred LSB first. The tenth bit is the stop bit
and is always '1'.
The recommended circuit implementation is to use a pull-up resistor and/or current source with an open
drain (or open collector) output connected to the 1W pin, which is also an open drain output. The single
wire may be driven high by the external controller during transmission from the external controller, but
some form of pull-up is required to allow the signal to go high during reception because the PGA308 1W
pin can only pull the output low (open-drain output). See Figure 4-4 for the typical interface between the
PGA308 1W pin and an external controller used to communicate with the PGA308.
54 Detailed Digital Description SBOU069B—June 2009—-Revised January 2012

Submit Documentation Feedback
Copyright © 2009-2012, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOU069B

13 TEXAS
INSTRUMENTS

www.ti.com Digital Interface

Write to PGA308 Register Timing
R/W
pré |s|[1]of1]of1]of[1]o]P s]Po\P1\P2\P3\P4\P5\B/ﬁ\oms]Do\D1\D2\D3\D4\D5\D6\D7|P\s]Ds\Dg\D10\D11\D12\D13{D14\D15‘P

Initialization Byte (55h) Register Write Command with Register Data (8 LSBs) Register Data (8 MSBs)
Address Pointer

Read from PGA308 Register Timing Driven by PGA308
RW o s T I
PrG | s|1]of1]of1]o]1]o[r]|s[po]pi[r2]ra]ra[pslem 1 [P | |s|po|Di[p2[D3]pa]Ds[ 6|07 P | s[Ds|Delp1dprip1dpidpi4prg P
Initialization Byte (55h) Register Read Command with T Register Data (8 LSBs) Register Data (8 MSBs)
Address Pointer 4 g petault Delay
S = Start condition of One-Wire Protocol for Bus Direction Change

P = Stop condition of One-Wire Protocol

NOTE: Unless otherwise indicated, all transactions are driven by the external controller.

Figure 4-2. One-Wire Protocol Timing Diagram

RAM Read/Write Command Byte OTP Read/Write Command Byte
MSB LSB MSB LSB
RW|BR| Ps | Ps| P3| P2]| Pl | PO RW|[BR| Ps | Psa| P3| P2]| Pl | PO
1/0 0 0 0 P3 P2 P1 PO 1/0 1 P5 P4 P3 P2 P1 PO
I : | I : | : |
Register Pointer Bank Pointer Register Pointer

Figure 4-3. PGA308 Command Byte

External
Controller

VS
Vg |
Reu
1w

Logic
and
— Control
[
'_‘>
PGA308
GND

=

Figure 4-4. Typical PGA308 1W Pin to External Controller Connection

All communication transactions start with an initialization byte transmitted by the external controller. This
byte (55h) senses the baud rate used for the communication transaction. The baud rate is sensed during
the initialization byte of every transaction and is used for the entire transaction. Each transaction may use
a different baud rate if desired. Baud rates of 4.8k bits/second to 114k bits/second are supported.

The second byte is the command byte (see Figure 4-3). The MSB of the command byte is the R/W bit with
a '0" indicating a write command and a '1' indicating a read command. The next bit is the B/R bit, with logic
1 set for an OTP Bank read or write, and logic zero for a RAM read or write. With B/R = '1' (OTP Bank
access), three bits are used as the Bank Pointer (P5, P4, P3) and three bits are used as the Register
Pointer (P2, P1, P0), within the respective OTP Bank addressed by the Bank Pointer. With B/R = '0' (RAM
access), four bits are used as the RAM Register Pointer (P3, P2, P1, P0).
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4.5

4.6

Additional data transfer occurs after the command byte is sent. Two 8-bit bytes are always sent with the
direction of data transfer, depending on the command byte. For a read sequence, the PGA308 waits for a
1-bit delay after the completion of the command byte before beginning transmission. This delay period
allows time for the external controller to ensure that the PGA308 will be able to control the One-Wire
interface. The first byte transmitted will be the least significant byte of the register and the second byte will
be the most significant byte of the register. Under software control by the OW DLY bit (SFTC Register
[D7]), the delay from transmit to receive can be selected between one bit (logic 0 default) or eight bits
(logic 1). This option can be useful in systems where a microcontroller is directly connected to the
PGA308 and longer delay times are required as a result of system architecture.

One-Wire Interface Timeout

A timeout mechanism is implemented to allow for resynchronization of the One-Wire interface if the
synchronization between the controller and the PGA308 be lost for any reason. The timeout period is set
to approximately 28ms (typical). If the timeout period expires between the initialization byte and the
command byte, between the command byte and any data byte, or between any data bytes, the PGA308
will reset the One-Wire interface circuitry such that it will expect an initialization byte. Every time that a
byte is transmitted on the single-wire interface, this timeout period restarts.

One-Wire Interface Timing Considerations

Figure 4-5 illustrates the key timing and jitter considerations for the One-Wire interface and Table 4-1
contains the specifications for ensured, reliable operation. During a transaction, the baud rate must remain
within £1% of its initialization byte value; however, the baud rate can change from transaction to
transaction. There is an allowed delay between each byte transfer of less than 28ms, which is the bus
inactivity timeout check for the PGA308 One-Wire interface.

Baudqyp

- Jitter+

Figure 4-5. One-Wire Timing Diagram

Table 4-1. One-Wire Timing Diagram Definitions

Parameter Min Typ Max Unit

Baud 4.8k 114k bits/s
Rise Time, tg 0.5 %Baud
Fall Time, t¢ 0.5 %Baud
Jitter® +1 %Baud

@ Transmit jitter from controller to PGA308. Standard UART interfaces accepts data sent from the PGA308 during One-Wire
transactions.
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Operating Modes

This chapter explains the PGA308 operating modes.
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5.1

5.2

Overview

There are two primary ways to configure the PGA308: through RAM or OTP. The PGA308 configuration
registers are located in RAM. These registers can be written to directly and retain the respective values
until power to the device is cycled, at which time they default to the respective POR values. When
calibrating and configuring a sensor module (that is, the PGA308 + sensor), direct writes to RAM can be
used until the final values are determined, which are then written into an OTP User Bank.

The second way to configure the PGA308 is to load a valid OTP User Bank X (1 to 7) into RAM. This
OTP-to-RAM load can occur automatically on device power-up (see Section 5.5, Standalone Mode), or
under One-Wire software control, depending on the configuration data stored in the OTP User Bank X.

Common Applications

There are two common types of applications that can be built using the PGA308. The difference between
these applications is how serial interface communications are conducted to configure and calibrate the
PGA308.

Figure 5-1 shows a three-terminal module application, where a bridge sensor and the PGA308 are built
together with connections of +5V, Sensor Out, and GND. The One-Wire interface pin, 1W, is connected to
Sensor Out in this application; therefore, One-Wire programming the PGA308 + Sensor from the outside
of this module will use special PGA308 programming features that allow for a single pin to be used for
both Vot and 1W.

Figure 5-2 is a four-terminal module implementation with a bridge sensor plus the PGA308 and
connections of +5V, 1W, Sensor Out, and GND. In this implementation, the One-Wire interface pin (1W) is
available, thereby allowing the PGA308 to be easily programmed at any time.

Power Supply External Controller

+
‘

+5V

T
|
Ve i
T J One Wire | USB -
Doyr/ |
% VCLAMP VS VREF =
% Sensor Out

R\SO
1002 GND

B Wl
PGA308 Vea c.

Figure 5-1. Three-Terminal PGA308 Module
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Power Supply External Controller
. =
o PC
|

,
I
+5V Vee i

Dour! Ry OneWire 1 USB -
I
W GND 1

Lo 1w -

% Sensor Out ADC
Riso
Vour 100Q GND
%ﬂWMT
PGA308
Ves G N . L
10nF NOTE: (1) Rpy is optional for better noise immunity if
O One-Wire interface is left enabled after power-up
L c¢ with PGA308 located away from external controller.
V. 10pF
sJ L

-

Figure 5-2. Four-Terminal PGA308 Module

In either one of these applications, it is essential that the OWD bit (CFG2 Register [D15]) be set to '1' to
disable the 1W interface after final programming is complete and before the final sensor module is sent
out to the end application. In three-terminal module application (refer to Figure 5-1), the 1W pin is tied to
Vour,» Which moves in and out of the threshold region of the 1W input circuitry. There may also be periodic
noise, such as an active motor or switching power supply; the 1W circuitry may interpret this noise as valid
communications and put the PGA308 into an unpredictable state. In a four-terminal module, the 1W pin is
connected directly to the external environment and is even more susceptible to noise coupled from
periodic external sources.

Even if the OWD bit is set to '1' (to disable the 1W interface), a 28ms window remains open on device
power-up. During this brief time, periodic noise can be coupled into the 1W pin and interpreted as
coherent communication. The three-terminal module, on the other hand, is inherently protected from
real-world noise, over-voltage, and miswired conditions. The four-terminal module requires a more detailed
discussion and several considerations when putting the 1W pin into direct contact with the external
environment.
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5.2.1 Four-Terminal Module: Detailed Discussion

See Figure 5-5 for an illustration of the details of the 1W circuitry within the PGA308. Additional external
protection components and electromagnetic interferences/radio frequency interference (EMI/RFI) filtering
are included in this discussion. Considerations for programming the PGA308 four-terminal sensor module
are presented with reference to Figure 5-5.

The PGA308 contains electrostatic discharge (ESD) cells, D2 and D1/SCR1, on the 1W pin to prevent
ESD damage when the device is being handled before installation on a printed circuit board. These same
ESD cells may not be adequate when the PGA308 is installed in a complete circuit with regards to
electrical overstress. The ESD diodes D1 and D2 can handle up to 10mA continuous load. However,
SCR1 will trigger with a 14V level and then drop to 3V at 80mA of sustaining current, as Figure 5-3 shows.
If the current is not limited, the voltage will increase again; this increase, combined with higher currents,
may cause permanent damage to the ESD cells and make the 1W circuitry unusable.

A

SCR with Snap-back Effect
200 + 14V Trip Threshold
3V on at 80mA Sustaining

160

120 +

Ic (MA)

80 1

Vee (V)

Figure 5-3. SCR ESD Cell

If miswiring is or external electrical overstresses are anticipated, the 1W pin must be protected by using
external devices. SD1 and SD2 are signal Schottky diodes that steer current away from the internal ESD
cells on the 1W pin during electrical overstress events. R7 will limit the current through SD1 and SD2. Z1
is a zener diode to clamp the energy passed through SD1. The selection of R7 can impact the valid logic
levels at 1W_PGA308 and 1W_Programmer. SW2 and R6 represent the MOSFET switch and
on-resistance used on the PGA308EVM or customer programmer that configures and calibrates the
PGA308 over the 1W interface. For the PGA308, logic high is 2V or greater; logic low is 0.8V or less.
Logic high is not a concern because there are pull-up resistors on the PGA308 module and on the
programmer. The worst-case condition is shown in Figure 5-5; this figure illustrates the condition at
approximately 610mV, which is less than the specified 0.8V (max) logic low. This configuration will be
adequate for up to £50V of miswiring on the 1W pin, based on current flow and the power dissipation of
the components shown up to a temperature of +75°C.

