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DESCRIPTION:  electret condenser microphone

1 of 4

06/2008

20050 SW 112th Ave. Tualatin, Oregon 97062   phonephone 503.612.2300  faxfax 503.612.2383   

PART NUMBER:  CMA-4544PF-W

SPECIFICATIONS
directivity omnidirectional
sensitivity (S) -44 ±2 dB f = 1KHz, 1Pa   0dB = 1V/Pa
sensitivity reduction (∆S-Vs) -3 dB f = 1KHz, 1Pa   Vs = 3.0 ~ 2.0 V dc
operating voltage 3 V dc (standard), 10 V dc (max.)
output impedance (Zout) 2.2 KΩ f = 1KHz, 1Pa
operating frequency (f) 20 ~ 20,000 Hz
current consumption (IDSS) 0.5 mA max. Vs = 3.0 V dc  RL = 2.2KΩ
signal to noise ratio (S/N) 60 dBA f = 1KHz, 1Pa  A-weighted
operating temperature -20 ~ +70° C
storage temperature -20 ~ +70° C
dimensions ø9.7 x 4.5 mm
weight 0.80 g max.
material Al
terminal pin type (hand soldering only)
RoHS yes

note: We use the “Pascal (Pa)” indication of sensitivity as per the recomendation of I.E.C. (International 
Electrotechnical Commission).  The sensitivity of “Pa” will increase 20dB compared to the “ubar” 
indication.  Example: -60dB (0dB = 1V/ubar) = -40dB (1V/Pa)

APPEARANCE DRAWING
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PART NUMBER:  CMA-4544PF-W

MEASUREMENT CIRCUIT

FREQUENCY RESPONSE CURVE
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PART NUMBER:  CMA-4544PF-W

ENVIRONMENT TEST
item test condition
high temp. test After being placed in a chamber at +70°C for 

72 hours.
low temp. test After being placed in a chamber at -20°C for 

72 hours.
humidity test After being placed in a chamber at +40°C and 

90±5% relative humidity for 240 hours.
temp. cycle test The part shall be subjected to 10 cycles.  One 

cycle will consist of:

evaluation standard

The part will be measured after 
being placed at +25°C for 6 
hours.  After any tests, the 
sensitivity should be within ±3dB 
compared to the initial 
measurement.

MECHANICAL CHARACTERISTICS
item test condition
soldering heat resistance Lead terminals are immersed in solder bath of 

270 ±5°C for 2 ±0.5 seconds.
PCB wire pull strength The pull force will be applied to double lead 

wire:
Horizontal   4.9N (0.5kg) for 30 seconds

vibration The part will be measured after applying a 
vibration amplitude of 1.5 mm with 10 to 55 Hz 
band of vibration frequency to each of the 
3 perpendicular directions for 2 hours.

drop test The part will be dropped from a height of 
1 m onto a 20 mm thick wooden board 3 times 
in 3 axes (X, Y, Z) for a total of 9 drops.

evaluation standard
No interference in operation.

No damage or cutting off.

After any tests, the sensitivity 
should be within ±3dB compared 
to the initial measurement.

TEST CONDITIONS
standard test condition a) temperature: +5 ~ +35°C b) humidity: 45 - 85% c) pressure: 860-1060 mbar
judgement test condition a) temperature: +25 ±2°C b) humidity: 60 - 70% c) pressure: 860-1060 mbar
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PACKAGING



General Description
The MAX4465–MAX4469 are micropower op amps opti-
mized for use as microphone preamplifiers. They pro-
vide the ideal combination of an optimized gain
bandwidth product vs. supply current, and low voltage
operation in ultra-small packages. The MAX4465/
MAX4467/MAX4469 are unity-gain stable and deliver a
200kHz gain bandwidth from only 24µA of supply cur-
rent. The MAX4466/MAX4468 are decompensated for a
minimum stable gain of +5V/V and provide a 600kHz
gain bandwidth product. In addition, these amplifiers
feature Rail-to-Rail® outputs, high AVOL, plus excellent
power-supply rejection and common-mode rejection
ratios for operation in noisy environments.
The MAX4467/MAX4468 include a complete shutdown
mode. In shutdown, the amplifiers’ supply current is
reduced to 5nA and the bias current to the external
microphone is cut off for ultimate power savings. The
single MAX4465/MAX4466 are offered in the ultra-small
5-pin SC70 package, while the single with shutdown
MAX4467/MAX4468 and dual MAX4469 are available in
the space-saving 8-pin SOT23 package.

