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Abstract 
 

Automated sorting system could be used in manufacturing, transportations, mail services 

and port applications. The importance of efficient sorting is the high speed, security, 

tracking, signature, and committed delivery times. This proposal was done to find a 

solution for the present ports problems in the kingdom. Since Saudi Arabia’s ports suffer 

from time delay, inefficient services and congestion. Therefore, these problems were the 

inspiration sparkle to start the Automated Shipment Sorter as a solution. However, the 

objective of this proposal is to create automated sorting system for shipping to speed up 

the process of sorting in efficient technique.  

 

The methodology behind this project is to create a main conveyor for all the containers to 

locate on. Each container is labeled with a barcode to contain the necessary information 

to be sorted in exact destination. The sorting is done using a robotic arm that holds each 

container from the main conveyor and place it on the correct conveyor to reach its final 

target. However, this is one of the solutions. There are other existing solutions in 

Hamburg Seaport in Germany and Rotterdam port in Holland that depends on data base 

system and large cranes.  

 

To check the validity of automated shipment sorter project several procedures were 

planned to use. Some techniques for testing the complete system and others were used to 

test part by part such as the conveyors, the robotic arm, the barcode and the 

microcontroller. To test the complete system, a labeled container with barcode will be 

placed on the main conveyor. Then, it will take the responsibility to deliver the container 

to the other end. When it passes through infrared transmitter and receiver it stops because 

there is no connection between the transmitter and receiver sensors. Consequently, the 

barcode reader scans the code and compares it with three barcodes. If it matched with the 
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barcodes that exist in the system, it will decode the data to let the robotic arm move the 

container to the correct conveyor. However, if the barcode reader couldn’t decode the 

barcode then the container will be rejected.
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1. Introduction	  	  

1.1 Motivation 
 
There are a variety of reasons behind this project in a different direction whether for 

academic reasons, business, market needs or such a shipments problems. Regarding to 

the academic reason, this project depends on the control system robotic field and how to 

approach the target of this project by controlling each component as studied through the 

whole academic levels, for example, controlling a robotic arm to pick up the assigned 

container and put it on the conveyor, using microcontroller, and buildup a hardware 

components physically, According to shipping in Jeddah seaport, it is actually suffering 

from a lot of problems such as time delay for submitting and delivering the containers to 

the traders ,inefficient services in transforming the containers inside the port also lack of 

proper equipment’s robotic arm can solve lot of problems in shipments. Therefore, it 

fulfills the market needs with fewer workers. That’s mean it will help ports to be more 

organized in shipping and faster to deliver.  

 

This project is shed the light on the robot arm for sorting blocks or containers in the ports. 

The project incorporated microcontroller to control the whole hardware components of 

the system using ‘C’ language, robotic arm to carry containers from area to area, 

conveyors to move this containers to the shipping area in organized way.  Barcode is 

dependent in the system to sort each container that passes through specific convey or to 

its assigned shipping area. 

 

On other hand, a lot of projects have the same project topic but in different way. Like an 

Autonomous Robot Arm that consists of servo controller that is connected to the Basic 

stamp Microcontroller and using a BASIC coding. Also it is dependent on the color 

blocks instead of using barcode. However, other robot arm project dependent on the 

density of the blocks. The robot arm place the block on electronic scale that sends the 

information to the microcontroller then it decides the suitable area for the block. 

Moreover, some of projects using robot arm to sort papers or balls instead of block or 

containers, they have the same concept and topic but using different methods.    
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1.2 Objectives   
 
The objective of the automated shipping sorter is to sort the delivered packages 

automatically by using a robotic arm, conveyors, barcodes, sensors, and finally the 

software into the correct location. 

 

Briefly stating, the delivered packages that are to be sorted are located on a conveyor 

belt, a robotic arm reaches and grabs a package from the belt, a sensor then reads the 

barcode of the package, and accordingly, the robotic arm determines where to place the 

package. There are three conveyors that lead to three different locations.  

 
The learning objective is to develop communication skills, team work, planning, time 

managing, programing, organizing, self confidence during the presentation, scheduling 

and setting goals, Finding creative solutions, Managing stress, using analogies for 

creative problem solving. Moreover, it helps to learn How to write a proposal without 

plagiarism, organizing research, and citing websites.  

 

1.3 Literature review   
  

Cargo can be moved by land, sea and air.  It is always easier to move cargo by water 

rather than other methods. 90 % of the world imports and exports now days use the sea. 

Some cargo ports handle specific type of cargo and other cargo ports handle several 

cargoes such as liquid fuels, liquid chemicals, grains, wood, automobiles, etc. However, 

cargoes sorting method developed to follow the modern life.  

 

Going back in time, break bulk cargo was the most common form of cargo in history 

until 1960s were containerizations appears. Using containers made the process of loading 

and discharging much easier and faster by less dependent on human being and more 

dependent on sophisticated machines and equipment.  

 The general technique to load the ship with break bulk cargo is to bring the cargo to the 

quay next to the ship. Then lift each individual item on board separately.  However, 
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before any loading takes place the pervious cargoes should be removes completely from 

the ship and if there is any damaged should be fixed and repaired.  

 

 On the other hand, the most common method of loading the ships with containers cargo 

is to deliver the cargo to the warehouse in dock. When the ship arrives, then the cargo is 

moved from warehouse to quay then lifted on board by derricks or cranes. The unload 

method is the opposite of load process. Some machines are used now days to speed up 

the process such as hand trucks, such as forklifts, dock tractors, crane trucks, and 

powered conveyors radically altered cargo operations. In addition, Computers and 

electronics are used to count the total number of containers and to ensure the correct 

movement.   

 

Some of these methods include “ Weight Sorting” and “Shape Sorting”; both techniques 

are ordinarily used in “After the Harvest Sorting of Fruits and Vegetables”. (Compac) 

The weight dependent sorting system uses an electronic weighing system known for its 

unique carriers and its accuracy. The carriers feature four different weighing points, when 

a fruit passes; two load cells – per production line – registers the weight information, they 

are capable of processing up to 250 readings in 1/10th of a second for each fruit. The 

reason behind the high precision of this particular system is due to its unique 

mathematical algorithm, though hidden; it is extremely effective, providing such 

superiorly accurate readings. The accuracy of this design is crucial in high speed 

weighing production lines, around 10 or 15 fruits per second per line. Finally, the reading 

of the empty carrier is recorded and updated every time it weights empty. (Compac) 

 

As for the shape dependent sorting system an InVision Compac system is used to obtain 

the desired accuracy in shape sorting for the specified product. Multiple images of each 

product is captured at its customary form, they are taken by the Compac InVision while 

the production line is moving at the speed of 15 pieces per second. After that, each image 

is examined with respect to its reference – designed from multiple measurements taken of 

each image - enabling shape sorting to enhance the appearance and reliability of a 

product when packed. Some of the fruits that can undergo shape sorting with high 
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success rates include Kiwifruit (isolating flat or fanned fruits) and lemons (isolating 

elongated fruits). 

	  

Finally,	  In	  our	  design	  we	  are	  depending	  on	  a	  infrared	  transmitter/receiver	  sensor	  to	  

detect	  the	  boxes	  placed	  on	  the	  main	  conveyor	  belt,	  a	  barcode	  reader	  to	  decode	  the	  

“Code	  39”	  in	  to	  its	  binary	  equivalent	  and	  convey	  them	  to	  the	  microcontroller,	  which	  

then	  will	  command	  the	  robotic	  arm	  to	  pick	  up	  the	  box	  and	  place	  it	  to	  the	  sub-‐

conveyor	  belt	  corresponding	  to	  the	  box’s	  barcode.	  If	  the	  barcode	  reader	  cod	  not	  

understand	  the	  barcode	  or	  decode	  it,	  the	  robotic	  arm	  will	  place	  it	  then	  in	  the	  reject	  

bin.	  	  

 

1.4  Proposal outlines 
	  
 
Automated shipment sorter proposal consists of seven chapters. The first chapter is 

Specifications and Features. In this chapter the overall expected functionality of the 

product was described. Also, the features and the specifications of each product was 

listed and explained in details. The second chapter in this proposal is the Design 

Overview. In this stage the proposed hardware block diagram, the General description of 

the proposed hardware for the automated shipment sorter project and the complete 

description of the whole system software were discussed. The third chapter is 

Verification and Validation. In this chapter the complete description of the test plan, 

procedures, test and target data and results were defended. The fourth section is the Cost 

Estimates. This part consists of a table with the budget detailed as line items, which 

explains the various expenses. Finally, the last chapter in this proposal is the Project 

Schedule. In this segment, the tasks and duties distributed among our team members were 

explained according to a specific timetable. In Addition to a plan table for the next 

semester, this explains the expected tasks for each team member within a specific time. 
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2. Specifications and Features 

2.1 Overall expected functionality 
	  

	  

Figure	  2.1	  Block	  Diagram	  

	  

	  

 

The projects operational concept starts by a set of boxes on a moving conveyor belt 

(Main Conveyor). As shown in figure 2.1.1, when a box passes through the infrared 

sensor located at the end of the belt, the conveyor’s movement will stop due to the signal 

loss between Tx and Rx for a full 100ms allowing the robotic arm to deliver the box to 

the required conveyor belt (A, B or C) and go back to resume its default position at the 

head of the Main Conveyor. The second stage starts by a barcode reader scanning the 

barcode on the box and transferring its decoded ASCII equivalent to the microcontroller 

in the SSC-32 chip via a parallel port connected to the PC, which in turn will command 

the robotic arm to pick up the box and move it to one on the three remaining conveyor 

belts (A, B or C) depending on the barcode printed on the box, the targeted conveyor will 
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lose the signal between its IR sensors causing the belt to move for a specified time of 4 

second.  

 

After that the arm will go back to its default coordinates to process the next box in 

position on the Main Conveyor and the process is repeated on the remaining boxes 

available. 

 

C language was used in programming the Atmel ATMEGA 168 microcontroller, while 

the robotic arm was programmed using the LYNXMOTION’s RIOS software specified 

for its robotic arm kits and the infrared sensors were used to enable the automated aspects 

of the process denoting the lack of human mediation once the process is started. 

 

In summary, this project consists of the following parts: 

1. One LYNXMOTION robotic arm kit. 

2. Four conveyor belts (Main Conveyor, A, B and C) respectively. 

3. 5 different servomotors (AL5B Robotic Arm). 

4. 2 Microcontroller kits (on for IR and motor circuit and another for the SSC-32 

Chip). 

5. 4 Infrared sensor set made of a transmitter (Tx) and receiver (Rx). One at the end 

of the (Main Conveyor), and the other 3 at the beginning of conveyors A, B and C 

respectively. 

6. Barcode generating online software. 

7. Barcode scanner. 
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2.2 Expected features and Specifications 

2.2.1 Hardware: 

2.2.1.1 Lynxmotion AL5B Robotic Arm: 
	  

Designed from hard aluminum and controlled via different DC servomotors, the 

AL5B is a five-axis (degrees of freedom) operating robotic arm. The movement 

of the arm is repetitive, fast and accurate, allowing for flexibility and 

expandability in its movements. It offers a rotating base, a moving plane 

shoulder, arm and wrist and a fully functioning gripper. The system’s design was 

tested and proven to overcome the test of time, it weight’s 680.1911828125 g 

(23oz) and can carry about 147.8676484375g (5oz). Additional installments 

include an optional rotating wrist and the ability to choose from four different 

software(s) to program it. 

 

The following tables – Table 2.2.1.1.1 and Table 2.2.1.1.2 – highlight the key 

mechanical and electrical specifications of the robotic arm. 

 
Table 2.2.1.1.1 Mechanical Specification (AL5B Robotic Arm) 

Description Value Unit 

Distance (shoulder-to-elbow axis) 4.75 in 

Distance (elbow-to-wrist axis) 5 in 

Gripper opening 1.25 in 

Height (arm parked) 6.375 in 

Height (reaching up) 15.75 in 

Range of motion per axis 180 Degree 
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Table 2.2.1.1.2 Electrical Specifications (AL5B Robotic Arm) 

Description Value Symbol Type Unit 
Servo voltage 4.8 – 6.0 V --- V 

Test voltage 4.8 Vt --- V 

Ideal current 8.0 Ai --- mA 

Servo current (with load) 250 A --- mA 

Amplifier type --- --- Analog --- 

Motor type --- --- Corded, metal brush --- 

Dimensions  5 --- mm 

Torque 8.8 T --- Kg.cm 

 

2.2.1.2 Conveyor Belts 
	  

The project has one main conveyor belt responsible for delivering the boxes to 

the robotic arm in order for them to be sorted. Then, there are the three secondary 

Conveyors (A, B and C), which are correlated with the barcode printed on the 

boxes. They are in charge of delivering the boxes to their assigned destination. 

Finally, all four of these conveyors were designed using a combination of NXT 

Lego kits, they required a DC servomotor (one for each conveyor) and wheels 

(four for each conveyor), as for the surface; it was made using white rubber belts. 

 

The following tables – Table 2.2.1.2.1 and Table 2.2.1.2.2 – highlight the key 

mechanical and electrical specifications of the conveyor belt. 

 

Table 2.2.1.2.1 Mechanical Specification (Conveyor Belt) 

Description Value Unit 

Rubber Belt  30 cm 

Motor Torque 82  rpm 
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Table 2.2.1.2.2 Electrical Specification (Conveyor Belt) 

Description Value Symbol Type Unit 
Servo voltage 4.8 – 12 V --- V 

Test voltage 4.8 Vt --- V 

Ideal current 0.55 Ai --- A 

Power Dissipation 3.85 W --- W 

Efficiency 37.3 ! --- % 

 

2.2.1.3 LAG 960 Barcode Reader 
	  

This barcode reader was chosen in particular to scan the barcodes printed on the 

boxes and convey them to the microcontroller after decoding them via a parallel 

port connected to a PC’s MATLAB software. It has the ability to decode all the 

common types of barcodes including “Code 39” used in this project; it has a 

range of 25 cm which includes the desired distance of 3 cm set between the 

reader and the barcodes on the boxes. As for its body, it is molded of plastic 

(light in weight) and provides the user with a trigger/triggerless options, the 

triggerless feature has been the most imperative feature of all.    

 

The following tables – Table 2.3.1.3.1 and Table 2.3.1.3.2 – highlight the key 

mechanical and electrical specifications of the barcode reader.  

 

Table 2.2.1.3.1 Mechanical Specification (LAG 906 Barcode Reader) 

Description Value Unit 

Resolution 0.11 mm 

Reading Distance 25 cm 

Code Type 39 (7-bit ASCII) --- 

Nominal Scan Rate 100 or 33 Scans/sec 

Wavelength 670 (-/+ 10) nm 
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Table 2.2.1.3.2 Electrical Specification (LAG 960Barcode Reader) 

Description Value Symbol Unit 
Voltage +5 to -5 V V 

Ideal Current 55 Ai mA 

Current Range  55 - 90 A mA 

 

2.2.1.4 SSC-32 Chip 

Figure	  2.2.1.4	  –	  SSC-‐32	  Hardware	  Information	  	  

	  
 

Figure 2.2.1.4 showcases the electrical components of the SSC-32 chip; the 

numerical order was used to simplify identifying them: 

• A low drop voltage regulator, providing 5VDC output with a minimum 

input of 5.5VDC and a maximum of 9VDC with a de-regulated 250mA 

current.  

• This is the power terminal feeding the servomotor channels (16 through 

31). It operates on 4.8VDC/7.2VDC depending on the servomotor 

connecting to it. The voltage can be supplied directly from a portable cell 

battery.  
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• These four jumpers are used when the user wants to operate all the servos 

via the same battery instead of using two different ones for each section. 

• The Logic Voltage (VL) is where the circuits ICs and any other 

connection to the 5VDC line on the board are powered by the inputted 

9VDC via a battery connecter. Finally, it is imperative to disconnect the 

jumper cables when the VL is been used to charge the servos separately. 

• These are the second set of jumpers; they are responsible for powering the 

microcontroller and provide a backup supply for the remaining circuitry 

on the board via the servo supply unit. The jumper inputs a minimum of 

6VDC for correct operation. The VL can be used to power the 

microcontroller separately by of the number of servos installed is high. A 

9VDC battery is ideal for this! The jumper connections must be removed 

before power the microcontroller separately.   

• The 2nd set of terminal connections supplying power to the servomotors 

(terminals 16 to 31). It operates on 4.8VDC/7.2VDC depending on the 

servomotor connecting to it. The voltage can be supplied directly from a 

portable cell battery. 

• This is the I/O bus; it is where all the servos and other output devices are 

connected. Caution must be used and power must be removed before 

connecting anything to the I/O bus. 

• This is the place specified to mount the Atmel ATMEGA 168 

microcontroller; the IC should be inserted as shown in the Figure 2.2.1.4 

where Pin 1 is at the upper right corner. Caution must be exerted while 

mounting the IC to avoid bending the connection pins. 

• These are the BAUD inputs; they are used in configuring the baud rate 

desired by the user.  

• These 4 pins represent the input pins A, B, C, and D. they have both 

latching and static support and an internal weak pull-ups used when the 

SSC-32 is receiving an input.  
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• An LED light that lights steadily when power is applied. The light will 

remain alight until the processor detects a valid command. During a serial 

data transfer, the light will blink ON/OFF. 

• A 9-pin serial port (a simple M/F DB9) connection cable, connecting the 

SSC-32 Chip to a PC. The port will convey the servo positioning data. A 

USB connection can be use but it will require a separate power supply to 

work well. 

• This is the socket where an 8-pin EEPROM IC is mounted. 

• The enabler for the 9-pin serial port. Two jumpers must be installed to 

enable the port. It is recommended to use wire connections to utilize 

communication from the host microcontroller.  

 

2.2.2 Circuit Components 

2.2.2.1 Infrared Emitter 
	  

The package comes in the form of a single chip made of from Gallium Arsenide 

(GaAs) insulated in a 5mm tubular clear plastic lens, enabling easy assembling 

on a circuit’s holes. Fabrication of this chip was done using the process of liquid 

phase epitaxy1. Known for its reliable nature, its ability to control high pulses, it 

also features an acceptance angle of 50° and a very low dark current. The 

collector having the shortest leg identifies it. 

Some of the most common applications for the infrared emitter include an IR 

remote control for TV sets, video recorders and phototransistors. 

 

 

 

 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Epitaxy: Indicates the process of depositing a monocrystalline film on a monocrystalline substrate.	  
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The following tables – Table 2.2.2.1.1 and Table 2.2.2.1.2 – highlight the key 

mechanical and electrical specifications of the infrared emitter. 

 

Table 2.2.2.1.1 Mechanical Specification (Infrared Emitter) 

Description Value Symbol Unit 

Wavelength of Max. 

Sensitivity 

950 !S max nm 

Radiant sensitive area 0.25 A mm2 

Dimensions of chip area 0.5 * 0.5 L*W mm * mm 

Dimensions of chip area 0.4 – 4.6 H mm 

Half angle 
 

± 25 ! Grad 

 

 

Table 2.2.2.1.2 Electrical Specification (Infrared Emitter) 

Description Value Symbol Unit 
Reversed voltage 5   V V 

Power Dissipation 18 W mW 

Thermal resistance 300  RthJA  K/W 

Forward current  130 IF mA 

 

2.2.2.2 Silicon NPN Phototransistor 
	  

The package comes in the form of a single chip enclosed in a (TO-18) form, 

which is susceptible to the interference of the visible light. Since the TO-18 uses 

a metal casing, it is more expansive than the plastic one. It provides an advanced 

noise isolation feature, higher sensitivity range and better thermal defense while 

upholding small-form aspect for it weighs 1.0 g only.      

The most popular applications for a phototransistor include photo-interrupters, 

industrial scale electronics and control and drive related electrical circuits.  

Similar to the human eye in its sensitivity to the visible light. It has a peak 

sensitivity of 1130 nm.  
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Table 2.2.2.2.1 and Table 2.2.2.2.2 – highlight the key mechanical and electrical 

specifications of the silicon NPN phototransistor. 

 

Table 2.2.2.2.1 Mechanical Specification (Silicon NPN Phototransistor) 

Description Value Symbol Unit 

Wavelength of Max. 

Sensitivity 

850 !S max nm 

Spectral of Max. 

Sensitivity 

420 – 1130 ! nm 

Radiant sensitive area 0.12 A mm2 

Dimensions of chip area 0.5 * 0.5 L*W mm * mm 

Dimensions of chip area 2.4 – 3.0 H mm 

Half angle 
 

J± 8 ! Grad 

 

Table 2.2.2.2.2 Electrical Specification (Silicon NPN Phototransistor) 

Description Value Symbol Unit 
Collector-emitter voltage 5 - 50  VCE  V 

Collector-emitter 

saturation voltage 

150 VCEsat mV 

Thermal resistance 500  RthJA  K/W 

Collector current  100 IC  mA 

Rise and fall time tr, tf 5 ms 

Power dissipation 200 Ptot mW 

 

2.2.2.3 Atmel ATMEGA 168 Microcontroller 
	  

The project has two microcontrollers, one mounted on the SSC-32 chip 

controlling the AL5B robotic arm, and another one mounted on the circuit 

controlling the motors and infrared sensors, the 2nd circuit was constructed 

according to the instructions provided by the NIRDKIT installation guide. The 

ATMEGA 168 was selected due to the following reasons: the group is familiar 

with this Atmel microcontroller since it was used by the team members in some 

of their previous course projects; in addition to that, the number of pins it 

supports was complementary to the project’s circuitry designs as was its memory 
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space of 16000 bytes. Finally, its voltage range includes the 5 volts compatible 

with the desired operating voltage range. 

 

Table 2.2.2.3 highlight’s the key mechanical and electrical specifications of the 

microcontroller. 

 

Table 2.2.2.3 Electrical Specification (Atmel ATMEGA 168 Microcontroller) 

Description Value Symbol Type Unit 
Voltage 5 V --- V 

Ideal current 8.0 Ai --- mA 

Clock Speed 10 --- --- MHz 

 

2.2.2.4 2N7000 MOSFET  
	  

The package comes in the form of a single chip, with 3 terminals (Source, Gate 

and Drain). The design of the MOSFET concentrated on minimizing on-state 

resistance, a rugged and durable casing and fast switching. It has a high 

saturation current and a low resistance between the Drain and the Source (RDS) 

when the MOSFET is in ON mode.   

 

Table 2.2.2.4 highlight’s the key electrical specifications of the MOSFET. 

 

Table 2.2.2.4 Electrical Specification (2N7000 MOSFET) 

Description Value Symbol Unit 
Drain-Source voltage 60(max)  VDS  V 

Drain-Gate voltage 60(max) VDG V 

Gate-Source voltage +/- 40(max)  VGS V 

On-State Drain current  75(min) ID mA 

Drain-Source On-

Voltage 

2.5(max) VDS (ON) V 

Total Power dissipation 400 P mW 
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2.2.2.5 L7805 Voltage Regulator 
	  

In this project, two voltage regulators were used from the L7800 series, a L7805 

for the IR sensors’ circuit and a L7806 for the motor circuit. The device has 3 

terminals. It has a fixed output voltage of 5V and 6V respectively. The main 

function behind it is to provide a steady output voltage by eliminating the 

distribution problems occurring in the input. The regulator is equipped with 

thermal shutdown technology (Thermal overload protection) but with the 

appropriate heat sinking provided it can deliver up to 1.5A as an output current. 

Short circuit protection is a feature available in this regulator. 

 

The Tables - Table 2.2.2.5.1 and Table 2.2.2.5.2 - highlight the key electrical 

specifications of the L7805 and L7806 Voltage Regulators electrical 

specifications. 
 

