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Abstract

This document describes the design and operation of a electronic digital step
attenuator. This attenuator was designed with a 1 dB step resolution and 0.1 dB
accuracy with a bandwidth from 1 to 10 MHz. The attenuator dynamic range
provides attenuation of input signals from zero to 63 dB in 1 dB steps using a rotary
control. A linear array of LEDs is used to display the attenuation value as a 6-bit
binary value.
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1. INTRODUCTION

This paper documents the design of a digitally controlled step attenuator capable of
operating over a frequency range from 1 to 10 MHz. Initially, a web search of available
commercial offerings turned up a number of candidates, however they all either lacked the
precision required for the target application or were prohibitively expensive. At the time of
the search, commercial step attenuators were running around $5,000 each and there were
typically specified to operate at over 1 GHz. Little information was available on their
operation at lower frequencies. Additionally, due to the number of units that would be

needed (>24) the purchase of such a large number would be prohibitively expensive.

A low cost “hobby grade” binary digital attenuator kit was initially discovered. This
attenuator was based on pi attenuator segments connected by DPDT switches. It appeared
that was very affordable given the large number of units required. A sample unit was
purchased, built and tested. This unit appeared to be suitable and a dozen units were built.
An aluminum case was designed to house the attenuator and fabricated. During full scale
testing, the switches began to fail and after careful consideration many were found to be
faulty. A better solution was needed and the decision was made to design and build our

own digital step attenuators.

A digital attenuator chip from Mini-Circuits (DAT-31-PP+) was identified that would be
suitable for the overall attenuator. This chip is specified to have a usable frequency range
from DC-2400 MHz with an input and output impedance matched to 50 Ohms. However,
there was little data from the vendor on its operating characteristics at frequencies below 2
MHz. A prototype unit was needed for further evaluation for its suitability to our

application.

A prototype of the digital attenuator was built and tested. The units were built with the
ability to program the digital attenuator chip using switches or a microcontroller board.
The switches could be set in a binary manner and then a load switch could be used to load
the new attenuator value. An Arduino Nano board could also be used to load the
attenuator value into the chip. However, there was some risk that the software for the
controller would prove difficult to get to work right. In the end, the software for the
microcontroller board worked so well, no units utilizing switches were ever built. Overall,

around two dozen units were completed.
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2. STEP ATTENUATOR

When the need for attenuators was first identified, a search of possible candidates was
undertaken. Initially, a couple of laboratory grade RF step attenuators were identified
(Agilient being one). A set of requirements was generated (see information below).
However, the cost to outfit as many as 16 channels with attenuators was cost prohibitive
for an LDRD activity. Each attenuator cost approximately $5000. A less expensive

alternative was sought.

An attenuator was needed to match return signal levels between channels. The requirements on
this design were as follows.

Bandwidth 100 kHz to 10 MHz
Battery powered Vv
Attenuation Factor  >60 dB attenuation

Power In > (1Vpp) dBm

Controls Easy to use, must be able to adjust smoothly with single knob
Insertion Loss <3dB

Single Bat. Op. > 9 hours continuous

The initial attempt at a simple step attenuator utilized a commercial off the shelf step
attenuator sold to hobbyist. This attenuator relied upon multiple pi attenuators! which
utilized Double Pole, Double Throw (DPDT) switches to increase the attenuation in unit
steps. This attenuator had an insertion loss of around 1 dB and could increase attenuation
in 1 dB steps to over a range of 80 dB. The unit steps were 20, 20, 20, 10, 5, 3, 2, and 1 dB.
These boards were put into a custom designed aluminum housing which had two BNC
connectors for signal in and out. The front panel design is shown in Figure 1. The
construction of the housing is shown in Figure 2. A 3D view is shown in Figure 3. The

overall design drawing is shown in Figure 4.

The initial performance of these attenuators was excellent and a full complement was built.
However, with further testing, the switches were found to be faulty in several units. The
switches were very inexpensive and it was determined that a better solution was needed if

the project were to proceed successfully.