Each individual application should be analyzed for electrical overstress and proper programming logic
levels on the 1W pin.
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Refer to Figure 5-6 for an illustration of common EMI/RFI filtering and the 1W pin configuration. Most
EMI/RFI filter schemes typically involve connecting the chassis ground to the signal ground via capacitors
in the range of 1nF to 10nF. These capacitors are connected on every pin into and out of the module. In
FigDD, we connect the signal ground to the chassis ground with capacitor C2 (1nF). V. is connected to
the chassis ground through capacitor C4 (100nF) and capacitor C2 (1nF). We also add capacitor C1
(10nF) from the 1W pin at the module output and tie it directly to V... This configuration is optimal for
rejecting any switching disturbances between the chassis ground and the signal ground.

EMI/RFI is often seen as disturbance referenced to the chassis ground, as shown in Figure 5-6. A
common source impedance of 50Q (through R11) is assumed. The disturbance is injected into the 1W pin
of the module, and will then flow through capacitors C3 (10nF), C4 (100nF), and C2 (1nF) as it returns to
chassis ground. A severe disturbance of £5V at 100kHz will only degrade the logic high voltage on the 1W
pin from 5V to 4.27V, as shown in Figure 5-4. The minimum logic high us 2V, and thus there will be no 1W
miscommunication caused by this severe disturbance between chassis ground and signal ground.

5.26

1w

PGA308

0 10 20 30
Time (us)

VG1

-5.00 ———A——— =

Time (us)

Figure 5-4. Severe EMI/RFI Disturbance

As a final note, consider Figure 5-5 once more, and observe that in order to program a 1W pin on a
module with large capacitance (for example, with C1 = 10nF) on the 1W pin, the customer programmer
must use a 1W speed-up circuit, which detects a rising edge on the 1W signal. Based on this rising edge,
a switch connects the 1W line to +5V through a 200Q resistor for 5us in order to quickly charge capacitor
C1 (10nF) and obtain a reasonable rising edge in logic '0' to logic '1' transitions. The PGA308EVM has
this 1W speed-up circuit already installed in the PC Programmer Interface Board.

SBOU069B—June 2009—-Revised January 2012 Operating Modes 61

Submit Documentation Feedback
Copyright © 2009-2012, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOU069B

Common Applications

13 TEXAS
INSTRUMENTS

www.ti.com

62 Operating Modes
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Figure 5-5. Pin 1W Circuit Protection Logic Levels
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Figure 5-6. Pin 1W Circuit EMI/RFI Filtering
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5.3

One-Wire Write Mode, One-Wire Read Mode

Figure 5-7 shows the algorithm used for a One-Wire write to the PGA308. If the external controller stops
communication with the PGA308 for 28ms between any transmitted byte, the PGA308 will reset the
One-Wire interface and wait for a new initialization byte. See Figure 5-8 for the PGA308 read algorithm.
Halfway through the read transaction, the PGA308 becomes the transmitter and the external controller
becomes the receiver. Therefore, the One-Wire timeout is only used when the external controller sends
data. The One-Wire timeout monitors when valid data stop being received by the PGA308. When the
PGA308 transmits data, it is in control of data going out; therefore, proper communication is known. Refer
to Figure 4-2, One-Wire Protocol Timing Diagram, for further details.

Start One-Wire Read
@ Start 28ms
Timer
External Controller
Sends
Initialization Byte
55h
28ms
Timeout?
Yes

External Controller Reset
Sends 4@ @ 28ms
Command Byte Timer

One-Wire
28ms Timeout

External Controller
Sends Data 4@
(Eight LSBs)

Reset
- One-Wire
Interface
External Controller
Sends Data
(Eight MSBs)

Wait for Next

One-Wire Command

Update Registers

Stop 28ms Timer

Figure 5-7. One-Wire Write Mode
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Start One-Wire Read
@ Start 28ms
Timer
External Controller
Sends
Initialization Byte
55h
No 28ms 28ms
Timer Reset? Timeout?
Yes
External Controller Reset
Sends 4@ @ 28ms
Command Byte Timer
One-Wire
28ms Timeout
Stop 28ms Timer
1-Bit Delay Reset
One-Wire
Interface
PGA308
Sends Data
(Eight LSBs)
Wait for Next
One-Wire Command
PGA308
Sends Data
(Eight MSBs)
Figure 5-8. One-Wire Read Mode
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OTP Program Mode

Figure 5-9 outlines the OTP program sequence for the PGA308. Note the requirement for V¢ = +4.5V to
ensure reliable programming of the OTP. When programming the OTP memaory, polling the OTP BSY bit,
or inserting a 3ms delay between the OTP One-Wire Writes ensures that the PGA308 has finished

programming the previous OTP Write data.

Set Vg = +4.5V

One-Wire Write
OTPEN =1
OTPS Register [D15]

One-Wire Write to
OTP User BankX
or
OTP BANK SELx

Wait 3ms (6]

=

Poll OTP BSY

One-Wire Read
OTP BSY =17
(Still Writing OTP)
OTPS Register [D12]

No

OTP One-Wire
Writes Completed?

One-Wire Write
OTPEN=0
OTPS Register [D15]

End OTP Program

Figure 5-9. OTP Program Mode

Yes
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5.5

Standalone Mode

Standalone Mode operation of the PGA308 can be used when two conditions have been met:
1. The PGA308 OTP has been programmed; and
2. On device power-up, the application will operate from a selected OTP User Bank X.

The specific OTP bank to be used is determined by the pointer stored in the BANK SELXx register in OTP.
The OTP BANK SELX register contents to be used at POR are the contents of the highest numbered OTP
BANK SELX register that is programmed.

There are four OTP BANK SELXx registers. The selection of the appropriate OTP BANK SELx occurs
according to the following protocol:

Assume that the user has several OTP User Banks programmed in to the PGA308. The first written
OTP BANK SELx was OTP BANK SEL4 and the last written OTP BANK SELX register was OTP BANK
SEL1. At POR, the PGA308 loads into RAM the contents of the OTP User Bank X that is pointed to by
the BANK SEL4 register, because it is the highest numbered OTP BANK SELX register programmed.

The OTP BANK SELX registers are OTP; therefore, they may be written to only once. The
highest-numbered register that has been written to becomes the POR default register that points to the
OTP User Bank X that is loaded into the PGA308 RAM.

If an OTP User Bank X is loaded with a valid checksum, there are two independent parallel process paths
to determine the configuration of V,; and the One-Wire interface. Figure 5-10 details the Standalone
Mode algorithm for how the PGA308 state machine operates in Standalone Mode.

In most applications, it is recommended to disable the One-Wire interface when operating in Standalone
Mode. This configuration prevents the One-Wire interface from being subjected to unwanted noise
transitions that could be misinterpreted as valid logic levels and, with the combination of periodic and
random noise, as valid One-Wire communications. This problem is especially true in three-terminal
modules where the 1W pin is connected directly to V. A valid analog voltage on Vo could be at 1.4V
(between the logic high and logic low input levels for 1W). Any system noise spikes on V; could then
cause erroneous logic changes on the 1W pin.

There are two recommended configurations, depending on the application, to disable the One-Wire
interface and enable Vq; for a three-terminal module. Configuration 1 (shown in Table 5-1) allows access
to the One-Wire interface for 25ms after power is valid because the One-Wire interface is enabled and
Vour IS disabled (see Section 2.11, One-Wire Operation with 1W Connected to Vo , for programming
details). This configuration allows reprogramming of a three-terminal module, if needed.

For three-terminal modules that are programmed for the last time with the desired final values,
Configuration 2 uses the NOW bit to enable Vq ; almost instantly (60us typical) and uses the OWD and
OWD OFF bits to disable the One-Wire interface almost instantly (60us typical). The only way to
reprogram a three-terminal module that uses Configuration 2 is shown in Figure 5-11. Access to the Vgee
pin and the ability to ground the Vgg pin is required. Once the module is reprogrammed, cycle power with
Vrer at the normal value for normal PGA308 operation.

Table 5-1. Recommended Standalone Mode Configurations for Three-Terminal Modules

Configuration 1
Vour One-Wire

DISOUT | 0 OowD 1 i
Enable 25ms after power valid Disabled 25ms after

NOW |0 OWD OFF 0 power valid
Configuration 2

Vour One-Wire

DISOUT | 0 OowD 1 i
Enable 60us after power valid Disabled 60ps after

NOwW |1 OWD OFF 1 power valid
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Disable

Power-On v
ouT
Enable
One-Wire
f Read Last Load Compute
Disabl
\l/sa © Agrogg,:]ﬁigbx Programmed USER BANKXx Checksum for
our ’ BANK SELx to RAM CHSR

Yes CHSR matches

CHKS?
No
Yes DISOUT =17 OWD =1?
CFG2 Register [D13] CFG2 Register [D15]
NOW = 1? Yes
CFG2 Register [D12] OWD OFF = 1? Yes
CFG2 Register [D14]
Wait 60us from
25ms Power Valid
¢ Wait 25ms
Disable Enable
VOUT VOUT
Disable
One-Wire
— ™ Configuration Complete
Run in Standalone Mode
Figure 5-10. Standalone Mode Operation
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Reprogram with
NOW =1

Vpger = GND Power-On

Continuous
Disable

VOUT

Enable One-Wire,
Disable All Timeouts

Disable Checksum Check,
Ignore CHKS Register

One-Wire Writes
RAM and OTP

One-Wire Reads
RAM and OTP

One-Wire Writes RAM and OTP

One-Wire Reads RAM and OTP

Figure 5-11. Reprogram with NOW = 1 Mode
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5.6 1W Connected to V., Program Mode, Virtual Software Lock Mode

For three-terminal sensor modules, it is essential to program and calibrate the PGA308 with one sensor
out terminal. Figure 5-12 details one method of programming the PGA308 with 1W connected to V. The
PGA308 contains an output enable counter configured by the OENC Register that enables Vg for a
programmed period of time so that voltage readings can be taken, and then disables Vq so that
One-Wire communication can occur. As shown in Figure 5-12, after the One-Wire interface is enabled, it
stays enabled as long as valid One-Wire communications take place.

The other method of programming the PGA308 with 1W connected to V7 is to use the Virtual Software
Lock Mode (see Section 5.7, Virtual Software Lock Mode). For Virtual Software Lock Mode to take effect,
power must be cycled each time the PGA308 is to be written with new RAM values because the One-Wire
interface must be enabled in order to use this mode.

Write to OENC Register l
OENI[7:0] = 00000000

Power

or Power-On |—»| Disable Vo r Valid?

