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AppKit:
Using the LTC1298 12-bit Analog-to-Digital Converter

This AppKit shows how to use the Linear Technology LTC 1298 12-bit ADC chip with PIC microcontrollers and the Parallax
BASIC Stamp® single-board computer.

Description

The LTC1298 is a 12-bit analog-to-digital converter (ADC). It is internally referenced to the 5-volt power supply, providing
voltage measurements with 1.22-millivolt resolution. It has an internal sample-and-hold feature that prevents errors when it is
used to measure rapidly changing signals.

The LTC1298 can be configured as a two-channel ADC or single-channel differential ADC. In two-channel mode, the
selected channel’s voltage is measured relative to ground and returned as a value between 0 and 4095. In differential
mode, the voltage difference between the two inputs is measured and returned as a value between 0 and 4095.

Supply current is typically 250 µA when the unit is operating, 1 nA (one-billionth of an ampere) when it is not. The maximum
clock rate for the LTC1298’s three-wire serial interface is 200 kHz, permitting up to 11,100 samples to be taken per second.

Hardware interface

The LTC1298 interfaces with controllers through four pins: chip select (CS), clock (CLK), data in (DIN) and data out (DOUT).
Since PICs can readily switch between input and output on the fly, the interface shown in the figure combines DIN and DOUT

into a single connection.

As shown in the figure, the manufacturer recommends a 1- to 10-µF
bypass capacitor with good high-frequency qualities; a ceramic unit at the
low end of the scale, tantalum at the higher end. Since the supply voltage
also serves as the ADC’s voltage reference, it must be well regulated to
avoid measurement errors. Since the LTC1298 draws very little current,
you may use a precision voltage reference Zener diode (such as the
LM336) as a regulator.

See the manufacturer’s documentation at the end of this App Kit for pcb
design notes and analog characteristics.
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Software Interface

From a software standpoint, using the LTC1298 boils down to this:

(1) Activate CS by taking it low.
(2) Send (shift out) configuration bits to the LTC1298.
(3) Read (shift in) the 12-bit measurement from the LTC1298.
(4) Deactivate CS by taking it high.

The program listings and data sheets show these processes in detail.
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PIC Program Listing

; PROGRAM: LTC1298.SRC (Read LTC1298 analog-to-digital converter).
; Program demonstrates the use of an external serial ADC (Linear Tech
; LTC1298) with PIC16C5x-series controllers. Variable dc voltages
; (0-5V) at pins 2 or 3 of the ADC control the 12-bit value of the
; variable ADres.

CS = ra.0 ; Connect to CS pin of 1298.
CLK = ra.1 ; Connect to CLK pin.
DATA = ra.2 ; Connect to Din and Dout pins.

; Put variable storage above special-purpose registers.
org 8

clocks ds 1 ; Clock-cycle counter.
ADresH ds 1 ; High byte of 12-bit ADC result.
ADresL ds 1 ; Low byte of 12-bit ADC result.
cnfig ds 1 ; Holds configuration bits for ADC.

startb = cnfig.0 ; Start-bit for conversation with ADC (always 1).
sglDif = cnfig.1 ; 1=single-ended, 2-ch; 0=differential, 1-ch
oddSign = cnfig.2 ; Selects ch 0 or 1 for input or + polarity.
msbf = cnfig.3 ; MSBF mode select (always 1).
xmit = 0 ; TRIS setting to send data to LTC1298.
recv = 100b ; TRIS setting to receive data from LTC1298.
fixBs = 1001b ; Fixed bits for configuration setting.
outClk = 4 ; Number of bits sent to LTC1298.
inClk = 13 ; Number of bits received from LTC1298.

; Remember to change device info when programming part.
device pic16c55,xt_osc,wdt_off,protect_off
reset start

; Set starting point in program ROM to zero
org 0

start mov !ra, #xmit ; Set TRIS ra to send configuration to ADC.
mov !rb,#0 ; Set TRIS rb and rc to output.
mov !rc,#0
setb CS ; Deselect LTC1298 for now.

; Set up the configuration bits. A 1 in sglDif means a single-ended conversion;
; 0 meansdifferential. For single-ended measurements, oddSign selects the channel:
; 0 = channel 0; 1 = channel 1. For differential conversions, oddSign selects polarity: 1
;  = channel 1 +, 0 = channel 0 +.

setb sglDif ; Set for single-ended.
clrb oddSign ; Sample channel 0.
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PIC Program Listing (cont.)

; Call the ADC subroutine.
call convert
mov rb, ADresL ; Put the bits of ADC result on rb and rc.
mov rb, ADresH
jmp $ ; Stop program: results in registers 9 and A.

; This is the subroutine that gets the conversion from the LTC1298. Upon
; entry, the configuration bits must be set up in the cnfig register.
; Upon exit, the 12-bit result will be in ADresH/L. The cnfig register
; will have been restored to its original state.