Table 2.2.2.5.1 Electrical Specification (L7805 Voltage Regulator) 

Description Value Symbol Unit 
Output voltage 4.8 – 6.25  VO V 

Drop out voltage 2.5(max) Vd V 

Current  6 Id mA 

Short Circuit Current  1.2 ISC A 

	  
 

Table 2.2.2.5.2 Electrical Specification (L7806 Voltage Regulator) 

Description Value Symbol Unit 
Output voltage 5.75 – 5.2  VO V 

Drop out voltage 2.5(max) Vd V 

Current  6 Id mA 

Short Circuit Current  1.2 ISC A 
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2.2.3 Software 

2.2.3.1 MATLAB  

Matrix Laboratory is a graphical user interface environment; it operates on 

technically computing high-level languages such as C, C++, Java and 

FORTRAN. MATLAB’s applications cover a wide range, from signal and image 

processing to control design. It has the ability to analyze data, visualize 2D and 

3D graphical functions in beautiful and detailed imagery. It performs complex 

numerical computations on inputted data including function integration, 

algebraic operations and Fourier analysis. In addition to that, MATLAB provides 

unique and inclusive toolboxes designed or the user’s specific demands. Finally, 

its simplified tools for graphical user interface, its (Help) feature and its ability to 

integrate external devise via MATLAB based algorithms make it the perfect 

interface environment to use.    

	  

2.2.3.2  RIOS 

The Robotic arm Interactive Operating System (RIOS) is a Windows 95 and 

higher software designed by Lynxmotion to program their AL5B series of 

robotic arms. With the associated SSC-32 chip the robotic arm can be instructed 

to perform a succession of motions controlled via a mouse or a PlayStation’s 

joystick handle. The program’s strongest feature is its ability to use external 

inputs/outputs to control the robotic arm’s motion in closed loop projects.  

Other features include the startup test to check for any connection related errors, 

its connection to the SSC-32 chip gives the user a large range to manipulate the 

arm, wither to set it to a preset values or to input the users customized values. In 

addition, RIOS can operate in virtual mode as well as when connected to the 

AL5B robotic arm, it also have the Moves/Motions icon where the user can see a 

2D representation of the desired motions. Finally, programming via RIOS has 

never been easer! With a set of essential programming functions (FOR Loops 

and IF/ELSE statements) designed from singular steps compiled in sequences 

and conveyed to the ATMEGA 168 mounted on the SSC-32 chip’s core.      
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2.2.3.3 Barcode Generator 

The	  team	  used	  the	  RACO	  Industries	  online	  barcode	  generator	  to	  generate	  a	  

barcode	  of	   type	   “Code	  39”.	  The	  website	  was	   chosen	   for	   its	   simplicity	   and	  

flexibility.	  Some	  of	  its	  numerous	  options	  include	  choosing	  the	  bar’s	  width,	  

high	  and	  character	  displaying	  under	  the	  generated	  code.	  	  	  	  

	  

2.2.3.4 TextWrangler  

TesxtWrangler is a Programmer’s text editor on MAC OX operating system. It 

supports all the standard programming languages from HTML/XHTML, PHP, 

JavaScript/Java, C, Objective C, C++ and more. It provides syntax coloring and 

function navigation simplifying its use by the programmer. In addition to that, 

TextWrangler features a built in function scanner allowing easy access to the 

source code and the ability to guess the user’s selectable language depending on 

the file he/she opened.  

 

2.3 Mathematical formulas and calculations involved 
	  

2.3.1 Robotic Arm 
For the position of the end effector (gripper), the calculations will be conducted 

using the Rios program provided by the Lynxmotion Company. We opted to use 

it for its simplicity in accurately computing the end effector’s desired location.  

2.3.2 Silicon NPN Phototransistor 
VCE chosen = 5V, Ee = 0.5mW/cm2 and Icmin = 0,5mA in order for: 

• VCEsat to occur. 

• Calculating the current gain (!) = 170 

 

This chapter was restricted to the most important features and specifications of each and 

every device used in implementing the project’s system design. For further details please 

refer to Appendixes (A to G).  
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3. Design Overview 
	  
Automated shipment sorter project sorts labeled containers with a barcode by placing 

them on the main conveyor and it will do everything until it reaches the final destination. 

The figure 3.1 shows a complete cycle for sorting containers since it is located on the 

main conveyor until it reach its target.  

 

Figure	  3.1	  

	  

 

This section explains the design overview of main conveyor block, barcode block, three 

conveyors block, microcontroller block and the robotic arm block.  

 

Main	  conveyor	  delivers	  the	  
containers	  to	  the	  robotic	  

arm	  	  

IR	  sensor	  located	  at	  the	  end	  
of	  the	  main	  conveyor	  stops	  
the	  containers	  from	  moving	  	  	  	  

Barcode	  scanner	  reads	  the	  
barcode	  value	  

PC	  receives	  the	  data	  from	  
the	  barcode	  scanner	  using	  
USB	  cable	  and	  analyze	  the	  

data	  using	  Matlab	  

Matlab	  send	  the	  sorting	  
decision	  using	  the	  

parallel	  port	  Pin7,6	  &	  5	  
to	  SSC-‐32	  to	  control	  the	  
robotic	  arm	  movement	  
and	  locate	  the	  container	  

to	  the	  required	  
conveyor.	  	  	  

IR	  sensor	  in	  the	  delivered	  
conveyor	  let	  the	  motor	  

start	  working	  to	  deliver	  the	  
container	  to	  its	  dinal	  

destination	  	  
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3.1 Main Conveyor Block 
 

The Main Conveyor is the conveyor that delivers the boxes to the robotic arm to be 

sorted. This conveyor consists of rubber belt and two wheels. One of the wheels is 

connected to a DC motor to move the belt. The microcontroller is who turns the DC 

motor on and off. The figure 3.1.1 shows the DC motor circuit. 

 

 

 

 

 
In figure 3.1.1, the MOSFET 2N7000 was used to work as a switch. As shown in the 

circuit, the motor is connected to 6 V and its other end is connected to the drain of the 

NMOS. When the microcontroller pin is high (5V), the gate has enough voltage to turn 

on the motor by connecting the source to ground. The opposite is true, when the gate 

voltage is zero that means the motor circuit is not complete and it will not work. 

 

At the end of the conveyor, there is infrared emitter and phototransistor that positioned 

linearized to each other with few centimeters separated to detect any object pass at the 

end of the conveyor. The figure	   3.1.2	   shows the infrared emitter and phototransistor 

circuits:  

 

Figure	  3.1.1	  DC	  Motor	  Circuit 
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Figure	  3.1.2	  IR	  receiver	  and	  Transmitter	  

 
The figure 3.1.2 shows the IR Circuit.  LD271 was used as IR emitter with 2.5V, which is 

connected to 5V. After that, the resistor was calculated as following: 

 

 R = !!!.!
!".!  !

= 160.256  Ω. In market 160 Ω was found and it is an excepted value. 

As it’s clear from the circuit above, when there is no object the phototransistor receive 

infrared signal. Therefore, it connects the microcontroller pin to the ground. However, 

when object passes between the transmitter and emitter, the object prevents the IR to 

reach the phototransistor. Therefore, the MCU is not connected to the ground (MCU = 

5V because it pulled up high). The table 3.1.1 shows the function for the main conveyor. 
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Table	  3.1.1	  Main	  Conveyor	  

 

 

When the sensor senses an object at the end of the conveyor, it sends high signal to the 

microcontroller to stop the DC motor after 100ms to give chance for the box to stop near 

the robotic arm gripper and let the barcode reader scans the labeled code on the box.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phototransistor 

Value 

MCU PIN 

Value 

DC Motor 

status 

Explanation 

 

Not Receiving signal 

 

 

5V 

 

 

Off after 

100ms 

 

The object reached to the end 

of the conveyor. 

 

Receiving signal 

 

 

0V 

 

 

On 

No object to be sorted let the 

conveyor move until the other 

object reach. 
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3.2 Barcode Block  
 

The barcode block contains two main parts. The first part is the barcode generator. It is 

software that converts the alphabets, characters and numbers to a barcode varying in 

widths and spacing of parallel lines. The barcode generator was used in this project to 

generate three different barcodes as shown in the Table 3.2.1 by using RACO Industries 

website link: http://www.racoindustries.com/barcodegenerator/1d/code-‐39.aspx 

 
Table	  3.2.1	  Barcode	  	  

 Code 39 / ASCII Code Barcode 

 

1 

 

 

2 

 

 

3 

 

 

After that, several copies were made from the three barcodes and attached to the boxes 

that required to be sorted. Each barcode contains the necessary information for sorting. 

For example, the box that contains barcode 1 should be located at conveyor A, the box 

that labeled with barcode 2 should be located at conveyor B and the box that marked as 

barcode 3 should be located at conveyor C. 

  

The second part in this block is the barcode scanner that is located at the end of the main 

conveyor, near the IR sensor. When the main conveyor stops moving, it gave the barcode 

scanner the chance to start reading the barcode value that was labeled on the box before. 

After that, the barcode scanner converts the code back to the original text to read the 

necessary information and send it to SSC-32 to take the decision for sorting. This process 

is broke down to several steps. First of all the barcode scanner is connected to a PC using 

a USB cable to read the information written on the boxes and converts it back to ASCII 
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code to analyze it through MATLAB software. The table 3.2.2 shows the written 

MATLAB code to examine the data and take the decision for the robotic arm movement.  

 
Table	  3.2.2	  MATLAB	  Code	  

 
clear all; 
clc; 
  
% Define parallel port 
para_port= digitalio('parallel','LPT1'); 
Line1= addline(para_port,0:7,'out'); 
putvalue(Line1,0); % let all pins to be 0V  
 
while(1) 
  
% To read the barcode value and save it in "Barcode"        
Barcode = input('get barcode reader value'); 
  
if (Barcode ==1) % if the barcode value equales 1 then 
    putvalue(Line1,128); % let pin 7 to be 5V  
    pause(1) % keep pin 7 high for 1 sec 
    putvalue(Line1,0); %let pin 7 to be low again  
  
else if (Barcode ==2) % if the barcode value equales 2 then 
        putvalue(Line1,64);% let pin 6 to be 5V 
        pause(1)% keep pin 6 high for 1 sec 
        putvalue(Line1,0);%let pin 6 to be low again 
  
    else if (Barcode ==3)% if the barcode value equales 3 then 
        putvalue(Line1,32);% let pin 76 to be 5V 
        pause(1)% keep pin 6 high for 1 sec 
        putvalue(Line1,0);%let pin 5 to be low again 
   
        else % if the barcode value is not 1 or 2 or 3 then don't do 
anything 
            putvalue(Line1,0); 
        end  
    end 
end 
end 
  
stop(para_port); 
delete(para_port); 
  
% CONTROL + C TO STOP RUNNING 
 

 

  



	   25	  

The MATLAB analyzes the data that it received from the barcode reader and sends its 

result through the parallel port cable to SSC-32 by using three wires only. From the data 

parallel port cable pin D7, D6 and D5 were used to interface MATLAB code with SSC-

32 as shown in figure 3.2.2. 
	  

Figure	  3.2.2	  

 
As shown in figure 3.2.2, when pin 7 from the parallel port is high (5V) it activates the 

MOSFET to connect pin A from SSC-32 to ground. The same concept is applied for pin 

6 and 5. This method is done to reduce the number of pins interface with the SSC-32 

were the minimum ASCII bits numbers is 7 bit.  However, this project has only three 

different barcode readers. Therefore, only three bits are needed as shown in the table 

3.2.3. 

Table	  3.2.3	  Parallel	  Port	  Wiring	  

Parallel Port Pin SSC – 32 Input Pins Represent 

Pin 7 Pin A Conveyor 1 

Pin 6 Pin B Conveyor 2 

Pin 5 Pin C Conveyor 3 

 

 



	   26	  

3.3 Three conveyors block  
	  
The three conveyors are similar to the main conveyor and they have the same circuit but 

the in programming they are different because they move in the opposite direction. Since 

the sorting process is almost done in this stage and the object is toward the final 

destination far away from the robotic arm. The infrared transmitter and phototransistor 

are located linearly at the beginning of each conveyor in this block to control the DC 

motor indirectly through a microcontroller. The table 3.3.1 shows the main function of 

these sensors and the DC motor in each conveyor:  

 

Table	  3.3.1	  three	  conveyors	  function	  

 

As it’s clear from table 3.3.1, the conveyors normally are not moving until the robotic 

arm place an object at the beginning of one of the conveyors and cut IR signal between 

the transmitter and receiver. At that moment, the conveyor start moving for 4 seconds to 

deliver the object at the other end of the conveyor, then it goes back to its normal mode.   

 

 

 

 

 

 

 

Gate of phototransistor 

Value 

MCU PIN 

Value 

DC Motor 

status 

Explanation 

 

Receiving signal  

 

0V  

 

 

Off 

No object on the conveyor 

to deliver 

 

Not receiving signal 

 

5V 

 

 

On for 4 sec 

An object was positioned 

and the beginning of the 

conveyor to deliver 
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3.4 Microcontroller  
 

The microcontroller ATMEGA 168 is the heart for the conveyors system. It controls all 

the conveyors actions based on the received inputs from the IR sensors. In figure 3.4.1 it 

displays the microcontroller pins connections and its input or output.	  	  

 

Figure	  3.4.1	  Microcontroller	  Connection	  

 

 

 

 

The C language was used to program the microcontroller using mostly if and while 

statements. The table 3.4.2 presents the code for controlling the conveyors based on the 

received values for the IR sensors. 
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Table	  3.4.1	  C	  Language	  Program	  to	  Control	  the	  Conveyors	  

 
#define F_CPU14745600 
 
#include <avr/io.h> 
#include <inttypes.h> 
 
#include "../libnerdkits/delay.h" 
#include "../libnerdkits/lcd.h" 
 
 
int main() { 
 
DDRC |=(1<<PC0); // set PC0 as out to control a conveyor1 motor  
DDRC |=(1<<PC1); // out to control conveyor 2 motor  
DDRC |=(1<<PC2); // out to control conveyor 3 motor  
DDRC |=(1<<PC3); // out to control main conveyor motor  
 
DDRD &=~(1<<PD2); // input Infrared receiver conveyor 1  
DDRD &=~(1<<PD3); // input Infrared receiver conveyor 2  
DDRD &=~(1<<PD4); // input Infrared receiver conveyor 3 
DDRD &=~(1<<PD5); // input Infrared receiver main conveyor   
 
unsigned char port_D; // create a variable to read a register 
unsigned char IR_Conveyor1; 
unsigned char IR_Conveyor2; 
unsigned char IR_Conveyor3; 
unsigned char IR_Conveyor4; 
 
 
PORTD |= (1<<PD2); // Pull  up pin high   
PORTD |= (1<<PD3); // Pull  up pin high 
PORTD |= (1<<PD4); // Pull  up pin high 
PORTD |= (1<<PD5); // Pull  up pin high 
 
 
while(1) // loop for ever 
{ 
 
port_D = PIND ; // read D register 
IR_Conveyor1 =port_D & 0x04; // to return 0000 0X00  
IR_Conveyor2 =port_D & 0x08; // to return 0000 X000  
IR_Conveyor3 =port_D & 0x10; // to return 000X 0000  
IR_Conveyor4 =port_D & 0x20; // to return 00X0 0000  
 
 
if (IR_Conveyor1==0x00) // no object in conveyor 1 
  PORTC &=~(1<<PC0);    // conveyor1's motor is off  
   
if (IR_Conveyor2==0x00) // no object in conveyor 2 
  PORTC &=~(1<<PC1);    // conveyor2's motor is off  
   
if (IR_Conveyor3==0x00) // no object in conveyor 3 
  PORTC &=~(1<<PC2);    // conveyor3's motor is off 
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if (IR_Conveyor4==0x00) // no object in main conveyor 
  PORTC |= (1<<PC3);    // main conveyor's motor is ON 
   
   
if (IR_Conveyor1==0x04) // object in conveyor 1 
{ PORTC &=~(1<<PC3);    // Off main conveyor's motor  
  PORTC |=(1<<PC0);     // conveyor1's motor is on  
  delay_ms(4000);       // let the motor work for 40 sec 
  PORTC &=~(1<<PC0);}   // conveyor1's motor is off 
   
if (IR_Conveyor2==0x08) // object in conveyor 2 
{PORTC &=~(1<<PC3);     // Off main conveyor's motor 
PORTC |=(1<<PC1);       // conveyor2's motor is on  
  delay_ms(4000);       // let the motor work for 40 sec 
  PORTC &=~(1<<PC1);}   // conveyor2's motor is off 
   
   
if (IR_Conveyor3==0x10) // object in conveyor 3 
{ PORTC &=~(1<<PC3);    // Off main conveyor's motor 
PORTC |=(1<<PC2);       // conveyor3's motor is on  
  delay_ms(4000);       // let the motor work for 40 sec 
  PORTC &=~(1<<PC2);}   // conveyor3's motor is off 
   
 
if (IR_Conveyor4==0x20) //object in main conveyor  
  { delay_ms(100);      // stop after 100 ms 
  PORTC &=~(1<<PC3);    // Off main conveyor's motor 
  delay_ms(6500);       // keep the main conveyor off for 6.5 sec 
  PORTC &=~(1<<PC3);}   //  
 
} 
return 1; // repeat the while loop  
} 
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3.5 Robotic Arm Block 
 

The Robotic arm consists of the hardware that creates the skeleton shape and size for the 

arm, servomotors, SSC-32 and RIOS software. SSC-32 is the electronic kit for this 

robotic arm. It is a kit that contains microcontroller, the servomotors interface, and 

computer interface to download the code from RIOS software to the microcontroller unit 

in SSC-32 board by using serial cable (RS 232).  The servomotors are connected to SSC-

32 board to move the robotic arm based on the software installed in the microcontroller in 

SSC-32 board. However, RIOS software is a short for Robotic arm Interactive Operating 

System. This program is for controlling the Robotic Arms with the servo controller. It 

makes positioning the arm easy.  

 

By using RIOS software, 16 sequences were created and each sequence saves the final 

orientation position of the end effector (x, y, z). The sequences were created by changing 

the servomotors values for the base, elbow and gripper and keep the others with a 

constant angle. The table 3.5.1 shows each sequence and its equivalent saved robotic arm 

position and table 3.5.2 describes the location for each sequence. 

 
Table	  3.5.1	  Robotic	  Arm	  Orientation	  	  

Sequence X pos Y Pos Z Pos Base Shoulder  Elbow Wrest Gripper 

Sequence 1 0 -10.25 -20.01 90 -75 8.13 0 90 

Sequence 2 0 -11.94 -12.47 90 -75 -12.8 0 90 

Sequence 3 0 -11.94 -12.47 90 -75 -12.8 0 57.1 

Sequence 4 0 -11.09 -17.67 90 -75 -1.42 0 57.1 

Sequence 5 11.59 -11.09 -13.33 48.99 -75 1.42 0 571 

Sequence 6 6.84 -11.92 -7.86 48.99 -75 -18.32 0 571 

Sequence 7 6.84 -11.92 -7.86 48.99 -75 -18.32 0 90 

Sequence 8 12.51 -10.63 -14.38 48.99 -75 .375 0 90 

Sequence 9 16.51 10.73 8.96 -28.48 -75 4.58 0 25.6 

Sequence 10 10.19 -11.96 5.53 -28.48 -75 -15.17 0 25.6 

Sequence 11 10.19 -11.96 5.53 -28.48 -75 -15.17 0 90 
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Sequence 12 16.33 -10.8 8.86 -28.48 -75 3.99 0 90 

Sequence 13 0 -10.42 19.61 -90 -75 6.95 0 49.75 

Sequence 14 0 -11.43 6.94 -90 -75 -27.8 0 49.75 

Sequence 15 0 -11.43 6.94 -90 -75 -27.8 0 90 

Sequence 16 0 -9.14 22.24 -90 -75 14.85 0 90 

 
Table	  3.5.2	  Robotic	  Arm	  Orientation	  Discription	  

Sequence Description  

Sequence 1 Base directed to the main conveyor, elbow up and open gripper.  

Sequence 2 Base directed to the main conveyor, elbow down and open gripper. 

Sequence 3 Base directed to the main conveyor, elbow down and close gripper. 

Sequence 4 Base directed to the main conveyor, elbow up and close gripper. 

Sequence 5 Base directed to conveyor A, elbow up and open gripper. 

Sequence 6 Base directed to conveyor A, elbow down and open gripper. 

Sequence 7 Base directed to conveyor A, elbow down and close gripper 

Sequence 8 Base directed to conveyor A, elbow up and close gripper. 

Sequence 9 Base directed to conveyor B, elbow up and open gripper. 

Sequence 10 Base directed to conveyor B, elbow down and open gripper. 

Sequence 11 Base directed to conveyor B, elbow down and close gripper 

Sequence 12 Base directed to conveyor B, elbow up and close gripper. 

Sequence 13 Base directed to conveyor C, elbow up and open gripper. 

Sequence 14 Base directed to conveyor C, elbow down and open gripper. 

Sequence 15 Base directed to conveyor C, elbow down and close gripper 

Sequence 16 Base directed to conveyor C, elbow up and close gripper. 

  

After saving the sequences, a code was written to control the robotic arm movement 

which states that if SSC-32 pin A is high, which means the barcode reader reads value 1 

and send high using the parallel port pin 7 to SSC-32. Then the robotic arm run sequence 

1, 2, 3, 4, 5, 6, 7, 8, 1 to move the box from the main conveyor and place it on conveyor 

A then come back to the main conveyor. 
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If SSC-32 pin B reads 5V, which means the barcode reader scans value 2 and sends 5V 

using the parallel port pin 6 to SSC-32. Then the robotic arm run the following sequences 

1, 2, 3, 4, 9, 10, 11, 12, 1 to move the box from the main conveyor and place it on 

conveyor B then come back to the main conveyor. 

 

If SSC-32 pin C scans 5V, which means the barcode reader reads value 3 and sends high 

signal, using the parallel port pin 5, to SSC-32. Then the robotic arm run the following 

sequences 1, 2, 3, 4, 13, 14, 15, 16, 1 to move the box from the main conveyor and place 

it on conveyor 3 then come back to the main conveyor. 

 

The table 3.5.3 shows the written code to control the robotic arm  

 
Table	  2.3.2	  RIOS	  Code	  

	  
Do	  
If	  Input	  #1	  
000001	  
000002	  
000003	  
000004	  
000005	  
000006	  
000007	  
000008	  
000001	  
	  
Else	  
If	  Input	  #2	  
000001	  
000002	  
000003	  
000004	  
000009	  
000010	  
000011	  
000012	  
000001	  
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Else	  
If	  Input	  #3	  
000001	  
000002	  
000003	  
000004	  
000013	  
000014	  
000015	  
000016	  
000001	  
	  
EndIf	  
EndIf	  
EndIf	  
	  
While	  Input	  #4	  
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4. Verification and Validation 
 

4.1 Component Tests 
 

4.1.1 Microcontroller 
	  
ATMEL 168 microcontroller connected within electronic circuit to be tested. This circuit 

has many electronic components such as crystal oscillator, LCD screen, voltage regulator 

(7805), SPDT switch, wires, 0.1uF capacitor and 1K Ohm resistor. The circuit was 

constructed as the steps below: 

 

• The microcontroller was adjusted properly on the breadboard starting from row 

11.  

• The battery was connected in the breadboard; the positive rail was connected with 

the other positive rail through wire and the negative one as well. Regulator 7805 

was plugged into the left of the microcontroller; the input of the regulator was 

adjusted on row 28, the ground on row 29 and the output on row 30. The black 

and the red wires that come from the battery clip were connected to the circuit to 

supply a power for the microcontroller, the black wire in row 29 and the red in 

row 28. The positive rail connected with row 30 ground rail with row 29. As 

shown in the figure 4.1.1.1 the battery wasn’t plugged yet at this step.  