1 A pi attenuator is constructed from three resistors; a resistor to ground at the input, a resistor to ground at the
output and a series resistor between the input and the output. A pi attenuator can be designed to attenuate the
incoming signal at any level while maintaining a 50 ohm input impedance and a 50 ohm output impedance.
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Figure 1. Front Panel Manual Step Attenuator.@

14



3

| o
’ T v
381°¢
g E]
[=]
W - 906 ——» [ 3 906°L >
- -
000y  JIVOS - Y/
SNOISNZWI I10H
o ONILNNO o
=345
8¢ o
a —_— a
— Ivi3a ,
0¥0
) z < ¥ ) < 9 / [ 3

Figure 2. Step Attenuator Construction.@

15



i 48149
PRINT APPROVAL ISSUE REVISIONS
This print was checked by the undersigned. . (&) REVISED PER CUSTOMER
Disapproved - we made changes in red and signed them 7-6-10 DAB
Approved as noted.

Approved - we accept your dwg without correction and i s s
will accept this part manufactured within the tolerances All sheets of this document contain ¥
indicated on fhis dwg. proprietary and confidential information
(Please check applicabl e of Bud Industries and is intended for

j_ exclusive useutf)b cu;roelrg Bud Industries
2 2o J 6
Sgned ¢ persf%nnel. Qopyiﬂ ,_'diéclos“%re f'o others,
- - or other use is prohibited without the
Date__ -ZZ @ expreTss written authorization of Bud
= Industries.”
sos- g -24/F
' \
® F\)\wbe\r@%md\o\u?@)
A
E
i
i
|| 2
>
=3
c
|
MATERIAL:
COVER & BASE - .040 THK. ALUMINUM (3003-H14)
= FINISH:
COVER & BASE - NATURAL
. * NOT SHOWN, THESE ITEMS ARE INCLUDED IN
HARDWARE PKG. #55312 8
f Lo THIS IS A #CU-3010-A MODIFIED WITH SPECIAL SIZE
i . AND SPECIAL HOLES IN THE COVER
Ql |
N S
i *| 4 1 9657 KNOCKOUT PIN
\" Y * 3 4 2411 SCREW #6x1/4LG.
=3 2 1 48149-C _ |COVER
= A 1 1 48149-8  [BASE
= ITEM |QTY.] PARTNO. DESCRIPTION
PARTS LIST

BUD INDUSTRIES INC. A

Figure 3. Step Attenuator 3D View.

16



L z € 4 [ 9 L 8

CEINE

ONmMvA0 3105 1ON 00 Noasn uo

v 18y

Q3LON sV

01-6/80 :310NO ANg

XOg-INIW NOILYYO4IOD AFX-IDIA :¥3IWOLSND

“ONI s3lLSNANI ang

1SN SIdvd
NOILdINOS3a ON1¥Vd _|'ALD| Wall 0006 (xp) | |
3ovE|  aerier 1 I |
INOD| Dérisy Tl
DTY/1LX9# MIIOS 6 [
Nid INOYOONY| 7596 T v |«

J3AOD 3HL NI STIOH TVIDIdS ANV
371S VID3dS HLIM A3IHIAOW V-010€-ND# V SI SIHL

CLESS# "ONd IIVMAIYH
NI G3ANTONI 33V SW3LI 3STHL ‘'NMOHS LON «

[ 6 —m]
IVANLYN - 38V8 8 ¥3A0D

SHSINI asve

(7 LH-€00€) WNNIWNTY "SHL 070" - 3SV8 8 ¥3A0D
AVIRELYW

/sausnpul
PNg JO UOLDZLOY4ND USHLM SsaIdxe
By} JNOYIM Um:nm_goa §1 85N JOYJ0 10

‘SI8y}0 0} 2inNso|osip ‘OulAdo) “jeuuocsied
0loZ zonr

saLsNPU| PNg JUSLIND AQ 35N SAISN|OXS

10} POPUSJUI S| PUD saLsNPU| PNg JO

uolDWIOJUI [PIUSPLUOD pup Alpjeudold

UIDJUOD JUBWNDOP SIY} JO S188YS |1V,

SNOISIAZY anssi
6718y on ‘ona

\J

-

(X) INOXDONM 601" B
HLIM SSOW3 dVNS

f

896

0S¥’

Slilel
paubis

(aroqp Juswalpis 8|qpoYddD 308y as08|d)
*BMP iU} UO PajoIpU

M painjopjnuoW pod siyy §deooD
BMpP INOA }de20D am - paroiddy

‘pajou sp panoiddy

wiay} paubis pup pai ul saBupyd sppw om - paroiddosigq
‘paubisiopun ay} Aq paxoayd som juid siy|
TVAOIddY INI¥d

S9OUDISI0} BY} U
PUD UoOBL0D jNoY

dAL 1E0Y —

(¥) STl @ —

¥3IA0D

)

B ]

0081

dAL 009"

0009

8€6

Q3L8IHO¥d SI "ONI S3I¥LSNANI ANg 4O NOISSIWAId N3LLIIM IHL
INOHLM FTOHM ¥O 1¥Vd NI NOILONAO¥d3d ANV "ONI SIHLSNANI ang
40 ALI3dO¥d I10S IHL SI ONIMVAA SIHL NI INIVINOD NOILVWIOANI IHL

L

8

ing.