OWD =1?
CFG Register [D15]

POR OTP User
BankX Programmed:
CFG2 Register:
[D12] NOW =0
[D13] DISOUT =0
[D14] OWD OFF =0

Enable One-Wire

Disable One-Wire

Wait 300us

Enable Vg

!

Load
Output Enable
Counter
(OEN7:0ENO)

<— L

Start 1s Stop 25ms | Yes
Timer Timer

Read Last Load
Agryozgmiﬁbx Programmed USER BANKx
) BANK SELx to RAM

No OTP User BankX
or
OTP User SELx
Programmed

l

Start 25ms Timer

Valid One-Wire
Communication
Started?

Decrement
Output Enable
Counter

Valid
One-Wire

Communication
Started?

One-Wire
Write
OENC Register?

Output Enable
Counter = 0?

Vour Disabled,
One-Wire Enabled

CHSR Matches
CHKS?

Enable Vg1

Run from
RAM

Figure 5-12. 1W Connected to V,,; Program Mode

70 Operating Modes SBOU069B—June 2009—-Revised January 2012

Submit Documentation Feedback
Copyright © 2009-2012, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOU069B

13 TEXAS
INSTRUMENTS

www.ti.com Virtual Software Lock Mode

5.7 Virtual Software Lock Mode

Virtual Software Lock Mode can be used any time the One-Wire interface is enabled and when it is
desired to force the PGA308 to run from RAM using the most recent register contents written into RAM.

Figure 5-13 illustrates the sequence of Virtual Software Lock Mode. Writing the desired register contents
into RAM and the correct checksum into the CHKS Register forces the PGA308 to run with the current
valid RAM contents.

Start Virtual Software Lock
by Communicating on One-Wire

before One-Wire Timeout

One-Wire Write
ZDAC Register

!

One-Wire Write
GDAC Register

!

One-Wire Write
CFGO Register

!

One-Wire Write
CFG1 Register

!

One-Wire Write
CFG2 Register

Start 1s
Timer

bibdl

i

Use
Auto Compute
Checksum?

Yes Write CHSR Register
Read CHSR Register to
CHKS Register

One-Wire
1s Timeout

One-Wire Write
Valid Checksum 4®
CHKS Register

1s Delay

CHSR Matches

(1)
CHKS? Standalone Mode'

Disable Vo1

DISOUT =17
CFG2 Register [D13]

Enable Vo1

i Yes OWD = 1 No
onenie OFG2 Regitr
(1) See Figure 5-10.
Figure 5-13. Virtual Software Lock Mode
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5.8

Software Lock Mode

Software Lock Mode provides a method of controlling the PGA308 RAM directly by enabling the One-Wire
interface, disabling any One-Wire timeouts, and disabling the checksum check normally performed
between the CHSR Register and CHKS Register. This mode is designed for microcontroller control of the
PGA308 through a microcontroller UART interface. It allows the PGA308 to be controlled as a flexible data
acquisition front-end.

Figure 5-14 shows the algorithm for the Software Lock Mode. The SFTC Register allows a one-command
write to load a preprogrammed OTP User Bank X directly into RAM and run from RAM using this OTP
User Bank X. With a microcontroller controlling the PGA308 and an input multiplexer in front of the
PGA308, a flexible single-supply data acquisition system is created. There are seven OTP User Banks,
and therefore, seven different factory-preprogrammed configurations that could be stored in the PGA308
to be selected by the end user through the microcontroller. Alternatively, the end user can create his own
configuration by communicating with the PGA308 RAM through the microcontroller. In addition, the OW
DLY bit (SFTC Register [D7]) can be used to change the delay between the write portion and read portion
of a One-Wire read from 1 bit (OW DLY = 0) to 8 bits (OW DLY = 1) if needed to facilitate communication
to most microcontroller UART interfaces.
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Software Lock Mode

Enable Vg1

Start Software Lock

by Communicating on One-Wire
Before One-Wire Timeout

One-Wire Write
SWL[2:0] = 101
SFTC Register [D6:D4]

Disable Checksum Check,

CHSR Register

I HKS Reqi ----»1 Still Computes
gnore CHKS Register Checksum
A
Ignore OWD
CFG2 Register [D15]
A
Ignore OWD OFF
CFG2 Register [D14]
A
Enable One-Wire,
Disable All Timeouts
¥
DIS OUT =1 Yes )
Disable V,
CFG2 Register [D13]? 1sabe Vour
One-Wire or Load OTP User Bankx
Reads and Writes - — — — ] XP[5:3]

to RAM Registers

SFTC Register [D2:D0]

Run from RAM  [=---------------- !

Figure 5-14. Software Lock Mode
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5.9

Stop Bit (2V/div)

Output (2V/div)

Shutdown Mode

The PGA308 offers a Shutdown Mode to reduce quiescent current for low-power applications. Vqr is
disabled in Shutdown Mode. The impedance from Vg to ground in this disabled state will be the series
resistance of Rgo + Reo (See Figure 3-8 and Table 3-3) when Vg is connected to Vqr, Which is true for
most applications. This total resistance is 180kQ typical. The typical quiescent current (which does not
include current into the Vg pin) is reduced from 1.3mA to 260pA. In addition, if the input pull-up current
sources for fault detection (Ipy; and I, ,; see Figure 3-12) are enabled, they will remain enabled. The dc
input characteristics for V,; and V,,, look the same whether or not the PGA308 is in Shutdown Mode.
There is a slight reduction in noise currents on the input because the Auto-Zero input amplifier clocks are
disabled in Shutdown Mode. Shutdown Mode is controlled through a One-Wire write to the SD bit (CFG2
Register [D6]). Logic 1 causes the PGA308 to be in Shutdown Mode and logic 1 returns it to normal
operation. During Shutdown Mode, the digital circuitry of the PGA308 remains powered and all digital
functions operate normally. Figure 5-15, Figure 5-16, Figure 5-17 and Figure 5-18 show the typical delay
from the Stop bit of a One-Wire write to the SD bit to when the PGA308 is disabled or enabled,
respectively. The waveforms from shutdown to enabled show a non-smooth transition that is normal for
the PGA308 as internal circuitry is enabled and the overall amplifier takes a few microseconds to close its
loop and control Vg .

-’

Stop Bit (2V/div)

Output (2V/div)

i+

Time (100us/div) i e
Time (100us/div)

Figure 5-15. Vo, Enabled to Shutdown Delay (Vg =

Stop Bit (2V/div)

L”m' =]

Output (2V/div)

+5V, Vour = 4.9V, C, =0nF) Figure 5-16. Shutdown to Vg, Enabled Delay (Vs =

+5V, Vour = 4.9V, C, = OnF)

Stop Bit (2V/div)

Output (2V/div)

Time (100us/div) - -
Time (100us/div)

Figure 5-17. Vo, Enabled to Shutdown Delay (V5 =

+5V, Vour = 4.9V, C, = 10nF) Figure 5-18. Shutdown to Vg, Enabled Delay (Vs =

+5V, Vour = 4.9V, C, = 10nF)
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Applications

This chapter discusses several practical applications that can be used with the PGA308.

Topic Page
6.1  Typical APPlICAtION CIFCUITS uuvueueueeueueninieieieieeeeeenenanrerereaeaeaeenenenrnrernreaeaenenenanns 76
SBOU069B—June 2009—-Revised January 2012 Applications 75

Submit Documentation Feedback
Copyright © 2009-2012, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOU069B

13 TEXAS
INSTRUMENTS

Typical Application Circuits www.ti.com

6.1

Typical Application Circuits

The PGA308 is a versatile building block with calibration and configuration for Sensor Signal Conditioning
Modules. As such, the PGA308 can be used in a variety of applications. Three common applications are
included here. Each application can be tested by using the PGA308EVM, a complete evaluation module
that includes the programming hardware/software connection to an external PC for calibration and
configuration over the One-Wire interface pin, 1W.

Figure 6-1 shows a three-terminal module, ratiometric, voltage-output, bridge sensor conditioning
application. In this application, Vree is connected to Vg and the resistive bridge sensor is excited by Vg,
causing Vgt to shift ratiometrically with regard to changes in V.

Figure 6-2 shows a three-terminal module, absolute, voltage-output, bridge sensor conditioning
application. In this design, a precision voltage reference (the REF3240) is used for the PGA308 Vggr pin
and to excite the resistive bridge sensor, thus creating an absolute referenced V.

Figure 6-3 shows a 4-20mA output module, bridge sensor conditioning application. Here the XTR116
4-20mA Current-Loop Transmitter provides a regulated 5V to power the PGA308, an accurate 4.096V
reference for the PGA308 Ve pin, and voltage-to-current conversion from the PGA308 V, ;. Note that in
this application, the 1W pin is not brought out directly; instead, it is connected to Vg, and Vg is brought
out to the module output. This approach provides two benefits in the end application. First, it protects the
1W pin from real-world overvoltages and transients; and second, it allows the PGA308 V,; to be
measured for module troubleshooting and debugging (for example, in a non-working module that fails
because of the XTR116 or PGA308).

Power Supply Easy-To-Use Calibration
-

‘ PC

VCC

+5V
Dout/ One Wire
% Vg Vegr % Sensor Out

VCLAMF’
GND
1w —< GND

—

PGA308

—o——/\\—9
o0

o 10nF
L ¢
47pF =
VSJ P

- PGA308EVM

-

(1) Although not needed in all applications:

Rso provides the PGA308 with overvoltage protection on Sensor Out.
C, provides EMI/RFI filtering.
Cr provides the PGA308 with stability for the capacitive load of C,.

Figure 6-1. Three-Terminal Module, Ratiometric, Voltage Output, Bridge Sensor Conditioning
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REF3240
* OUT_F IN
OoUT S SDN Power Supply Easy-To-Use Calibration
_ — . -
GND_S GND_F ‘
PC
Vee
— —< +5V
(+5V) | Dgyr/ (+4.096V) - One Wire
Veuawe T Vs Vrer > Sensor Out GND
W —< GND
._O—
Riso”
Vour 100Q
Ho—e—/\\\—s
PGA308
Veg c ™
o 10nF
. CFm
V. 47pF =
sJ
= PGA308EVM

(1) Although not needed in all applications:
* Ryso provides the PGA308 with overvoltage protection on Sensor Out.
* C, provides EMI/RFI filtering.
»  Cg provides the PGA308 with stability for the capacitive load of C,.