 

 

 

 

 

 

 

 

 

 

 

Figure	  4.1.1.1	  Regulator	  
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• The microcontroller wired up by connecting pin 7 from the microcontroller to the 

positive red rail and pin 8 to the ground rail. Also, pin 21 and 20 to the ground, 

pin 1 is the reset, which was plugged to positive rail, the crystal oscillator 

connected to pin 9-10. 

• Capacitor was plugged in pin 7-8 of the microcontroller and a resistor was 

plugged in a circuit one side with micro-controller and the other with ground.  

• The LCD screen with microcontroller was wired up see table 4.1.1.1.  

 

Table	  4.1.1.1	  LCD	  Connection	  with	  MCU	  

	  
 

 

 

 

 

 

 

 

 

 

 

 

 

• The microcontroller connections were checked many times and every component 

was in its right place. 

• The battery was plugged into the wire clip, a congratulation message was 

appeared on the screen and this is the first setup and test for the microcontroller   

• Sometime the message didn’t appear, the whole connections of the 

microcontroller were checked, the voltage regulators may get hot, or the resistor 

may dead or mistake from the manufactured.   

LCD PIN MCU PIN 

1 Ground 

2 Positive rail 

3 Resistor row 27 

4 13 

5 Ground 

6 12 

11 4 

12 5 

13 6 

14 11 
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•  The microcontroller was tested by programming it, using C language but before 

this step a SPDT switch was adjusted on the breadboard which act as key between 

the computer and the microcontroller and the connection of the pins. 

Row 25 was connected to the ground in left side of the breadboard, the SPDT 

switch was plugged in row 24-25-26 of the breadboard that meant the switch was 

connected to pin 14 from the microcontroller to ground when the switch is up, and 

disconnect when it is down. By this switch the MCU knows if it is a programming 

mode or downloading mode. 

After tested the connection of each electronic components of the microcontroller 

circuit, led light inserted in each output pins of MCU and then the circuits of other 

parts in the system were tested. It was working very well as the command in the 

code.   

4.1.2 Robotic Arm  
	  
Al5B Arm is used in our Automated Shipment Sorter project; it has many pieces that can 

be assembled to build it up, each piece has its own test and configuration. 

	  

4.1.2.1 SSC-‐32	  and	  RIOS	  Software	  	  

    
	  SSC-32 is a card, which connected in the system to control the robotic arm. The SSC-32 

card was configured when RIOS program was installed by inserting the CD into CD drive 

and followed the instructions; the serial port from the controller card was connected by a 

USB to the computer. Also, the chip was powered by 9VDC. While testing the chip 

without power supply plugged into the card, the motors wasn’t moved well because there 

wasn’t enough power to make the motors work fine and let the arm have initial shape (L- 

shape). Also, the input pins were figured out in the ship that can be suitable for reading 

digital inputs zeros and ones where come from the barcode reader. The reader was 

connected with computer via USB using MATLAB software for the interface. These 

inputs called A, B, C and D digital inputs, these input pins have both static and latching 

support. In the design pin A was assigned to conveyor A, pin B to conveyor B, pin C to 

conveyor C and pin D to the ground. Pin D was connected to ground because we need it 
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always high for DO-WHILE command in the code. Thus, RIOS reads the code forever.    

  

RIOS software was run for configuration, but at the beginning SSC-32 was not detected 

yet. So, we tried to change the option in COM icon to find proper connection, the options 

under COM icon are numbers. Each one indicates on the serial USB where is connected 

with SSC-32. Actually, we tried many times and the connections were checked until it 

connected.   

 

Our RIOS software recognized the controller card, therefore, new file were created and 

called “start” to save the whole motions of the robotic arm inside it. After the file created, 

clicking on the SSC-32 icon, then enabling the required servos adjusted the initial 

position of the arm. For our arm, the checkbox for gripper, elbow, shoulder, base and 

wrist servos were enabled. The initial figure for our arm adjusted once to have L- shape, 

which mean the angle is 90 degree.  

 
To start doing the motions of the arm for each conveyor, the move icon was clicked in 

RIOS software. At the beginning, the movements couldn’t be saved. As result of using 

help option. The sequence figured out, it consists of many steps each step indicate an 

action. Icon equal (=) was pressed to save steps, and more steps were added to the 

sequence by clicking on the plus icon (+). 16 sequences were saved for the automated 

shipment sorter project. For the first conveyor the robotic arm runs group of sequences to 

place the container from the main conveyor to the conveyor A then its return back to its 

initial position, which is the main conveyor. The same test has been done for the 

conveyor B and conveyor C.    
 
There were problems faced while testing the robotic arm through RIOS software. First of 

all, the input D wasn’t pulled high suddenly, the problem was in the options inside SSC-

32 icon, the checkbox for AC input was on. Thus, the options were revised before the 

test. However, while testing the system with MATLAB, the window must be opened as a 

first window shown in the PC screen.  
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4.1.2.2 Servos	  
	  
This robotic arm has 5 servos. first servo called HS-485 where located inside the round 

black box (base) and the end of arm. Second servo motor is HS-755 which located in the 

top of the box. Third servo motor is HS- 645 Mg elbow which located in the middle joint, 

fourth servo motor is HS -422 which is the gripper. By following the steps below, the 

servos were tested:  

 

a. First, (LynxTerm) v1.08 software was installed, the SSC-32 serial port was 

connected and applied power to it. In this case the green led has been lighted until 

the command was received. After that, (LynxTerm) program has been run. At first 

time the program was not connected, then, by using trouble shoot guide the 

connection between the serial and USB were checked.  

b. Each servo was connect to its channel in SSC-32 I/O, the servos were tested and it 

was worked fine .as shown in the table 0.2.1 

 

Table	  0.2.1	  Servo	  Connection	  

SSC-32 I/O pin Servo 

00 Base (inside the black round box) 

01 Shoulder (top of round black box) 

02 Elbow (middle joint) 

03 Wrist (end of arm) 

04 Gripper 

 

After the wires were connected, in the software part (LynxTerm), the “ all = 1500” 

button” was clicked on, in this step the servos gave a command to hold center position 

and that’s meant the arm had an angle 90 degree in the middle joint and had L shape.  

At first, some joint were off or not moved, the pieces connection was checked maybe 

there was a mistake in assembly. At this point the arm was assembled and tested using 

(LynxTerm).  
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Following the steps controlled the robotic arm: 

1. The RIOS software was installed. Before the test, the servo horn screw was removed 

from the elbow servo then the arm was lifted up about 2 clicks (30 degree). 

 

2. In the beginning, all servos were calibrated by clicking on all=1.5ms button, as shown 

in figure 4.1.2.2.1, to generate a 1.5ms pulse for all servos. After that, SSC-32 icon 

was clicked on in the configuration box for the window that’s shown on the screen, 

many columns appeared for all types of servo and each bar had the number of each 

servo and there were lot of options to control the arm such as enable, reverse, 

maximum and minimum degree of the angle and position, and step degree. All square 

boxes in the first row were not checked, after that the power of the robot was 

switched on. As its clear in figure 4.1.2.2.2. 

	  
	  
	  
	  
	  
	  
	  
	  

	  

	  
Figure	  4.1.2.2.2	  RIOS	  SSC-‐32	  Configuration	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

 

Figure	  0.2.1	  Buttons	  to	  Click 
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4.1.2.2.1 Control the base servo 
	  
First the base slider was adjusted in the middle. And the base of robot was move to the 

center as well. Second, enable the box for the slider number one was checked on, thus the 

base moved a little bit. Third, the slider was lifted carefully to the top. Therefore, the base 

was turned to the right that means the base had an angle 90 degree to the right. The base 

angel was less than 90 degree, so the minimum position was decreased. Thus, slider was 

pushed to the top. Sometimes the angle was more than 90 degree than the minimum 

position was increased to push the slider a bit more down. The same procedure was 

performed for the left side.   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   

	  

4.1.2.2.2 Control the shoulder servo 
	  
First, shoulder slider was adjusted, and the robot shoulder was lifted up vertically 

(holding the forearm) then, the checkbox for the second slider was clicked on. In this case 

the shoulder was moved. As far as the slider was pushed up, the arm was located in 

horizontal position and in front of the robot. Hence, the minimum position was adjusted 

depending on the required. However, the shoulder was moved down slowly, the arm had 

been in the back and in horizontal status. Therefore, the maximum position was adjusted 

as needed. 

	  

4.1.2.2.3 Control Elbow 
	  
In the beginning the elbow slider was adjust to the middle; the forearm elbow of the robot 

was lifted up vertically. Then, the box for the elbow slider was enabled, as result the 

elbow moved a bit more. After that, the elbow slider was lifted up slowly. Hence, the 

minimum position was adjusted depending on the required movement. Also the elbow 

slider carefully was pushed to the bottom so the forearm was in the back of the robot and 

adjusted horizontally. So the maximum position was adjusted as needed.  
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4.1.2.2.4 Control the wrist 
	  
At the beginning, wrist slider was adjusted to the middle and vertically. The robot hand 

was moved, enabling the checkbox of number 4. Then, the wrist slider was moved slowly 

to the top. Thus, the hand became horizontally at the front of the arm. The minimum 

position was set as the required. In the next step, the slider was gradually pushed to the 

bottom, that led the hand to be at the rear of the robot and horizontally, the maximum 

position was adjusted as well.    

	  	  	  	  	  

4.1.2.2.5 Control the gripper 
	  
The gripper slider was adjusted to the middle, not that the gripper should not be moved 

manually, and it was kept as it is. Then, enable checkbox was clicked on. Thus, the 

gripper has been moved a little bit. After that, the gripper slider was lifted up slowly 

that’s led the gripper to be fully opened. In this case the minimum position was adjusted. 

Next, the gripper slider lifted down slowly that’s led the gripper to be fully closed. In this 

case the maximum position has been fixed.  
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4.1.3 Conveyor  
	  
Our conveyors in this project were constructed by using Lego. A motor was connected to 

the conveyor wheels, 6 wires comes out form this motor with different colors as shown in 

table 4.1.3.1. 

	  	  
Table	  4.1.3.1	  Conveyor	  Wiring	  

Pin Name Function Wire Colors 

1 ANA Analog interface +5V / 9V supply White 

2 GND Ground Black 

3 GND Ground Red 

4 IPOWERA +4.3 supply Green 

5 DIGIAI0 I2C Clock (SCL), RS-485 B Yellow 

6 DIGIAI1 I2C Clock (SCA), RS-485 A Blue 

	  

The whole wires were grounded expect the white wire which was connected to drain of 

the NMOS transistor in the infrared receiver and transmitter circuit. This infrared receiver 

and transmitter sensors were placed at the beginning of each conveyor.  

When conveyors in rest status, the infrared receiver and transmitter were connected. 

When there is no connection between them that means there is an object on the conveyor. 

Therefore, the infrared transmitter and receiver circuit sends signal to the microcontroller, 

consequently, the microcontroller respond immediately by sending commands to the 

motor to start work. 

 

 

 

 

 

 

 



	   43	  

4.1.4 Barcode Reader  
	  
LAG-960U has been chosen to be the barcode reader for Automated Shipment Sorter 

project. There are many steps has been followed to configure and test the reader. 

4.1.4.1 Installation  

   
The reader was connected to the USB port on the PC, therefore, a beep sound was heard, 

indicating the test confirmation; however, the red light was on, indicating that the reader 

is ready for any operation mode.  

4.1.4.2 Setup LAG-960U   

  
There are two scan mode can be set to protect the leaser engine trigger on / good read off 

(default) and continuous /trigger off/delay time out   

	  

Trigger on/good read off (default) setup: 

 To activate the scanner the trigger button was pressed, the scanner read the barcode. 

Immediately the scanner deactivated itself whether reading the data was successfully or 

not, so it was adjusted to a specific time out for configuring the unsuccessful data. 

	  

Continuous / triggers off/delay time out setup: 

 The trigger button initially was pressed to activate the scanner and operate the reader in 

the continuous trigger mode. Some procedure was followed to set a specific timeout for 

non-reading barcode and they are as the following: 

1- The barcode of  “enter group 5” was Scanned from the program manual  

2-  2-The barcode of “Continuous /trigger off/delay time out” was scanned from the 

program manual. 

3-  The hex-table was checked and any two of hexadecimal labels were scanned 

according to the timeout value that’s required. 

4- The “confirm“ barcode from the program manual was scanned to confirm the 

settings. 
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5-  The “exit” barcode or label from the program manual was scanned to end the 

setting. 

Both trigger modes were tested but the Continuous /trigger off/delay time out was 

adjusted for our project to scan the barcode that pass through all the time.  

4.2  System Test:  
 

Three barcodes were used in this project. The system was tested where all containers 

were labeled by a barcode; the containers were placed on the main conveyor, while they 

were moved on the belt, the barcode was scanned by the reader and compared within 

MATLAB code. During the comparison, the IR sensor where placed at the end of the 

main conveyor was sensed the container. Thus, the motion of the main conveyor was 

stopped.  

Following that, the robotic arm was picked up the container and placed it in the correct 

conveyor depending on the readings from the reader.   

1- The reader scanned the barcode “a”. Therefore, the container was picked up by 

the robotic arm and moved to the conveyor one.  

2- The reader scanned the barcode “b”. Therefore, the container was picked up by 

the robotic arm and moved to the conveyor two.  

3- The reader scanned the barcode “c”. Therefore, the container was picked up by 

the robotic arm and moved to the conveyor three.  

  

While testing the whole system together a lot of challenges were faced whether to the 

conveyors, SSC-32 chip, sensors and motor circuit.  

Due to the limited budget, Lego MINDSTORM was used to build the conveyors because 

most of the conveyors are industrial and it is too expensive. As result some mistakes were 

detected while constructing the conveyors; the rubber belt was expanded by the time 

especially during motor’s test. Also, the rubber belt was not moved smoothly because it 

was collided by the conveyor’s legs. Moreover, the conveyors required a fixed stand to 

adjust the sensors on it. At the beginning, the sensors were not linearized. But by using 

some tools such as super and gun glue, rulers. The sensors were adjusted linearly. 

Additionally, a gate was built on the main conveyor to make the containers move in 
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straight line. This solution was found to increase the accuracy of picking up the 

containers by the arm’s gripper. According to the SSC-32 chip, a lot of time was spent to 

figure out the digital inputs. Understand the inputs and the outputs of the chip, read the 

guide manual to test the input. Regarding to the sensors, variable resistor was used to test 

the distance from the transmitter to the receiver by looking at the intensity of the led light 

where attached in the circuit. Also, the wires that come from the sensors were labeled by 

its own name avoiding the interconnection between the inputs and the outputs of IR. 

Connectors were used to make the whole circuits of the system organized. As result of 

hard work and a lot of efforts, the project has been done and the system was worked 

properly as expected.    
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5. Cost Estimates 
Table	  5.1	  Cost	  Estimates	  

 

Total (SR): 3632.5375 
Total (USD): 968.6766667 

 

 Item Details Quantity Price 
(USD) 

Price 
(SR) 

Shipping 
(USD) 

Shipping 
(SR) 

Total Cost 

            

Barcode Barcode Reader   1   550 0 0 550 550 

            

Robotic Arm Robotic   Arm  Hardware Only 1 147.17 551.8875 38.19 143.2125 695.1 695.1 

              

 Arm Electronics & 
Software Pack 

 1 119.8 449.25   0 449.25  

 Standard Servo (83 oz. in.) 2 17.99 67.4625   0 134.925  

 Standard Servo (133 oz. in.) 1 39.99 149.9625   0 149.9625  

 Quarter Scale Servo (200 oz. in.) 1 39.99 149.9625   0 149.9625  

 Standard Servo (57 oz. in.) 1 12.99 48.7125   0 48.7125  

 Servo Attachment 
Hardware Bag 

 5 1.5 5.625   0 28.125  

 Servo Extender Cable 6'' 2 1.95 7.3125   0 14.625  

 Servo Extender Cable 12'' 3 1.95 7.3125   0 21.9375  

         0 153.21 574.5375 574.5375 1572.0375 

            

Microcontroller NerdKit Solderless 
breadboard 

1 79.99 299.9625   0 299.9625  

   Microcontroller 
(ATmega168) 

   0   0 0  

   LCD screen    0   0 0  

   Programming 
cable 

   0   0 0  

   The NerdKits 
Guide 

    0   0 0 299.9625 

      0   0 0  

Conveyor Belt NXT Mindstorm 
Servo Motor 

  4 19.99 74.9625 8.95 33.5625 333.4125  

 Connector Cables   1 9.99 37.4625 4.95 18.5625 56.025 389.4375 

      0   0 0  

Electronic 
Components 

Transmitter   4   5   0 20  

 Receiver  4   25   0 100  

 Resistors   6   1   0 6 126 
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6. Project Schedule 

6.1 Weekly Tasks  
	  

Table	  6.1.1	  Color	  for	  each	  team	  member	  

Team 
Members  Haneen 

Bawayan  Maryam 
Tora  Juahir AL-

Bakri  Maha Nour  

	  

Table	  6.1.2	  Weekly	  tasks	  

Task March April May 
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 

Searching about Topic             
Reading about Barcode             
Reading about 
Microcontroller 

            

Reading about conveyor             
Reading about robotic Arm             
Investigate Barcode reader 
and generator 

            

Investigate Microcontroller             
Investigate conveyor             
Investigate robotic Arm             
Ordering project 
components 

            

Testing infrared 
transmitter and receiver 

            

Testing conveyor motor             
Testing motor wires             
Testing Microcontroller             
Writing research 
(introduction - motivation) 

            

Writing research 
(introduction - objectives) 

            

Writing research 
(introduction - literature 
review) 

            

Writing research 
(introduction - proposal 
outline) 

            

Writing research (features 
& specifications) 

            

Writing research (Design 
overview) 

            

Writing research 
(verification & validation) 

            

Writing research (cost 
Estimates) 

            

Writing research (project 
schedule) 

            

Conclusion             
References             
Practice on C language             
Practice on Rios program             
Learning skills             
Attending seminars             
Attending courses             
Attending meetings             
Questions             
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Remarks and Conclusion 
 

The final result of the project was very pleasing and pleasant, since the objective of the 

project was met. The project was tested several times; each time every part of the project 

was specifically examined to ensure it works perfectly. Certainly, the project indeed 

performed the tasks as required and the results were captured and recorded several times 

from different angles. The test started by placing several containers on a moving 

conveyor “main conveyor”, when the container reached the end of the conveyor the IR 

sensor was triggered which stopped the main conveyor and allowed time for the barcode 

reader to scan the barcode located on the container. Accordingly, the microcontroller 

signaled the robotic arm to pick up the container and place it on one of the three 

conveyors corresponding to the value that the barcode holds. After the container was 

placed on the required stationary conveyor, the IR sensor was triggered which initiated 

the movement of the conveyor until the container reached the end. Consequently, the 

conveyor stopped. Meanwhile, the robotic arm moved back to its default position ready 

to pick up the following container. Conclusively, the process was repeated on all the 

containers located on the main conveyor. To watch the recorded video you may visit the 

following link: http://www.youtube.com/watch?v=gvksUs8f6qI 

 

After all the hard work, sleepless nights and the continuous efforts of four young 

engineers placed into executing this project,	   thankfully we were able to accomplish 

exactly what we have planned, although few complications arose but we were able to find 

a solution for each single problem and the outcome of the project was exactly as 

predicted.   

During the phase of researching and writing the proposal we gained a considerable 

amount of knowledge on the project; its overall design, the parts required, the software 

needed for programming, and how to integrate all the different components of this 

project. Moreover, we were able to test most of the circuits to ensure that our design is 

accurate.  Throughout the last stage, when executing the project, the implementation 
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mainly ran smoothly, except at times when glitches came up! However, we believed that 

every problem has a solution; therefore we were determined to find a solution no matter 

how long it took or how much effort it required. Finally at the end of the day, we were 

able to accomplish our goal and present the project as we envisioned to.  

 

Fortunately, we were given the opportunity to enter the “Student Competition” in 

“Woman in Engineering & Industry Forum” held by “The Western Saudi Arabia Women 

in Engineering Affinity Group of IEEE” the project has amazed and astonished many 

eyes, thus our team of engineers were awarded an appreciation and gratitude certificate 

for being the winner group from Effat University. We were also given the privilege of 

presenting the project to many outstanding engineers whom were also stunned by it. 

The team’s well-done presentation has captured the attention of the journalists, which 

lead them to publish an article in “Sayidaty” magazine on the 17th of December 2011 

about the young Saudi Engineers and the important role of women in the engineering 

field. 
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SSC-32 Hardware Information.

1. The Low Dropout regulator will provide 5vdc out with as little as 5.5vdc coming in. This is important when
operating your robot from a battery. It can accept a maximum of 9vdc in. The regulator is rated for 500mA, but we
are de-rating it to 250mA to prevent the regulator from getting too hot.

2. This terminal connects power to servo channels 16 through 31. Apply 4.8vdc to 6.0vdc for most analog or digital
servos. This can be directly from a 5-cell NiMH battery pack. 7.2vdc - 7.4vdc can be applied to HSR-5980 or HSR-
5990 servos. This can be directly from a 6-cell NiMH battery pack or a 2-cell LiPo battery pack.
 

Board Input

VS2 + RED

VS1 - BLACK

3. These jumpers are used to connect VS1 to VS2. Use this option when you are powering all servos from the same
battery. Use both jumpers. Alternately, if you want to use two separate battery packs, one on each side, then
remove both of these jumpers.

4. This is the Logic Voltage, or VL. This input is normally used with a 9vdc battery connector to provide power to the
ICs and anything connected to the 5vdc lines on the board. The valid range for this terminal is 6vdc - 9vdc. This
input is used to isolate the logic from the Servo Power Input. It is necessary to remove the VS1=VL jumper when
powering the servos separately from the logic VL. The SSC-32 should draw 35mA with nothing connected to the
5vdc output.
 

Board Input

VL + RED

VL - BLACK

5. This jumper allows powering the microcontroller and support circuitry from the servo power supply. This requires
at least 6vdc to operate correctly. If the microcontroller resets when too many servos are moving at the same
time, it may be necessary to power the microcontroller separately using the VL input. A 9vdc works nicely for this.
This jumper must be removed when powering the microcontroller separately!

6. This terminal connects power to servo channels 16 through 31. Apply 4.8vdc to 6.0vdc for most analog or digital
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servos. This can be directly from a 5-cell NiMH battery pack. 7.2vdc - 7.4vdc can be applied to HSR-5980 or HSR-
5990 servos. This can be directly from a 6-cell NiMH battery pack or a 2-cell LiPo battery pack.
 

Board Input

VL1 + RED

VL1 - BLACK

7. This is where you connect the servos or other output devices. Use caution and remove power when connecting
anything to the I/O bus.
 

Board Wire

Pulse Yellow or White

VS Red

Ground Black or Brown

8. This is where the Atmel IC chip goes. Be careful to insert it with Pin 1 in the upper right corner as pictured. Take
care to not bend the pins.

9. The two BAUD inputs allow configuring the baud rate. Please see the examples below.
 

Jumpers Baud Rate Usage

0 0 2400 Slower Processors

0 1 9600 Slower Processors

1 0 38.4k Atom/Stamp Communication

1 1 115.2k PC Communication, Firmware
Update

10. The ABCD inputs have both static and latching support. The inputs have internal weak (50k) pullups that are
used when a Read Digital Input command is used. A normally open switch connected from the input to ground will
work fine.

11. This is the Processor Good LED. It will light steady when power is applied and will remain lit until  the processor
has received a valid serial command. It will then go out and will blink whenever it is receiving serial data.