Draw

ign

4. Step Attenuator Des

igure

F

17



18



3. DIGITAL ATTENUATOR CHIP

The electronic digital attenuator chip chosen for this project is a Mini-Circuits DAT-31-PP+.

This chip met many of the requirements for the overall step attenuator design. It had

electronic digital control via a 5-bit parallel interface that would permit control of the chip

using a small microprocessor. Powered from a single +3V power supply requiring only 100

uA of current in the quiescent state this chip could operate for hours from a single 9V
battery. It had the accuracy required of 0.1 dB and the ability to step through 31 dB overall
attenuation in 1.0 dB steps. The chip was produced in a silicon CMOS process and comes in

a 20 pin package.

Pin Description

Function |  PIf Description
Ci6 1 Control for Attenuation bit, 16dB (Note 3)
RF in 2 RF in port (Note 1)

N/C 3 Not connected (Note 4)
GND 4 Ground connection
LE 5 Latch Enable Input (Note 2)
Voo 6 Power Supply
PUP1 7 Power-up selection
PUP2 8 Power-up selection
Voo 9 Power Supply
GND 10 Ground connection
GND 11 Ground connection
GND 12 Ground connection (Note 6)
GND 13 Ground connection
RF out 14 RF out port (Note 1)
c8 15 Control for attenuation bit, 8 dB
C4 16 Control for attenuation bit, 4 dB
c2 17 Control for attenuation bit, 2 dB
GND 18 Ground Connection
C1 19 Control for attenuation bit, 1 dB
N/C 20 Not connected (Note 4)
GND Paddle |Paddle ground (Note 5)
Notes:

1. Both RF ports must be held at 0VDC or DC blecked with an external series capacitor.

2. Latch Enable (LE) has an internal 100KQ resistor to V...

3. Place a 10KQ resistor in series, as close 1o pin as possible to avoid freq. resonance.

4. Place a shunt 10KQ resistor to GND.

5. The exposed solder pad on the bottom of the package (See Pin Configuration) must

be grounded lor proper device operation.

6. Ground must be less than 80 mil (0.08") from Pin 12 for proper device operation.

Pin Configuration (Top View)

c16 cs
RFin RFout
N/C 3" 1 GND
GND |47 : ground | {iZ]GND

LE[§: — — — — {97 GND

PUP1

PUP2
VDD | ¢
GND

Figure 5. Digital Attenuator Chip Pinout (from Mini-Circuits DAT-31-PP+ Datasheet).
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4. ATTENUATOR DESIGN

The attenuator was designed to fit into a Pomona Aluminum die cast box model 3602 with
the four layer FR4 board acting as the top as shown in Figure 6. The 9V battery was
mounted on the outside to make it easy to change the battery when required (see Figure 7).
Two BNC connectors can be seen in the top view (Figure 8) and are the input and output

connectors.

The digital attenuator chips are mounted on the back of the printed circuit board as shown
in Figure 9. Two attenuator chips are used in series in order to achieve an overall
attenuator factor of > 60 dB. The Arduino controller board can also be seen on this side of
the board along with a host of surface mount components. The controller monitors the
position of the rotational control (measuring a voltage) and sets the attenuation on the two
chips accordingly. The controller also monitors when the knob is not being manipulated
and goes into a sleep mode to save power. The final units were demonstrated to operate
from a fresh 9V battery for at least an entire 9 hour day. A reference to the 9V battery

lifetime is given in Appendix C.

There are three controls on the attenuator. The switch at the upper left is the on-off switch.
The switch at the upper right latches data into the parallel inputs of the attenuator chips.
This switch is utilized only if the board is being used in manual mode. Normally, the switch
is left in the Enable position. The rotating knob in the center of the unit controls the

overall attenuation.

