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Limited Warranty and Disclaimer. These designs are provided to you �as is�. Xilinx and its licensors make and you receive no 
warranties or conditions, express, implied, statutory or otherwise, and Xilinx specifically disclaims any implied warranties of 
merchantability, non-infringement, or fitness for a particular purpose. Xilinx does not warrant that the functions contained in these 
designs will meet your requirements, or that the operation of these designs will be uninterrupted or error free, or that defects in 
the Designs will be corrected. Furthermore, Xilinx does not warrant or make any representations regarding use or the results of 
the use of the designs in terms of correctness, accuracy, reliability, or otherwise.

Limitation of Liability. In no event will Xilinx or its licensors be liable for any loss of data, lost profits, cost or procurement of 
substitute goods or services, or for any special, incidental, consequential, or indirect damages arising from the use or operation 
of the designs or accompanying documentation, however caused and on any theory of liability. This limitation will apply even if 
Xilinx has been advised of the possibility of such damage. This limitation shall apply not-withstanding the failure of the essential 
purpose of any limited remedies herein.

This design module is not supported by general Xilinx Technical support as an official Xilinx Product.
Please refer any issues initially to the provider of the module.

Any problems or items felt of value in the continued improvement of KCPSM3 or this reference design would be gratefully 
received by the author.

Ken Chapman
Senior Staff Engineer � Spartan Applications Specialist
email: chapman@xilinx.com

Limitations

The author would also be pleased to hear from anyone using KCPSM3 or the UART macros with information about your 
application and how these macros have been useful.
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Design Overview
This design outlines the fundamental operation of the Linear Technology LTC1407A-1 dual channel Analogue to Digital converter (A/D) and LTC6912-1 dual 
channel programmable amplifier provided on the Spartan-3E Starter Kit. The design illustrates how PicoBlaze can be used to control these devices as well as 
present results on the LCD display. It is hoped that the design may form the basis for future PicoBlaze designs as well as provide a general introduction to the 
analogue inputs. Some exercises are suggested to encourage further self study.  

Linear Technology LTC6912-1 dual 
channel programmable amplifier

The design focuses on the VINA analogue input provided on 
J7. The design contains all the �hooks� for controlling and 
reading the VINB channel but information about the VINA 
channel is presented on the LCD display. 8 LEDs

Simple binary count 
used to indicate design 
is working. Advances at 

1 second intervals.

Try it now � it only takes 30 seconds!

As well as the source design files, a compiled configuration bit file is provided which 
you can immediately download into the Spartan XC3S500E device on your board. It is 
recommended that you try this to become familiar with what the design does before 
continuing to read. To make this task really easy the first time, unzip all the files 
provided into a directory and then�. 

double click on �install_picoblaze_amp_adc_control.bat�. 
Assuming you have the Xilinx software installed, your board connected with the USB 
cable and the board powered (don�t forget the switch), then this should open a DOS 
window and run iMPACT in batch mode to configure the Spartan-3E with the design.

Linear Technology 
LTC1407A-1 dual channel 

Analogue to Digital 
converter 

In this example a wire link is being used to connect VINA to 
the 1.8v supply test point J27. There are numerous test points 
which can be used to exercise the design. 

Use �North� and �South�
buttons to adjust 

amplifier gain
Voltage level at the 

VINA input

Relative voltage level at 
the input to the A/D 

converter

Actual 14-bit value from 
A/D converter
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Analogue Inputs Overview
This overview is not intended to replace the Linear Technology data sheets and you are recommended to consult the LTC1407A-1 and LTC6912-1 data 
sheets to review the full range of features these devices offer as well as check the operating specifications particularly in relation to analogue inputs. 

Both devices have a Serial Peripheral Interface (SPI) to allow the devices to 
be controlled and digital values to be read. The amplifier also has a 
shutdown control. All of these signals link directly to the Spartan-3E using the 
pins indicated in yellow. 

A/D 
Channel 0

14

The LTC6912-1 provides two independent inverting amplifiers. 
Signals are amplified relative to 1.65v. The gain of each amplifier 
is programmable from -1 to -100 which enables signals as small 
as �12.5mV to apply full scale inputs to the A/D converters.

SPI Interface

SDO

SCK

AD-CONV N10P11

U16

Important hint - The SPI bus signals (SDI, SDO and SCK) are shared by other devices on the board. 
It is vital that other devices are disabled when communicating with the Amplifier or A/D converter. 

R
13

2

1KW

The LTC1407A-1 provides two analogue to digital converters. Both analogue 
inputs are sampled simultaneously when the AD-CONV signal is applied.