12. Simply plug a straight-through M/F DB9 cable from this plug to a free 9-pin serial port con your PC for receiving
servo positioning data. Alternately a USB-to-serial adapter will work well. Note, many USB-to-serial adapters
require a separate power supply to work well.

13. This is an 8-pin EEPROM socket. The EEPROM is supported by the 2.01GP firmware.

14. This is the TTL serial port or DB9 serial port enable. Install two jumpers as illustrated below to enable the DB9
port. Install wire connectors to utilize TTL serial communication from a host microcontroller.

Shorting Bar Jumpers and Connectors at a glance.
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Command Formatting for the SSC-32.
Command Types and Groups.
With the exception of MiniSSC-II mode, all SSC-32 commands must end with a carriage return character (ASCII 13).
Multiple commands of the same type can be issued simultaneously in a Command Group. All of the commands in a
command group will be executed after the final carriage return is received. Commands of different types cannot be mixed
in the same command group. In addition, numeric arguments to all SSC-32 commands must be ASCII strings of decimal
numbers, e.g. "1234". Some commands accept negative numbers, e.g. "-5678". Programming examples will be provided.
ASCII format is not case sensitive. Use as many bytes as required. Spaces, tabs, and line feeds are ignored.

Command Types and Groups

1 Servo Movement 7 Read Analog Inputs

2 Discrete Output 8 12 Servo Hexapod Gait Sequencer

3 Byte Output 9 Query Hex Sequencer

4 Query Movement Status 10 Get Version

5 Query Pulse Width 11 Go to Boot

6 Read Digital Inputs 12 MiniSSC-II Compatibility

Servo Move or Group Move.

# <ch> P <pw> S <spd> ... # <ch> P <pw> S <spd> T <time> <cr>

<ch> Channel number in decimal, 0-31
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<pw> Pulse width in microseconds, 500-2500

<spd> Movement speed in uS per second for one channel (Optional)

<time> Time in mS for the wntire move, affects all channels, 65535 max (Optional)

<cr> Carriage return character, ASCII 13 (Required to initiate action)

<esc> Cancel the current action, ASCII 27

Servo Move Example: "#5 P1600 S750 <cr>"

The example will move the servo on channel 5 to position 1600. It will move from its current position at a rate of 750uS
per second until  it reaches its commanded destination. For a better understanding of the speed argument, consider that
1000uS of travel will result in around 90° of rotation. A speed value of 100uS per second means the servo will take 10
seconds to move 90°. Alternately, a speed value of 2000uS per second equates to 500mS (half a second) to move 90°.

Servo Move Example: "#5 P1600 T1000 <cr>"

The example will move servo 5 to position 1600. It will take 1 second to complete the move regardless of how far the
servo has to travel to reach the destination.

Servo Group Move Example: "#5 P1600 #10 P750 T2500 <cr>"

The example will move servo 5 to position 1600 and servo 10 to position 750. It will take 2.5 seconds to complete the
move, even if one servo has farther to travel than another. The servos will both start and stop moving at the same time.
This is a very powerful command. By commanding all the legs in a walking robot with the Group Move it is easy to
synchronize complex gaits. The same synchronized motion can benefit the control of a robotic arm as well.

You can combine the speed and time commands if desired. The speed for each servo will be calculated according to the
following rules:

1. All channels will start and end the move simultaneously.

2. If a speed is specified for a servo, it will not move any faster than the speed specified (but it might move slower if
the time command requires).

3. If a time is specified for the move, then the move will take at lest the amount of time specified (but might take
longer if the speed command requires).

Servo Move Example: "#5 P1600 #17 P750 #2 P2250 T2000 <cr>"

The example provides 1600uS on ch5, 750uS on ch17, and 2250uS on ch2. The entire move will take at least 2 seconds,
but ch17 will not move faster than 500uS per second. The actual time for the move will depend on the initial pulse width
for ch17. Suppose ch17 starts at position 2000. Then it has to move 1250uS. Since it is limited to 500uS per second, it
will require at least 2.5 seconds, so the entire move will take 2.5 seconds. On the other hand, if ch17 starts at position
1000, it only needs to move 250uS, which it can do in 0.5 seconds, so the entire move will take 2 seconds.

Important! The first positioning command should be a normal "# <ch> P <pw>" command. Because the controller doesn't
know where the servo is positioned on powerup, it will ignore speed and time commands until  the first normal command
has been received.

Any move that involves more than one servo and uses either the S or T modifier is considered a Group Move, and all
servos will start and stop moving at the same time. If you require moving several servos at different speeds, you must
issue the commands separately.

Software Position Offset.

# <ch> PO <offset value> ... # <ch> PO <offset value> <cr>

<ch> Channel number in decimal, 0-31

<offset value> 100 to -100 in uSeconds

<cr> Carriage return character, ASCII 13

This command allows the servos centered (1500uS) position to be aligned perfectly. The servo channel will be offset by
the amount indicated in offset value. This represents approximately 15° of range. It's important to build the mechanical
assembly as close as possible to the desired centered position before applying the servo offset. This makes it easy to
setup servos that do not have mechanical alignment. The Position Offset command should be issued only once in your
program. When the SSC-32 is turned off it will forget the Position Offsets.

The current SSC-32 now has an internal register method for doing Position Offsets. These are stored in the Atmel chips
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internal EEPROM and are retained when power is removed. Use of this feature is covered in the Register Support
section of this manual.

General Output Information.
The outputs on the SSC-32 come from four 74HC595 8 bit shift register chips. There are four banks of 8 bit outputs as
shown 0-7, 8-15, 16-23 and 24-32. The outputs can sink or source up to 25mA per pin, but a max of 70mA per bank
must be observed.

Discrete Output.

# <ch> <lvl> ... # <ch> <lvl> <cr>

<ch> Channel number in decimal, 0-31

<lvl> Logic level for the channel, either 'H' for High or 'L' for Low

<cr> Carriage return character, ASCII 13

The channel will go to the level indicated within 20mS of receiving the carriage return.

Discrete Output Example: "#3H #4L <cr>"

This example will output a High (+5v) on channel 3 and a Low (0v) on channel 4.

Byte Output.

# <bank> : <value> <cr>

<bank> (0 = Pins 0-7, 1 = Pins 8-15, 2 = Pins 16-23, 3 = Pins 24-31)

<value> Decimal value to output to the selected bank (0-255), Bit 0 = LSB of bank

<cr> Carriage return character, ASCII 13

This command allows 8 bits of binary data to be written at once. All pins of the bank are updated simultaneously. The
banks will be updated within 20mS of receiving the carriage return.

Bank Output Example: "#3:123 <cr>"

This example will output the value 123 (decimal) to bank 3. 123 (dec) = 01111011 (bin), and bank 3 is pins 24-31. So this
command will output a "0" to pins 26 and 31, and will output a "1" to all other pins.

Query Movement Status.
Example: "Q <cr>"

This will return a "." if the previous move is complete, or a "+" if it is still in progress.

There will be a delay of 50uS to 5mS before the response is sent.

Query Pulse Width.
Example: "QP <arg> <cr>"

This will return a single byte (in binary format) indicating the pulse width of the selected servo with a resolution of 10uS.
For example, if the pulse width is 1500uS, the returned byte would be 150 (binary).

Multiple servos may be queried in the same command. The return value will be one byte per servo. There will be a delay
of at least 50uS to 5mS before the response is sent Typically the response will be started within 100uS.

Read Digital Inputs.
Example: "A B C D AL BL CL DL <cr> "

A, B, C, and D are normal input reads. They read the value on the input as a binary value. It returns ASCII "0" if the input
is a low (0v) or an ASCII "1" if the input is a high (+5v).

AL, BL, CL, and DL are latching input reads. They return the value on the input as an ASCII "0" if the input is a low (0v)
or if it has been low since the last *L command. It returns a high (+5v) if the input is high and never went low since the
last *L command. Simply stated, it will return a low if the input ever goes low. Reading the status simply resets the latch.
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The ABCD inputs have a weak pullup (~50k) that is enabled when used as inputs. They are checked approximately every
1mS, and are debounced for approximately 15mS. The logic value for the read commands will not be changed until  the
input has been at the new logic level continuously for 15mS. The Read Digital Input Commands can be grouped in a
single read, up to 8 values per read. They will return a string with one character per input with no spaces.

Read Digital Input Example: "A B C DL <cr>"

Read Analog Inputs.
Example: "VA VB VC VD <cr>"

VA, VB, VC, and VD read the value on the input as analog. It returns a single byte with the 8-bit (binary) value for the
voltage on the pin.

When the ABCD inputs are used as analog inputs the internal pullup is disabled. The inputs are digitally filtered to reduce
the effect of noise. The filtered values will settle to their final values within 8mS of a change. A return value of 0
represents 0vdc. A return value of 255 represents +4.98vdc. To convert the return value to a voltage, multiply by 5/256.
At power up the ABCD inputs are configured for digital input with pullup. The first time a V* command is used, the pin will
be converted to analog without pullup. The result of this first read will not return valid data.

Read Analog Input Example: "VA VB <cr>"

This example will return 2 bytes with the analog values of A and B. For example is the voltage on Pin A is 2vdc and Pin B
is 3.5vdc, the return value will be the bytes 102 (binary) and 179 (binary).

12 Servo Hexapod Sequencer Commands.
LH <arg>, LM <arg>, LL <arg>

Set the value for the vertical servos on the left side of the hexapod. LH sets the high value, i.e. the pulse width to raise
the leg to its maximum height; LM sets the mid value; and LL sets the low value. The valid range for the arguments is
500 to 2500uS.

RH <arg>, RM <arg>, RL <arg>

Set the value for the vertical servos on the right side of the hexapod. RH sets the high value, i.e. the pulse width to raise
the leg to its maximum height; RM sets the mid value; RL sets the low value. The valid range for the arguments is 500 to
2500uS.

VS <arg>

Sets the speed for movement of vertical servos. All vertical servo moves use this speed. Valid range is 0 to
65535uS/Sec.

LF <arg>, LR <arg>

Set the value for the horizontal servos on the left side of the robot. LF sets the front value, i.e. the pulse width to move
the leg to the maximum forward position; LR sets the rear value. The valid range for the arguments is 500 to 2500uS.

RF <arg>, RR <arg>

Set the values for the horizontal servos on the right side of the robot. RF sets the front value, i.e. the pulse width to move
the leg to the maximum forward position; RR sets the rear value. The valid range for the arguments is 500 to 2500uS.

HT <arg>

Sets the time to move between horizontal front and rear positions. The valid range for the argument is 1 to 65535uS.

XL <arg>, XR <arg>

Set the travel percentage for left and right legs. The valid range is -100% to 100%. Negative values cause the legs on the
side to move in reverse. With a value of 100%, the legs will move between the front and rear positions. Lower values
cause the travel to be proportionally less, but always centered. The speed for horizontal moves is adjusted based on the
XL and XR commands, so the move time remains the same.

XS <arg>

Set the horizontal speed percentage for all legs. The valid range is 0% to 200%. With a value of 100%, the horizontal
travel time will be the value programmed using the HT command. Higher values proportionally reduce the travel time;
lower values increase it. A value of 0% will stop the robot in place. The hex sequencer will not be started until  the XS



http://www.lynxmotion.com/images/html/build136.htm[25/05/09 18:31:25]

command is received.

XSTOP

Stop the hex sequencer. Return all servos to normal operation.

Notes on Hexapod Sequencer.

1. The following servo channels are used for the hex sequencer:
 

0 Right Rear Vertical 16 Left Rear Vertical

1 Right Rear Horizontal 17 Left Rear Horizontal

2 Right Center Vertical 18 Left Center Vertical

3 Right Center Horizontal 19 Left Center Horizontal

4 Right Front Vertical 20 Left Front Vertical

5 Right Front Horizontal 21 Left Front Horizontal

 

2. The hexapod walking gait is an alternating tripod. The tripods are labeled Tripod A and Tripod B. Tripod A
consists of {Left Front, Left Rear, Right Center}, and Tripod B consists of {Left Center, Right Front, Right Rear}.

3. While walking, the legs pass through 6 points: (Low Front), (Low Center), (Low Rear), (Mid Rear), (High Center),
and (Mid Front). "Center" refers to the mid-point between the Front and Rear positions.
 

 

4. The walking sequence consists of 8 states, numbered 0-7. They are defined below:
 

State
Tripod A Tripod B

Vertical Horizontal Vertical Horizontal

0 Low Front to Center Mid to High Rear to Center

1 Low Center to Rear High to Mid Center to Front

2 Low Rear Mid to Low Front

3 Low to Mid Rear Low Front

4 Mid to High Rear to Center Low Front to Center

5 High to Mid Center to Front Low Center to Rear

6 Mid to Low Front Low Rear

7 Low Front Low to Mid Rear

In this table, "Front" and "Rear" are modified by the XL and XR commands. A value of 100% results in the
movement in the table. Between 0 and 100%, the Front/Rear positions are moved closer to Center. For negative
values, Front and Rear are exchanged. For example, with an XL of -100%, in State 0, Tripod A on the left side
would be moving Rear to Center, and Tripod B would be moving Front to Center.

5. When a horizontal servo is moving, its speed will be adjusted based on the Front/Rear pulse widths, the XL/XR
percentage, and the XS percentage. Regardless of the travel distance from front to rear (adjusted by XL/XR), the
total move time will be the HT divided by the XS percentage.

6. When a vertical servo is moving from Low to Mid or from Mid to Low, it will move at the speed specified by the VS
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command. When a vertical servo is moving from Mid to High or High to Mid, the vertical speed will be adjusted so
that the horizontal and vertical movements end at the same time.

7. Any of the Hex Sequencer commands can be issued while the sequencer is operating. They will take effect
immediately.

Hex Sequencer Examples:

"LH1000 LM1400 LL1800 RH2000 RM1600 RL1200 VS3000 <cr>"

Sets the vertical servo parameters.

"LF1700 LR1300 RF1300 RR1700 HT1500 <cr>"

Sets the horizontal servo parameters.

"XL50 XR100 XS100 <cr>"

Causes the gradual left turn at 100% speed (and starts the sequencer if it is not already started).

"XL -100 XR 100 XS 50 <cr>"

Causes a left rotate in place at 50% speed.

"XSTOP <cr>"

Stops the sequencer and allows servo channels 0-5, 16-21 to be controlled using the normal servo commands.

Query Hex Sequencer State.
XQ <cr>

Returns 1 digit representing the state of the hex sequencer, and the approximate percentage of movement in the state.
The high nibble will be '0' to '7', and the low nibble will be '0' to '9'. For example, if the sequencer is 80% of the way
through state 5, it will return the value 58 (hex).

Get Software Version.
VER <cr>

Returns the software version number as an ASCII string.

Firmware Upgrade.
Upgrading the firmware is best done with Lynxterm or one of our other software packages. Detailed instructions on
upgrading the firmware is included in the software manuals. The "Force firmware update" jumper position (as illustrated in
the Shorting Bar Jumpers and Connectors at a Glance section) is used when normal software firmware update will not
work. Don't do this unless you know what you're doing.

Transfer to Boot.
GOBOOT <cr>

Starts the bootloader running for software updates. To exit the bootloader and start running the application, power cycle
the control or enter (case sensitive, no spaces):

"g0000<cr>"

Mini SSC-II Emulation.
Binary format, 3-bytes.

Byte 1 255, the sync byte

Byte 2 0 - 31, the servo number

Byte 3 0 - 250, the pulse width; 0=500uS, 125=1500uS, 250=2500uS
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SSC-32 Registers
Register General Info

Number Name Minimum Maximum Default Description

0 Enable 0 65535 0
A bit field (16 bits) that
enables various features of the
SSC-32.

1 Transmit
Delay 0 65535 600

The delay, in microseconds,
before transmitting the first
byte of a response from the
SSC-32.

2 Transmit
Pacing 0 65535 70

The delay, in microseconds,
between bytes in a response
from the SSC-32.

3-31 (Reserved) -- -- -- --

32-63 Initial Pulse
Offset -100 100 0

The initial value of the pulse
offset (PO) for each servo.
Register 32 corresponds to
servo #0, register 33 to servo
#1, etc.

64-95 Initial Pulse
Width 0 65535 1500

The initial value of the pulse
width for each servo. Register
64 corresponds to servo #0,
register 65 to servo #1, etc. A
value of 0 leaves the servo
output at a continuous logic
'0'; a value of 65535 leaves the
servo output at a continuous
logic '1'. All other values are
clipped to the range 500 -
2500 microseconds.

96-255 (Reserved) -- -- -- --

Note: Registers 0-15 are intended for global use, affecting all operation of the SSC-32; registers 32-255 are intended for
individual servo channel configuration, and so are in groups of 32 registers.

Enable Register (R0) Bit Definitions

Bit Name Definition

12
(msb)

Global
Disable

If '1', disables all of the featured controlled by the Enable
register.
If '0', the individual bit values will be used to enable or disable
the features.

14-4 (Reserved) --

3
Initial Pulse
Width
Enable

If '1', enables the Initial Pulse Width register values at startup.
If '0', the default value of 0 will be used.

2
Initial Pulse
Offset
Enable

If '1', enables the Initial Pulse Offset register values at startup.
If '0', the default value of 0 will be used.

1
TX
Delay/Pacing
Enable

If '1', enables the Transmit Delay and Transmit Pacing values.
If '0', the default values of 600uS and 70uS will be used.

0
(lsb)

Startup
String
Enable

If '1', enables execution of the startup string when power is
applied to the SSC-32.
If '0', the startup string will not be executed.

Register Read/Write

Command Argument Description Examples

Register write:
R <r> = <n>

<cr>

r = reg number, 0-
255
n = value

Programs the value of a
register. Spaces are optional
around the register number
and value.

R0=1023 <cr>
R32 = -50 <cr>

Register read: r = reg number, 0-

Displays the value of a
register, followed by a
carriage return. The

R0 <cr>
 result:
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R <r> <cr> 255 displayed value is in ASCII
format, and is terminated
with a carriage return.

1023<cr>
R32 <cr>
 result: -50<cr>

Set to defaults:
RDFLT <cr> none

Sets all of the registers to
their default values. When
the command is complete the
SSC-32 will transmit the
string OK<cr>.

RDFLT <cr>
 result: OK<cr>

The RDFLT command may take over a second to execute. It should not be invoked while a timed move or sequence
player is active. No register writes should be performed until  the RDFLT is complete (as indicated by the 'ok' response).

If multiple R= commands are being sent by software, it is recommended that the software read the value of each register
after it is written. This will ensure that each register write has completed before the next is started.

If an RDFLT or R= command is executing, do not power down the SSC-32 until  the command has completed. To
determine whether the command has completed, read a register value.

Each time a register is written, the EEPROM location(s) used to store the value experience a small amount of wearout.
The typical maximum number of writes is 100,000. Do not write your software to rapidly change the register values, or
you might cause a permanent wearout of the EEPROM in the ATMega168 processor.

Miscellaneous Register Commands

Command Argument Description Examples

STOP <n> <cr> 0-31
Immediately stops the specified servo
at its current position. A space is
optional before the servo number.

STOP0 <cr>
STOP 31 <cr>

If the servo is part of a timed move, the other servos will continue moving and a query command will indicate that the
move continues until  the total time for the original move has elapsed. This is true even if all of the servos in the original
move are stopped.

The EER and EEW commands no longer work to access internal EEPROM. They are replaced by Register Read/Write
and Startup String commands. EER and EEW continue to function for external EEPROM.

Startup Strings

Command Argument Description / Examples

Delete
characters:
SSDEL <n>

<cr>

0-255

Deletes <n> characters from the end of the startup
string. If <n> is greater than the length of the
startup string, then SSDEL deletes the entire string.

SSDEL 5 <cr>
 - Deleted the last 5 characters of the startup string
SSDEL 255 <cr>
 - Deletes the entire startup string

Concatenate:
SSCAT <string>

<cr>

Up to 100
ASCII
characters

Concatenates <string> to the current startup string.
The blank space immediately following "SSCAT" is
ignored, but all other spaces are part of the string.
The string is terminated by a carriage return, and
may not contain embedded carriage returns.
Commands in the startup string are terminated with a
semicolon (including the last command).

SSCAT #0P1000#1P2000T3000;<cr>
SSCAT PL0 SQ5 SM50;<cr>

Display startup
string:

SS <cr>
none

Displays the entire startup string, surrounded by
quotation marks and followed by a carriage return.

SS <cr>
 result: "#0P1000#1P2000T3000;PL0 SQ5
SM50;"<cr>

The programmed startup string is executed at powerup of the SSC-32, if the Startup String Enable bit is set in the Enable
register. The Startup String is executed after any register values are applied (e.g. initial pulse width).

The maximum total length of the startup string is 100 ASCII characters. Any additional characters will be ignored.

The following commands should not be used in a startup string: EER, EEW, R=, SSCAT, SSDEL.
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The SS command may take hundreds of milliseconds to execute, depending on baud rate. It should not be invoked while
a timed move or sequence player is active.

The SSCAT command may take hundreds of milliseconds to execute. It should not be invoked while a timed move or
sequence player is active.

If an SSDEL or SSCAT command is executing, do not power down the SSC-32 until  the command has been completed.
To determine whether the command has completed, send an SS command and wait for the response.

Each time the startup string is changed the EEPROM locations used to store the value experience a small amount of
wearout. The typical maximum number of writes is 100,000. Do not write your software to rapidly change the startup
string, or you might cause permanent wearout of the EEPROM in the ATmega168 processor.

Startup String Examples

Command Result

SSDEL 255 <cr>
SS <cr> ""<cr>

SSCAT #0P2000T5000;<cr>
SS <cr> "#0P2000T5000;"<cr>

SSCAT XXXX<cr>
SSC <cr> "#0P2000T5000;XXXX"<cr>

SSDEL 4 <cr>
SS <cr> "#0P2000T5000;"<cr>

SSDEL 6 <cr>
SS <cr> "#0P2000"<cr>

SSCAT #1P1000T4000;PL0SQ5;<cr>
SS <cr> "#0P2000#1P1000T4000;PL0SQ5;"<cr>

Additional Examples

Additional Examples

Command Result

RDFLT Set all registers to default values

SSDEL 255 Erase the startup string

R0 Display register 0

R0=2
R1=2000
R2=1000

Set TX delay to 2000uS and TX pacing to
1000uS. (R0=2: Bit 1 of R0 enables TX
delay/pacing.)

R0=12
R32=50

R64=1000

Set the pulse offset for servo 0 to 50 and
the initial pulse width to 1000. (Bits 2 and
3 of R0 enable pulse offset and pulse
width.)

R0=13
SSDEL 255

SSCAT #0P1500T5000;

Move R0 slowly to a pulse width of 1500
at startup. Assume the initial pulse width
is set as in the previous example. (Bit 0 of
R0 enables the startup string.)

SS Display the current startup string.

Testing the Controller
 The easiest way to test the controller is to use LynxTerm, our free terminal program. LynxTerm is downloadable here.

Once installed, click on the Port drop down and select your com port. This will work with USB-to-serial port adapters.
Install the jumpers for 115.2k baud and the two DB9 serial port enable jumpers. Plug a straight-through DB9 M/F cable
from the PC to the controller.

Install two servos, one on Channel 0 and the other on Channel 1.

Power up the SSC-32 (Logic and Servo) and notice the green LED is illuminated.

Click on the terminal window so you can type the following into it. Remember that <cr> means to press the Enter key.

#0 P1500 #1 P1500 <cr>

You should notice both servos are holding position in the center of their range. The LED is also no longer illuminated. It

http://www.lynxmotion.com/Product.aspx?productID=567&CategoryID=15
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will now only light when the controller is receiving data. Type the following:

#0 P750 #1 P1000 T3000 <cr>

You should notice servo 0 moving CW slowly and servo 1 moving CCW a bit faster. They will arrive at their destinations
at the same time even though they are moving different distances.