LEDs at the bottom of the board indicate the attenuation setting as a binary number with
weightings of 1, 2, 4, 8, 16, 31 as shown in Figure 6. The high bit is not 32 as one would
expect because it represents one of the attenuator chips with all inputs high (the maximum

setting for a single attenuator chip is 31 dB.

21



Figure 6. Digital Attenuator.

Figure 7. Digital Attenuator Side View.
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5. ATTENUATOR PERFORMANCE
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6. CONTROLLER BOARD

The controller board chosen for this project is the Arduino Nano 3.0 (contains a single
ATmega328 microprocessor). This board has an extremely small footprint and has all the
support components to quickly and efficiently start a design using it as the controller. It
can be powered via the Mini-USB connector or from your motherboard. This board also
contains a voltage regulator so that the power can vary from 7V to over 12V. It has 14
digital I/O pins (of which 6 can be programmed to provide PWM output). The board is
0.73” X 1.70". Complete specifications can be found at
http://arduino.cc/en/Main/AuduinoBoardNano.

The Arduino Nano Board contains a USB (serial) port that is used to load the board and can

be used for debugging as a serial interface to the board.
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ICSP Header
Reset Button

Pin 13(L) LED

RX/TX LEDs

-
-~

RX g VIN
X b3 Ground
Reset bE Q0E g Reset
Ground Ve [ % 5V Power
oL
a Analog
il Inputs
Digital /O ——| |4

b5 Analog Ref
bE 3.3V Output

Dig Pin 13

Microcontroller
Mini-B USB Jack

Figure 12. Arduino Nano 3.0 with part descriptions (from ardunio.cc).
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7. PRINTED CIRCUIT BOARD DESIGN

The schematic of the printed circuit board is given in the Appendix A.

Page 1 of the schematic shows the 9V battery going to a toggle switch, SP1, which applies
power to the rest of the board. There is a multi-vibrator circuit consisting of NPN
transistors Q1 and Q2 that was designed to blink the power LED, LEDO. This design was
intended for stand-alone operation, i.e. not having the controller board. It was not known if
the controller chip would be able to work, so the board was designed with a manual
capability. The LED must blink or the power in the on state will quickly kill the battery. An
assembly note details how to configure the board for Arduino control. Power is applied to

the +3V regulator U3 which generates power for the rest of the board.

Page 2 of the schematic shows the control switches (which were not needed in the end)
and Schmitt trigger inverting buffers, U5 and U6, that are used to drive the digital
attenuator chip’s digital inputs. 10K Ohm pull-up resistors are attached to each of the
inputs. The Arduino controller drives each of the inputs producing one signal which lights

the LED and a second signal that goes to the attenuator chip.

Page 3 of the schematic shows the high control bits that are branched out and drive the
second attenuator chip (high bit is worth 31 dB) and the chip enables, LEO and LE1. As can

be seen, both chips are enabled at the same time.

Page 4 of the schematic shows the connections to the attenuator chips. Note that the chips

are isolated from the input and output and each other via 2.2 uF capacitors.

Page 5 of the schematic shows the connections to the Arduino controller board. The
Arduino controller board has its own internal +5V regulator and is therefore connected
directly to the +9V switched power. R40 is a single turn 100K POT that generates a voltage
between 0 and +5 volts. R41 and R41 create a voltage divider that allows the Arduino
controller to monitor the battery voltage and signal the user via power LED flashes that the

battery is nearing end of useful life.
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8. SOFTWARE OPERATION

This section describes the operation of the Arduino Controller. The software is listed in
Appendix B. The software contains two procedures: setup() and loop(). Setup is executed
first and is responsible for initializing all the digital pins. Setup also starts the internal
timers. After execution, Setup passes control to Loop. Loop consists of a single unending

loop.

Setup initializes the digital /0 to a known startup state. It then turns on the power LED,
sets the AREF output to 5V, starts the timer and captures the current time. Control then

passes to Loop().

The first time through the Loop (the entirety of loop only really gets executed once) the
power LED is used to signal what version of the software is loaded via a series of coded
flashes. This is performed by the routine showversion(). Next the initial read is made of
the battery state using the procedure blinkPwrLed(). This procedure blinks the LED at
least once, given that the battery is fresh. As the battery drains, the number of flashes
increases, hopefully getting the user’s attention to change the battery. After flashing, the

LED is turned off to save power.