Figure 6-2. Three-Terminal Module, Absolute, Voltage Output, Bridge Sensor Conditioning
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VRea V+ R R
4.096V] AL = ‘L 1nF
(+4.096Y) 11.3kQ  10kQ XTR116 T
IN E
BCP55
22nF lrer lo
g; ] 4-20mA
IRET
(+5V) lper o )\ V+
>
Doyr/ VLOOP(Z)
VeLaup ? Vs Cf Vaer 24V Easy-To-Use Calibration
1W
L [
U i
) R | Fe
F{ISO 'SENSE |
Vine Vour W One Wire } vse
O y | 4
PGA308 % GND
Vg
—oO
L ¢
Ve, 47pF
GND Povier Si,lpp|y
- ]
IRET L
PGA308EVM
(1) R provides 1W with overvoltage protection by using Vo internal diode clamps to +Vg and GND.
(2) Vi.oop must be an isolated or floating supply for the PGA308EVM to program the PGA308 and read the
4-20mA output accurately.
Figure 6-3. 4-20mA Output Module, Bridge Sensor Conditioning
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Detailed Register Descriptions

This chapter provides detailed descriptions of the PGA308 registers.
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7.1 Memory Structure and Register Locations
This section contains detailed register descriptions.

[OTP]

Final Test Bank

Tl Flag Register
MFR1 Register
MFR2 Register
MFR3 Register

BANK SEL1 Register
BANK SEL2 Register
BANK SEL3 Register
BANK SEL4 Register

[RAM]

ZDAC Register

OTP User Bank 1

1 ZDAC Register
IGDAC Register
! CFGO Register
| CFG1 Register
| CFG2 Register
USER1 Register
USER2 Register

GDAC Register

CFGO Register

CFG1 Register

CFG2 Register

CHKS Register

CHSR Register

SFTC Register

OTP User Bank 2"

OENC Register

ALRM Register

OTPS Register

Factory Reserved

Factory Reserved

Factory Reserved

Factory Reserved

Factory Reserved

Figure 7-1. PGA308 Memory Structure
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Table 7-1. [OTP] Bank and Register Locations

Read/Write Command Byte Read/Write Command Byte
Bank Register Bank Register
RW | BR |P5|P4|P3|P2|P1|P0O Register Name RW | BR |P5|P4|P3|P2|P1|PO Register Name
Final Test Bank User Bank 4
1/0 1 ojojo0oj0O0O]jO]|O TI Flag Register 1/0 1 1,000 ]0]|O ZDAC Register
1/0 1 of0|O0O|O0O]|O0]|1 MFR1 Register 1/0 1 1/]0,0]0|0]|1 GDAC Register
1/0 1 ojojojo0|1]|0 MFR2 Register 1/0 1 1/0|0|0]1]|O0 CFGO Register
1/0 1 ojo0j0]|0|1]1 MFR3 Register 1/0 1 1/0|0|0]1]1 CFG1 Register
1/0 1 o|o0o|O0O|1|0]|0O BANK SEL1 Register 1/0 1 1/0/0|1]0]O CFG2 Register
1/0 1 ojoj0O0|1]0]|1 BANK SEL2 Register 1/0 1 1,001 ]0]|1 CHKS Register
1/0 1 ojojoj1]1|0 BANK SEL3 Register 1/0 1 1,001 ]1]|O0 Userl Register
1/0 1 ojojo0|1]1]|1 BANK SEL4 Register 1/0 1 1100|2111 User2 Register
User Bank 1 User Bank 5
1/0 1 ojoj1j0]0/|0O0 ZDAC Register 1/0 1 110110 0]|O0 ZDAC Register
1/0 1 of0|1|0]|O0]|1 GDAC Register 1/0 1 1/]0|1]0|0]|1 GDAC Register
1/0 1 ojoj1j0|1]|0O0 CFGO Register 1/0 1 1101|010 CFGO Register
1/0 1 ojoj1]0|1]1 CFG1 Register 1/0 1 1/0|1|0]1]1 CFG1 Register
1/0 1 o|{o0|1]|1|0/|0 CFG2 Register 1/0 1 1/0|1|1]0]0 CFG2 Register
1/0 1 o|o0|1]|1|0|1 CHKS Register 1/0 1 1/0|1|1]0]1 CHKS Register
1/0 1 ojoj1}1]1|0 Userl Register 1/0 1 1,011 ]1]|0 Userl Register
1/0 1 o|jo|1}|1]1]|1 User2 Register 1/0 1 1101|111 User2 Register
User Bank 2 User Bank 6
1/0 1 oj1|]0]0]0]|O ZDAC Register 1/0 1 1/1,0]0|0]|O0 ZDAC Register
1/0 1 o(1|0|0]|O0]|1 GDAC Register 1/0 1 1/1,0]0|0]|1 GDAC Register
1/0 1 oj1j0j0|1]|0O0 CFGO Register 1/0 1 1/1/0|0]1]|O0 CFGO Register
1/0 1 oj1j0]|0|1]1 CFG1 Register 1/0 1 1|10 |0]1]1 CFG1 Register
1/0 1 o|{1|{0|1|0]|0 CFG2 Register 1/0 1 1/1/0|1]0]0 CFG2 Register
1/0 1 o|1|0|1|0|1 CHKS Register 1/0 1 11101 ]0]1 CHKS Register
1/0 1 oj1j0}1]1|0 Userl Register 1/0 1 i1/1/0|1]1]|0 Userl Register
1/0 1 oj1(01 |1/ 1 User2 Register 1/0 1 11101 ]|1]|1 User2 Register
User Bank 3 User Bank 7
1/0 1 oj1|1}0]0/|0O0 ZDAC Register 1/0 1 1/1,1,0|0]|O0 ZDAC Register
1/0 1 of1|1|0|0|1 GDAC Register 1/0 1 1/1,1]0|0]|1 GDAC Register
1/0 1 oj1|1}0]1]|0 CFGO Register 1/0 1 1/111|0|1]|0 CFGO Register
1/0 1 oj1|1]0|1]|1 CFG1 Register 1/0 1 1|11 |0]1]|1 CFG1 Register
1/0 1 o|{1|1|1|0/|0 CFG2 Register 1/0 1 11111010 CFG2 Register
1/0 1 oj1|1}1]0|1 CHKS Register 1/0 1 1/1|1]1]0]|1 CHKS Register
1/0 1 oj1}(1}1]1|0 Userl Register 1/0 1 1/11|1]1]|0 Userl Register
1/0 1 o|1|1|1 |11 User2 Register 1/0 1 1 (1111 User2 Register
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7.2

Final Test Bank [OTP] Register

7.2.1 Final Test Bank [OTP] Register Overview

Table 7-2. Final Test Bank [OTP] Register Overview

R/'W|B/R|P5|P4|P3|P2|P1|P0| Register Name Location |Type @ Register Contents
One-time write of CCOOh allows writes
1/0 1 0 0 0 0 0 0 TIFlag Register oTP R/FW | to all OTP banks. Done at factory final
test.
1/0 MFR1 Register oTP R/FW | Factory use only.
1/0 MFR2 Register oTP R/FW | Factory use only.
1/0 MFR3 Register oTP R/FW | Factory use only.
BANK SEL1 POR User Bank Pointer (PGA308 uses
1/0 1 0 0 0 1 0 0 Reqister OoTP R/OW | the highest-numbered BANK SELx
9 register programmed by an OTP write.)
BANK SEL2 POR User Bank Pointer (PGA308 uses
1/0 1 0 0 0 1 0 1 Reqister oTP R/OW | the highest-numbered BANK SELx
9 register programmed by an OTP write.)
BANK SEL3 POR User Bank Pointer (PGA308 uses
1/0 1 0 0 0 1 1 0 Reqister oTP R/OW | the highest-numbered BANK SELx
9 register programmed by an OTP write.)
BANK SEL4 POR User Bank Pointer (PGA308 uses
1/0 1 0 0 0 1 1 1 Reqister oTP R/OW | the highest-numbered BANK SELx
9 register programmed by an OTP write.)

@

7.2.2 Final Test Bank [OTP] Register Details

R/FW = User Read-Only/Factory OTP Write; RIOW = Read/OTP Write; POR = Power-On Reset.

Table 7-3. Final Test Bank [OTP] Read/Write Command

RIW B/R P5 P4 P3 P2 P1 PO
1/0 1 0 0 0 P2 P1 PO
Table 7-4. Tl Flag Register [OTP: Final Test Bank]
P2 P1 PO Description Type @ | D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 Tl Flag RIFW TI15 | TI14 | TI13 | TI12 | TI11 | TI10 | TI9 TI8 TI7 TI6 TIS T4 TI3 TI2 TI1 TIO
0 0 0 POR Values RIFW 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0

(6]

TI[15:0]

OTP Write Enable Bits
A one-time write of CCOO0h allows writes to all OTP Banks.
TI[15:12]—Writing Ch (1100b) allows the PGA308 to read its OTP Bank on POR; performed
at factory final test. (Factory Fuse Disable bit must be set to for V,; to become active in

Standalone Mode).
TI[11:8]—Writing Ch (1100b) allows the PGA308 to operate in Software Lock Mode;
performed at factory final test.

R/FW = User Read-Only/Factory OTP Write. POR = Power-On Reset.
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Table 7-5. MFR1 Register: Factory Trim Register 1 - [OTP:Final Test Bank]

P2 | P1 | PO Description Type® | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
ofo|1 MFR1 RIFW | MA15 | MA14 | MA13 | MA12 | MALL | MA10 | MA9 | MA8 | MA7 | MA6 | MAS | MA4 | MA3 | MA2 | MAL | MAO
ofo|1 POR Values RIFW | X® X X X X X x | x| x| x| x| x| x| x| x| x

@ R/FW = User Read-Only/Factory OTP Write; POR = Power-On Reset.

@ X = Logic state depends on bit state programmed by factory.

MA[15:0] Reserved Factory Bits

Table 7-6. MFR2 Register: Factory Trim Register 2 [OTP: Final Test Bank]

P2 | P1 | PO Description Type® | D15 | D14 | D13 | D12 | Dil | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
ol1]o MFR2 RIFW | MB15 | MB14 | MB13 | MB12 | MB11 | MB10 | MB9 | MB8 | MB7 | MB6 | MB5 | MB4 | MB3 | MB2 | MB1 | MBO
o|1/|0 POR Values RIFW X@ X X X X X X X X X X X X X X X

@ R/FW = User Read-Only/Factory OTP Write; POR = Power-On Reset.

@ X = Logic state depends on bit state programmed by factory.

MB[15:0] Reserved Factory Bits

Table 7-7. MFR3 Register: Factory Trim Register 3 [OTP: Final Test Bank]

P2 | P1 | PO Description Type® | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
o011 MFR3 RIFW | MC15 | MC14 | MC13 | MC12 | MC11 | MC10 | MC9 | MC8 | MC7 | MC6 | MC5 | MC4 | MC3 | MC2 | MC1 | MCO
of1]1 POR Values RIFW | X® X X X X X x | x| x| x| x| x| x| x| x| x

@ R/FW = User Read-Only/Factory OTP Write; POR = Power-On Reset.

@ X = Logic state depends on bit state programmed by factory.