Now to test the Query Movement Status. Type the following:

#0 P750 <cr>

Then type the following line. This will make the servo move full range in 10 seconds.

#0 P2250 T10000 <cr>

While the servo is moving, type the following:

Q <cr>

When the servo is in motion the controller will return a "+". It will return a "." when it has reached its destination.

To experiment with the speed argument, try the following:

#0 P750 S1000 <cr>

This will move the servo from 2250 to 750 (around 170°) in 1.5 seconds.

Travel Distance / Speed Value = Travel Time

(2250uS-750uS) / (1000uS/Sec.) = 1.5 Sec.

Next try typing the following:

#0 P2250 S750 <cr>

This will move the servo from 750 to 2250 (around 170°) in 2.0 seconds.

(2250uS-750uS) / (750uS/Sec.) = 2.0 Sec.

Speed values above around 3500 will move the servo as quickly as it can move.

Troubleshooting Information
If you notice the servos turn off or stop holding position when moving several servos at one time, this indicates that the
SSC-32 has reset. This can be verified by noticing if the green LED is on steady after the servos are instructed to move.
The green LED is not a power indicator, but a status indicator. When the SSC-32 is turned on, the LED will be on steady.
It will remain on until  it has received a valid serial command, then it will go out and only blink when receiving serial data.

The SSC-32 has two power supply inputs. The logic supply (VL) powers the microcontroller and its support circuitry
through a 5vdc regulator. The servo supply (VS) powers the servos directly. In single supply mode (default) the jumpers
VS1=VL will provide power to the CL 5vdc regulator from the VS terminal. This works great for battery use, and with most
wall pack use, as long as the voltage does not drop too much. However, if it does drop, the voltage to the microcontroller
is interrupted and the SSC-32 resets. To fix this you remove the VS1=VL jumper and connect a 9vdc battery clip to the
VL input. This isolates the servo and logic supplies so one cannot affect the other.

Using the single supply mode is generally safe for the following conditions:

VS of 7.2vdc 2800mAh NiCad or NiMH battery packs for up to 24 servos.

VS of 7.4vdc 2800mAh LiPo battery packs for up to 24 servos.

VS of 6.0vdc 1600mAh NiCad or NiMH battery packs for up to 18 servos.

VS of 6.0vdc 2.0amp wall pack for up to 8 servos.

Note, these are just general guidelines and some exceptions may exist. The only other thing that can cause this effect is
a poor power delivery system. If the wires carrying the current are too small, or connections are made with stripped and
twisted wire, or cheap plastic battery holders are used, the same problem may occur. 99% of problems with the SSC-32
are power supply related. If you are noticing erratic or unstable servo movements, look at the power delivery system.
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Basic Atom Programming Examples
Atom / SSC-32 Test Example

' Atom / SSC-32 Test
' Configure the SSC-32 for 38.4k baud.

' Note, a | means the line continues onto the next line.
' Note, a ' means the line is a comment, and will not be compiled.

servo0pw var word
movetime var word

servo0pw = 1000
movetime = 2500

start:
servo0pw = 1000
serout p0,i38400,["#0P",DEC servo0pw,"T",DEC movetime,13]
pause 2500
servo0pw = 2000
serout p0,i38400,["#0P",DEC servo0pw,"T",DEC movetime,13]
pause 2500
goto start

Simple Biped Example

' Biped example program.
aa  var byte '<- general purpose variable.
rax var word '<- right ankle side-to-side. On pin0
ray var word '<- right ankle front-to-back. On pin1
rkn var word '<- right knee. On pin2
rhx var word '<- right hip front-to-back. On pin3
rhy var word '<- right hip side-to-side. On pin4
lax var word '<- left ankle side-to-side. On pin5
lay var word '<- left ankle front-to-back. On pin6
lkn var word '<- left knee. On pin7
lhx var word '<- left hip front-to-back. On pin8
lhy var word '<- left hip side-to-side. On pin9
ttm var word '<- time to take for the current move.

' First command to turn the servos on.
for aa=0 to 9
serout p0,i38400,["#", DEC2 aa\1, "P", DEC 1500, 13]
next

start:
' First position for step sequence, and time to move, put in your values here.
rax=1400: ray=1400: rkn=1400: rhx=1400: rhy=1400
lax=1400: lay=1400: lkn=1400: lhx=1400: lhy=1400
ttm=1000
gosub send_data
pause ttm

' Second position for step sequence, and time to move, put in your values here.
rax=1600: ray=1600: rkn=1600: rhx=1600: rhy=1600
lax=1600: lay=1600: lkn=1600: lhx=1600: lhy=1600
ttm=1000
gosub send_data
pause ttm

' Third...

' Forth...

' Etc...

goto start

' This sends the data to the SSC-32. The serout is all one line. Use |!
send_data:
serout p0,i38400,["#0P",DEC rax,"#1P",DEC ray,"#2P",DEC rkn,"#3P",DEC |
rhx,"#4P",DEC rhy,"#5P",DEC lax,"#6P",DEC lay,"#7P",DEC lkn,"#8P",DEC |
lhx,"#9P",DEC lhy,"T",DEC ttm,13]
return
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■ OUTPUT CURRENT TO 1.5A
■ OUTPUT VOLTAGES OF 5; 5.2; 6; 8; 8.5; 9;

12; 15; 18; 24V
■ THERMAL OVERLOAD PROTECTION
■ SHORT CIRCUIT PROTECTION
■ OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION
The L7800 series of three-terminal positive
regulators is available in TO-220, TO-220FP,
TO-3 and D2PAK packages and several fixed
output voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltage and currents.

L7800
SERIES

POSITIVE VOLTAGE REGULATORS

SCHEMATIC DIAGRAM

TO-220

D2PAK

TO-220FP

TO-3
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ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is
not implied.

THERMAL DATA

SCHEMATIC DIAGRAM

Symbol Parameter² Value Unit

VI
DC Input Voltage for VO= 5 to 18V 35

V
for VO= 20, 24V 40

IO Output Current Internally Limited

Ptot Power Dissipation Internally Limited

Tstg Storage Temperature Range -65 to 150 °C

Top
Operating Junction Temperature
Range

for L7800 -55 to 150
°C

for L7800C 0 to 150

Symbol Parameter D2PAK TO-220 TO-220FP TO-3 Unit

Rthj-case Thermal Resistance Junction-case Max 3 5 5 4 °C/W

Rthj-amb Thermal Resistance Junction-ambient Max 62.5 50 60 35 °C/W
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CONNECTION DIAGRAM (top view)

ORDERING CODES

(*) Available in Tape & Reel with the suffix "-TR".

TYPE TO-220 D2PAK (*) TO-220FP TO-3 OUTPUT
VOLTAGE

L7805 L7805T 5 V
L7805C L7805CV L7805CD2T L7805CP L7805CT 5 V
L7852C L7852CV L7852CD2T L7852CP L7852CT 5.2 V
L7806 L7806T 6 V

L7806C L7806CV L7806CD2T L7806CP L7806CT 6 V
L7808 L7808T 8 V

L7808C L7808CV L7808CD2T L7808CP L7808CT 8 V
L7885C L7885CV L7885CD2T L7885CP L7885CT 8.5 V
L7809C L7809CV L7809CD2T L7809CP L7809CT 9 V
L7812 L7812T 12 V

L7812C L7812CV L7812CD2T L7812CP L7812CT 12 V
L7815 L7815T 15 V

L7815C L7815CV L7815CD2T L7815CP L7815CT 15 V
L7818 L7818T 18 V

L7818C L7818CV L7818CD2T L7818CP L7818CT 18 V
L7820 L7820T 20 V

L7820C L7820CV L7820CD2T L7820CP L7820CT 20 V
L7824 L7824T 24 V

L7824C L7824CV L7824CD2T L7824CP L7824CT 24 V

TO-220 TO-220FP

TO-3D2PAK
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APPLICATION CIRCUITS

TEST CIRCUITS

Figure 1 : DC Parameter

Figure 2 : Load Regulation
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Figure 3 : Ripple Rejection

ELECTRICAL CHARACTERISTICS OF L7805 (refer to the test circuits, TJ = -55 to 150°C, VI = 10V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 4.8 5 5.2 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 8 to 20 V

4.65 5 5.35 V

∆VO(*) Line Regulation VI = 7 to 25 V TJ = 25°C 3 50 mV

VI = 8 to 12 V TJ = 25°C 1 25

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 100 mV

IO = 250 to 750 mA TJ = 25°C 25

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 8 to 25 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 0.6 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 8 to 18 V f = 120Hz 68 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 17 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A
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ELECTRICAL CHARACTERISTICS OF L7806 (refer to the test circuits, TJ = -55 to 150°C, VI = 11V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7808 (refer to the test circuits, TJ = -55 to 150°C, VI = 14V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 5.75 6 6.25 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 9 to 21 V

5.65 6 6.35 V

∆VO(*) Line Regulation VI = 8 to 25 V TJ = 25°C 60 mV

VI = 9 to 13 V TJ = 25°C 30

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 100 mV

IO = 250 to 750 mA TJ = 25°C 30

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 9 to 25 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 0.7 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 9 to 19 V f = 120Hz 65 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 19 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 7.7 8 8.3 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 11.5 to 23 V

7.6 8 8.4 V

∆VO(*) Line Regulation VI = 10.5 to 25 V TJ = 25°C 80 mV

VI = 11 to 17 V TJ = 25°C 40

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 100 mV

IO = 250 to 750 mA TJ = 25°C 40

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 11.5 to 25 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 11.5 to 21.5 V f = 120Hz 62 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 16 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A
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ELECTRICAL CHARACTERISTICS OF L7812 (refer to the test circuits, TJ = -55 to 150°C, VI = 19V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7815 (refer to the test circuits, TJ = -55 to 150°C, VI = 23V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 11.5 12 12.5 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 15.5 to 27 V

11.4 12 12.6 V

∆VO(*) Line Regulation VI = 14.5 to 30 V TJ = 25°C 120 mV

VI = 16 to 22 V TJ = 25°C 60

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 100 mV

IO = 250 to 750 mA TJ = 25°C 60

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 15 to 30 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 1.5 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 15 to 25 V f = 120Hz 61 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 18 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 14.4 15 15.6 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 18.5 to 30 V

14.25 15 15.75 V

∆VO(*) Line Regulation VI = 17.5 to 30 V TJ = 25°C 150 mV

VI = 20 to 26 V TJ = 25°C 75

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 150 mV

IO = 250 to 750 mA TJ = 25°C 75

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 18.5 to 30 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 1.8 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 18.5 to 28.5 V f = 120Hz 60 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 19 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A
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ELECTRICAL CHARACTERISTICS OF L7818 (refer to the test circuits, TJ = -55 to 150°C, VI = 26V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7820 (refer to the test circuits, TJ = -55 to 150°C, VI = 28V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 17.3 18 18.7 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 22 to 33 V

17.1 18 18.9 V

∆VO(*) Line Regulation VI = 21 to 33 V TJ = 25°C 180 mV

VI = 24 to 30 V TJ = 25°C 90

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 180 mV

IO = 250 to 750 mA TJ = 25°C 90

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 22 to 33 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 2.3 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 22 to 32 V f = 120Hz 59 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 22 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 19.2 20 20.8 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 24 to 35 V

19 20 21 V

∆VO(*) Line Regulation VI = 22.5 to 35 V TJ = 25°C 200 mV

VI = 26 to 32 V TJ = 25°C 100

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 200 mV

IO = 250 to 750 mA TJ = 25°C 100

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 24 to 35 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 2.5 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 24 to 35 V f = 120Hz 58 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 24 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A
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ELECTRICAL CHARACTERISTICS OF L7824 (refer to the test circuits, TJ = -55 to 150°C, VI = 33V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7805C (refer to the test circuits, TJ = -55 to 150°C, VI = 10V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 23 24 25 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 28 to 38 V

22.8 24 25.2 V

∆VO(*) Line Regulation VI = 27 to 38 V TJ = 25°C 240 mV

VI = 30 to 36 V TJ = 25°C 120

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 240 mV

IO = 250 to 750 mA TJ = 25°C 120

Id Quiescent Current TJ = 25°C 6 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 28 to 38 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA 3 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 28 to 38 V f = 120Hz 56 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 2.5 V

RO Output Resistance f = 1 KHz 28 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 1.2 A

Iscp Short Circuit Peak Current TJ = 25°C 1.3 2.2 3.3 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 4.8 5 5.2 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 7 to 20 V

4.75 5 5.25 V

∆VO(*) Line Regulation VI = 7 to 25 V TJ = 25°C 3 100 mV

VI = 8 to 12 V TJ = 25°C 1 50

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 100 mV

IO = 250 to 750 mA TJ = 25°C 50

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 7 to 25 V 0.8

∆VO/∆T Output Voltage Drift IO = 5 mA -1.1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 40 µV/VO

SVR Supply Voltage Rejection VI = 8 to 18 V f = 120Hz 62 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 17 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A
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ELECTRICAL CHARACTERISTICS OF L7852C (refer to the test circuits, TJ = -55 to 150°C, VI = 10V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7806C (refer to the test circuits, TJ = -55 to 150°C, VI = 11V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 5.0 5.2 5.4 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 8 to 20 V

4.95 5.2 5.45 V

∆VO(*) Line Regulation VI = 7 to 25 V TJ = 25°C 3 105 mV

VI = 8 to 12 V TJ = 25°C 1 52

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 105 mV

IO = 250 to 750 mA TJ = 25°C 52

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 7 to 25 V 1.3

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 42 µV/VO

SVR Supply Voltage Rejection VI = 8 to 18 V f = 120Hz 61 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 17 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.75 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 5.75 6 6.25 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 8 to 21 V

5.7 6 6.3 V

∆VO(*) Line Regulation VI = 8 to 25 V TJ = 25°C 120 mV

VI = 9 to 13 V TJ = 25°C 60

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 120 mV

IO = 250 to 750 mA TJ = 25°C 60

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 8 to 25 V 1.3

∆VO/∆T Output Voltage Drift IO = 5 mA -0.8 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 45 µV/VO

SVR Supply Voltage Rejection VI = 9 to 19 V f = 120Hz 59 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 19 mΩ
Isc Short Circuit Current VI = 35 V TJ = 25°C 0.55 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A
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ELECTRICAL CHARACTERISTICS OF L7808C (refer to the test circuits, TJ = -55 to 150°C, VI = 14V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7885C (refer to the test circuits, TJ = -55 to 150°C, VI = 14.5V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 7.7 8 8.3 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 10.5 to 25 V

7.6 8 8.4 V

∆VO(*) Line Regulation VI = 10.5 to 25 V TJ = 25°C 160 mV

VI = 11 to 17 V TJ = 25°C 80

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 160 mV

IO = 250 to 750 mA TJ = 25°C 80

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 10.5 to 25 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -0.8 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 52 µV/VO

SVR Supply Voltage Rejection VI = 11.5 to 21.5 V f = 120Hz 56 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 16 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.45 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 8.2 8.5 8.8 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 11 to 26 V

8.1 8.5 8.9 V

∆VO(*) Line Regulation VI = 11 to 27 V TJ = 25°C 160 mV

VI = 11.5 to 17.5 V TJ = 25°C 80

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 160 mV

IO = 250 to 750 mA TJ = 25°C 80

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 11 to 27 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -0.8 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 55 µV/VO

SVR Supply Voltage Rejection VI = 12 to 22 V f = 120Hz 56 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 16 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.45 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A



L7800 SERIES

12/29

ELECTRICAL CHARACTERISTICS OF L7809C (refer to the test circuits, TJ = -55 to 150°C, VI = 15V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7812C (refer to the test circuits, TJ = -55 to 150°C, VI = 19V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 8.65 9 9.35 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 11.5 to 26 V

8.55 9 9.45 V

∆VO(*) Line Regulation VI = 11.5 to 26 V TJ = 25°C 180 mV

VI = 12 to 18 V TJ = 25°C 90

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 180 mV

IO = 250 to 750 mA TJ = 25°C 90

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 11.5 to 26 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 70 µV/VO

SVR Supply Voltage Rejection VI = 12 to 23 V f = 120Hz 55 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 17 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.40 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 11.5 12 12.5 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 14.5 to 27 V

11.4 12 12.6 V

∆VO(*) Line Regulation VI = 14.5 to 30 V TJ = 25°C 240 mV

VI = 16 to 22 V TJ = 25°C 120

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 240 mV

IO = 250 to 750 mA TJ = 25°C 120

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 14.5 to 30 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 75 µV/VO

SVR Supply Voltage Rejection VI = 15 to 25 V f = 120Hz 55 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 18 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.35 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A
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ELECTRICAL CHARACTERISTICS OF L7815C (refer to the test circuits, TJ = -55 to 150°C, VI = 23V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7818C (refer to the test circuits, TJ = -55 to 150°C, VI = 26V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 14.5 15 15.6 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 17.5 to 30 V

14.25 15 15.75 V

∆VO(*) Line Regulation VI = 17.5 to 30 V TJ = 25°C 300 mV

VI = 20 to 26 V TJ = 25°C 150

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 300 mV

IO = 250 to 750 mA TJ = 25°C 150

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 17.5 to 30 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 90 µV/VO

SVR Supply Voltage Rejection VI = 18.5 to 28.5 V f = 120Hz 54 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 19 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.23 A

Iscp Short Circuit Peak Current TJ = 25°C 2.2 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 17.3 18 18.7 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 21 to 33 V

17.1 18 18.9 V

∆VO(*) Line Regulation VI = 21 to 33 V TJ = 25°C 360 mV

VI = 24 to 30 V TJ = 25°C 180

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 360 mV

IO = 250 to 750 mA TJ = 25°C 180

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 21 to 33 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 110 µV/VO

SVR Supply Voltage Rejection VI = 22 to 32 V f = 120Hz 53 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 22 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.20 A

Iscp Short Circuit Peak Current TJ = 25°C 2.1 A
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ELECTRICAL CHARACTERISTICS OF L7820C (refer to the test circuits, TJ = -55 to 150°C, VI = 28V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7824C (refer to the test circuits, TJ = -55 to 150°C, VI = 33V,
IO = 500 mA, CI = 0.33 µF, CO = 0.1 µF unless otherwise specified).

(*) Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 19.2 20 20.8 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 23 to 35 V

19 20 21 V

∆VO(*) Line Regulation VI = 22.5 to 35 V TJ = 25°C 400 mV

VI = 26 to 32 V TJ = 25°C 200

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 400 mV

IO = 250 to 750 mA TJ = 25°C 200

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 23 to 35 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 150 µV/VO

SVR Supply Voltage Rejection VI = 24 to 35 V f = 120Hz 52 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 24 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.18 A

Iscp Short Circuit Peak Current TJ = 25°C 2.1 A

Symbol Parameter Test Conditions Min. Typ. Max. Unit

VO Output Voltage TJ = 25°C 23 24 25 V

VO Output Voltage IO = 5 mA to 1 A PO ≤ 15W
VI = 27 to 38 V

22.8 24 25.2 V

∆VO(*) Line Regulation VI = 27 to 38 V TJ = 25°C 480 mV

VI = 30 to 36 V TJ = 25°C 240

∆VO(*) Load Regulation IO = 5 mA to 1.5 A TJ = 25°C 480 mV

IO = 250 to 750 mA TJ = 25°C 240

Id Quiescent Current TJ = 25°C 8 mA

∆Id Quiescent Current Change IO = 5 mA to 1 A 0.5 mA

VI = 27 to 38 V 1

∆VO/∆T Output Voltage Drift IO = 5 mA -1.5 mV/°C

eN Output Noise Voltage B =10Hz to 100KHz TJ = 25°C 170 µV/VO

SVR Supply Voltage Rejection VI = 28 to 38 V f = 120Hz 50 dB

Vd Dropout Voltage IO = 1 A TJ = 25°C 2 V

RO Output Resistance f = 1 KHz 28 mΩ

Isc Short Circuit Current VI = 35 V TJ = 25°C 0.15 A

Iscp Short Circuit Peak Current TJ = 25°C 2.1 A
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Figure 4 : Dropout Voltage vs Junction
Temperature

Figure 5 : Peak Output Current vs Input/output
Differential Voltage

Figure 6 : Supply Voltage Rejection vs
Frequency

Figure 7 : Output Voltage vs Junction
Temperature

Figure 8 : Output Impedance vs Frequency

Figure 9 : Quiescent Current vs Junction
Temperature
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Figure 10 : Load Transient Response

Figure 11 : Line Transient Response

Figure 12 : Quiescent Current vs Input Voltage

Figure 13 : Fixed Output Regulator

NOTE:
1. To specify an output voltage, substitute voltage value for "XX".
2. Although no output capacitor is need for stability, it does improve transient response.
3. Required if regulator is locate an appreciable distance from power supply filter.
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Figure 14 : Current Regulator

Figure 15 : Circuit for Increasing Output Voltage

Figure 16 : Adjustable Output Regulator (7 to 30V)

VxxIO =  + IdR1

IR1 ≥ 5 Id

R2
VO = VXX (1+  ) + Id R2R1
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Figure 17 : 0.5 to 10V Regulator

Figure 18 : High Current Voltage Regulator

Figure 19 : High Output Current with Short Circuit Protection

R4VO = Vxx 
R1

VBEQ1R1 = 
IQ1IREQ - 
βQ1

VBEQ1IO = IREG + Q1 (IREG )
R1

VBEQ2VO = 
ISC
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Figure 20 : Tracking Voltage Regulator

Figure 21 : Split Power Supply (± 15V - 1 A)

* Against potential latch-up problems.

Figure 22 : Negative Output Voltage Circuit
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Figure 23 : Switching Regulator

Figure 24 : High Input Voltage Circuit

Figure 25 : High Input Voltage Circuit

Figure 26 : High Output Voltage Regulator

VIN = VI - (VZ + VBE)
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Figure 27 : High Input and Output Voltage

Figure 28 : Reducing Power Dissipation with Dropping Resistor

Figure 29 : Remote Shutdown

VO = VXX + VZ1

VI(min) - VXX - VDROP(max)R = 
IO(max) + Id(max)
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Figure 30 : Power AM Modulator (unity voltage gain, IO ≤ 0.5)

NOTE: The circuit performs well up to 100 KHz.

Figure 31 : Adjustable Output Voltage with Temperature Compensation

NOTE: Q2 is connected as a diode in order to compensate the variation of the Q1 VBE with the temperature. C allows a slow rise time of the VO.