The initial reading of the input POT is performed by the readPot() routine. This value is put
into the variable newValue, which is used to compare the current and last settings of the
POT. If there is a change, then the new POT setting is used to compute a new digital word
for the attenuators and output a new setting which is done by the routine changeAttn().
The first time through, the newValue is just loaded into the attenuators without checking if

there was a change.

The current time (currTime) is found and a future time (deltaTime) is calculated. When
this time is exceeded, the LED is blinked 10 times, using the routine sleepBlink(), and the
controller is put into a low power mode using the routine sleepNow(). The sleep mode is
set to SLEEP_MODE_PWR_DOWN which has the most power savings and the unit enters
sleep_mode(). An interrupt will occur which will wake the unit and execution continues
with another time through the loop(). Assuming no changes have been detected in the POT

setting, the controller goes back to sleep.

The unit will go in this power savings mode after a short time period where the user has

31



quit making changes to the attenuator setting. The user experiences a short delay when
they again start to adjust the POT. The timing was adjusted to make the user experience as

seamless as possible.
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9. CONCLUSIONS

This document describes the design and operation of a digital step attenuator. This
attenuator was designed to aid in the measurement of signals from 1 to 10 MHz. The
attenuator was capable of attenuating the input signal from zero to 63 dB in 1 dB steps
using a rotary control. A binary linear array of LEDs is used to display the attenuation
value. The control of the attenuator chip was accomplished using an Arudino micro
controller board. The software permitted the user to rotate a dial to change the attenuator

value.
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APPENDIX A

Schematics and Bill of Materials
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APPENDIX B

Control Software Listing

The Ardunio board software was developed and compiled using the Arduino Development
Environment (ADE). The ADE contains a text editor for writing code, a message area, a text
console, a toolbar with common functions and other menus. The ADE also permits connections
to be made with the microprocessor and transfers code into the same.

Software written for the Ardunio boards is called a sketch. Sketches are C like programs that
enable the programmer to call prewritten routines easily. In fact, the boards are simply AVR
development boards and one can program them using AVR C or C++ (using avr-gcc and avrdude
or AVR Studio programming environments). More information on Arduino can be found on the
web site http://arduino.cc.

Here is the listing of the final version of the software?.

2 The software listing was made by copying the original code into MacVim then printing as a pdf document. The
pdf document was broken into 8 separate pdf pages and imported one by one into this Word document. This was the
only way to preserve the formatting and color coding that MacVim provides.
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N
*

Name: Attn v3 11 1 2011
Desc: Control a digital attenuator from POT
Engineer: Perry Robertson
Sandia National Labs
Date: 11/1/2011

This code reads the voltage value on a POT from 0 to 5V
corresponding to integer values 0 to 1023

The data values are digitized (top 6 bits) and output to the
attenuator.

Battery monitor circuit blinks power light when low battery detected
The attenuation, in this version, increases with clockwise rotation

A timer is used to put the Arduino to sleep after defined interval
using unsigned long millis() —— returns number of milliseconds since Arduino beg

running the current program. Overflow after approx 50 days.

Modified 11-1-11 to show version for 2 sec after power up
showversion(), make sure you change the routine when updating version

%k % F S % R % k% % R % K % % R % ¥ X % % %

*
N

#include <avr/sleep.h>
#include <avr/interrupt.h>
#include <avr/io.h>

//#define DEBUG

#define INIT TIMER COUNT
#define RESET TIMER2 TCNT2 = INIT TIMER COUNT

// Set the pin numbers for the I/O on Deicimila Board
#define POT A7

#define PWR A6

#define LED // on board LED always connected to D13
#define E5

#define E4

#define E3

#define E2

#define E1

#define EO

#define M1 // system clock for testing

#define M2

#define LEDI1

#define LEA

// Battery indicator state voltages

#define BatGreen // V> .8V
#define BatYellow // .6V <V < .8V
#define BatRed // V< .6V

// int - integer value 16-bit 32,767 to —-32,768
// long — extended data type for long integer 32-bit 2,147,483,647 to —-2,147,483,648
// float — floating-point 32-bit 3.4028235E+38 to -3.4028235E+38

int sleepStatus = 0; // variable to store a request for sleep
int count=0; // counter

int potvalue=1; // the last value of the input voltage

int newValue=60; // the newest value of the pot

fl oat pwrsupValue=0; // voltage of power supply

int lowBat=0; // low battery indicator

int delaycnt= ; // default delay count (basic loop delay)

// variables for Interrupt Timer
int int counter = 0;

I ong starttime = 0;
int clk = 0;
unsi gned | ong currTime = 0; 44

unsi gned | ong oldTime = 0;
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unsigned | ong deltaTime ; // difference between oldTime and currTime
unsi gned | ong delayTime ; // time before we sleep approx 1 hour (3600000),
5000 for testing

voi d setup()

// initialize all the digital pins as an output.