MC[15:0] Reserved Factory Bits

Table 7-8. BANK SEL1 Register: OTP Bank Selection 1 Register [OTP: Final Test Bank]

P2 | PL | PO Description Type® | D15 | D14 | D13 | D12 | D1l | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1|0 o BANK SEL1 RIOW 0 0 0 0 0 0 ol o|o|o|o| o o]|APs | AP4| AP3
1 0 0 POR Values R/IOW 0 0 0 0 0 0 0 0 0 0 0 0 0 X@ X X

(6]
()

AP[5:3]

R/OW = Read/OTP Write; POR = Power-On Reset.
X = Logic state depends on bit state programmed by user.

OTP User Bank Selection (P[5:3] in Read/Write Command Byte) for POR Standalone
Mode

The POR (Power-On-Reset) OTP User Bank X (1 of 7) is selected for Standalone Mode by
using the BANK SELXx registers (BANK SEL1, BANK SEL2, BANK SEL3, BANK SEL4). OTP
User Bank X selection can be set four times by programming the BANK SELXx registers in
order (1, 2, 3, 4). The default OTP User Bank X used on POR is the location stored in the
last programmed BANK SELx register. Therefore, if programmed, BANK SEL4 always has
priority over lower-numbered bank select registers.

Table 7-9. BANK SEL1 OTP User Bank Selection

APS5 AP4 AP3 OTP User Bank X
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
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Table 7-9. BANK SEL1 OTP User Bank Selection (continued)

APS AP4 AP3 OTP User Bank X
1 1 0 6
1 1 1 7

Table 7-10. BANK SEL2 Register: OTP Bank Selection 2 Register [OTP: Final Test Bank]

P2 | P1 | PO Description Type @ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1 0 0 BANK SEL2 R/OW 0 0 0 0 0 0 0 0 0 0 0 0 0 | BP5 | BP4 | BP3
1 0 0 POR Values R/IOW 0 0 0 0 0 0 0 0 0 0 0 0 0 | xX@ | x X

@ R/OW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

BP[5:3] OTP User Bank Selection (P[5:3] in Read/Write Command Byte) for POR Standalone
Mode
The POR (Power-On-Reset) OTP User Bank X (1 of 7) is selected for Standalone Mode by
using the BANK SELXx registers (BANK SEL1, BANK SEL2, BANK SEL3, BANK SEL4). OTP
User Bank X selection can be set four times by programming the BANK SELX registers in
order (1, 2, 3, 4). The default OTP User Bank X used on POR is the location stored in the
last programmed BANK SELXx register. Therefore, if programmed, BANK SEL4 always has
priority over lower-numbered bank select registers.

Table 7-11. BANK SEL2 OTP Bank Selection

BP5 BP4 BP3 OTP User Bank X
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Table 7-12. BANK SEL3 Register: OTP Bank Selection 3 Register [OTP: Final Test Bank]

P2 | P1L | PO Description Type @ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1 0 0 BANK SEL3 R/OW 0 0 0 0 0 0 0 0 0 0 0 0 0 | CP5|CP4|CP3
1 0 0 POR Values R/IOW 0 0 0 0 0 0 0 0 0 0 0 0 0 | X@ | x X

@ R/OW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

CP[5:3] OTP User Bank Selection (P[5:3] in Read/Write Command Byte) for POR Standalone
Mode
The POR (Power-On-Reset) OTP User Bank X (1 of 7) is selected for Standalone Mode by
using the BANK SELXx registers (BANK SEL1, BANK SEL2, BANK SEL3, BANK SEL4). OTP
User Bank X selection can be set four times by programming the BANK SELX registers in
order (1, 2, 3, 4). The default OTP User Bank X used on POR is the location stored in the
last programmed BANK SELXx register. Therefore, if programmed, BANK SEL4 always has
priority over lower-numbered bank select registers.
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Table 7-13. BANK SEL3 OTP Bank Selection
CP5 CP4 CP3 OTP User Bank X
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Table 7-14. BANK SEL4 Register: OTP Bank Selection 4 Register [OTP: Final Test Bank]

P2 P1 PO Description Type @ D15 D14 D13 D12 D11 D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1 0 0 BANK SEL4 R/OW 0 0 0 0 0 0 0 0 0 0 0 0 0 | DP5 | DP4 | DP3
1 0 0 POR Values R/OW 0 0 0 0 0 0 0 0 0 0 0 0 0 xX@ X X

@  R/OW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

DP[5:3] OTP User Bank Selection (P[5:3] in Read/Write Command Byte) for POR Standalone
Mode
The POR (Power-On-Reset) OTP User Bank X (1 of 7) is selected for Standalone Mode by
using the BANK SELXx registers (BANK SEL1, BANK SEL2, BANK SEL3, BANK SEL4). OTP
User Bank X selection can be set four times by programming the BANK SELX registers in
order (1, 2, 3, 4). The default OTP User Bank X used on POR is the location stored in the
last programmed BANK SELXx register. Therefore, if programmed, BANK SEL4 always has
priority over lower-numbered bank select registers.

Table 7-15. BANK SEL4 OTP Bank Selection

DP5 DP4 DP3 OTP User Bank X
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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7.3 User Bank X [OTP] Register

7.3.1 User Bank X [OTP] Register Overview

Table 7-16. User Bank X [OTP] Register Overview®

RIW|B/R|P5|P4|P3|P2|P1l| PO |Register Name | Location | Type @ Register Contents
0| 1 |pPs|pPalP3| 0| o0] o0 RZ[.’AC © oTP RIOW | Fine Offset Adjust (Zero DAC)
egister
1/0 1 P5|P4 P3| 0| 0|1 GDAC OoTP R/OW | Fine Gain Adjust (Gain DAC)
Register®
CEGO Output Amplifier Gain Select; Front-End
1/0 1 |[P5|P4|P3] 0|10 Register® OoTP R/OW | PGA Gain Select; Coarse Offset Adjust on
9 Front-End PGA
Fault Monitor Comparator Reference Select;
CEG1 Over-/Under-Scale Reference Select;
1/0 1 [P5|P4|P3] 0|1 1 Revister® oTP R/OW | External and Internal Fault Comparator
9 Configuration; Over-/Under-Scale Enable,
Thresholds and Compensation
One-Wire Disable and Instant-On
CFG2 Configuration; Shutdown Select; V ame/Dout
1/0 1 |PS|P4IP31 110710 Register® oTP RIOW Select; Doy State; Front-End PGA Coarse
Offset Reference Range
CHKS Checksum for ZDAC + GDAC + CFG1 +
1/0 1 P5|P4 P3| 1|0 |1 Register® oTP R/OW CFG2 Registers
USER1 User information such as identification
1/0 1 PS|P4 P3| 1 1 0 Register oTp RIOW number, serial number, model number, etc.
USER2 User information such as identification
1/0 1 PS|P41P3] 1 1 1 Register oTP RIOW number, serial number, model number, etc.

@
@)
®)

For any Bank Pointer except P[5:3] = '000'.
R/OW = Read/OTP Write.
For these register details, see Section 7.4.2.
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7.3.2 User Bank X [OTP] Register Details

Table 7-17. User Bank X OTP Read/Write Command

R/I'W B/R P5 P4 P3
1/0 1 P5 P4 1
Table 7-18. USER1 Register: Userl Register - [OTP: User Bank X]
P2 P1 PO Description Type @ D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 1 0 USER1 Register R/IOW UA15 | UA14 | UA13 | UA12 | UA1l | UA1O | UA9 | UA8 | UA7 | UAG | UAS | UA4 | UA3 | UA2 | UA1 | UAO
1 1 0 POR Values R/IOW X® X X X X X X X X X X X X X X X
@ R/OW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.
UA[15:0] USERL1 Register Data Bits
OTP user-programmable bits for user information such as identification number, serial
number, model number, etc.
Table 7-19. USER2 Register: User2 Register [OTP: User Bank X]
P2 P1 PO Description Type @ D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 1 1 USER?2 Register R/IOW UB15 | UB14 | UB13 | UB12 | UB11 | UB10 | UB9 | UB8 | UB7 | UB6 | UB5 | UB4 | UB3 | UB2 | UB1 | UBO
1 1 1 POR Values R/IOW X®@ X X X X X X X X X X X X X X X
@  R/OW = Read/OTP Write. POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.
UB[15:0] USER2 Register Data Bits
OTP user-programmable bits for user information such as identification number, serial
number, model number, etc.
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7.4 [OTP AND RAM] Registers
7.4.1 [OTP and RAM] Register Overview
Table 7-20. [OTP and RAM] Register Overview®
R/'W|B/R|P5| P4 |P3|P2|P1l|PO| Register Name Location | Type @ Register Contents
1/0 | 1/0 |P5 | P4 | P3| O 0 0 ZDAC Register OTP RAM Ré%\\;v Fine Offset Adjust (Zero DAC)
! R/OW . . . .
1/0 | 1/0 | P5 | P4 | P3| O 0 1 GDAC Register OTP RAM RIW Fine Gain Adjust (Gain DAC)
RIOW Output Amplifier Gain Select;
1/0 | 1/0 | P5 | P4 | P3| O 1 0 CFGO Register OTP RAM RIW Front-End PGA Gain Select; Coarse

Offset Adjust on Front-End PGA

Fault Monitor Comparator Reference
Select; Over-/Under-Scale Reference
R/OW | Select; External and Internal Fault
R/W | Comparator Configuration;
Over-/Under-Scale Enable, Thresholds
and Compensation

1/0 | 1/0 | P5 | P4 | P3| O 1 1 CFG1 Register OTP RAM

One-Wire Disable and Instant-On
Configuration; Shutdown Select;
Veiame/Dour Select; Dgyr State;
Front-End PGA Coarse Offset
Reference Range

R/OW | Checksum for ZDAC + GDAC + CFG1
R/W | + CFG2 Registers

R/IOW

1/0 | 1/0 | P5 | P4 | P3| 1 0 0 CFG2 Register OTP RAM RIW

1/0 | 1/0 | P5 | P4 | P3| 1 0 1 CHKS Register OTP RAM

@ For any Bank Pointer except P[5:3] = '000'".
@ R/FW = User Read-Only/Factory OTP Write; R/IOW = Read/OTP Write; POR = Power-On Reset.