3.3v

R
12

9

1KW

0v

GND

VCC

0v

3.3v

J7 SPI Interface
AMP-DO

AMP-SHDN

SDI E18T4

P7

SCK

AMP-CSN7

U16

-

14

A/D 
Channel 1

+

-

+

-

A

+

- B

+

REF=1.65v

VINA

VINB
Each digital output is a 14-bit twos 
compliment signed representation of 
the corresponding analogue input.

Gain A
Gain B

1.65v

2.90v

0.40v

The analogue input range is �1.25v 
relative to 1.65v (the nominal mid-
rail level of the 3.3v supply) 

-8192
(200016)

0
(000016)

-8192
(1FFF16)

Range
1.65v�1.25v

Range
1.65v�12.5mv

up to
1.65v�1.25v

+1.25v

-1.25v

Hint � Connect AC signals 
to VINA or VINB via a DC 
blocking capacitor.
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Analogue Input Conversion
These two worked examples indicate the ideal response of the analogue inputs and derive the formula for this board. In practice, there will be slight variations 
in reference voltages and system noise which will make such precise results impossible to obtain. 

A/D

14
-

+

-

G= -1

+

VREF=1.65v

VIN=1.2v

Although the actual voltage being applied to the input 
is VIN the amplifier observes this relative to the 
reference voltage. Therefore the input, as far as the 
amplifier is concerned, is VIN�VREF

As far as the input to the A/D converter is concerned, the 
output from the amplifier is (VIN�VREF)×Gain. However, do not 
allow yourself to be confused. If you measure this signal, you 
will find that it is higher by VREF. 

VIN�VREF = 1.2-1.65 = -0.45v

Digital value is a 14-bit twos 
complement signed representation 
of the input range -1.25v to +1.25v.

(VIN�VREF )×Gain = (1.2-1.65)×-1 = +0.45v

+2.1v

(+0.45/1.25) × 214-1   = +0.36×8192 = +2949
= 0B85 hex (16-bit)

(VIN � 1.65) × Gain 

1.25
× 8192 Digital Output =

A/D

14
-

+

-

G= -2

+

VREF=1.65v

VIN=1.8v
VIN�VREF = 1.80-1.65 = +0.15v

(VIN�VREF )×Gain = (1.8-1.65)×-2 = -0.3v

+1.35v

(-0.3/1.25) × 214-1   = -0.24×8192 = -1966
= F852 hex (16-bit)

Hint � 1.2v and 1,8v are nominal supply voltages available on the board at test points J24 (near on/off switch) and J27 (near BTN west).
Use these with the design provided to compare results. 

Where 
Digital Output is 14-bit twos complement.
Gain is negative (inverting).
Available Gain figures are -1, -2, -5, -10, -20, -50 and -100.
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Typical Results
These photographs of the LCD display were all taken whilst the VINA input was connected to the 1.8V 
test point at J27.

Since 1.2v is smaller than the 1.65v reference level the input to the amplifier is negative (-0.45v). 
Therefore the input to the A/D converter is positive relative to the 1.65v reference level and again 
becomes larger with increased gain.

Gain=-1    A/D input = -0.45v × -1   = 0.45v
Gain=-2    A/D input = -0.45v × -2   = 0.90v
Gain=-5    A/D input = -0.45v × -5   = 2.25v – Too big!

In practice we can see the values are not perfect. This will be due to the actual 1.8v supply and the 
3.3v supply combined with R129 and R132 which form the 1.65v reference.

Exercise – Use a calibrated voltmeter to measure the reference level on your board (R129-R132) and 
modify the constants VREF_lsb and VREF_msb in the PicoBlaze program to increase accuracy.

With the gain set to 10, the A/D input has exceed the negative limit of -1.25v and it is no longer 
possible to work out how high the actual VINA input is above the maximum it can measure. The 
display indicates this with the > sign.

This sequence show the LCD display whilst the VINA input was connected to the 1.2V test point at J24.

Since 1.8v is larger than the 1.65v reference level the input to the amplifier is positive (0.15v). 
Therefore the input to the A/D converter is negative relative to the 1.65v reference level. This 
negative value obviously becomes larger as the gain is increased.

Gain=-1    A/D input = 0.15v × -1   = -0.15v
Gain=-2    A/D input = 0.15v × -2   = -0.30v
Gain=-5    A/D input = 0.15v × -5   = -0.75v
Gain=-10  A/D input = 0.15v × -10 = -1.50v – Too big!

Exercise – The reference value on the board used in these photographs was measured and found to be 
1.72v.  Recalculate the values expected with a 1.2v input and also determine what the actual 1.2v 
supply was on this board.