// Set all the digital pins as inputs to emulate open collector outputs
pinMode (LED, OUTPUT); // this is the LED on Arduino Nano Board
pinMode (LED1, OUTPUT); // LEDI

pinMode (LEA, INPUT); // LEA

pinMode (E5, INPUT); // E5

pinMode (E4, INPUT); // E4

pinMode(E3, INPUT); // E3

pinMode(E2, INPUT); // E2

pinMode(El1, INPUT); // E1

pinMode (E0, INPUT); // EO

pinMode (M1, OUTPUT);

digitalWrite (M1, LOW);

pinMode (M2, INPUT);

//digitalwWrite(M2, LOW);

// Turn on the LED until first cycle completes

digitalWrite(LED, HIGH); // turn LED on at beginning
digitalWrite(LED1, HIGH); // do likewise to the power LED
#ifdef DEBUG

Serial.begin( )y; // start a serial port for test outputs
#endif
// can put interrupt code here from Sleep demo
analogReference (DEFAULT); // sets the AREF=5V
count=0;

// get the start time and set oldTime
currTime = millis();
0ldTime = currTime;

#ifdef DEBUG
Serial.println("Setup Complete");
#endif
} // setup()

voi d showversion()
{
// Setup has already turned on all the leds, we need to
// display the version number on the leds
// Set all the digital pins as inputs to emulate open collector outputs
// Current Version = 3
pinMode (E5, OUTPUT); // E5
digitalWrite(E5, LOW);
pinMode (E4, OUTPUT); // E4
digitalWrite(E4, LOW);
pinMode (E3, OUTPUT); // E3
digitalWrite(E3, LOW);
pinMode(E2, OUTPUT); // E2
digitalWrite(E2, LOW);
pinMode(El1, INPUT); // E1
pinMode (E0, INPUT); // EO
// might need to cycle the LE to set the new value (all at once)
// LEA normally an INPUT (attenuators digital inputs latched)
// here we are going to enable the new data
pinMode (LEA, OUTPUT);

digitalWrite(LEA, LOW); // pull low
delay(2); // wait just a little bit
pinMode (LEA, INPUT); // relatch the new inputs

} // showversion()

// this wake up routine is not really called because we never wake up!
voi d wakeUpNow () // interrupt handler

// execute code after wake-up, BFore returning to the loop()
} // wakeUpNow()
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// clock() creates a short pulse each cycle of the main loop()

voi d clock() // create cycle clock for testing
if (clk = 0)
{
clk = 1;
digitalWrite(M1l, HIGH);
}
el se
clk = 0;
digitalWrite(M1, LOW);
}

Y // clock()

// update the Attenuator digital values from potValue

// they act like open collector outputs
// as inputs, they will float high
// as outputs, set to LOW, they will pull the line down

// potValue range 0 - 63

// stay in the while loop as long as changes are taking place
// when the counter exceeds limit, then return to main loop

voi d changeAttn()
// set the bits one by one by doing a bit test

int delaycnt; // temp var how long to take for each cycle
int count; // number of cycles since last change

delaycnt=25; // set the faster delay count for the little loop
count=0;

whil e (count < ) {

// Read the Analog Input
newValue = readPot(); // read the analog input represents attn setting 6
-bits

#ifdef DEBUG
Serial.print("POT = ");
Serial.print(newValue, DEC);
//Serial.print(" = ");
//Serial.print(newValue, BIN);
Serial.print(" Vsup = ");
Serial.print(pwrsupValue, DEC);

Serial.print(" Count = ");
Serial.print(count, DEC);

Serial.print(" lowBat = ");
Serial.println(lowBat, DEC);
#endif
// update based on the POT Value
i f (newvValue == potValue) {
count++;
el se {
potValue=newValue; // save the new value
count=0; // clear the cycle count, we are a changing things