7.4.2 [OTP and RAM] Register Details

Table 7-21. OTP and RAM Read/Write Command

R/I'W B/R P5 P4 P3 P2 P1 PO Memory Access
1/0 0 0 0 0 P2 P1 PO RAM
10 1 See(ll;lote See(ll;lote See(ll;lote P2 p1 PO OoTP

@ For any OTP Bank Pointer except P[5:3] = '000'

Table 7-22. ZDAC Register: Zero DAC Register [OTP and RAM]

P2 | PL | PO Description Type @ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
0 0 0 ZDAC R/OW R/W | zD15 | zD14 | zD13 | zD12 | zD11 | ZD10 | ZD9 | ZD8 | ZD7 | ZD6 | ZD5 | zD4 | ZD3 | zD2 | zZD1 | ZDO
0 0 0 POR Values OTP R/IOW X® X X X X X X X X X X X X X X X
0 0 0 POR Values RAM RIW 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R/W = Read/Write; RIOW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

ZD[15:0] Zero DAC Control
16-bit unsigned data format.
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Table 7-23. Zero DAC: Data Format Example (Vger = +5V, Vg = +5V); See Figure 7-2

Programmed
Programmed Voltage Actual Voltage
Digital Voltage Programmed Voltage Out of Zero DAC Out of Zero DAC
Input Digital Input (Binary) | Out of Zero DAC Out of Zero DAC RTO Vgpea RTO Vgpga
(Hex) ZD15........uen.. ZDO0 V) RTO Vgpea Formula V) V)
0000 0000 0000 0000 0000 0 +Viee/2 +2.5 +2.40
0001 0000 0000 0000 0001 | 76.293945e — 6 +Veer/2 — (1/65536) (Vrer) +2.499923706 +2.40
..... +2.40
051F | 0000010100011111 | 0.100021362 Vrer/2 ‘(\5131)1’65536) +2.399978638 +2.399978638
REF.
2000 0010 0000 0000 0000 0.625 Vrer/2 ‘(\5815;2/ 65536) +1.875 +1.875
REF.
4000 | 0100 0000 0000 0000 1.25 Vrer/2 ‘(963)84’ 65536) +1.25 +1.25
REF.
8000 1000 0000 0000 0000 25 *Vrer/2 — (32768/65536) 0 0
(VREF)
C000 | 1100 0000 0000 0000 3.75 Vrer/2 ‘(691)52’ 65536) -1.25 ~1.25
REF.
E000 1110 0000 0000 0000 4.375 Vrer/2 ‘($73;‘4/ 65536) -1.875 -1.875
REF.
FAEL | 1111101011100001 | -2.399978638 | *Veer/2 ‘(§?42)25’ 65536) | _5 399978638 ~2.399978638
REF.
----- —2.4®
FFFE | 11111111 11111110 4.999847412 Vrer/2 ‘(§/655)34/ 65536) —2.499847412 —2.4®
REF.
FFFF | 1111111111111111 | 4.999923706 Vrer/2 ‘(§?55)35’ 65536) | _5 499923706 240
REF.
@ Limited by Zero DAC amplifier output saturation voltage.
Zero DAC Program Equation:
Decimal # Counts = [(Vger/2 — Zero DAC RTO Vgpga) (65,536)] / Virer
Decimal counts must be < 65535
Zero DAC Program Example:
Want: Zero DAC RTO Vgpga = —1.5V
Given:; Vggr := 5V
Decimal # Counts = [(5V/2 — [-1.5V]) (65,536)] / 5V = 52,428.8
Use 52,429 counts —» CCCDh — 1100 1100 1100 1101
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0.1V < Vzeropac < Vg - 0.1V Vaer —Vger/2 < Zero DAC Program < +Vgee/2
+4.9V +5V +2.5V
Vzero pac . Zero DAC RTO V.
Vs Program Rang%PGA
=Y Zero DAC
+0.1V ero
4R -2.5V
0.050V < Vgpga < Vs - 0.0050V
0.050V < Vgpga < 4.95V
+2.4V
Front-End *
PGA Zero DAC RTO Vgpga
-2.4V
Zero DAC RTO Vopaa = (Vaer/2 - Vzero pac)
Zero DAC RTO Vopaa = (2.5 = Vaero pac)
8R
3
Figure 7-2. Zero DAC Scaling
Table 7-24. GDAC Register: Gain DAC Register [OTP and RAM]
P2 | P1 | PO Description Type® | D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
o o0 | 1 GDAC RIOW R/W | GD15 | GD14 | GD13 | GD12 | GD11 | GD10 | GD9 | GD8 | GD7 | GD6 | GD5 | GD4 | GD3 | GD2 | GD1 | GDO
0 0 1 POR Values OTP R/OW X@ X X X X X X X X X X X X X X X
0 | 0 | 1 | PORValues RAM RW o 1 0 0 0 0 o|lojo|o|o|o|o0o]|]o0]|o0]oO
™ R/W = Read/Write. RIOW = Read/OTP Write. POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.
GD[15:0] Gain DAC Control
16-bit unsigned data format.
Table 7-25. Gain DAC Data Format
Digital Input (Hex) Digital Input (Binary) GD15............... GDO Gain Adjust
0000 0000 0000 0000 0000 0.333333333
0001 0000 0000 0000 0001 0.333343505
32F2 0011 0010 1111 0010 0.466003417
4000 0100 0000 0000 0000 0.499999999
6604 0110 0110 0000 0100 0.598999022
9979 1001 1001 0111 1001 0.733001707
CC86 1100 1100 1000 0110 0.865946449
FFFF 11111111 1111 1111 0.999989824
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Gain DAC Equation:
1 LSB = (1.000000000 — 0.333333333) / 65536 = 1.0172526 x 10
Decimal # counts = (Desired Gain — 0.333333333) / (1.0172526 x 107)
Decimal counts must be < 65535

Gain DAC Example:
Want: Fine Gain = 0.68
Decimal # counts = (0.68 — 0.333333333) / (1.0172526 x 107°) = 34,078.72
Use 34079 counts — 0x851F — 1000 0101 0001 1111

Table 7-26. CFGO Register: Configuration Register 0 [OTP and RAM]

P2 | PL | PO Description Type @ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
o 1] o0 CFGO Ré/ov\v"’ Go2 | Go1 | Goo | cia | a3 | G2 | Gi1 | Glo | 0s7 | o0s6 | 0ss | 0sa | 0s3 | 0s2 | os1 | oso
0 1 0 POR Values OTP R/IOW X® X X X X X X X X X X X X X X X
0 1 0 | POR Values RAM RIW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R/W = Read/Write. RIOW = Read/OTP Write. POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

GO[2:0] Output Amplifier Gain Select (1 of 7, plus internal feedback disable)
Gl4 Front-End PGA Input Mux Control
GI[3:0] Front-End PGA Gain Select (1 of 16)
OS[7:0] Coarse Offset Adjust on Front-End PGA (7-bit + sign)
1LSB = (1/128)(Vger)(0.0256)

Table 7-27. Output Amplifier: Gain Select

Output Amplifier Rro (Feedback Rso (Input Resistor)
GO2 GO1 GO0 Gain Resistor) @ )
0 0 0 2 90kQ 90kQ
0 0 1 2.4 105kQ 75kQ
0 1 0 3 120kQ 60kQ
0 1 1 3.6 130kQ 50kQ
1 0 0 4.0 135kQ 45kQ
1 0 1 4.5 140kQ 40kQ
1 1 0 6 150kQ 30kQ
1 1 1 Disggézérgslinal See Note @ See Note @

@ Refer to detailed block diagram shown in Figure 2-1.

@ Disable Internal Feedback still leaves 180kQ between Vgz and GND. Vg must be connected to Vo 0r Voureur for the
Over-Scale and Under-Scale circuitry to work properly. See detailed block diagram shown in Figure 2-1.

Table 7-28. Front-End PGA: Mux Select

Gl4 MUX CNTL Input Mux State @
0 Vine= Vinns Ving= Vine
1 Vine= Vines Ving= Vinn

@ V1 = pin 5, Vin, = Pin 6. V e = positive input to Front-End PGA. V,, = negative input to Front-End PGA. See Figure 2-1,
Detailed Block Diagram.
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Table 7-29. Front-End PGA: Gain Select

GI3 (GAIN SEL3) | GI2 (GAIN SEL2) | GI1 (GAIN SEL1) | GIO (GAIN SELO)|  Front-End PGA Gain

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1 12
0 1 0 0 16
0 1 0 1 32
0 1 1 0 64
0 1 1 1 100
1 0 0 0 200
1 0 0 1 400
1 0 1 0 480
1 0 1 1 600
1 1 0 0 800
1 1 0 1 960
1 1 1 0 1200
1 1 1 1 1600

Table 7-30. Coarse Offset Adjust on Front-End PGA: Data Format Example®

Coarse Offset

OS7 | OS6 |0OS5|0S4| OS3 | OS2 | 0OSs1 | OSO (mV) Coarse Offset Program
1 1 1 1 1 1 1 1 -100 - (100/128)( Vger)( 0.0256)
1 1 1 0 0 1 0 0 -100 - (100/128)( Vger)( 0.0256)
1 0 0 0 0 0 0 1 -1.0 - (1/128)( Vger)( 0.0256)
1 0 0 0 0 0 0 0 0 - 0 Vger
0 0 0 0 0 0 0 0 0 + 0 Vger
0 0 0 0 0 0 0 1 +1.0 + (1/128)(Vger)(0.0256)
0 1 1 0 0 1 0 0 +100 + (100/128)( Vree)( 0.0256)
0 1 1 1 1 1 1 1 +100 + (100/128)( Vree)( 0.0256)

@ Ve = 45V, 4.5V to 5.5V range; see CFG2 Register: COS VR[1:0] = '11'

Table 7-31. Coarse Offset: Vg Range Select, Resolution, Range

Coarse Offset
Vree Range Coarse Offset Resolution Coarse Offset Range
COSVR1® COS VRO @ V) V) V)
0 0 16to2.4 (1/128)(Vrer)(0.064) (2100mMV)(Vgee/2)
0 1 2410 3.6 (1/128)(Vger)(0.0427) (2100mMV)(Vge/3)
1 0 3.6t04.5 (1/128)(Vger)(0.0320) (2100mMV)(Vree/4)
1 1 45t05.5 (1/128)(Vger)(0.0256) (2100mMV)(Vgee/5)
@ CFG2 Register [D11:D10]
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Table 7-32. CFG1 Register: Configuration Register 1 [OTP and RAM]

P2 P1 PO Description Type @ D15 D14 D13 D12 D11 D10 D9 D8 | D7 D6 D5 | D4 | D3 D2 D1 DO
FLT FLT ou FLT CMP | EXT | INT | EXT | INT | OU

0 1 1 CFG1 R/OW R/W REF IPU CEG SEL SEL EN EN | PoL | PoL | EN HL2 | HL1 | HLO | LL2 | LL1 | LLO

0 1 1 POR Values OTP R/OW X@ X X X X X X X X X X X X X X X

0 1 1 POR Values RAM R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1)
()

R/W = Read/Write; RIOW = Read/OTP Write; POR = Power-On Reset.
X = Logic state depends on bit state programmed by user.

FLT REF

FLT IPU

OU CFG

FLT SEL

CMP SEL

EXT EN

INT EN

EXT POL

INT POL

OU EN

HL[2:0]
LL[2:0]

Fault Monitor Reference (Vg 1) for Bridge Fault Mode of Operation (see FLT SEL bit

CFG1 Register [D12])
1—Vpr=Vs
0 — Ve = Vier

Fault Monitor Pull-up Current Source (lpy, 30nA typical) Enable
One each connected to V; and V,, to detect open sensor conditions.