Applications
Microphone Preamplifiers

Hearing Aids

Cellular Phones

Voice-Recognition Systems

Digital Dictation Devices

Headsets

Portable Computing

Features
! +2.4V to +5.5V Supply Voltage Operation

! Versions with 5nA Complete Shutdown Available
(MAX4467/MAX4468)

! Excellent Power-Supply Rejection Ratio: 112dB

! Excellent Common-Mode Rejection Ratio: 126dB

! High AVOL: 125dB (RL = 100kΩ)

! Rail-to-Rail Outputs

! Low 24µA Quiescent Supply Current 

! Gain Bandwidth Product:
200kHz (MAX4465/MAX4467/MAX4469)
600kHz AV ≥ 5 (MAX4466/MAX4468)

! Available in Space-Saving Packages
5-Pin SC70 (MAX4465/MAX4466)
8-Pin SOT23 (MAX4467/MAX4468/MAX4469)
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Low-Cost, Micropower, SC70/SOT23-8, Microphone
Preamplifiers with Complete Shutdown

________________________________________________________________ Maxim Integrated Products 1

19-1950; Rev 1; 4/01

Ordering Information

PART TEMP. RANGE PIN-PACKAGE

MAX4465EXK-T -40°C to +85°C 5 SC70-5

MAX4465EUK-T -40°C to +85°C 5 SOT23-5

MAX4466EXK-T -40°C to +85°C 5 SC70-5

MAX4466EUK-T -40°C to +85°C 5 SOT23-5

Rail-to-Rail is a registered trademark of Nippon Motorola, Ltd.

Ordering Information continued at end of data sheet.

TOP VIEW

GND

OUTIN-

1 5 VCCIN+

MAX4465
MAX4466

SC70/SOT23

2

3 4

Pin Configurations

Typical Operating Circuit 

MAX4467
MAX4468

GND

MICROPHONE
CAPSULE

MAX4467/MAX4468 TYPICAL OPERATING CIRCUIT WITH 
COMPLETE SHUTDOWN

RBIAS

RFB

VCC

OUT

IN+

IN-

SHDN

CBIAS

RBIAS

RDC

MIC_BIAS

RINCIN

CBYPASS RDC

Pin Configurations continued at end of data sheet.

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at 
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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ABSOLUTE MAXIMUM RATINGS

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Supply Voltage (VCC to GND)................................................+6V
All Other Pins to GND.................................-0.3V to (VCC + 0.3V)
Output Short-Circuit Duration

OUT Shorted to GND or VCC.................................Continuous
Continuous Power Dissipation (TA = +70°C)

5-Pin SC70 (derate 2.5mW/°C above +70°C) .............200mW
5-Pin SOT23 (derate 7.1mW/°C above +70°C) ...........571mW

8-Pin SOT23 (derate 5.3mW/°C above +70°C) ...........421mW
8-Pin SO (derate 5.88mW/°C above +70°C) ...............471mW

Operating Temperature Range ...........................-40°C to +85°C
Storage Temperature Range .............................-65°C to +150°C
Junction Temperature ......................................................+150°C
Lead Temperature (soldering, 10s) .................................+300°C

ELECTRICAL CHARACTERISTICS
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL = ∞ to VCC/2, SHDN = GND (MAX4467/MAX4468 only). TA = TMIN to TMAX, unless otherwise
noted. Typical values specified at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Supply Voltage Range VCC Inferred from PSRR test 2.4 5.5 V

TA = +25°C 24 48Supply Current
(Per Amplifier)

ICC
TA = TMIN to TMAX 60

µA

Supply Current in Shutdown I SHDN SHDN = VCC (Note 2) 5 50 nA

Input Offset Voltage VOS ±1 ±5 mV

Input Bias Current IB VCM = -0.1V ±2.5 ±100 nA

Input Offset Current Range IOS VCM = -0.1V ±1 ±15 nA

Input Common-Mode Range VCM Inferred from CMRR test -0.1 VCC - 0.1 V

C om m on- M od e Rej ecti on Rati o CMRR -0.1V ≤ VCM ≤ VCC - 1V 80 126 dB

2.4V ≤ VCC ≤ 5.5V 80 112

MAX4465/MAX4467/MAX4469, f = 3.4kHz 75Power-Supply Rejection Ratio PSRR

MAX4466/MAX4468, f = 3.4kHz 80

dB

RL = 100kΩ to VCC/2,
0.05V ≤ VOUT ≤ VCC - 0.05V

125

Open-Loop Gain AVOL
RL = 10kΩ to VCC/2,
0.1V ≤ VOUT ≤ VCC - 0.1V

80 95

dB

RL = 100kΩ 10
Output Voltage Swing High VOH IVCC - VOHI

RL = 10kΩ 16 50
mV

RL = 100kΩ 10
Output Voltage Swing Low VOL

RL = 10kΩ 14 50
mV

Output Short-Circuit Current To either supply rail 15 mA

Output Leakage Current
in Shutdown

SHDN = VCC, 0 ≤ VOUT ≤ VCC ;
(Notes 2, 3)