Figure 32 : Light Controllers (VOmin = VXX + VBE)

R2VO = VXX (1+ ) + VBER1

VO rises when the light goes upVO falls when the light goes up



L7800 SERIES

23/29

Figure 33 : Protection against Input Short-Circuit with High Capacitance Loads

Application with high capacitance loads and an output voltage greater than 6 volts need an external diode (see fig. 33) to protect the device
against input short circuit. In this case the input voltage falls rapidly while the output voltage decrease slowly. The capacitance discharges by
means of the Base-Emitter junction of the series pass transistor in the regulator. If the energy is sufficiently high, the transistor may be de-
stroyed. The external diode by-passes the current from the IC to ground.
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 11.85 0.466

B 0.96 1.05 1.10 0.037 0.041 0.043

C 1.70 0.066

D 8.7 0.342

E 20.0 0.787

G 10.9 0.429

N 16.9 0.665

P 26.2 1.031

R 3.88 4.09 0.152 0.161

U 39.5 1.555

V 30.10 1.185

TO-3 MECHANICAL DATA

P003C/C

E

B

R

C

DAP

G

N

VU

O
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 4.40 4.60 0.173 0.181

C 1.23 1.32 0.048 0.051

D 2.40 2.72 0.094 0.107

D1 1.27 0.050

E 0.49 0.70 0.019 0.027

F 0.61 0.88 0.024 0.034

F1 1.14 1.70 0.044 0.067

F2 1.14 1.70 0.044 0.067

G 4.95 5.15 0.194 0.203

G1 2.4 2.7 0.094 0.106

H2 10.0 10.40 0.393 0.409

L2 16.4 0.645

L4 13.0 14.0 0.511 0.551

L5 2.65 2.95 0.104 0.116

L6 15.25 15.75 0.600 0.620

L7 6.2 6.6 0.244 0.260

L9 3.5 3.93 0.137 0.154

DIA. 3.75 3.85 0.147 0.151

TO-220 MECHANICAL DAT A

P011C
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 4.40 4.60 0.173 0.181

B 2.5 2.7 0.098 0.106

D 2.5 2.75 0.098 0.108

E 0.45 0.70 0.017 0.027

F 0.75 1 0.030 0.039

F1 1.15 1.50 0.045 0.059

F2 1.15 1.50 0.045 0.059

G 4.95 5.2 0.194 0.204

G1 2.4 2.7 0.094 0.106

H 10.0 10.40 0.393 0.409

L2 16 0.630

L3 28.6 30.6 1.126 1.204

L4 9.8 10.6 0.385 0.417

L6 15.9 16.4 0.626 0.645

L7 9 9.3 0.354 0.366

DIA. 3 3.2 0.118 0.126

TO-220FP MECHANICAL DATA

L2

A
B

D

E

H G

L6

¯ F

L3

G1

1 2 3

F2

F1

L7

L4

7012510/F



L7800 SERIES

27/29

DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 4.4 4.6 0.173 0.181

A1 2.49 2.69 0.098 0.106

A2 0.03 0.23 0.001 0.009

B 0.7 0.93 0.027 0.036

B2 1.14 1.7 0.044 0.067

C 0.45 0.6 0.017 0.023

C2 1.23 1.36 0.048 0.053

D 8.95 9.35 0.352 0.368

D1 8 0.315

E 10 10.4 0.393 0.409

E1 8.5 0.335

G 4.88 5.28 0.192 0.208

L 15 15.85 0.590 0.624

L2 1.27 1.4 0.050 0.055

L3 1.4 1.75 0.055 0.068

M 2.4 3.2 0.094 0.126

R 0.4 0.016

V2 0˚ 8˚ 0˚ 8˚

D2PAK MECHANICAL DATA

P011P6G



L7800 SERIES

28/29

DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 180 7.086

C 12.8 13.0 13.2 0.504 0.512 0.519

D 20.2 0.795

N 60 2.362

T 14.4 0.567

Ao 10.50 10.6 10.70 0.413 0.417 0.421

Bo 15.70 15.80 15.90 0.618 0.622 0.626

Ko 4.80 4.90 5.00 0.189 0.193 0.197

Po 3.9 4.0 4.1 0.153 0.157 0.161

P 11.9 12.0 12.1 0.468 0.472 0.476

Tape & Reel D 2PAK-P 2PAK-D 2PAK/A-P 2PAK/A MECHANICAL DATA
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result f rom
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specificati ons
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of STMicroelectronics.
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Resolution & Reading Depth

Nominal scan rate 100 or 33 scans/sec
Wavelength 670nm 10nm
Maximum pitch 65 degrees
Maximum skew 50 degrees

Series Max. Resolution Max. Depth for 40mil

LAG-960LR 6 mil (0.15mm) 230 cm

LAG-960MR 4 mil (0.1mm) 100 cm

LAG-960NR 5 mil (0.125mm) 38 cm

LAG-960TR 4 mil (0.1mm) 25 cm

+
+
+

Insist on the Best

SPECIFICATIONS DIMENSIONS:

Manufacturer

2F, No. 165, Sec. 2, Ta-Tung Rd.,
Hsi-Chih 221, Taipei Hsien, Taiwan
Tel : 886-2-8692-6300
Fax: 886-2-8692-6301
E-Mail:tysso@ms6.hinet.net

FAMETECH INC.

URL:http://www.fametech.com.tw

U. S. Branch

12343 Hymeadow Drive, Suite 2C
Austin, TX 78750, U. S. A.
Tel : (512) 331- 4656, (800)TYSSO-ID
Fax: (512) 331- 7810
E-Mail:sales@tysso.com
URL:http://www.tysso.com

FAMETECH AMERICA, INC.

ISO-9002 Certified

Power source +5VDC, 5%
Processor Intel 80C31
Decoder Proprietary
Body Material ABS
Current Consumption 55mA~90mA(max.)

for undecoded
Weight 140g (without cable)
Shock Resistance 1 meter drop onto concret

+

Code 39, Full ASCII Code 39, UPC/EAN/JAN,
CODABAR, Interleaved 2/5, Code 128, Code 11,
Code 93, MSI/PLESSEY, Code 4, etc.

Operating Temperature 0 C to 50 C

Storage Temperature -20 C to 65 C
Relative Humidity 5% to 95% noncondensing
EMI Emission FCC class A
Ambient Light 3,000 to 8,000 lux
Connectivity DB9, DB25, AMP,

RJ-45, RJ-11, DIN 5

o o

o o

Series

LAG-960LR Long Range 230 cm>

LAG-960MR Middle Range 100 cm

LAG-960NR Normal Range 38 cm

LAG-960TR
User Adjustable Trigger & Triggerless
Reading Range 25 cm

>

>

>

Models - by interfaces

LAG-960-T Undecoded model with TTL Output

LAG-960-W Wand-emulation with built-in decoder

LAG-960-R RS-232 interface with built-in decoder

LAG-960-K Keyboard wedge with built-in decoder

LAG-960-K/R/W Keyboard/RS-232/Wand,Three-in-One

LAG-960-U USB interface

Owner
Rectangle
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LAG-960 Series

ISO-9002 Certified

FEATURES

=

=

=

=

=

=

=

=

=

High quality and high performance

Full featured and full functions

Wave length: 670mm

Scan speed: 100 or 33 scans per second

Reading depth: 0 to over 2 meter, depend on different series

Reading width: Up to 65mm for contact reading
Up to 250mm for reading depth of 380mm

Reading PCS: 0.45 or larger reflection factor of space and margin

Interfaces support: Keyboard wedge, RS-232, Wand emulation, TTL,
USB, etc.

Full functions of built-in decoder, software configuration, support reading
most types of barcode.

•

•

Barcode Hand-held Laser Scanner with High Performace

Long Range Model, Reading Distance 2 meters, can be Requested>

Hol-960
Optional Auto-Stand,

offers hands-free scanning

•
•
•
•

•

Most Competitive Price in the World
High Resolution, max. 4 mil (0.1mm)
Lightweight, Easy for Hand-held
Adjustable Trigger or Triggerless
Operation
Laser Engine and Decoder Module
can be upon OEM Request
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GaAs-IR-Lumineszenzdiode
GaAs Infrared Emitter

Wesentliche Merkmale

● GaAs-IR-LED, hergestellt im
Schmelzepitaxieverfahren

● Hohe Zuverlässigkeit
● Hohe Impulsbelastbarkeit
● Lange Anschlüsse
● Gruppiert lieferbar
● Gehäusegleich mit SFH 300, SFH 203

Anwendungen

● IR-Fernsteuerung von Fernseh- und
Rundfunkgeräten, Videorecordern,
Lichtdimmern

● Gerätefernsteuerungen
● Lichtschranken für Gleich- und

Wechsellichtbetrieb

Features

● GaAs infrared emitting diode, fabricated in a
liquid phase epitaxy process

● High reliability
● High pulse handling capability
● long leads
● Available in groups
● Same package as SFH 300, SFH 203

Applications

● IR remote control of hi-fi and TV-sets, video
tape recorders, dimmers

● Remote control of various equipment
● Photointerrupters

LD 271, LD 271 H
LD 271 L, LD 271 HL

Maße in mm, wenn nicht anders angegeben/Dimensions in mm, unless otherwise specified.
fe

x0
66

28

7.8
7.5

9.0
8.2

29
27

1.8
1.2

4.8
4.2

ø5
.1

ø4
.8

0.
8

0.
4

0.
6

0.
42.

54
m

m
sp

ac
in

g

5.9
5.5

0.6
0.4Area not flat

Chip position

Cathode

Approx. weight 0.2 g

GEO06645

5.9
5.5

0.6
0.4

ø5
.1

ø4
.8

2.
54

 m
m

sp
ac

in
g

7.8
7.5

9.0
8.2

4.8
4.2

11.4
11.0

14.0
13.0

1.8
1.2

1.
3

1.
0

Area not flat

0.6
0.4

Cathode Chip position GEX06239

Approx. weight 0.5 g

1.
0

0.
7



Semiconductor Group 2 1997-11-01

LD 271, LD 271 H
LD 271 L, LD 271 HL

Grenzwerte
Maximum Ratings

Typ
Type

Bestellnummer
Ordering Code

Gehäuse
Package

LD 271 Q62703-Q148 5-mm-LED-Gehäuse (T 1 3/4), graugetöntes Epoxy-
Gießharz, Lötspieße im 2.54-mm-Raster (1/10’’)

5 mm LED package (T 1 3/4), grey colored epoxy resin
lens, solder tabs lead spacing 2.54 mm (1/10’’)

LD 271 L Q62703-Q833

LD271 H Q62703-Q256

LD271 HL Q62703-Q838

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

Betriebs- und Lagertemperatur
Operating and storage temperature range

Top; Tstg – 55 ... + 100 °C

Sperrschichttemperatur
Junction temperature

Tj 100 °C

Sperrspannung
Reverse voltage

VR 5 V

Durchlaßstrom
Forward current

IF 130 mA

Stoßstrom, tp = 10 µs, D = 0
Surge current

IFSM 3.5 A

Verlustleistung
Power dissipation

Ptot 220 mW

Wärmewiderstand
Thermal resistance

RthJA 330 K/W



LD 271, LD 271 H
LD 271 L, LD 271 HL
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Kennwerte (TA = 25 °C)
Characteristics

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

Wellenlänge der Strahlung
Wavelength at peak emission
IF = 100 mA, tp = 20 ms

λpeak 950 nm

Spektrale Bandbreite bei 50 % von Imax

Spectral bandwidth at 50 % of Imax

IF = 100 mA

∆λ 55 nm

Abstrahlwinkel
Half angle

ϕ ± 25 Grad
deg.

Aktive Chipfläche
Active chip area

A 0.25 mm2

Abmessungen der aktive Chipfläche
Dimensions of the active chip area

L × B
L × W

0.5 × 0.5 mm

Abstand Chipoberfläche bis Linsenscheitel
Distance chip front to lens top

H 4.0 ... 4.6 mm

Schaltzeiten, Ie von 10 % auf 90 % und von
90 % auf 10 %, bei IF = 100 mA, RL = 50 Ω
Switching times, Ie from 10 % to 90 % and
from 90 % to 10 %, IF = 100 mA, RL = 50 Ω

tr, tf 1 µs

Kapazität, VR = 0 V, f = 1 MHz
Capacitance

Co 40 pF

Durchlaßspannung
Forward voltage
IF = 100 mA, tp = 20 ms
IF = 1 A, tp = 100 µs

VF

VF

1.30 (≤ 1.5)
1.90 (≤ 2.5)

V
V

Sperrstrom, VR = 5 V
Reverse current

IR 0.01 (≤ 1) µA

Gesamtstrahlungsfluß
Total radiant flux
IF = 100 mA, tp = 20 ms

Φe 18 mW

Temperaturkoeffizient von Ie bzw. Φe,
IF = 100 mA
Temperature coefficient of Ie or Φe,
IF = 100 mA

TCI – 0.55 %/K

Temperaturkoeffizient von VF, IF = 100 mA
Temperature coefficient of VF, IF = 100 mA

TCV – 1.5 mV/K

Temperaturkoeffizient von λ, IF = 100 mA
Temperature coefficient of λ, IF = 100 mA

TCλ 0.3 nm/K



Semiconductor Group 4 1997-11-01

LD 271, LD 271 H
LD 271 L, LD 271 HL

Gruppierung der Strahlstärke I e in Achsrichtung
gemessen bei einem Raumwinkel Ω = 0.01 sr
Grouping of radiant intensity I e in axial direction
at a solid angle of Ω = 0.01 sr

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

LD 271
LD 271 L

LD 271 H
LD 271 HL

Strahlstärke
Radiant intensity
IF = 100 mA, tp = 20 ms
IF = 1 A, tp = 100 µs

Ie

Ie typ.

15 (≥ 10)
120

> 16 mW/sr
mW/sr

Relative spectral emission
Irel = f (λ)

OHRD1938
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Single pulse, tp = 20 µs
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Forward current
IF = f (VF), single pulse, tp = 20 µs

V

OHR01041
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Permissible pulse handling capability
IF = f (τ), TC = 25 °C,
duty cycle D = parameter

t
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Radiation characteristics Irel = f (ϕ)
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BPY 62

Semiconductor Group 238

NPN-Silizium-Fototransistor
Silicon NPN Phototransistor

BPY 62

1) Eine Lieferung in dieser Gruppe kann wegen Ausbeuteschwankungen nicht immer sichergestellt werden.
Wir behalten uns in diesem Fall die Lieferung einer Ersatzgruppe vor.

1) Supplies out of this group cannot always be guaranteed due to unforseeable spread of yield. In this case we
will reserve us the right of delivering a substitute group.

Typ
Type

Bestellnummer
Ordering Code

BPY 62 Q60215-Y62

BPY 62-2 Q60215-Y1111

BPY 62-3 Q60215-Y1112

BPY 62-4 Q60215-Y1113

BPY 62-51) Q62702-P1113

Maße in mm, wenn nicht anders angegeben/Dimensions in mm, unless otherwise specified

fm
of

60
19

Wesentliche Merkmale

● Speziell geeignet für Anwendungen im
Bereich von 420 nm bis 1130 nm

● Hohe Linearität
● Hermetisch dichte Metallbauform (TO-18)

mit Basisanschluβ, geeignet bis 125 °C
● Gruppiert lieferbar

Anwendungen

● Lichtschranken für Gleich- und
Wechsellichtbetrieb

● Industrieelektronik
● “Messen/Steuern/Regeln”

Features

● Especially suitable for applications from
420 nm to 1130 nm

● High linearity
● Hermetically sealed metal package (TO-18)

with base connection suitable up to 125 °C
● Available in groups

Applications

● Photointerrupters
● Industrial electronics
● For control and drive circuits

10.95
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Grenzwerte
Maximum Ratings

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

Betriebs- und Lagertemperatur
Operating and storage temperature range

Top; Tstg – 55 ... + 125 °C

Löttemperatur bei Tauchlötung
Lötstelle ≥ 2 mm vom Gehäuse,
Lötzeit t ≤ 5 s
Dip soldering temperature ≥ 2 mm distance
from case bottom, soldering time t ≤ 5 s

TS 260 °C

Löttemperatur bei Kolbenlötung
Lötstelle ≥ 2 mm vom Gehäuse,
Lötzeit t ≤ 3 s
Iron soldering temperature ≥ 2 mm distance
from case bottom, soldering time t ≤ 3 s

TS 300 °C

Kollektor-Emitterspannung
Collector-emitter voltage

VCE 50 V

Kollektorstrom
Collector current

IC 100 mA

Kollektorspitzenstrom, τ < 10 µs
Collector surge current

ICS 200 mA

Emitter-Basisspannung
Emitter-base voltage

VEB 7 V

Verlustleistung, TA = 25 °C
Total power dissipation

Ptot 200 mW

Wärmewiderstand
Thermal resistance

RthJA 500 K/W
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Kennwerte (TA = 25 °C, λ = 950 nm)
Characteristics

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

Wellenlänge der max. Fotoempfindlichkeit
Wavelength of max. sensitivity

λS max 850 nm

Spektraler Bereich der Fotoempfindlichkeit
S = 10 % von Smax

Spectral range of sensitivity
S = 10 % of Smax

λ 420 ... 1130 nm

Bestrahlungsempfindliche Fläche
Radiant sensitive area

A 0.12 mm2

Abmessung der Chipfläche
Dimensions of chip area

L × B
L × W

0.5 × 0.5 mm × mm

Abstand Chipoberfläche zu Gehäuseober-
fläche
Distance chip front to case surface

H 2.4 ... 3.0 mm

Halbwinkel
Half angle

ϕ ± 8 Grad
deg.

Fotostrom der Kollektor-Basis-Fotodiode
Photocurrent of collector-base photodiode
Ee = 0.5 mW/cm2, VCB = 5 V
Ev = 1000 Ix, Normlicht/standard light A,
VCB = 5 V

IPCB

IPCB

4.5
17

µA
µA

Kapazität
Capacitance
VCE = 0 V, f = 1 MHz, E = 0
VCB = 0 V, f = 1 MHz, E = 0
VEB = 0 V, f = 1 MHz, E = 0

CCE

CCB

CEB

8
11
19

pF
pF
pF

Dunkelstrom
Dark current
VCE = 35 V, E = 0

ICEO 5 (≤ 100) nA
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Die Fototransistoren werden nach ihrer Fotoempfindlichkeit gruppiert und mit arabischen
Ziffern gekennzeichnet.
The phototransistors are grouped according to their spectral sensitivity and distinguished
by arabian figures.

1) IPCEmin ist der minimale Fotostrom der jeweiligen Gruppe
1) IPCEmin is the min. photocurrent of the specified group

Bezeichnung
Description

Symbol
Symbol

Wert
Value

Einheit
Unit

-2 -3 -4 -5

Fotostrom, λ = 950 nm
Photocurrent
Ee = 0.5 mW/cm2, VCE = 5 V
Ev = 1000 Ix, Normlicht/standard light
A,
VCE = 5 V

IPCE

IPCE

0.5 ... 1.0
3.0

0.8 ... 1.6
4.6

1.25 ... 2.5
7.2

≥ 2.0
11.4

mA
mA

Anstiegszeit/Abfallzeit
Rise and fall time
IC = 1 mA, VCC = 5 V, RL = 1 kΩ

tr, tf 5 7 9 12 µs

Kollektor-Emitter-Sättigungsspannung
Collector-emitter saturation voltage
IC = IPCEmin

1) × 0.3,
Ee = 0.5 mW/cm2

VCEsat 150 150 160 180 mV

Stromverstärkung
Current gain
Ee = 0.5 mW/cm2, VCE = 5 V

IPCE

IPCB

170 270 420 670
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Relative spectral sensitivity
Srel = f  (λ)

Output characteristics
IC = f  (VCE), IB = Parameter

Photocurrent
IPCE/IPCE25

o = f  (TA), VCE = 5 V

Photocurrent
IPCE = f  (Ee), VCE = 5 V

Output characteristics
IC = f  (VCE), IB = Parameter

Dark current
ICEO/ICEO25

o = f  (TA), VCE = 25 V, E = 0

Total power dissipation
Ptot = f  (TA)

Dark current
ICEO = f  (VCE), E = 0

Collector-emitter capacitance
CCE = f  (VCE), f = 1 MHz, E = 0
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BPY 62

Collector-base capacitance
CCB = f  (VCB), f = 1 MHz, E = 0

Emitter-base capacitance
CEB = f  (VEB), f = 1 MHz, E = 0

Directional characteristics Srel = f  (ϕ)



Appendix A - ATmega88/168 Automotive specification at 
150°C
This document contains information specific to devices operating at temperatures up
to 150°C. Only deviations are covered in this appendix, all other information can be
found in the complete Automotive datasheet. The complete Automotive datasheet can
be found on www.atmel.com

8-bit  
Microcontroller 
with 8K Bytes 
In-System
Programmable 
Flash

ATmega88/168 
Automotive

Appendix A

PRELIMINARY
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ATMega88/168 Automotive

Electrical Characteristics

Absolute Maximum Ratings*

DC Characteristics

Operating Temperature.................................. -55°C to +150°C *NOTICE: Stresses beyond those listed under “Absolute 
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability.

Storage Temperature ..................................... -65°C to +175°C

Voltage on any Pin except RESET
with respect to Ground ................................-0.5V to VCC+0.5V

Voltage on RESET with respect to Ground......-0.5V to +13.0V

Maximum Operating Voltage ............................................ 6.0V

DC Current per I/O Pin ............................................... 30.0 mA

DC Current VCC and GND Pins................................ 200.0 mA

TA = -40°C to 150°C, VCC = 2.7V to 5.5V (unless otherwise noted)

Symbol Parameter Condition Min. Typ. Max. Units

VIL
Input Low Voltage, except 
XTAL1 and RESET pin

VCC = 2.7V - 5.5V -0.5 0.3VCC
(1) V

VIH
Input High Voltage, except 
XTAL1 and RESET pins

VCC = 2.7V - 5.5V 0.6VCC
(2) VCC + 0.5 V

VIL1
Input Low Voltage,
XTAL1 pin

VCC = 2.7V - 5.5V -0.5 0.1VCC
(1) V

VIH1
Input High Voltage, 
XTAL1 pin

VCC = 2.7V - 5.5V 0.7VCC
(2) VCC + 0.5 V

VIL2
Input Low Voltage, 
RESET pin

VCC = 2.7V - 5.5V -0.5 0.2VCC
(1) V

VIH2
Input High Voltage, 
RESET pin

VCC = 2.7V - 5.5V 0.9VCC
(2) VCC + 0.5 V

VIL3
Input Low Voltage, 
RESET pin as I/O

VCC = 2.7V - 5.5V -0.5 0.3VCC
(1) V

VIH3
Input High Voltage, 
RESET pin as I/O

VCC = 2.7V - 5.5V 0.6VCC
(2) VCC + 0.5 V

VOL
Output Low Voltage(3), 
I/O pin except RESET

IOL = 20mA, VCC = 5V
IOL = 5mA, VCC = 3V

0.8
0.5

V

VOH
Output High Voltage(4), 
I/O pin except RESET

IOH = -20mA, VCC = 5V
IOH = -10mA, VCC = 3V

4.0
2.2

V

IIL
Input Leakage
Current I/O Pin

VCC = 5.5V, pin low
(absolute value)

1 µA

IIH
Input Leakage
Current I/O Pin

VCC = 5.5V, pin high
(absolute value)

1 µA

RRST Reset Pull-up Resistor 30 60 kΩ

RPU I/O Pin Pull-up Resistor 20 50 kΩ
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ATMega88/168 Automotive

Memory Endurance

EEPROM endurance: 50,000 Write/Erase cycles.

Flash endurance: 10,000 Write/Erase cycles.

Maximum Speed vs. VCC

Maximum frequency is dependent on VCC. As shown in Figure 131, the Maximum Frequency vs.
VCC curve is linear between 2.7V < VCC < 4.5V.

Figure 1.  Maximum Frequency vs. VCC

ICC

Power Supply Current(6)

Active 4MHz, VCC = 3V
Active 8MHz, VCC = 5V

8
16

mA

ICC IDLE

Active 16MHz, VCC = 5V 25 mA

Idle 4MHz, VCC = 3V

Idle 8MHz, VCC = 5V

6

12
mA

Idle 16MHz, VCC = 5V 14 mA

ICC PWD Power-down mode

WDT enabled, VCC = 3V
WDT enabled, VCC = 5V

90
140

µA

WDT disabled, VCC = 3V
WDT disabled, VCC = 5V

80
120

µA

VACIO
Analog Comparator 
Input Offset Voltage

VCC = 5V
Vin = VCC/2

<10 40 mV

IACLK
Analog Comparator 
Input Leakage Current

VCC = 5V
Vin = VCC/2

-50 50 nA

tACPD
Analog Comparator 
Propagation Delay

VCC = 4.0V 500 ns

TA = -40°C to 150°C, VCC = 2.7V to 5.5V (unless otherwise noted) (Continued)

Symbol Parameter Condition Min. Typ. Max. Units

16 MHz

8 MHz

2.7V 4.5V 5.5V

Safe Operating Area
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ATMega88/168 Automotive

ADC Characteristics(6)

Notes: 1. “Max” means the highest value where the pin is guaranteed to be read as low

2. “Min” means the lowest value where the pin is guaranteed to be read as high

3. Although each I/O port can sink more than the test conditions (20mA at VCC = 5V) under steady state conditions (non-tran-
sient), the following must be observed:
1] The sum of all IOL, for all ports, should not exceed 400 mA.
2] The sum of all IOL, for ports C0 - C5, should not exceed 200 mA.
3] The sum of all IOL, for ports C6, D0 - D4, should not exceed 300 mA.
4] The sum of all IOL, for ports B0 - B7, D5 - D7, should not exceed 300 mA.
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test condition.