1 = Disable I

0 = Enable I,

Over-Scale and Under-Scale Reference (V) Select
1—Vyy=Vs

0 — Vim = Veer

Fault Detect Mode Select (External fault comparator trip-point selection)

1 = Common-Mode fault
0 = Bridge fault

Over-Scale and Under-Scale Amplifiers Compensation Select

1 = Heavy compensation. Use for capacitive loads on Vqyr from 1nF to 10nF (max).
0 = Light compensation. Use for capacitive loads on Vg, < 200pF.

Enable External Fault Comparator Group (INP_HI, INP_LO, INN_LO, INN_HI)

1 = Enable external fault comparator group
0 = Disable external fault comparator group

Enable Internal Fault Comparator Group (A2SAT_LO, A2SAT_HI, A1SAT _LO,

A1SAT_HI, A3_VCM)
1 = Enable internal fault comparator group
0 = Disable internal fault comparator group

Selects Vg Output Polarity when External Fault Comparator Group Detects a Fault, if

EXTEN =1

Note that EXT POL takes precedence over INT POL when a fault is detected.
1 = Force Vgt high when any comparator in the external fault comparator group detects a

fault

0 = Force Vg1 low when any comparator in the external fault comparator group detects a

fault

Selects Vg, Output Polarity when Internal Fault Comparator Group Detects a Fault, if

INTEN =1

1 = Force Vg high when any comparator in the internal fault comparator group detects a

fault

0 = Force Vg1 low when any comparator in the internal fault comparator group detects a

fault

Over-Scale and Under-Scale Limit Enable
1 = Enable Over-Scale and Under-Scale limits
0 = Disable Over-Scale and Under-Scale limits

Over-Scale Threshold Select
Under-Scale Threshold Select
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Table 7-33. Fault Mode Select (External Fault Comparators)

FLT SEL Fault Mode INP_HI, INN_HI Threshold INP_LO, INN_LO Threshold
0 Bridge Smaller of (Vs — 1.2V) or (0.65 — Vg1 ¥) Larger of 100mV or (0.35 x Vg1 @)
1 Common-Mode Vg — 1.2V 100mv
@ Vg ;s register selectable as Vggr Or Vs (see FLT REF bit in CFG1 Register [D15]).
Table 7-34. Over-Scale Threshold Select®
HL2 HL1 HLO Over-Scale Threshold (V) Over-Scale Threshold Over-Scale Index
0 0 0 4.9025 0.9805 x V, 0s0
0 0 1 4.844 0.9688 x V, 0s1
0 1 0 4.8045 0.9609 x V, 0s2
0 1 1 4.746 0.9492 x V,, 0s3
1 0 0 4.258 0.8516 x V, 0s4
1 0 1 3.8865 0.7773 x Vi 0S5
1 1 0 3.1445 0.6289 x V, 0s6
1 1 1 2.8515 0.5703 x V, os7
W Vi =+5V
Table 7-35. Under-Scale Threshold Select®
LL2 LL1 LLO Under-Scale Threshold (V) Under-Scale Threshold Under-Scale Index
0 0 0 0.09765 0.01953 x V| y USso
0 0 1 0.11715 0.02343 x V| US1
0 1 0 0.15625 0.03125 x V1 us2
0 1 1 0.1758 0.03516 x uUSs3
1 0 0 0.1953 0.03906 x us4
1 0 1 0.2344 0.04688 x uss
1 1 0 0.2539 0.05078 x us6
1 1 1 0.2735 0.0547 x V,,,, us?
@ Vi = +5V
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Table 7-36. CFG2 Register: Configuration Register 2 [OTP and RAM]

P2 | P1 | PO Description Type O] D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

R/IOW OwD DIS COos COS | RFB | DOUT RFB | RFB | RFB | RFB | RFB | RFB

11010 CrG2 rRw | OWP | orr | out | NOW | vR1 | vro | 0 | seL |POYT|SD I | o | 0o | o | 0| o

1 0 0 POR Values OTP R/OW X@ X X X X X X X X X X X X X X X

1 0 0 POR Values RAM R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R/W = Read/Write; RIOW = Read/OTP Write; POR =Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

RFB

owbD

owbD

OF

DIS OUT

NOW

F

cos
VR[1:0]

DOUT

SEL

DOUT

SD

Reserved Factory Bit
Set to '0' for proper operation.

One-Wire Disable Bit
1 = Disable One-Wire
0 = Enable One-Wire

One-Wire Disable Time Bit (valid only if OWD ="1")
1 = Disable One-Wire instantly
0 = Disable One-Wire after 25ms delay (typical)

Vour Disable Bit

1 = Disable Vgt

0 = Enable Vg

Instant On Bit

Vour €nable time after POR with valid checksum if DIS OUT ="'0".
1 = Instant on (Vo enabled in 60us, typical)

0 = 25ms typical delay before Vo, Enabled

Coarse Offset Reference Range

Mode of Operation for Dual-Use Dgy/Ve ame PinN

1 = Doy function

0 = V¢ awe function

Logic State of Dgy/Veiawe Pin (if DOUT SEL ='1")

1 = Logic high

0 = Logic low

Shutdown Mode for low standby current (260uA; does not include current into Vgee
pin)

1 = Shutdown

0 = Normal operation
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Table 7-37. Coarse Offset: Vg Range Select, Resolution, Range
COS VR1 COS VRO Coarse Offset Vgee Range (V) | Coarse Offset Resolution (V) Coarse Offset Range (V)
0 0 161024 (1/128)(Vrer)(0.064) (£100MV)(Vrer/2)
0 1 2.4103.6 (1/128)(Vger)(0.0427) (£100MV)(Vrer/3)
1 0 3.6t04.5 (1/128)(Vger)(0.0320) (£100MV)(Vrer/4)
1 1 451055 (1/128)(Vger)(0.0256) (£100MV)(Vger/5)
Table 7-38. CHKS Register: Checksum Register [OTP and RAM]
P2 P1 PO Description Type @ D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 0 1 CHKS R/IOW CK15 | CK14 | CK13 | CK12 | CK11 | CK10 | CK9 | CK8 | CK7 | CK6 | CK5 | CK4 | CK3 | CK2 | CK1 | CKO
1 0 1 POR Values OTP R/OW X®@ X X X X X X X X X X X X X X X
1 0 1 POR Values RAM R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R/OW = Read/OTP Write; POR = Power-On Reset.
@ X = Logic state depends on bit state programmed by user.

CK[15:0] Checksum for ZDAC + GDAC + CFG1 + CFG2 Registers

Correct checksum must be computed and entered by user for PGA308 in order to operate
properly; refer to Table 7-39.

Table 7-39. Checksum Calculation Example for CHKS and CHSR Registers

STEP Register/Result Mathematical Action Binary Carry Hex Result Notes
1 ZDAC ZDAC Register contents | ------- F978
2 GDAC GDAC Register contents | ~ ------- 5639
3 SUML1 = ZDAC + GDAC 1 4FB1 SUM1_Carry =1
4 SUML_C = SUML +SUMI_Carry | - 4FB2 SoM1_Carry Is added to LSB of
CFGO CFGO Register contents |  ------- 7CC5
SUM2 = SUM1_C + CFGO 0 CC77 SUM2_Carry =0
7 SUM2_C = SUM2 + SUM2_Carry | -weeee cc77 SUM2_Carry is added to LSB of
SUM2
8 CFG1 CFG1 Register contents | ------- EFOF
9 SUMS3 = SUM2_C + CFG1 1 BB86 SUM3_Carry =1
10 SUM3_C = SUM3 + SUM3_Carry | - BBS87 SuM3_Carry is added to LSB of
11 CFG2 CFG2 Register contents |  ------- C171
12 SUM4 = CFG2 + SUM3_C 1 7CF8 SUM4_Carry = 1
13 SUM4_C = SUM4 + SUM4_Carry | —emm 7CF9 SUM4_Carry is added to LSB of
- - SUM4
Invert each equivalent binary bit in
hex number for SUM4_C. Must be
manually entered into CHKS
14 CHKS or CHSR NOT (SUM4_C) | = - 8306 Register and is automatically
computed by PGA308 state machine
and stored in CHSR Register
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7.5 [RAM] Register

7.5.1 [RAM] Register Overview

Table 7-40. [RAM] Register Overview

Type
RI'W | B/R| P5 | P4 | P3| P2 | P1 | PO | Register Name | Location @ Register Contents
0 | 0 | o | 0o | 0| o | 0 | 0 |ZDACRegister®| OTP RAM RF’;R,\\’/V Fine Offset Adjust (Zero DAC)
GDAC R/IOW | _. . . .
1/0 1/0 0 0 0 0 0 1 Register® OTP RAM RIW Fine Gain Adjust (Gain DAC)
Output Amplifier Gain Select;
. R/OW | Front-End PGA Gain Select;
@) )
1/0 1/0 0 0 0 0 1 0 | CFGO Register OTP RAM RIW | Coarse Offset Adjust on
Front-End PGA
Fault Monitor Comparator
Reference Select;
RIOW Over/Under-Scale Reference
1/0 1/0 0 0 0 0 1 1 | CFG1 Register® | OTP RAM Select; External and Internal
R/W - L
Fault Comparator Configuration;
Over/Under-Scale Enable,
Thresholds, and Compensation
One-Wire Disable and
Instant-On Configuration;
. R/OW | Shutdown Select; V, /D,
) » Veramp!/ Yout
1/0 1/0 0 0 0 1 0 0 | CFG2 Register OTP RAM RW | Select; Dy, State; Front-End
PGA Coarse Offset Reference
Range
CHKS R/OW | Checksum for ZDAC + GDAC +
10 1/0 0 0 0 ! 0 ! Register® OTPRAM | "Riw | CFG1 + CFG2 Registers
Checksum read for internally
: calculated Checksum for ZDAC
1/0 0 0 0 0 1 1 0 CHSR Register RAM R + GDAC + CFG1 + CFG2
Registers
Software Control for Software
Lock Mode (POR default mode
. is Standalone Mode); One-Wire
1/0 0 0 0 0 1 1 1 SFTC Register RAM R/W Turnaround Delay Select; OTP
Bank Select for Software Lock
Mode
Output Counter Control for when
One-Wire Interface (1W) is
1/0 0 0 0 1 0 0 0 OENC Register RAM R/W | connected to Vg in
three-terminal module
applications
1 0o ol o | 1| 0| 0| 1 | ALRMRegster | RAM R (F)a“'t Monitor Comparator
utputs
. OTP Memory Status/Control
1/0 0 0 0 1 0 1 0 OTPS Register RAM R/W Register
Factory
1/0 0 0 0 1 0 1 1 Reserved RAM R Factory Reserved
Factory
1/0 0 0 0 1 1 0 0 Reserved RAM R Factory Reserved
Factory
1/0 0 0 0 1 1 0 1 Reserved RAM R Factory Reserved
Factory
1/0 0 0 0 1 1 1 0 Reserved RAM R Factory Reserved
Factory
1/0 0 0 0 1 1 1 1 Reserved RAM R Factory Reserved

® R = Read-Only; R/W = Read/Write; R/FW = User Read-Only/Factory OTP Write; R/IOW = Read/OTP Write.