±0.5 ±100 nA

SHDN Logic Low VIL (Note 2)         VCC " 0.3 V

SHDN Logic High VIH (Note 2) VCC " 0.7 V

SHDN Input Current (Note 2) 2 25 nA

MAX4465/MAX4467/MAX4469 200
Gain Bandwidth Product GBWP

MAX4466/MAX4468 600
kHz
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Note 1: All specifications are 100% production tested at TA = +25°C. All temperature limits are guaranteed by design.
Note 2: Shutdown mode is available only on the MAX4467/MAX4468.
Note 3: External feedback networks not considered.

ELECTRICAL CHARACTERISTICS (continued)
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL = ∞ to VCC/2, SHDN = GND (MAX4467/MAX4468 only), TA = TMIN to TMAX, unless otherwise
noted. Typical values specified at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Channel-to-Channel Isolation MAX4469 only, f = 1kHz 85 dB

Phase Margin ØM RL = 100kΩ 70 d egr ees

Gain Margin RL = 100kΩ 20 dB
MAX4465/MAX4467/
MAX4469,
AV = +1

45

Slew Rate SR Output step = 4V
MAX4466/MAX4468,
AV = +5

300

mV/µs

Input Noise Voltage Density en f = 1kHz 80 nV/√Hz

M AX 4465/M AX 4467/
M AX 4469

0.02
Total Harmonic Distortion THD f = 1kHz, RL = 10kΩ,

VOUT = 2Vp-p
MAX4466/MAX4468 0.03

%

MAX4465/MAX4467/MAX4469, AV = +1 100
Capacitive Load Stability CLOAD

MAX4466/MAX4468, AV = +5 100
pF

SHDN Delay Time t SHDN (Note 2) 1 µs

Enable Delay Time tEN (Note 2) 50 µs

Power-On Time tON (Note 2) 40 µs

Bias Switch On-Resistance RS IS = 5mA (Note 2) 20 500 Ω

Typical Operating Characteristics
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL= 100kΩ to VCC/2, SHDN = GND (MAX4467/MAX4468 only), TA = +25°C, unless otherwise
noted.)
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POWER-SUPPLY REJECTION RATIO
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Typical Operating Characteristics (continued)
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL= 100kΩ to VCC/2, SHDN = GND (MAX4467/MAX4468 only), TA = +25°C, unless otherwise
noted.)
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Typical Operating Characteristics (continued)
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL= 100kΩ to VCC/2, SHDN = GND (MAX4467/MAX4468 only), TA = +25°C, unless otherwise
noted.)
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Pin Description 

Typical Operating Characteristics (continued)
(VCC = +5V, VCM = 0, VOUT = VCC/2, RL= 100kΩ to VCC/2, SHDN = GND (MAX4467/MAX4468 only), TA = +25°C, unless otherwise
noted.)
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MAX4469
NAME FUNCTION

4 6 (8) — OUT Amplifier Output

— — 1 OUTA Amplifier Output A

— 1 (4) — MIC_BIAS
External Microphone Bias Network Switch
Output

3 2 (3) — IN- Inverting Amplifier Input

1 3 (2) — IN+ Noninverting Amplifier Input

2 4 (1) 4 GND Ground
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( ) denotes S0T23 package of the MAX4467/MAX4468
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Detailed Description
The MAX4465–MAX4469 are low-power, micropower op
amps designed to be used as microphone preampli-
fiers. These preamplifiers are an excellent choice for
noisy environments because of their high common-
mode rejection and excellent power-supply rejection
ratios. They operate from a single +2.4V to +5.5V sup-
ply. 
The MAX4465/MAX4467/MAX4469 are unity-gain stable
and deliver a 200kHz gain bandwidth from only 24µA of
supply current. The MAX4466/MAX4468 have a mini-
mum stable gain of +5V/V while providing a 600kHz
gain bandwidth product.
The MAX4467/MAX4468 feature a complete shutdown,
which is active-high, and a shutdown-controlled output
providing bias to the microphone. The MAX4465/
MAX4467/MAX4469 feature a slew rate suited to voice
channel applications. The MAX4466/MAX4468 can be
used for full-range audio, e.g., PC99 inputs.