; This conversion routine will work properly at PIC clock speeds up to 8 MHz.
; Faster clocks will violate the LTC1298's max clock rate of 200 kHz. To slow
; the conversion routine, add more "jmp $+1" 2-cycle delays in :loop1 and
; :loop2.

convert
mov !rb,#xmit ; Ready to transmit configuration to ADC.
clrb CLK ; Begin with clock low.
clrb CS
OR cnfig,#fixBs ; Write 1s to start and msbf bits
mov clocks,#outClk ; Set up number of config bits to write.
clr ADresL ; Clear results registers.
clr ADresH

:loop1 rr cnfig ; Rotate bit 0 into carry.
movb DATA,c ; Move carry bit to DATA pin.
setb CLK ; Pulse the clock line.
jmp $+1
clrb CLK
djnz clocks,:loop1 ; Repeat for all config bits.
rr cnfig ; Rearrange config register to original state.
swap cnfig
mov !rb,#recv ; Change TRIS to input data.
mov clocks,#inClk ; Set up number of data bits to receive.

:loop2 rl ADresL ; Rotate 16-bit ADres register left.
rl ADresH
snb DATA ; Copy data bit to lsb of ADres.
setb ADresL.0
sb DATA
clrb ADresL.0
setb CLK ; Pulse the clock line.
jmp $+1
clrb CLK
djnz clocks,:loop2 ; Repeat for all data bits.
setb CS ; Deactivate the LTC1298.
ret
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BASIC Stamp I (BS1-IC) and BASIC Stamp Ver. D Program Listing

' Program: LTC1298.BS1 (LTC1298 analog-to-digital converter)

' The LTC1298 is a 12-bit, two-channel ADC. Its high resolution, low
' supply current, low cost, and built-in sample/hold feature make it a
' great companion for the Stamp in sensor and data-logging applications.
' With its 12-bit resolution, the LTC1298 can measure tiny changes in
' input voltage; 1.22 millivolts (5-volt reference/4096).

' ==========================================================
'                     ADC Interface Pins
' ==========================================================

' The 1298 uses a four-pin interface, consisting of chip-select, clock,
' data input, and data output. In this application, we tie the data lines
' together with a 1k resistor and connect the Stamp pin designated DIO
' to the data-in side of the resistor. The resistor limits the current
' flowing between DIO and the 1298's data out in case a programming error
' or other fault causes a "bus conflict." This happens when both pins are
' in output mode and in opposite states (1 vs 0). Without the resistor,
' such a conflict would cause large currents to flow between pins,
' possibly damaging the Stamp and/or ADC.

SYMBOL CS = 0 ' Chip select; 0 = active.
SYMBOL CLK = 1 ' Clock to ADC; out on rising, in on falling edge.
SYMBOL DIO_n = 2 ' Pin _number_ of data input/output.
SYMBOL DIO_p = pin2 ' Variable_name_ of data input/output.
SYMBOL ADbits = b1 ' Counter variable for serial bit reception.
SYMBOL AD = w1 ' 12-bit ADC conversion result.

' ==========================================================
'                     ADC Setup Bits
' ==========================================================

' The 1298 has two modes. As a single-ended ADC, it measures the
' voltage at one of its inputs with respect to ground. As a differential
' ADC, it measures the difference in voltage between the two inputs.
' The sglDif bit determines the mode; 1 = single-ended, 0 = differential.
' When the 1298 is single-ended, the oddSign bit selects the active input
' channel; 0 = channel 0 (pin 2), 1 = channel 1 (pin 3).
' When the 1298 is differential, the oddSign bit selects the polarity
' between the two inputs; 0 = channel 0 is +, 1 = channel 1 is +.
' The msbf bit determines whether clock cycles _after_ the 12 data bits
' have been sent will send 0s (msbf = 1) or a least-significant-bit-first
' copy of the data (msbf = 0). This program doesn't continue clocking after
' the data has been obtained, so this bit doesn't matter.

' You probably won't need to change the basic mode (single/differential)
' or the format of the post-data bits while the program is running, so
' these are assigned as constants. You probably will want to be able to
' change channels, so oddSign (the channel selector) is a bit variable.
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BASIC Stamp I and Ver. D Program Listing (cont.)

SYMBOL sglDif = 1 ' Single-ended, two-channel mode.
SYMBOL msbf = 1 ' Output 0s after data transfer is complete.
SYMBOL oddSign = bit0 ' Program writes channel # to this bit.
' ==========================================================
'                     Demo Program
' ==========================================================

' This program demonstrates the LTC1298 by alternately sampling the two
' input channels and presenting the results on the PC screen using Debug.

high CS ' Deactivate the ADC to begin.
Again: ' Main loop.
  For oddSign = 0 to 1 ' Toggle between input channels.
    gosub Convert ' Get data from ADC.
    debug "ch ",#oddSign,":",#AD,cr ' Show the data on PC screen.
    pause 500 ' Wait a half second.
  next ' Change input channels.
goto Again ' Endless loop.

' ==========================================================
'                     ADC Subroutine
' ==========================================================

' Here's where the conversion occurs. The Stamp first sends the setup
' bits to the 1298, then clocks in one null bit (a dummy bit that always
' reads 0) followed by the conversion data.