4. Although each I/O port can source more than the test conditions (20mA at Vcc = 5V) under steady state conditions (non-
transient), the following must be observed:
1] The sum of all IOH, for all ports, should not exceed 400 mA.
2] The sum of all IOH, for ports C0 - C5, should not exceed 200 mA.
3] The sum of all IOH, for ports C6, D0 - D4, should not exceed 300 mA.
4] The sum of all IOH, for ports B0 - B7, D5 - D7, should not exceed 300 mA.
If IOH exceeds the test condition, VOH may exceed the related specification. Pins are not guaranteed to source current
greater than the listed test condition.

TA = -40°C to 150°C, VCC = 4.5V to 5.5V (unless otherwise noted) 

Symbol Parameter Condition Min Typ Max Units

Resolution 10 Bits

Absolute accuracy 
(Including INL, DNL, 
quantization error, gain 
and offset error)

VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

2 3.5 LSB

VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

Noise Reduction Mode
2 3.5 LSB

Integral Non-Linearity 
(INL)

VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

0.6 2.5 LSB

Differential Non-Linearity 
(DNL)

VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

0.30 1.0 LSB

Gain Error
VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

-3.5 -1.3 3.5 LSB

Offset Error
VREF = 4V, VCC = 4V,
ADC clock = 200 kHz

1.8 3.5 LSB

Conversion Time
Free Running 
Conversion

13 cycles µs

Clock Frequency 50 200 kHz

AVCC Analog Supply Voltage VCC - 0.3 VCC + 0.3 V

VREF Reference Voltage 1.0 AVCC V

VIN Input Voltage GND VREF V

Input Bandwidth 38.5 kHz

VINT
Internal Voltage 
Reference

1.0 1.1 1.2 V

RREF
Reference Input 
Resistance

25.6 32 38.4 kΩ

RAIN Analog Input Resistance 100 MΩ
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ATMega88/168 Automotive

5. Minimum VCC for Power-down is 2.5V.

ATmega88/168 Typical Characteristics

Active Supply 
Current

Figure 2.  Active Supply Current vs. Frequency (1 - 20 MHz)

Figure 3.  Idle Supply Current vs. Frequency (1 - 20 MHz)
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Power-Down Supply 
Current

Figure 4.  Power-Down Supply Current vs. VCC (Watchdog Timer Disabled)

Figure 5.  Power-Down Supply Current vs. VCC (Watchdog Timer Enabled)
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Pin Pull-up Figure 6.  I/O Pin Pull-up Resistor Current vs. Input Voltage (VCC = 5V)

Figure 7.  Output Low Voltage vs. Output Low Current (VCC = 5V)
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Figure 8.  Output Low Voltage vs. Output Low Current (VCC = 3V)

Figure 9.  Output High Voltage vs. Output High Current (VCC = 5V)
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Figure 10.  Output High Voltage vs. Output High Current (VCC = 3V)

Figure 11.  Reset Pull-Up Resistor Current vs. Reset Pin Voltage (VCC = 5V)
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Pin Thresholds and 
Hysteresis

Figure 12.  I/O Pin Input Threshold vs. VCC (VIH, I/O Pin Read as ‘1’)

Figure 13.  I/O Pin Input Threshold vs. VCC (VIL, I/O Pin Read as ‘0’)
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Figure 14.  Reset Input Threshold Voltage vs. VCC (VIH, Reset Pin Read as ‘1’)

Figure 15.  Reset Input Threshold Voltage vs. VCC (VIL, Reset Pin Read as ‘0’)
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Internal Oscillator 
Speed

Figure 16.  Watchdog Oscillator Frequency vs. VCC

Figure 17.  Calibrated 8 MHz RC Oscillator Frequency vs. Temperature
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Figure 18.  Calibrated 8 MHz RC Oscillator Frequency vs. VCC

Figure 19.  Calibrated 8 MHz RC Oscillator Frequency vs. OSCCAL Value 

BOD Thresholds and 
Analog Comparator 
Offset

Figure 20.  BOD Threshold vs. Temperature (BODLEVEL is 4.0V)
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Figure 21.  BOD Threshold vs. Temperature (BODLEVEL is 2.7V)

Figure 22.  Bandgap Voltage vs. VCC
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Peripheral Units Figure 23.  Analog to Digital Converter GAIN vs. VCC

Figure 24.  Analog to Digital Converter OFFSET vs. VCC

Figure 25.  Analog to Digital Converter DNL vs. VCC
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Figure 26.  Analog to Digital Converter INL vs. VCC
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Grade 0 Qualification 

The ATmega88/168 has been developed and manufactured according to the most stringent
quality assurance requirements of ISO-TS-16949 and verified during product qualification as per
AEC-Q100 grade 0.

AEC-Q100 qualification relies on temperature accelerated stress testing. High temperature field
usage however may result in less significant stress test acceleration. In order to prevent the risk
that ATmega88/168 lifetime would not satisfy the application end-of-life reliability requirements,
Atmel has extended the testing, whenever applicable (High Temperature Operating Life Test,
High Temperature Storage Life, Data Retention, Thermal Cycles), far beyond the AEC-Q100
requirements. Thereby, Atmel verified the ATmega88/168 has a long safe lifetime period after
the grade 0 qualification acceptance limits.

The valid domain calculation depends on the activation energy of the potential failure mecha-
nism that is considered. Examples are given in figure 1. Therefore any temperature mission
profile which could exceed the AEC-Q100 equivalence domain shall be submitted to Atmel for a
thorough reliability analysis 
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Ordering 
Information

ATmega88/168

Notes: 1. Pb-free packaging, complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.

2. For Speed vs. Vcc, see complete datasheet.

Speed (MHz) Power Supply Ordering Code Package(1) Operation Range

16(2) 2.7 - 5.5V ATmega88-15MT2 PN
Extended

(-40°C to 150°C)

16(2) 2.7 - 5.5V ATmega88-15AD MA
Extended

(-40°C to 150°C)

16(2) 2.7 - 5.5V ATmega168-15MD PN
Extended

(-40°C to 150°C)

16(2) 2.7 - 5.5V ATmega168-15AD MA
Extended

(-40°C to 150°C)

Package Type

PN
32-pad, 5 x 5 x 1.0 mm body, lead pitch 0.50 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF): E2/D2 3.1 +/- 
0.1mm

MA
MA, 32 - Lead, 7x7 mm Body Size, 1.0 mm Body Thickness 0.5 mm Lead Pitch, Thin Profile Plastic Quad Flat Package 
(TQFP)
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PN
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MA
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Document Revision History

7607F - 01/08 Added memory endurance. See “Memory Endurance” on page 3.

7607E - 11/07 1. Added ATMega168 product offering.

1. Added MA package offering.

7607D - 03/07 1. Updated electrical characteristics. 

2. Removed Grade0 qualification section.

3. Updated product part number in ordering information.

7607C - 09/06 4. Ordering and package information updated.

7607B - 08/06 1. Added typical characteristics.

7607A - 01/06 1. Document Creation.
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2N7000/2N7002/NDF7000A/NDS7002A
N-Channel Enhancement Mode Field Effect Transistor

General Description
These n-channel enhancement mode field effect transistors

are produced using National’s very high cell density third

generation DMOS technology. These products have been

designed to minimize on-state resistance provide rugged

and reliable performance and fast switching. They can be

used, with a minimum of effort, in most applications requir-

ing up to 400 mA DC and can deliver pulsed currents up to

2A. This product is particularly suited to low voltage, low

current applications, such as small servo motor controls,

power MOSFET gate drivers, and other switching applica-

tions.

Features
Y Efficient high density cell design approaching

(3 million/in2)
Y Voltage controlled small signal switch
Y Rugged
Y High saturation current
Y Low RDS (ON)

TL/G/11378–1

TO-92

7000 Series

TL/G/11378–2

TO-236 AB

(SOT-23)

7002 Series

TL/G/11378–3

Absolute Maximum Ratings

Symbol Parameter 2N7000 2N7002 NDF7000A NDS7002A Units

VDSS Drain-Source Voltage 60 V

VDGR Drain-Gate Voltage (RGS s 1 MX) 60 V

VGSS Gate-Source Voltage g40 V

ID Drain CurrentÐContinuous 200 115 400 280 mA

ÐPulsed 500 800 2000 1500 mA

PD Total Power Dissipation @ TA e 25§C 400 200 625 300 mW

Derating above 25§C 3.2 1.6 5 2.4 mW/§C

TJ, TSTG Operating and Storage Temperature Range b55 to 150 b65 to 150 §C

TL Maximum Lead Temperature for Soldering
300 §C

Purposes, (/16* from Case for 10 Seconds

C1995 National Semiconductor Corporation RRD-B30M115/Printed in U. S. A.



2N7000

Electrical Characteristics TC e 25§C unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS e 0V, ID e 10 mA 60 V

IDSS Zero Gate Voltage Drain Current VDS e 48V, VGS e 0V 1 mA

TC e 125§C 1 mA

IGSSF Gate-Body Leakage, Forward VGS e b15V, VDS e 0V b10 nA

ON CHARACTERISTICS*

VGS(th) Gate Threshold Voltage VDS e VGS, ID e 1 mA 0.8 2.1 3 V

rDS(ON) Static Drain-Source VGS e 10V, ID e 0.5A 1.2 5 X

On-Resistance
TC e 125§C 1.9 9 X

VDS(ON) Drain-Source On-Voltage VGS e 10V, ID e 0.5A 0.6 2.5 V

VGS e 4.5V, ID e 75 mA 0.14 0.4 V

ID(ON) On-State Drain Current VGS e 4.5V, VDS e 10V 75 600 mA

gFS Forward Transconductance VDS e 10V, ID e 200 mA 100 320 ms

DYNAMIC CHARACTERISTICS

Ciss Input Capacitance VDS e 25V, VGS e 0V, f e 1.0 MHz 20 60 pF

Coss Output Capacitance 11 25 pF

Crss Reverse Transfer Capacitance 4 5 pF

SWITCHING CHARACTERISTICS*

ton Turn-On Time VDD e 15V, ID e 0.5V, VGS e 10V, 10 ns

toff Turn-Off Time
RG e 25X, RL e 25X

10 ns

BODY-DRAIN DIODE RATINGS

IS Maximum Continuous Drain-Source Diode Forward Current 200 mA

ISM* Maximum Pulsed Drain-Source Diode Forward Current 500 mA

VSD* Drain-Source Diode Forward Voltage VGS e 0V, IS e 200 mA 1.5 V

THERMAL CHARACTERISTICS

RiJA Thermal Resistance, Junction to Ambient 312.5 §C/W

RiJC Thermal Resistance, Junction to Case 40 §C/W

*Pulse Test: Pulse Width s 300 ms, Duty Cycle s 2.0%.
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2N7002

Electrical Characteristics TC e 25§C unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS e 0V, ID e 10 mA 60 V

IDSS Zero Gate Voltage Drain Current VDS e 60V, VGS e 0V 1 mA

TC e 125§C 500 mA

IGSSF Gate-Body Leakage, Forward VGS e 20V 100 nA

IGSSR Gate-Body Leakage, Reverse VGS e b20V b100 nA

ON CHARACTERISTICS*

VGS(th) Gate Threshold Voltage VDS e VGS, ID e250 mA 1 2.1 2.5 V

rDS(ON) Static Drain-Source VGS e 10V, ID e 0.5A 1.2 7.5 X

On-Resistance
TC e 125§C 2 13.5 X

VGS e 5V, ID e 50 mA 1.7 7.5 X

TC e 125§C 2.8 13.5 X

VDS(ON) Drain-Source On-Voltage VGS e 10V, ID e 0.5A 0.6 3.75 V

VGS e 5V, ID e 50 mA 0.09 1.5 V

ID(ON) On-State Drain Current VGS e 10V, VDS t 2 VDS(ON) 500 2700 mA

gFS Forward Transconductance VDS t 2 VDS(ON), ID e 200 mA 80 320 ms

DYNAMIC CHARACTERISTICS

Ciss Input Capacitance VDS e 25V, VGS e 0V, f e 1.0 MHz 20 50 pF

Coss Output Capacitance 11 25 pF

Crss Reverse Transfer Capacitance 4 5 pF

SWITCHING CHARACTERISTICS*

tON Turn-On Time VDD e 30V, ID e 200 mA, VGS e 10V, 20 ns

tOFF Turn-Off Time
RGEN e 25X, RL e 150X

20 ns

BODY-DRAIN DIODE RATINGS

IS Maximum Continuous Drain-Source Diode Forward Current 115 mA

ISM Maximum Pulsed Drain-Source Diode Forward Current 800 mA

VSD* Drain-Source Diode Forward Voltage VGS e 0V, IS e 115 mA 1.5 V

THERMAL CHARACTERISTICS

RiJA Thermal Resistance, Junction to Ambient 625 §C/W

*Pulse Test: Pulse Width s 300 ms, Duty Cycle s 2.0%.
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NDF7000A

Electrical Characteristics TC e 25§C unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS e 0V, ID e 10 mA 60 V

IDSS Zero Gate Voltage Drain Current VDS e 48V, VGS e 0V 1 mA

TC e 125§C 1 mA

IGSSF Gate-Body Leakage, Forward VGS e b15V b10 nA

ON CHARACTERISTICS*

VGS(th) Gate Threshold Voltage VDS e VGS, ID e 1 mA 0.8 2.1 3 V

rDS(ON) Static Drain-Source VGS e 10V, ID e 0.5A 1.2 2 X

On-Resistance
TC e 125§C 2 3.5 X

VDS(ON) Drain-Source On-Voltage VGS e 10V, ID e 500 mA 0.6 1 V

VGS e 4.5V, ID e 75 mA 0.14 0.225 V

ID(ON) On-State Drain Current VGS e 4.5V, VDS t 2 VDS(ON) 400 600 mA

gFS Forward Transconductance VDS t 2 VDS(ON), ID e 200 mA 100 320 ms

DYNAMIC CHARACTERISTICS

Ciss Input Capacitance VDS e 25V, VGS e 0V, f e 1.0 MHz 20 60 pF

Coss Output Capacitance 11 25 pF

Crss Reverse Transfer Capacitance 4 5 pF

SWITCHING CHARACTERISTICS*

ton Turn-On Time VDD e 15V, ID e 500 mA, VGS e 10V, 10 ns

toff Turn-Off Time
RG e 25X, RL e 25X

10 ns

BODY-DRAIN DIODE RATINGS

IS Maximum Continuous Drain-Source Diode Forward Current 400 mA

ISM Maximum Pulsed Drain-Source Diode Forward Current 2000 mA

VSD* Drain-Source Diode Forward Voltage VGS e 0V, IS e 400 mA 0.88 1.2 V

THERMAL CHARACTERISTICS

RiJA Thermal Resistance, Junction to Ambient 200 §C/W

*Pulse Test: Pulse Width s 300 ms, Duty Cycle s 2.0%.
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NDS7002A

Electrical Characteristics TC e 25§C unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS e 0V, ID e 10 mA 60 V

IDSS Zero Gate Voltage Drain Current VDS e 60V, VGS e 0V 1 mA

TC e 125§C 500 mA

IGSSF Gate-Body Leakage, Forward VGS e 20V 100 nA

IGSSR Gate-Body Leakage, Reverse VGS e b20V b100 nA

ON CHARACTERISTICS*

VGS(th) Gate Threshold Voltage VDS e VGS, ID e250 mA 1 2.1 2.5 V

rDS(ON) Static Drain-Source VGS e 10V, ID e 0.5A 1.2 2 X

On-Resistance
TC e 125§C 2 3.5 X

VGS e 5V, ID e 50 mA 1.7 3 X

TC e 125§C 2.8 5 X

VDS(ON) Drain-Source On-Voltage VGS e 10V, ID e 500 mA 0.6 1 V

VGS e 5.0V, ID e 50 mA 0.09 0.15 V

ID(ON) On-State Drain Current VGS e 10V, VDS t 2 VDS(ON) 500 2700 mA

gFS Forward Transconductance VDS t 2 VDS(ON), ID e 200 mA 80 320 ms

DYNAMIC CHARACTERISTICS

Ciss Input Capacitance VDS e 25V, VGS e 0V, f e 1.0 MHz 20 50 pF

Coss Output Capacitance 11 25 pF

Crss Reverse Transfer Capacitance 4 5 pF

SWITCHING CHARACTERISTICS*

tON Turn-On Time VDD e 30V, ID e 200 mA, VGS e 10V, 20 ns

tOFF Turn-Off Time
RG e 25X, RL e 150X

20 ns

BODY-DRAIN DIODE RATINGS

IS Maximum Continuous Drain-Source Diode Forward Current 280 mA

ISM Maximum Pulsed Drain-Source Diode Forward Current 1500 mA

VSD* Drain-Source Diode Forward Voltage VGS e 0V, IS e 400 mA 0.88 1.2 V

THERMAL CHARACTERISTICS

RiJA Thermal Resistance, Junction to Ambient 417 §C/W

*Pulse Test: Pulse Width s 300 ms, Duty Cycle s 2.0%.
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Typical Electrical Characteristics

2N7000/2N7002/NDF7000A/NDS7002A

TL/G/11378–4

FIGURE 1. On-Region Characteristics

TL/G/11378–5

FIGURE 2. rDS(ON) Variation

with Drain Current and Gate Voltage

TL/G/11378–6

FIGURE 3. Transfer Characteristics

TL/G/11378–7

FIGURE 4. Breakdown Voltage

Variation with Temperature

TL/G/11378–8

FIGURE 5. Gate Threshold Variation with Temperature
TL/G/11378–9

FIGURE 6. On-Resistance Variation with Temperature
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Typical Electrical Characteristics (Continued)

2N7000/2N7002/NDF7000A/NDS7002A (Continued)

TL/G/11378–10

FIGURE 7. On-Resistance vs Drain Current

TL/G/11378–11

FIGURE 8. Body Diode Forward Voltage

Variation with Current and Temperature

TL/G/11378–12

FIGURE 9. Capacitance vs Drain-Source Voltage

TL/G/11378–13

FIGURE 10. Gate Charge vs Gate-Source Voltage

TL/G/11378–14

FIGURE 11. 2N7000 Safe Operating Area

TL/G/11378–15

FIGURE 12. 2N7002 Safe Operating Area
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Typical Electrical Characteristics (Continued)

2N7000/2N7002/NDF7000A/NDS7002A (Continued)

TL/G/11378–16

FIGURE 13. NDF7000A Safe Operating Area

TL/G/11378–17

FIGURE 14. NDS7002A Safe Operating Area

TL/G/11378–18

FIGURE 15. TO-92 Transient Thermal Response

TL/G/11378–19

FIGURE 16. SOT-23 Transient Thermal Response
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Physical Dimensions inches (millimeters)

TL/G/11378–20

TO-92
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Physical Dimensions inches (millimeters) (Continued)

TL/G/11378–21

Note 1: Meets all JEDEC dimensional requirements for TO-236AB.

Note 2: Controlling dimension: millimeters.

Note 3: Available also in TO-236AA. Contact your local National Semiconductor representative for delivery and ordering information.

Note 4: Tape and reel is the standard packaging method for TO-236.

TO-236AB (SOT-23) (Notes 3, 4)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: (a49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@ tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (a49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (a49) 0-180-532 78 32 Hong Kong

Fran3ais Tel: (a49) 0-180-532 93 58 Tel: (852) 2737-1600
Italiano Tel: (a49) 0-180-534 16 80 Fax: (852) 2736-9960

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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Safety First!

Robots move without warning, wear eye protection at all times!

Lynxmotion RIOS SSC-32 V1.06 Manual

Read and understand the documentation associated with any of the tools used in the 
assembly of these kits. Work in a clean, well lit environment. Work slowly taking 
breaks often. Plan your work with plenty of extra time to avoid cramming to complete 
the project at the last minute. Lynxmotion, Inc. has taken every step to ensure the 
products sold are safe when used in a responsible manner. Therefore, Lynxmotion, 
Inc. can not be held accountable for irresponsible, careless or reckless behavior of 
the builder.

These kits are purely educational. Items sold by Lynxmotion, Inc. are not authorized 
for use in human contact, medical, life-saving, life-support, industrial or light 
industrial applications. Do not under any circumstances use these robots to move, 
touch, or handle dangerous or hazardous materials. Doing this could result in injury 
or death to the user, or damage to property.

Lynxmotion, Inc. is not responsible for any special, incidental, or consequential 
damages resulting from any breach of warranty, or under any legal theory, including 
lost profits, downtime, goodwill, damage to or replacement of equipment or property, 
and any costs of recovering, reprogramming, or reproducing of data associated with 
the use of the mechanics, hardware or software it sells.
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1 - Configuration of the SSC-32 card

Figure 1.

If the card is not detected, select the right COM p ort number in the list box.

If you don't know the COM port number you are using  :
   - Just try from COM1, COM2 etc…
      when you find the right one, the card will auto-connect.

If the COM port you are using is not listed (USB to  Serial cable issue) :
   - Make sure your USB to Serial cable is connected.
   - Wait for Windows to recognize it.
   - Click on the 'Setup' button and select your COM port in the Setup form.

Check SSC-32 firmware is set to SSC32X-ER V1.06 or later.

   Check your servos connections, refer to table 1.

SSC-32 pins / servos SSC-32 Outputs
Pin 0 Base Pin 8 to 15 Output 1 to 8

Pin 1 Shoulder  (Or Pin #16 and #17… Table 2.
Pin 2 Elbow  …see chapter 7.3)
Pin 3 Wrist

Pin 4 Grip SSC-32 Inputs

Pin 5 Wrist Rotate (Numeric or analog)
Pin 6 Extra Servo 7 Pin A to D Input 1 to 4
Pin 7 Extra Servo 8   Table 1. Table 3.

   Generate a 1.5mS pulse for all servos (neutral) :
     - Click on the 'All=1.5mS' button.

Figure 2.

     - Click on the 'Test' button then 'Yes' on the warning message.
     - Check the arm appearance.

     - Click on the 'Stop' button to return to the previous arm state.
Figure 3.

Figure 4.

Step 1. Install the RIOS program. Insert the CD into your CD drive and follow the instructions.

Step 2. Test your arm.

Lynxmotion RIOS SSC-32 V1.06 Manual

Step 3. To enter the SSC-32 configuration screen, click on the 'SSC-32' button in the upper left corner.

The controller card is NOT powered from the Serial or the Serial 
to USB cable. It will be necessary to apply servo power to 
complete the setup. Connect the Serial or the Serial to USB 
cable, wait for the system to recognize the card and run RIOS. If 
you run RIOS before the system recognizes the card, you will 
see the message box in Figure 1. Click 'Yes', and the program 
will enable the grayed buttons when the card is ready.
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1 - Configuration of the SSC-32 card

Figure 5.

Figure 6.

1

2

3

4

5

6

Figure 7.

For now, DO NOT change anything to the 'Min Deg' and 'Max Deg' boxes.