Rail-to-Rail Output Stage
The MAX4465–MAX4469 can drive a 10kΩ load and still
typically swing within 16mV of the supply rails. Figure 1
shows the output voltage swing of the MAX4465 config-
ured with AV = +10.

Switched Bias Supply
When used as a microphone amplifier for an electret
microphone, some form of DC bias for the microphone
is necessary. The MAX4467/MAX4468 have the ability to

turn off the bias to the microphone when the device is in
shutdown. This can save several hundred microamps of
supply current, which can be significant in low power
applications. The MIC_BIAS pin provides a switched
version of VCC to the bias components. Figure 3 shows
some typical values.

Driving Capacitive Loads
Driving a capacitive load can cause instability in many
op amps, especially those with low quiescent current.
The MAX4465/MAX4467/MAX4469 are unity-gain stable
for a range of capacitive loads up to 100pF. Figure 4
shows the response of the MAX4465 with an excessive
capacitive load.

Applications Information
Shutdown Mode

The MAX4467 and MAX4468 feature a low-power, com-
plete shutdown mode. When SHDN goes high, the sup-
ply current drops to 5nA, the output enters a high
impedance state and the bias current to the microphone
is switched off. Pull SHDN low to enable the amplifier.
Do not leave SHDN floating. Figure 5 shows the shut-
down waveform.

Common-Mode Rejection Ratio
A microphone preamplifier ideally only amplifies the sig-
nal present on its input and converts it to a voltage
appearing at the output. When used in noninverting
mode, there is a small output voltage fluctuation when
both inputs experience the same voltage change in the

( ) denotes SOT23 package of the MAX4467/MAX4468.

Pin Description (continued)
PIN

MAX4465
MAX4466

MAX4467
MAX4468

MAX4469
NAME FUNCTION

5 7 (7) 8 VCC
Positive Supply. Bypass with a 0.1µF capacitor to
GND.

— — 2 INA- Inverting Amplifier Input A

— — 3 INA+ Noninverting Amplifier Input A

— — 6 INB- Inverting Amplifier Input B

— — 5 INB+ Noninverting Amplifier Input B

— — 7 OUTB Amplifier Output B

— 8 (6) — SHDN
Active-High Shutdown Input. Connect to GND
for normal operation. Connect to VCC for
shutdown. Do not leave floating.

— 5 (5) — N.C. No Connection. Not internally connected.



common mode. The ratio of these voltages is called the
common-mode gain. The common-mode rejection ratio
is the ratio of differential-mode gain to common-mode
gain. The high CMRR properties of the
MAX4465–MAX4469 provide outstanding performances
when configured as a noninverting microphone pream-
plifier.

Power-Up
The MAX4465–MAX4469 outputs typically settle within
1µs after power-up. Figure 6 shows the output voltage
on power-up.

Power Supplies and Layout
The MAX4465–MAX4469 operate from a single +2.4V to
+5.5V power supply. Bypass the power supply with a
0.1µF capacitor to ground. Good layout techniques are
necessary for the MAX4465–MAX4469 family. To
decrease stray capacitance, minimize trace lengths by
placing external components close to the op amp’s
pins. Surface-mount components are recommended. In
systems where analog and digital grounds are avail-
able, the MAX4465–MAX4469 should be connected to
the analog ground.

Test Circuits/Timing Diagrams

Figure 2. MAX4466 Typical Application Circuit
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Figure 1. Rail-to-Rail Output Operation
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Figure 3. Bias Network Circuit

MICROPHONE
INPUT

3.5mm SOCKET

MAX4468

MIC_BIAS

GND

200kΩ

47pF

100kΩ

100kΩ1kΩ

2.2kΩ

20kΩ

0.1µF

0.01µF
10µF

VCC

IN+

IN-

OUT

SHDN

Test Circuits/Timing Diagrams (continued)

40µs/div

50mV/div

CL = 2000pF

Figure 4. Small-Signal Transient Response with Excessive
Capacitive Load

400µs/div

SHDN

2V/div

OUT

RL = 10kΩ
CL = 10pF

Figure 5. MAX4467/MAX4468 Shutdown Waveform
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20µs/div