// make changes using the newest value

if ( potvalue & ) {

pinMode (E0, INPUT); // set the output high
el se {

pinMode (EO, OUTPUT); ABset the output low

digitalWrite(EO, LOW);
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}

if ( potvalue &
pinMode(E1l, INPUT);

el se {
pinMode(E1, OUTPUT);
digitalWrite(El, LOW);
}

if ( potvalue & {
pinMode(E2, INPUT);

el se {
pinMode (E2, OUTPUT);
digitalWrite(E2, LOW);
}

if ( potvalue & )
pinMode(E3, INPUT);

el se {
pinMode (E3, OUTPUT);
digitalWrite(E3, LOW);
}

if ( potvalue & ) {
pinMode (E4, INPUT);

el se {
pinMode (E4, OUTPUT);
digitalWrite(E4, LOW);

}

if ( potvalue & ) {
pinMode (E5, INPUT);

el se {
pinMode (E5, OUTPUT);
digitalWrite(E5, LOW);

}

// might need to cycle the LE to set the new value (all at once)
// LEA normally an INPUT (attenuators digital inputs latched)
// here we are going to enable the new data

pinMode (LEA, OUTPUT);
digitalWrite(LEA, LOW);
delay(2);

pinMode (LEA, INPUT);

}

// pull low

// wait just a little bit
// relatch the new inputs

// as long as we are making changes, keep looping here faster

// than we normally go through the main loop

//clock();

//digitalWrite(LED, HIGH); // set the LED

delay(delaycnt); // wait for a
clock();

//digitalWrite(LED, LOW); // set the LED
delay(delaycnt); // wait for a

}

// the guy has quit twiddling on the knob, go
} // changeAttn()

// read the POT ADC routine
int readPot() {

int v;

v = analogRead(POT); // read the pot value
v = - v; // make attn increase
v / ; // convdkf to a 6 bit
i

(v >62) {

on
second

off
second

back to main loop

(10 bits)

with clockwise rotation
value

Page 4
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v = ;

}

return v; // return value
} // readPot()

// read the Power Supply value
float readPwr()

1
Int v;
float £;
v = analogRead(PWR); // read the power supply voltage (div 10)
// reading will be scaled 5V=1023, scale .9%1023/5=184
f = *xv/ ; // scale reading
return f; // return value

} // readPwr()

fl oat batTest()

float wv;

// read the power supply voltage
v = readPwr(); // the 9V power supply Div 10 (0-.9V)
if (v > )

lowBat = 0; // battery good
}
if ((v <=.8) && (v>=.6)) {
lowBat = 1;
}
if (v < ) {
lowBat = 2;
}

#ifdef DEBUG
Serial.print("Vsup=");
Serial.print(v, DEC);

Serial.print(" lowBat=");
Serial.print(lowBat, DEC);
#endif
return v;

} // batTest()

// blink the power LED a number of times depending on the level of the
// battery. lowBat is gloabal variable set in batTest()

voi d blinkPwrLed()
. .
Int i;
for (i=0; i<=lowBat; i++) {

#ifdef DEBUG
Serial.print(" lowBat=");
Serial.print(lowBat, DEC);
Serial.print(" BLINK ");

#endif

// one pulse no matter what
digitalWrite(LED1, HIGH); // turn on LED
delay ( )i
digitalWrite(LED1l, LOW); // leave LED off
delay ( )i

}
} // blinkPwrLed()

// blink the LED 10 times just before we go to sleep
voi d sleepBlink()
{ 48

int i;

Page 5
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for(i = 0; i<10; i++) {
digitalWrite(LED1l, HIGH); // turn on LED
delay( )i
digitalWrite(LED1, LOW); // turn off LED
delay ( )i

}

} // sleepBlink()

// go to sleep routine
voi d sleepNow() {

/* Now is the time to set the sleep mode. In the Atmega8 datasheet
http://www.atmel.com/dyn/resources/prod_documents/doc2486.pdf on page 35

*

* there is a list of sleep modes which explains which clocks and
* wake up sources are available in which sleep mode.