@ For these register details, see [OTP and RAM] Register Details section.
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7.5.2 [RAM] Register Details
Table 7-41. RAM Read/Write Command
RIW B/R P5 P4 P3 P2 P1 PO
1/0 0 0 0 P3 P2 P1 PO

Table 7-42. CHSR Register: Software Calculated Register Checksum Register [RAM]

P3 | P2 | P1 | PO Description Type @ | D15 D14 D13 D12 D11 D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
0 1 1 0 CHKS R/W CS15 | CS14 | CS13 | CS12 | CS11 | CS10 [ CS9 | CS8 | CS7 | CS6 | CS5 | CS4 | CS3 | Cs2 | Cs1 | Cso
0 1 1 0 POR Values R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R/W = Read/Write; POR = Power-On Reset.

CS[15:0] PGA308 Internal State Machine Calculation of Checksum for ZDAC + GDAC + CFG1 +
CFG2 Registers
See Table 7-39, Checksum Calculation Example for CHKS and CHSR Registers

Table 7-43. SFTC Register: Software Control Register [RAM]

Type
P3 | P2 | P1 | PO | Description @ | p15 | D14 | D13 | D12 | D11 | D10 | DO | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RFB | RFB | RFB | RFB | RFB | RFB | RFB | CHKS | OW | SW | SW | SW | RFB
C R N SFTC RW | 0 0 0 0 0 0 | FLG® |DLY| L2 | L1 | Lo | o |XP5|XP4|XP3
0| 2| 1| 1| PORVaues | RW | 0 0 0 0 0 0 0 0 oo o] o o ofo]o

@ R/W = Read/Write; POR = Power-On Reset.
@ Read-only bit.

RFB Reserved Factory Bit
Set to '0' for proper operation.

CHKS Register Checksum Bit (Read-only)
FLG 1 = Register checksum correct
0 = Register checksum error

OW DLY One-Wire Delay Bit
1 = 8-bit delay from transmit to receive during One-Wire reads
0 = 1-bit delay from transmit to receive during One-Wire reads

SWL[2:0] Software Lock Mode Control
Direct R/W to RAM registers configures/controls the PGA308; see Figure 5-14.

XP[5:3] OTP Bank Selection for Software Lock Mode
If XP[5:3] ='000', then the PGA308 operates from data written into the RAM registers from
the user. Any other combination will load the respective OTP User Bank X contents into the
respective RAM register locations and then operate the PGA308 from RAM.
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Table 7-44. Software Lock Mode Control Bits

SWL2

SWL1

SWLO Mode of Operation

0

0 Standalone (Runs from OTP)

Standalone (Runs from OTP)

Standalone (Runs from OTP)

Standalone (Runs from OTP)

Standalone (Runs from OTP)

SOFTWARE LOCK (Runs from RAM)

Standalone (Runs from OTP)

RlRk|Rr|Rr|lOo|O|O

Rr|lr|lo|lo|r|r|oO

Rrlo|lr|Oo|R|O|R

Standalone (Runs from OTP)

Table 7-45. OTP Bank Selection for Software Lock Mode

XP5 XP4 XP3 OTP User Bank Selected

0 0 0 None

0 0 1 User Bank 1
0 1 0 User Bank 2
0 1 1 User Bank 3
1 0 0 User Bank 4
1 0 1 User Bank 5
1 1 0 User Bank 6
1 1 1 User Bank 7

Table 7-46. OENC Register: Output Enable Control Register [RAM]

P3 | P2 | P1 | PO Description Type ® | D15 | D14 | D13 | D12 | D1l | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | OEN | OEN | OEN | OEN | OEN | OEN | OEN | OEN

1 0 0 0 OENC RIW 0 0 0 0 0 0 0 0 7 6 5 4 3 2 1 0

1 0 0 0 POR Values R/W 0 0 0 0 0 0 0 0 0 o] 0 0 0 0 0 o]

(6]

R/W = Read/Write; POR = Power-On Reset.

RFB

OEN[7:0]

Reserved Factory Bit
Set to '0' for proper operation.

Output Enable Counter for One-Wire Interface / Vo, Multiplexed Mode

Any non-zero value starts Vq; enable initial count, decremented every 10ms to zero count
and then Vg ; is disabled. After Vo is disabled, a one-second internal timer is set. If serial
communication from an outside controller takes place on the One-Wire interface (1W pin),
then Vg remains disabled as long as the PGA308 is addressed with a valid One-Wire
transaction at least once per second (see Figure 5-12).

Table 7-47. Output Enable Counter for One-Wire Interface / Vg ; Multiplexed Mode®

Digital Input (Binary)

OENT...... OENO Decimal Equivalent (Initial Counter Value) Vout Enable Timeout (ms)

0000 0000 0 0

0010 0000 32 320
0100 0000 64 640
0110 0000 96 960
1000 0000 128 1280
1010 0000 160 1600
1100 0000 192 1920
1110 0000 224 2240
1111 1111 255 2550

(6]

Vour Enable Timeout = Initial Counter Value x 10ms.
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Table 7-48. ALRM Register: Alarm Register [RAM]

P3| P2 | P1| PO Description Type @ | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ALSA | A1SA | A2SA | A2SA | A3SA | INN | INN | INP_ | INP_
TH | TLO | TH | TLO | TLO| _HI | LO| HI | LO

10| 0| 1] PORVales R olo | o[ oo ofo 0 0 0 0 0 ol o] o] o
@ R = Read-Only; POR = Power-On Reset.

1 0 0 1 ALRM R 0 0 0 0 0 0 0

See Section 3.6, Fault Monitor Circuitry, for details.

Internal Fault Comparators (Logic 1 = Fault)
A1SAT_HI PGA Al op amp saturation high.
A1SAT_LO PGA Al op amp saturation low.
A2SAT _HI PGA A2 op amp saturation high.
A2SAT_LO PGA A2 op amp saturation low.
A3SAT_LO PGA A3 op amp saturation low.
External Fault Comparators (Logic 1 = Fault)

INN_HI V,ww FLT+ comparator.
INN_LO V\ynv FLT— comparator.
INP_HI Vne FLT+ comparator.

INP_LO V\wp FLT— comparator.

NOTE: FLT+ and FLT- (external fault comparator thresholds) determined by FLT REF and FLT SEL in
CFG1 Register [D15, D12].

Table 7-49. OTPS Register: OTP Memory Status Register [RAM]

P3| P2 | P1| PO Description Type @ | D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
oTP OoTP RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB

1|0 1 0 OTPS R/W EN RFBO | RFBO BSY® RFB O | RFB O 0 0 0 0 0 0 0 0 0 0

1|0 1 0 POR Values R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ R = Read-Only; POR = Power-On Reset.
@ Read-Only bit.

RFB Reserved Factory Bit
Set to '0' for proper operation.

OTP EN OTP Enable Bit
1 = Enable write to OTP
0 = Disable write to OTP

OTP BSY OTP Write Busy Bit (Read-only)
1 = Busy Writing to OTP
0 = Done Writing to OTP
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Table 7-50. Factory Reserved Registers: [RAM] DO NOT WRITE TO THESE REGISTERS

P3| P2 | P1| PO Description Type D15 D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 | DO

1 0 1 1 Factory Reserved R RFB®W | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB
1 1 0 0 Factory Reserved R RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB
1 1 0 1 Factory Reserved R RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB
1 1 1 0 Factory Reserved R RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB
1 1 1 1 Factory Reserved R RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB | RFB

@ RFB = Reserved factory bit. DO NOT WRITE TO THIS BIT.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://www.ti.com/wirelessconnectivity
http://e2e.ti.com

	Table of Contents
	1 PGA308
	1.1 Overview
	1.1.1 Sensor Error Adjustment Range

	1.2 Related Documentation from Texas Instruments
	1.3 If You Need Assistance
	1.4 Information About Cautions and Warnings
	1.5 FCC Warning

	2 Functional Description
	2.1 Block Diagram
	2.2 Amplification Signal Path
	2.3 Coarse and Fine Offset Adjustment
	2.4 Voltage Reference
	2.5 Fault Monitor Circuit: Sensor Fault Detection (also see and )
	2.6 Over-Scale and Under-Scale Limits
	2.7 VCLAMP Pin
	2.8  Digital Interface: One-Wire Program Protocol
	2.9 Timeout on the One-Wire Interface
	2.10 Power-On Sequence of the PGA308
	2.11 One-Wire Operation with 1W Connected to VOUT
	2.12 OTP Memory Banks

	3 Analog Architecture
	3.1 Gain Scaling
	3.1.1 PGA308 Transfer Function

	3.2 Offset Scaling
	3.3 Zero DAC Circuit Range
	3.3.1 Complete Scaling Example

	3.4 Output Amplifier
	3.5 Over-Scale and Under-Scale Limits
	3.6 Fault Monitor Circuitry
	3.7 DOUT/VCLAMP Pin
	3.8 System Budget for Over-Scale, Under-Scale, Linear Output, and Fault Detection
	3.9 VREF Pin
	3.10 General AC Considerations

	4 Detailed Digital Description
	4.1 Memory Structure
	4.2 OTP Memory Section
	4.3 RAM Memory Section
	4.4 Digital Interface
	4.5 One-Wire Interface Timeout
	4.6 One-Wire Interface Timing Considerations

	5 Operating Modes
	5.1 Overview
	5.2 Common Applications
	5.2.1 Four-Terminal Module: Detailed Discussion

	5.3 One-Wire Write Mode, One-Wire Read Mode
	5.4 OTP Program Mode
	5.5 Standalone Mode
	5.6 1W Connected to VOUT Program Mode, Virtual Software Lock Mode
	5.7 Virtual Software Lock Mode
	5.8 Software Lock Mode
	5.9 Shutdown Mode

	6 Applications
	6.1 Typical Application Circuits

	7 Detailed Register Descriptions
	7.1 Memory Structure and Register Locations
	7.2 Final Test Bank [OTP] Register
	7.2.1 Final Test Bank [OTP] Register Overview
	7.2.2 Final Test Bank [OTP] Register Details

	7.3 User Bank X [OTP] Register
	7.3.1 User Bank X [OTP] Register Overview
	7.3.2 User Bank X [OTP] Register Details

	7.4 [OTP AND RAM] Registers
	7.4.1 [OTP and RAM] Register Overview
	7.4.2 [OTP and RAM] Register Details

	7.5 [RAM] Register
	7.5.1 [RAM] Register Overview
	7.5.2 [RAM] Register Details


	Revision History