OUT
1V/div

VCC
2V/div

Figure 6. Power-Up/Power-Down Waveform

Chip Information
MAX4465/MAX4466 TRANSISTOR COUNT: 62
MAX4467/MAX4468 TRANSISTOR COUNT: 72
MAX4469 TRANSISTOR COUNT: 113
PROCESS: BiCMOS

Ordering Information (continued)
PART TEMP. RANGE PIN-PACKAGE

MAX4467EKA-T -40°C to +85°C 8 SOT23-8

MAX4467ESA -40°C to +85°C 8 SO

MAX4468EKA-T -40°C to +85°C 8 SOT23-8

MAX4468ESA -40°C to +85°C 8 SO

MAX4469EKA-T -40°C to +85°C 8 SOT23-8

MAX4469ESA -40°C to +85°C 8 SO

INB-INA+

INB+GND

1

2

8

7

VCC

OUTBINA-

OUTA

MAX4469

SOT23/SO

3

4

6

5

OUTIN+

N.C.GND

1

2

8

7

SHDN

VCCIN-

MIC_BIAS

MAX4467
MAX4468

SO

3

4

6

5

OUT

IN+

N.C.

GND 1

2

8

7

SHDN

VCC

IN-

MIC_BIAS

MAX4467
MAX4468

SOT23

3

4

6

5

Pin Configurations (continued)

Selector Guide

PART
MINIMUM STABLE

GAIN

EXTERNAL
MICROPHONE

SHDN

GBWP
(kHz)

PIN-PACKAGE

MAX4465 +1 No 200 5 SC70/5 SOT23

MAX4466 +5 No 600 5 SC70/5 SOT23

MAX4467 +1 Yes 200 8 SOT23/8 SO

MAX4468 +5 Yes 600 8 SOT23/8 SO

MAX4469 +1 No 200 8 SOT23/8 SO

Test Circuits/Timing
Diagrams (continued)
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Package Information (continued)
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VirtualWire

Copyright (C) 2008-2009
Mike McCauley

Documentation for the VirtualWire 1.3
communications library for Arduino.

1.0 Introduction

Arduino is a low cost microcontroller with Open Source hardware, see http://www.ardu-
ino.cc. VirtualWire is a communications library for Arduino that allows multiple Ardu-
ino’s to communicate using low-cost RF transmitters and receivers.

The document describes the VirtualWire library and how to install and use it.

2.0 Overview

VirtualWire is an Arduino library that provides features to send short messages, without
addressing, retransmit or acknowledgment, a bit like UDP over wireless, using ASK
(amplitude shift keying). Supports a number of inexpensive radio transmitters and
receivers. All that is required is transmit data, receive data and (for transmitters, option-
ally) a PTT transmitter enable.

It is intended to be compatible with the RF Monolithics (www.rfm.com) Virtual Wire
protocol, but this has not been tested.

Does not use the Arduino UART. Messages are sent with a training preamble, message
length and checksum. Messages are sent with 4-to-6 bit encoding for good DC balance,
and a CRC checksum for message integrity.

Why not just use the Arduino UART connected directly to the transmitter/receiver? As
discussed in the RFM documentation, ASK receivers require a burst of training pulses
to synchronize the transmitter and receiver, and also requires good balance between 0s
and 1s in the message stream in order to maintain the DC balance of the message.



Overview

2 of 13 VirtualWire

UARTs do not provide these. They work a bit with ASK wireless, but not as well as this
code.

2.1 Supported hardware.
A range of communications hardware is supported. The ones listed blow are available in
common retail outlets in Australian and other countries for under $10 per unit. Many
other modules may also work with this software.

Runs on ATmega8/168 (Arduino Diecimila etc) and ATmega328 and possibly others.

2.2  Receivers
• RX-B1 (433.92MHz) (also known as ST-RX04-ASK)

FIGURE 1. RX-B1

Details at http://www.summitek.com.tw/ST_SPEC/ST-RX04-ASK.pdf

2.3  Transmitters:
• TX-C1 (433.92MHz)
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FIGURE 2. TX-C1

Details at http://www.tato.ind.br/files/TX-C1.pdf

2.4  Transceivers:
• DR3100 (433.92MHz)
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FIGURE 3. DR3100

Details at http://www.rfmonolithics.com/products/data/dr3100.pdf

3.0 Downloading and installation

The latest version of this document is available from

http://www.open.com.au/mikem/arduino/VirtualWire.pdf

Download the VirtualWire distribution from

http://www.open.com.au/mikem/arduino/VirtualWire-1.3.zip

To install, unzip the library to a sub-directory of the hardware/libraries sub-
directory of your Arduino application directory. Then launch the Arduino environment;
you should see the library in the Sketch->Import Library menu, and example code in
File->Sketchbook->Examples->Library-VirtualWire menu.