*

* In the avr/sleep.h file, the call names of these sleep modes are to be found:
*

* The 5 different modes are:

* SLEEP MODE_IDLE —the least power savings

* SLEEP MODE ADC

* SLEEP MODE PWR SAVE

* SLEEP MODE STANDBY

* SLEEP _MODE _PWR_DOWN —the most power savings

*

* For now, we want as much power savings as possible, so we

* choose the according

* sleep mode: SLEEP MODE PWR DOWN

*

*/

// shut off all the digital outputs (and the LEDS

// by setting their modes to INPUT

// this should leave the digital attenuators in last state and keep
// it from changing (until power on the board is cycled

pinMode (LED, INPUT); // this is the LED on Arduino Nano Board
pinMode (LED1, OUTPUT); // LEDI

pinMode (LEA, INPUT); // LEA, leave high to keep from enabling board
pinMode (E5, OUTPUT); // E5

pinMode (E4, OUTPUT); // E4

pinMode (E3, OUTPUT); // E3
pinMode(E2, OUTPUT); // E2
pinMode(El, OUTPUT); // El1
pinMode(EO, OUTPUT); // EO

pinMode (M1, INPUT);

pinMode (M2, INPUT);

digitalWrite(E5, LOW); // write low turns off LEDs
digitalWrite(E4, LOW);

digitalWrite(E3, LOW);

digitalWrite(E2, LOW);

digitalWrite(El, LOW);

digitalWrite(EO, LOW);

digitalWrite(LED1l, LOW);

set_sleep mode(SLEEP_MODE_PWR DOWN) ; // sleep mode is set here

sleep_enable(); // enables the sleep bit in the mcucr register
// so sleep is possible. just a safety pin

N
*

Now it is time to enable an interrupt. We do it here so an
accidentally pushed interrupt button doesn't interrupt
our running program. if you want to be able to run
interrupt code besides the sleep function, place it in
setup() for example.

In the function call attachInterrupt(A, B, C)
A can be either 0 or 1 for interrupts on pin 2 or 3.

B Name of a function you want to execute at interrupt for A.

c Trigger mode of the inte@pt pin. can be:
Low a low level triggers

¥ % X % X % % X % X % %
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* CHANGE a change in level triggers

* RISING a rising edge of a level triggers
* FALLING a falling edge of a level triggers
*

* In all but the IDLE sleep modes only LOW can be used.

*/

/*
// Perry doesn't need an interrupt
attachInterrupt(0,wakeUpNow, LOW); // use interrupt 0 (pin 2) and run function
// wakeUpNow when pin 2 gets LOW

*/
sleep mode(); // here the device is actually put to sleep!!
// THE PROGRAM CONTINUES FROM HERE AFTER WAKING UP
sleep disable(); // first thing after waking from sleep:
// disable sleep...
//  detachInterrupt(0); // disables interrupt 0 on pin 2 so the

// wakeUpNow code will not be executed
// during normal running time.

} // sleepNow()

// Main loop —- enter here after setup()

voi d loop()

{
delay(50); // give time to see LED1 turn on
digitalWrite(LED, LOW); // turn it off and leave it off

digitalWrite(LED1, LOW);
showversion(); // show the version number on LEDsS
delay(50);

// every time through the loop, read the battery voltage
// may want to slow this down to save power later on
pwrsupValue = batTest();

// main loop delay

delay(delaycnt);

blinkPwrLed(); // flash the on board led with power state
delay(delaycnt);

//clock();

// every time through loop, read the pot and see if we need to respond to user inp
ut
// Read the Analog Input

newValue = readPot(); // read the analog input represents attn setting 6-b
its
count++; // increment each time through the loop
// not really doing much with this except when debug
ging
i f (newvValue != potValue) {
changeAttn(); // change the values to the attenuators
count=0;
currTime = millis(); // reset the timer values
0ldTime = currTime;
}

// see if enough time has passed since the guy twiddled my knob
currTime = millis();
deltaTime = currTime - oldTime; // number of milliseconds
#ifdef DEBUG

Serial.print(" dtime=");

Serial.print(deltaTime, DEC);
#endif
if (deltaTime > delayTime) { // we are going to sleep and save battery cause s

omeone
// has left me on for a long time

// create a pulse so we can tell when we go to sleep
clock();

// blink the power led 10 timds)before going to sleep
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sleepBlink();
sleepNow();

}

#ifdef DEBUG
Serial.print(" POT = ");
Serial.print(newValue, DEC);
Serial.print(" Count = ");
Serial.println(count, DEC);
#endif

} // loop()
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APPENDIX C
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Distribution

All Electronic Copies

1 MS0341 Perry J. Robertson 1751
1 MS1064 Rick Kellogg 2616
1 MS0899 Technical Library 9536
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