Convert:
  low CLK ' Low clock--output on rising edge.
  high DIO_n ' Switch DIO to output high (start bit).
  low CS ' Activate the 1298.
  pulsout CLK,5 ' Send start bit.
  let DIO_p = sglDif ' First setup bit.
  pulsout CLK,5 ' Send bit.
  let DIO_p = oddSign ' Second setup bit.
  pulsout CLK,5 ' Send bit.
  let DIO_p = msbf ' Final setup bit.
  pulsout CLK,5 ' Send bit.
  input DIO_n ' Get ready for input from DIO.
  let AD = 0 ' Clear old ADC result.
  for ADbits = 1 to 13 ' Get null bit + 12 data bits.
    let AD = AD*2+DIO_p ' Shift AD left, add new data bit.
    pulsout CLK,5 ' Clock next data bit in.
  next ' Get next data bit.
  high CS ' Turn off the ADC
return ' Return to program.
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BASIC Stamp II (BS2-IC) Program Listing

' Program: LTC1298.BS2 (LTC1298 analog-to-digital converter)

' The LTC1298 is a 12-bit, two-channel ADC. Its high resolution, low
' supply current, low cost, and built-in sample/hold feature make it a
' great companion for the Stamp in sensor and data-logging applications.
' With its 12-bit resolution, the LTC1298 can measure tiny changes in
' input voltage; 1.22 millivolts (5-volt reference/4096).

' ==========================================================
'                     ADC Interface Pins
' ==========================================================

' The 1298 uses a four-pin interface, consisting of chip-select, clock,
' data input, and data output. In this application, we tie the data lines
' together with a 1k resistor and connect the Stamp pin designated DIO
' to the data-in side of the resistor. The resistor limits the current
' flowing between DIO and the 1298's data out in case a programming error
' or other fault causes a "bus conflict." This happens when both pins are
' in output mode and in opposite states (1 vs 0). Without the resistor,
' such a conflict would cause large currents to flow between pins,
' possibly damaging the Stamp and/or ADC.

CS con 0 ' Chip select; 0 = active
CLK con 1 ' Clock to ADC; out on rising, in on falling edge.
DIO_n con 2 ' Data I/O pin _number_.
config var nib ' Configuration bits for ADC.
AD var word ' Variable to hold 12-bit AD result.

' ==========================================================
'                     ADC Setup Bits
' ==========================================================

' The 1298 has two modes. As a single-ended ADC, it measures the
' voltage at one of its inputs with respect to ground. As a differential
' ADC, it measures the difference in voltage between the two inputs.
' The sglDif bit determines the mode; 1 = single-ended, 0 = differential.
' When the 1298 is single-ended, the oddSign bit selects the active input
' channel; 0 = channel 0 (pin 2), 1 = channel 1 (pin 3).
' When the 1298 is differential, the oddSign bit selects the polarity
' between the two inputs; 0 = channel 0 is +, 1 = channel 1 is +.
' The msbf bit determines whether clock cycles _after_ the 12 data bits
' have been sent will send 0s (msbf = 1) or a least-significant-bit-first
' copy of the data (msbf = 0). This program doesn't continue clocking after
' the data has been obtained, so this bit doesn't matter.

' You probably won't need to change the basic mode (single/differential)
' or the format of the post-data bits while the program is running, so
' these are assigned as constants. You probably will want to be able to
' change channels, so oddSign (the channel selector) is a bit variable.
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BASIC Stamp II Program Listing (cont.)

startB var config.bit0 ' Start bit for comm with ADC.
sglDif var config.bit1 ' Single-ended or differential mode.
oddSign var config.bit2 ' Channel selection.
msbf var config.bit3 ' Output 0s after data xfer complete.

' ==========================================================
'                     Demo Program
' ==========================================================

' This program demonstrates the LTC1298 by alternately sampling the two
' input channels and presenting the results on the PC screen using Debug.

high CS ' Deactivate ADC to begin.
high DIO_n ' Set data pin for first start bit.
again: ' Main loop.
  for oddSign = 0 to 1 ' Toggle between input channels.
    gosub convert ' Get data from ADC.
    debug "channel ",DEC oddSign, ": ",DEC AD,cr ' Display data.
    pause 500 ' Wait a half second.
  next ' Change channels.
goto again ' Endless loop.

' ==========================================================
'                     ADC Subroutine
' ==========================================================

' Here's where the conversion occurs. The Stamp first sends the config
' bits to the 1298, then clocks in the conversion data. Note the use of
' the new BS2 instructions Shiftout and Shiftin. Their use is pretty
' straightforward here: Shiftout sends data bits to pin DIO and clock
' the CLK pin. Sending the least-significant bit first, it shifts out
' the four bits of the variable config. Then Shiftin changes DIO to
' input and clocks in the data bits--most-significant bit first, post
' clock (valid after clock pulse). It shifts in 12 bits to the
' variable AD.

convert:
  config = config | %1011 ' Set all bits except oddSign.
  low CS ' Activate the ADC.
  shiftout DIO_n,CLK,lsbfirst,[config\4] ' Send config bits.
  shiftin DIO_n,CLK,msbpost,[AD\12] ' Get data bits.
  high CS ' Deactivate the ADC.
return ' Return to program.
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