4.0 Function calls

To use the VirtualWire library, you must have

#include <VirtualWire.h>

At the top of your sketch.
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4.1 vw_set_tx_pin
extern void vw_set_tx_pin(uint8_t pin);

Set the digital IO pin to use for transmit data. Defaults to 12.

4.2 vw_set_rx_pin
extern void vw_set_rx_pin(uint8_t pin);

Set the digital IO pin to use for receive data. Defaults to 11.

4.3 vw_set_ptt_pin
extern void vw_set_ptt_pin(uint8_t pin);

Set the digital IO pin to use to enable the transmitter (press to talk). Defaults to 10. Not
all transmitters require PTT. The DR3100 does, but the TX-B1 does not.

4.4 vw_set_ptt_inverted
extern void vw_set_ptt_inverted(uint8_t inverted);

By default the PTT pin goes high when the transmitter is enabled. This flag forces it low
when the transmitter is enabled. Required for the DR3100.

4.5 vw_setup
extern void vw_setup(uint16_t speed);

Initialise the VirtualWire software, to operate at speed bits per second. Call this once in
your setup() after any vw_set_* calls. You must call vw_rx_start() after this before you
will get any messages.

4.6 vw_rx_start
extern void vw_rx_start();

Start the receiver. You must do this before you can receive any messages. When a mes-
sage is available (good checksum or not), vw_have_message() will return true.

4.7 vw_rx_stop
extern void vw_rx_stop();

Stop the receiver. No messages will be received until vw_rx_start() is called again.
Saves interrupt processing cycles when you know there will be no messages.

4.8 vw_wait_tx
extern void vw_wait_tx();
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Block and wait until the transmitter is idle

4.9 vw_wait_rx
xtern void vw_wait_rx();

Block and wait until a message is available from the receiver.

4.10 vw_wait_rx_max
extern uint8_t vw_wait_rx_max(unsigned long milliseconds);

Wait at most milliseconds ms for a message to be received. Return true if a message is
available.

4.11 vw_send
extern uint8_t vw_send(uint8_t* buf, uint8_t len);

Send a message with the given length. Returns almost immediately, and the message
will be sent at the right timing by interrupts. Returns true if the message was accepted
for transmission. Returns false if the message is too long (>VW_MAX_PAYLOAD).

4.12 vw_have_message
extern uint8_t vw_have_message();

Returns true if an unread message is available from the receiver.

4.13 vw_get_message
extern uint8_t vw_get_message(uint8_t* buf, uint8_t* len);

If a message is available (good checksum or not), copies up to *len octets to buf.
Returns true if there was a message and the checksum was good.

5.0 Sample code

The following samples are available as examples in the VirtualWire distribution.

5.1 transmitter
A simplex (one-way) transmitter. Sends a short message every 400 ms. Test this with the
receiver below.

#include <VirtualWire.h>
void setup()
{
    vw_setup(2000); // Bits per sec
}
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void loop()
{
    const char *msg = "hello";
    vw_send((uint8_t *)msg, strlen(msg));
    delay(400);
}

5.2 receiver
A simplex (one-way) receiver. Waits for a message and dumps it contents. Test this with
transmitter above.

#include <VirtualWire.h>
void setup()
{
    Serial.begin(9600);
    Serial.println("setup");
    vw_setup(2000); // Bits per sec
    vw_rx_start();    // Start the receiver PLL running
}
void loop()
{
    uint8_t buf[VW_MAX_MESSAGE_LEN];
    uint8_t buflen = VW_MAX_MESSAGE_LEN;
    if (vw_get_message(buf, &buflen)) // Non-blocking
    {

int i;
// Message with a good checksum received, dump HEX
Serial.print("Got: ")
for (i = 0; i < buflen; i++)
{
    Serial.print(buf[i], HEX);
    Serial.print(" ");
}
Serial.println("");

   }
}

5.3 client
Implements a simple wireless client for DR3100. Sends a message to another Arduino
running the server code below and waits for a reply.

#include <VirtualWire.h>
void setup()
{
    Serial.begin(9600);// Debugging only
    Serial.println("setup");
    vw_set_ptt_inverted(true); // Required for DR3100
    vw_setup(2000); // Bits per sec
    vw_rx_start();       // Start the receiver PLL running
}
void loop()
{
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    const char *msg = "hello";
    uint8_t buf[VW_MAX_MESSAGE_LEN];
    uint8_t buflen = VW_MAX_MESSAGE_LEN;
    vw_send((uint8_t *)msg, strlen(msg));
    vw_wait_tx(); // Wait until the whole message is gone
    Serial.println("Sent");
   // Wait at most 400ms for a reply
   if (vw_wait_rx_max(400))
   {

if (vw_get_message(buf, &buflen)) // Non-blocking
{
    int i;

// Message with a good checksum received, dump it.
    Serial.print("Got reply: ");
    for (i = 0; i < buflen; i++)
    {

Serial.print(buf[i], HEX);
Serial.print(" ");

    }
    Serial.println("");
}

    }
    else

Serial.println("Timout");
}

5.4 server
Implements a simple wireless server for DR3100. Waits for a message from another
Arduino running the client code above and sends a reply.

#include <VirtualWire.h>
void setup()
{
    Serial.begin(9600);// Debugging only
    Serial.println("setup");
    vw_set_ptt_inverted(true); // Required for DR3100
    vw_setup(2000); // Bits per sec
    vw_rx_start();       // Start the receiver PLL running
}
void loop()
{
    const char *msg = "hello";
    uint8_t buf[VW_MAX_MESSAGE_LEN];
    uint8_t buflen = VW_MAX_MESSAGE_LEN;

    // Wait for a message
    vw_wait_rx();
    if (vw_get_message(buf, &buflen)) // Non-blocking
    {

int i;
const char *msg = "goodbye";
// Message with a good checksum received, dump it.
Serial.print("Got: ");
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for (i = 0; i < buflen; i++)
{
    Serial.print(buf[i], HEX);
    Serial.print(" ");
}
Serial.println("");
// Send a reply
vw_send((uint8_t *)msg, strlen(msg));

    }
}

6.0 Implementation Details

Messages of up to VW_MAX_PAYLOAD (27) bytes can be sent

Each message is transmitted as:

• 36 bit training preamble consisting of 0-1 bit pairs
• 12 bit start symbol 0xb38
• 1 byte of message length byte count (4 to 30), count includes byte count and FCS

bytes
• n message bytes
• 2 bytes FCS, sent low byte-hi byte

Everything after the start symbol is encoded 4 to 6 bits, Therefore a byte in the message
is encoded as 2x6 bit symbols, sent hi nybble, low nybble. Each symbol is sent LSBit
first.

The Arduino Diecimila clock rate is 16MHz => 62.5ns/cycle.

For an RF bit rate of 2000 bps, need 500microsec bit period.

The ramp requires 8 samples per bit period, so need 62.5microsec per sample => inter-
rupt tick is 62.5microsec.

The maximum message length consists of

 (6 + 1 + VW_MAX_MESSAGE_LEN) * 6 = 222 bits = 0.11 secs (at 2000 bps).

The code consists of an ISR interrupt handler. Most of the work is done in the interrupt
handler for both transmit and receive, but some is done from the user level. Expensive
functions like CRC computations are always done in the user level.

7.0 Performance

Unit tests show that the receiver PLL can stand up to 1 sample in 11 being inverted by
noise without ill effect.
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Testing with TX-C1, RX-B1, 5 byte message, 17cm antenna, no ground plane, 1m
above ground, free space

At 10000 bps the transmitter does not operate correctly (ISR running too frequently at
80000/sec?)

At 9000 bps, asymmetries in the receiver prevent reliable communications at any dis-
tance

At 7000bps, Range about 90m

At 5000bps, Range about 100m

At 2000bps, Range over 150m

At 1000bps, Range over 150m

As suggested by RFM documentation, near the limits of range, reception is strongly
influenced by the presence of a human body in the signal line, and by module orienta-
tion.

Throughout the range there are nulls and strong points due to multipath reflection. So...
your mileage may vary.

Similar performance figures were found for DR3100. 9000bps worked.

Arduino and TX-C1 transmitter draws 27mA at 9V.

Arduino and RX-B1 receiver draws 31mA at 9V.

Arduino and DR3100 receiver draws 28mA at 9V.

8.0 Connections

Note that the IO pins can be changed from their defaults (as shown here) to any suitable
IO pins using the vw_set_*_pin() calls.
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8.1 RX-B1 receiver

FIGURE 4. Wiring for RX-B1 receiver

8.2 TX-C1 transmitter

FIGURE 5. Wiring for TX-C1 transmitter

Arduino
RX-B1

11 Data

5V Vcc

Gnd Gnd

Ant

Arduino
TX-C1

12 Data

3V3 Vcc

Gnd Gnd

Ant
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8.3 DR3100 transceiver

FIGURE 6. Wiring for DR3100

FIGURE 7. DR3100 connections on breadboard

Arduino
DR3100

11

Gnd 10

13

4 Rx Data

RFIO

14RF Gnd
12 5 Tx In

3V3 9

12

1

Vcc

Ctr0

AGC

Gnd

12k

10 11 Ctr1
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Connections shown for no AGC, 1mW power out, 2400bps. Note the 12k resistor in
series with Tx In to control the power output If you want to use higher data rates, need a
resistor from pin 8 of the DR3100 to ground (see RFM documentation for more details).

If you want to use AGC, need a capacitor from pin 1 of the DR3100 to ground (see RFM
documentation for more details).

The DR3100 module is supplied without any connection pins, only surface mount style
pads. You will need to solder pins onto the module if you wish to use it in a breadboard.

9.0 Copyright and License

This software is Copyright (C) 2008 Mike McCauley. Use is subject to license condi-
tions. The main licensing options available are GPL V2 or Commercial:

9.1 Open Source Licensing GPL V2

This is the appropriate option if you want to share the source code of your application
with everyone you distribute it to, and you also want to give them the right to share who
uses it. If you wish to use this software under Open Source Licensing, you must contrib-
ute all your source code to the open source community in accordance with the GPL Ver-
sion 2 when your application is distributed. See http://www.gnu.org/copyleft/gpl.html

9.2 Commercial Licensing

This is the appropriate option if you are creating proprietary applications and you are
not prepared to distribute and share the source code of your application. Contact
info@open.com.au for details.



Name:   LCD Shield for Arduino

Code:    MR007-005.1

  

The LCD Shield for Arduino allows an Arduino board to visualize informations on an attractive 

LCD display with white text on blue backlight.

5 push buttons make possible the implementation of projects where menus are visualized on the 

LCD display and selections are made by the pressure of the buttons, each of them numbered from 1  

to 5.

The board equipment is integrated with a trimmer used to regulate the display contrast and there 

is also a RESET button used to reset the Arduino board below.

Formal Arduino shield connectors are mounted on the board, this allows to access all spare, not 

jet utilized, Arduino signals.

The control of  the LCD display is done by the Arduino board through the connections showed in 

Tab.1 and it is possible to use the libraries already available in the Arduino programming software. 

The LCD display uses the  SPLC780D controller.

CONNECTIONS

Arduino pin Display function

7 RS - Register select

6 E - Enable

5 D4 - High 4-bit data

4 D5 - High 4-bit data

3 D6 - High 4-bit data

2 D7 - High 4-bit data

A0 Analog Input for buttons readings

Tab.1 – Connections

1
MICROBOT di Prosseda Mirko – Strada Chiesuola 117, 04010 Borgo Carso (LT), Italy

web: http://www.microbot.it email: info@microbot.it tel: +39-347-2159275



Microbot – LCD Shield for Arduino 16x2 Blue LED Backlight

The pressure of one of the five buttons produces on the Arduino A0 pin an analog voltage which 

value is related to the button that has been pressed. The relation between the button pressed and the 

analog voltage produced on the A0 pin is reported in Tab.2. It is very important to notice that the 

analog voltage value produced could differ in the measure of a 10% from nominal value reported in 

the table below. For  this  reason it  is  recommended to keep in  mind this  variability during the 

creation of the Arduino sketch.

PUSH BUTTONS
 

Push Button Voltage on the A0 pin

1 0V ±10%

2 1V ±10%

3 2V ±10%

4 3V ±10%

5 4V ±10%

none 5V ±10%

Tab.2 – Relation between push buttons and voltage on the A0 pin

2
MICROBOT di Prosseda Mirko – Strada Chiesuola 117, 04010 Borgo Carso (LT), Italy

web: http://www.microbot.it email: info@microbot.it tel: +39-347-2159275
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310-101
10mm Shaftless Vibration Motor

3.4mm Button Type

Voltage [V] 3
Frame Diameter [mm] 10
Body Length [mm] 3.4
Weight [g] 1.2
Voltage Range [V] 2.5~3.8
Rated Speed [rpm] 12000
Rated Current [mA] 75
Start Voltage [V] 2.3
Start Current [mA] 85
Terminal Resistance [Ohm] 75
Vibration Amplitude [G] 0.8
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