Adjust Slider #1 to the middle.
Move the robot base CAREFULLY to the middle.
Check the 'enable' checkbox #1, and the base will move a bit!
Move slider #1 slowly to the top. The base will turn to the right.
When the slider is all the way at the top, the base must be at 90° to the right.
 - If less, decrease the 'Min Pos' box #1. It will allow you to push the slider a bit more to the top.
 - If more, increase the 'Min pos' box #1. It will push the slider down.
When finished, do the same for the left. It must be full left (90°).

Put the slider #1 at 0° (look at the 'Pos Deg' box when moving).

Adjust Slider #2 to the middle.
Move the robot arm/shoulder vertically CAREFULLY and hold the robot forearm in your hand.
Check the 'enable' checkbox #2, the shoulder will move a bit!
Push slider #2 slowly to the top. The arm must be at the front of the robot and horizontal.
 - Adjust the 'Min Pos' box #2 if needed.
Push slider #2 slowly to the bottom. The arm must be at the rear of the robot and horizontal.
 - Adjust the 'Max Pos' box #2 if needed.

Keep the arm in this position (full rear).

Wrist (Up/Down)

Elbow

Trackbars / Sliders

Step 8. Configure the Shoulder

Grip

Step 6. Make sure the boxes in the top row are NOT CHECKED then switch the robot power ON.

Refer to Table 7-1 for what each of the trackbars / sliders controls.

Base

To quick adjust the 'Min Pos' 
and the 'Max Pos', move the 
slider to the position and right 
click to show the popup menu.

Lynxmotion RIOS SSC-32 V1.06 Manual

Step 7. Configure the Base

Shoulder

Wrist Rotate
Table 7-1

Step 4. Click 'Yes' on this window. Step 5. Click 'No' on this window.
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1 - Configuration of the SSC-32 card

Adjust Slider #3 to the middle.
Move the robot forearm/elbow CAREFULLY vertically.
Check the 'enable' checkbox #3, the elbow will move a bit!
Push slider #3 slowly to the top. The forearm must be slightly touching (NOT crashed into) the arm Hex Spacer.
 - Adjust the 'Min Pos' box #3 if needed.
Push slider #3 slowly to the bottom. The forearm must be at the rear of the robot and horizontal.
 - Adjust the 'Max Pos' box #3 if needed.

Put the slider #3 at 0° (look at the 'Pos Deg' box when moving).

Adjust Slider #4 to the middle.
Move the robot hand/wrist CAREFULLY vertically
Check the 'enable' checkbox #4, the wrist will move a bit!
Push slider #4 slowly to the top. The hand must be at the front of the robot and horizontal.
 - Adjust the 'Min Pos' box #4 if needed.
Push slider #4 slowly to the bottom. The hand must be at the rear of the robot and horizontal.
 - Adjust the 'Max Pos' box #4 if needed.

Put slider #4 at -40° (look at the 'Pos Deg' box when moving).
Put slider #3 at -65° (look at the 'Pos Deg' box when moving).
The forearm must be slightly touching (NOT crashed into) the arm Hex Spacer.

Adjust Slider #5 to the middle.
DON'T MOVE THE GRIPPER manually, leave it how it is.
Check the 'enable' checkbox #5, the gripper will move a bit!
Push slider #5 slowly to the top. The gripper must be fully opened.
 - Adjust the 'Min Pos' box #5 if needed.
Push slider #5 slowly to the bottom. The gripper must be fully closed.
 - Adjust the 'Max Pos' box #5

Put slider #5 at 57° (look at the 'Pos Deg' box when moving). The gripper should be half opened.

Adjust slider #6 to the middle.
DON'T MOVE THE WRIST ROTATE manually, leave it how it is.
Check the 'enable' checkbox #6, the grip rotate axis will move a bit!
Push slider #6 slowly to the bottom. The Gripper should turn left to 65°.
 - Adjust the 'Max Pos' box #6 if needed.
Push slider #6 slowly to the top. The Gripper should turn right to 65°.
 - Adjust the 'Min Pos' box #6 if needed.
If you want, enter your own 'Min Deg' and 'Max Deg' and adjust the Min Pos and Max Pos to allow the robot to reach
your own values. For example, Min Deg = -90° and Max Deg = 90°.
Just be careful to not move the servo past its mechanical limits!

Put the slider #6 at 0° (look at the 'Pos Deg' box when moving).
The gripper rotate axis should be flat (the two fingers at the same height).

Figure 8.

Step 12. Configure the Wrist (Rotate)

Step 13. Save your Progress

Step 10. Configure the Wrist (Up/Down)

Step 11. Configure the Gripper

Step 9. Configure the Elbow

Lynxmotion RIOS SSC-32 V1.06 Manual

The robot should look like Figure 8. If so, click on the 

'Save' button. This will be the robot's default position.
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2 - Configuration of the Arm geometry

All angles are in degrees and all distances are in centimeters (1 inch = 2.54 centimeters).

The default values are for an L6 arm.

Switch the robot power OFF before changing geometry  values or the robot will move/crash without warnin g.

If you use a custom arm please measure each section  as described, else use the quick arm selector

From To

Tabletop Shoulder Axis
Base axis Base front

Wrist axis Elbow axis
Elbow axis Shoulder axis

Wrist rotate servo height

The 'Neutral' values are relative to the part which holds it:

- Shoulder/Arm neutral is relative to horizontal.
- Elbow/Forearm neutral is relative to Arm.
- Wrist/Hand neutral is relative to Forearm.
You may not have to change these values.    The arm display window

   auto size, according

Click on the 'Save' button if you have made changes .    to arm geometry.

You can use Trackbars to test moves:
- X, Y and Z perform motions in straight lines and in parallel with X, Y and Z axis.
- Distance performs a motion in a straight line in a radius away from base axis.

RIOS V1.06 now includes a quick arm selector.

Select an arm, a base, a gripper and a Wrist rotate system then click "OK".
Don't forget to click on the 'Save' button if you h ave made changes.

Selecting an AL5 or SES arm will auto enable the little gripper support.

Max length

Inside of one finger
Inside of other 

finger

Wrist axis A finger tip

Height

This is not the servo's neutral, but a geometry shift 
when all joints are at 0° (due to SSC-32 card 
configuration).

Base

Length

Arm

Radius

(Grip fully opened)

Lynxmotion RIOS SSC-32 V1.06 Manual

(Grip fully closed)
Servo Height

Hand/grip

Forearm

Max Open
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3 - Configuration of the gravity compensate

Here, you may just have to change the weight of an object that the arm is going to be lifting.

All default values are set according to a L6 arm, we will furnish support for other arm geometries soon.
For now, these values are working fine to generate the gravity compensate for any kind of Lynxmotion's arms,
even if the torques are not 100% accurate, the similarity between arms proportions makes this working fine.

Adjusting the gravity compensate effect with the "Empty" and "Load" sliders will be sufficient in all cases.

Click on the 'Save' button on the previous form if you have made changes.

4 - XYZ coordinate system

If you want to use a different XYZ coordinate syste m than the RIOS default, this is the place.

Select X, Y or Z for each axis

Then the axis direction (sign)

For example, as shown:

The Horizontal axis is the X here
and values increase (+)
in the direction of the red arrow

The Depth axis is the Z here
and values decrease (-)
in the direction of the blue arrow

Click on a Preset button to use an existing system,  or define your own.

Axis
Horizontal Vertical Depth

RIOS X+ Y+ Z-
CNC Y+ Z+ X+
ISO X+ Y+ Z+

All changes here are auto saved and only affect arm  coordinates displayed in RIOS forms.
The CSV Export function will use and save RIOS defa ult Coordinate system no matter what, to preserve c ompatibility.

Preset

You can modify the geartrain play 
compensate with the sliders.

Lynxmotion RIOS SSC-32 V1.06 Manual
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5 - The 'Moves / Motions' module

There are 3 kind of moves:
- X, Y and Z.
- Distance, Y, Base angle.
- Joint.

Swap kind of moves by clicking on the gears.

Use 'Smooth' slider to eliminate shakes

This is the X, Y and Z panel.

Distance, Y and Base angle panel.

Joint panel.

The 'Ambulance' icon is an emergency stop, it disab les/enables torques on all servos.

The 'Lock Tip 'Checkbox' enable special moves with the Tip of the gripper locked on XYZ grid.

The 'Speed up/down' buttons are a shortcut to increase/decrease speed by 50.

Click on the robot picture to swap the robot view, the icons will follow…right click to enable/disable  bold view

See Chapter 4.3 to learn more about the "Load" butt on.

Bold view

Check the 'Load' checkbox to see an 
object in the grip. It also swaps between 
the 'empty' and the 'load' gravity 
compensate.

5.1 Moving robot. Mouse

Lynxmotion RIOS SSC-32 V1.06 Manual

9 / 29



5 - The 'Moves / Motions' module

Plug a joystick and the grayed button will auto-enable.

Click on the X, Y, Z, W to lock a joystick axis.
Click on the joystick button to show the following window.

Test buttons and calibrate the 'dead zone' (red box):

Right-click on an action to open a context menu.

You can change the default button's assignment selecting a new one in the context menu

Sub menu groups "Database" commands and "Move" actions.

You can use a PlayStation 2 controller to move and 
program the arm (with an USB adaptor).

- While the joystick positions (black spot) are in the 
red boxes, the robot won't move.

5.2 Moving robot. Joystick

Lynxmotion RIOS SSC-32 V1.06 Manual
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5 - The 'Moves / Motions' module

Projects contain Sequences, which contain Steps.

  You can store the current robot position
  as a 'Step' using using the 'plus sign' icons :
    - The Project black 'plus sign' icon will append
    this step in a new Project.
    - The Sequence blue 'plus sign' icon will append
    this step in a new Sequence of the current Project.
    - The Step green 'plus sign' icon will append this
    step in  the current Sequence of the current Project.

"Undo" button.

Projects :
 - You can 'Append', 'Delete' or 'Rename' Projects.
For more about Projects, see the 'Project module'.

Sequences :
 - You can 'Append', 'Insert' or 'Delete' Sequences.

Steps :
 - You can 'Append', 'Overwrite', 'Insert'
   or 'Delete' Steps.

      Moves part.
      Here you can move the arm.
      The graphics shows the current arm position.

      Database part.

      When steps are stored in the Database :

      - You can edit them, browsing with the arrows
        or list-boxes, then press "goto" to apply to
        the "Move part" side, then adust the position
        with buttons and press overwrite (red '=' sign).

      - You can change directly in the database :
        The speed , the kind of motions , the pause ,
        the input action , the input threshold  (if analog),
        outputs , Grip  state, media  to play or comment .
        DON'T PRESS OVERWRITE IN THESE CASES.
      The graphics shows the stored arm position.

      When you save a step to the database, the "Load " check-box state is saved too, 
      showing a red object in the grip and applying its state to the "Grip " button.
      You can change this state directly in the database selecting a step and using the "Grip " button.

      What does it do ?

      - It swaps between "Load" and "Empty" gravity compensate effect.

      - If state is "Load" (button down), it ignores all grip close/open moves in order to allow a special function used in the "L6-Demo 09 Grip Close " :
        - Select this Demo in the Moves / Motions form, then select the step 000003, the arm is ready to grab an object, gripper is full open.
        - Now select the step 000004, this move slowly and fully closes the gripper, an input action is defined, expecting input #1 to occur to "stop this step".
          Warning, it will stop the move to the next interpolated step (see 5.5), if interpolation interval is too big it won't be able to stop quickly.
        - Now browse steps 000005 to 000007, these moves are carrying the object, the "Grip" button is down so the Grip position stored in these 3 steps
         won't be used => these 3 steps will be performed using the last grip position : the one stopped by the input #1 in the step 000004.

        This feature allows to use a pressure senso r or a switch in the gripper to stop the grip while  closing, then carry the object
        discarding all further grip moves with the "Grip" button pushed (useful when you don't know th e object size).

        - See now step 000008, this step fully opens the grip to drop the object, but now the "Grip" button is release to allow this grip move.

        To try this feature, go to the "Play" form and select the "L6-Demo 09 Grip Close " project, press the project's Play button and
        wait for the Step 000004 to start, it will say in the white status-bar : "Waiting for input #1 to stop this move", press the input #1 button to simulate
        a switch/pressure sensor and the grip close will stop (see the warning above) then, depending on the moment you pressed the button it will carry
        a larger or smaller object in the gripper.

5.3 Storing data. Robot position

Lynxmotion RIOS SSC-32 V1.06 Manual
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5 - The 'Moves / Motions' module

Use the combo-boxes to select a Project/Sequence/Step or use the four S-, I-, I+ and S+ icons to navigate through Sequences and Steps.

      'Open ' icon allows you to add a media to this Step, music or video, or you can type a little comment.
      Test the media with the black triangle icon.

     Speed  is the one to reach this step.
     Pause  (ms, 1000ms = 1 second) will be performed at the end of Step, recommended value is 250 or more.

      Check the Outputs  check-boxes to set them On/Off (applied when starting the Step).
      (Outputs 1 to 8 are Pin 8 to 15 on the SSC-32 )

     Kind of motion :

      - "Joint " will perform curve trajectories and allows to move one joint only for example.
      all "Home" positions should use "Joint" moves , it's the only one kind of motion which won't hang  in case of a joint
      is going to its limits during a travel and lo cks the move (red cross on joint).

      - "XYZ" will perform straight lines trajectories on the three axes.

      - "Dist, Y, Base " will perform straight lines trajectories except the base rotation.
      Using this kind of motion, the arm is carrying his "X axis" when the Base is moving,
      so the X axis is renamed "Distance" (distance from base axis to gripper tip),
      then we are no more talking about "Z" axis but a base rotation angle rather.
      To be short, it performs straight lines trajectories in the vertical plan (Distance (from base axis) and Y (height))
         and use a Base angle to rotate this plan arround the vertical axis.

   The Moves panel will let you familiarize with th is three kind of moves (use the gears icon to swap kind of moves)

     Input actions :

You can also store the 'Extra servos' #7 and #8 pos itions in a Step:

Click on the 'Servos' button,
select new Positions and Rates,
store information in the current Step by clicking on the 'Equal' icon (it updates only this new information).

You can adjust the rate or add a pause in the Step to ensure the Extra servos' moves will finish during a step.
If the same positions are set during several Steps, the moves will start on the first Step and can end on another.

You can swap between the 'Move / Motions' window and this window without closing it.

These moves are NOT synchronized with the Steps. They will start with a Step, but they can finish the move 
before or after the step ends... or never!

5.4 Storing data. Features

Select an input action if needed:

'Stop project' will stop the current Project if an input occurs or a counter reaches a value.

Trackbars show the current servo position, not the stored servo position (if you click on 'Store' they will be 
the same), the stored values are in the grey boxes.

'Stop this Step' will stop the current Step if an input occurs or a counter reaches a value and go to the next Step.

Select an input to test and set a counter value
This version of RIOS allows only 'Relative' counter values and not 'Absolute'.
So, if the counter value is set to '3', for example, the input selected must occur 3 times DURING the Step, no matter what the 
counter was at before the step.

'Wait for' will wait for an input to occur or a counter to reach a value before starting the step.
'Pause/Play' will Swap between Pause and Play if an input occurs or a counter reaches a value.

If an Extra servo's move is not finished when going to a new Step with new values, the Extra servo will abort 
the current move to go to the new positions.

Lynxmotion RIOS SSC-32 V1.06 Manual
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6 - The 'Play' module

Click on the 'Signal' button in the Outputs panel to show this window.

Delay :

Duration :

Speed :

click on the 'Log' button to show this window.

Inputs events :

The playlog.txt file is auto saved in the installation directory.
This window is sizeable.
You can swap between the 'Play' window and this window without closing it.

Delay and duration do not run after a 'Play' is ended, the outputs will stay 
in their current states.

Push this button if you want to log all the inputs events (set on, set off). If 
you are using big counters, you may not activate this.

'Thread' means that the message was sent by the separate 'Play thread' 
(Task).

When a Step sets an output on, this allows a delay before the output is 
really set on.

When an output is really set on, it will auto set off after the Duration period 
(if duration = 0 it will not auto set off).

Delay and duration are in ms (1000 ms = 1 second) and will run across 
steps if the next steps also set output on.

'Go to' the position you've selected.

Break a loop with If-Break instruction.
Save a Sequence list by Project.

Build a Sequence list and Play it.

Select 'inputs as starter for sequence' and push the 
'Scan' button, if a corresponding input occur, it will 
Play the Sequence selected (only if there's nothing 
already playing).

Trigger inputs and watch outputs turn on and off.

(Outputs 1 to 8 are Pin 8 to 15)

Select a position with the S-, I-, I+ and S+ icons.

Append For-Next and Do-While loops.

Use 'Smooth' slider to eliminate shakes

Click the robot picture to change the view.

Real time torques display.

6.2 Outputs options.

Real time play log.
Outputs configuration with delays, durations and blink speeds.

6.1 Play. Features

The robot picture shows the current position and a 
ghost of the selected or next Step in Play mode.

See the Base, Shoulder, Elbow and Wrist 
trajectories... with scrolling!

Click on the test button to perform the Delay, then the blink/set on, and 
after the duration, the auto set off.

Append If-Then-Else structure.

6.3 Play log.

If you need an output to blink, set a speed > 0. 1 is the slowest and 20 the 
fastest, 0 is no blink.

Lynxmotion RIOS SSC-32 V1.06 Manual
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6 - The 'Play' module

There's a better way to repeat a group of lines (Se quences, other loops and structures) than the Seque nce list below!

Example
To repeat the group of lines 'Sequence 000002 and 000003' four times:

Playing this sequence list will perform Sequences 000001, 000002, 000003, 000002, 000003, 000002, 00003, 000002, 000003 and 000004.
Open the Play Log file and look at the details, the log file is a good way to teach yourself...

Need to repeat a group of lines while an input is O n or while a counter (input counter) is less than a  value?
The condition test is at the end of loop, so the co ntent of the loop will be perform one time at least , even if the end test fails.
When entering a 'Do-While' loop the current counter  position is stored, so the counter value to test i s an increment (relative).

Example
To repeat the Sequence 000004 while the input counter #1 is less than 10:

Playing this sequence list will perform Sequences 000001, 000002, 000003 and 000004…(000004) while the input counter #1 is less than 10.
Whatever counter #1 was when entering the 'Do-While' loop it must be increased by 10 to exit the loop.
Abort a loop (the current) prematurely with the 'If-Break' structure.
If you don't have input #1 connected, you can push the input #1 button on the Inputs panel.
Use as many Do-While loops as you need, and you can nest up to 10 Do-While loops.

click on 'Append' icon,

click on 'Insert' icon,

To delete a sequence (from list only), select a sequence in the list  and click on the 'left arrow with a minus 
sign'.

You can nest up to 10 For-Next loops max.

Click on the 'For' button

or on the 'right arrow and the little plus sign' to insert.

The Sequence list contains Sequences from one Project only.

6.4.1 The For-Next loop

click 'Exit'.

push the 'Do' button,

6.4.2 The Do-While loop

Select the input #1
Click on the 'Do' button

select the sequence 000002 
(insertion point),

click 'Exit'.

push the 'While' button,

Select a Sequence in the Combo-box,

Enter '4' in the 'Loop' box,

You can only delete sequence with the delete icon, not the structures words.

Repeat a group of lines from 1 to 999 times between the For and 
it's Next.

Abort a loop (the current) prematurely with the 'If-Break' 
structure.

Use as many For-Next loops as you need.

and click on the 'plus sign' to append,

push the 'For' button,

6.4 Sequence list.

push the 'Next' button,
select the sequence 000004 

(insertion point),
click on 'Insert' icon,

select the sequence 000004 
(insertion point),

Enter '10' in the counter box,

click on 'Insert' icon,

Lynxmotion RIOS SSC-32 V1.06 Manual
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6 - The 'Play' module

Example
To prematurely Break the 'For-Next' loop example if the input counter #1 reaches 2 or more:

Example
Plays the Sequence 000002 if input #1 is on, else play the 000003.

click 'Exit'.

push the 'Endif' button,

Playing this sequence list will perform Sequence 000001, test the input #1: if On it performs the sequence 000002 else it performs the sequence 
000003, and it performs the Sequence 000004 in any case.

select the sequence 000004 
(insertion point),

click on 'Insert' icon,

select the sequence 000002 
(insertion point),
push the 'If' button,
click on 'Insert' icon,

push the 'Else' button,

select the sequence 000003 
(insertion point),

click on 'Insert' icon,

The 'If-Break' structure allows a more complex syntax, see the 'All If...Structures'.

6.4 Sequence list.

6.4.3 The If-Break Structure

Lynxmotion RIOS SSC-32 V1.06 Manual

click 'Exit'.

Select the input #1
Click on the 'If' button

Click on the 'If' button

select the sequence 000002 
(insertion point),

Select the input #1

6.4.4 The If-Else-Endif Structure

push the 'If' button,
click on 'Insert' icon,

So if the input counter #1 is already >= 2  when entering the 'For-Next' loop, the If-Break structure will exit the loop immediately and continue to the 
000004.

push the 'Break' button,
click on 'Insert' icon,

Playing this sequence list will perform Sequence 000001, test the input counter #1: if >= 2 it breaks the loop and performs the sequence 000004, else it 
performs the sequences 000002 and 000003 and loops 3 times again (testing input counter #1 before each Sequence 000002).

Enter '2' in the counter box,
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6 - The 'Play' module

If-(else)-Endif If-(else)-Break

Perform the line(s) between the 'If' and the 'Endif' If Input #x is On (or the counter #x >= n),
if Input #x is On (or the counter #x >= n) break the current loop (Do-While or For-Next)
… …
If Input #x (or Counter #x >= n) If Input #x (or Counter #x >= n)
… Break
Endif …
…

If Input #x is On (or the counter #x >= n),
Perform the line(s) between the 'Else' and the 'Endif' perform the line(s) between the 'If' and the 'Break',
if Input #x is Off (or the counter #x < n) and break the current loop (Do-While or For-Next)
… …
If Input #x (or Counter #x >= n) If Input #x (or Counter #x >= n)
Else …
… Break
Endif …
…

If Input #x is On (or the counter #x >= n),
Perform the line(s) between the 'If' and the 'Else' perform the line(s) between the 'If' and the 'Else',
if Input #x is On (or the counter #x >= n), else break the current loop (Do-While or For-Next)
else perform the line(s) between the 'Else' and the 'Endif' …
… If Input #x (or Counter #x >= n)
If Input #x (or Counter #x >= n) …
… Else
Else Break
… …
Endif
…

If Input #x is On (or the counter #x >= n),
perform the line(s) between the 'If' and the 'Else',
else (perform the line(s) between the 'Else' and the 'Break' and

break the current loop (Do-While or For-Next)).
…
If Input #x (or Counter #x >= n)
…
Else
…
Break
…

If Input #x is Off (or the counter #x < n),
(perform the line(s) between the 'Else' and the 'Break' and

break the current loop (Do-While or For-Next)).
…
If Input #x (or Counter #x >= n)
Else
…
Break
…

If Input #x is Off (or the counter #x < n),
break the current loop (Do-While or For-Next)).
…
If Input #x (or Counter #x >= n)
Else
Break
…

6.4 Sequence list.

6.4.5 All If… Structures

Lynxmotion RIOS SSC-32 V1.06 Manual

16 / 29



6 - The 'Play' module

   See interpolated step marks on the Play graphics .

                  Interval = 30ms          Interval = 60ms

                  Interval = 120ms          Interval = 480ms

Set all values to default.

"L6-Demo 03 Joint" example
Checking the "Show trajectories " box will display a 100 pixels long trajectory while playing.
It shows one dot per interpolated steps, making difference between joint and XYZ moves visible.

You can notice too the acceleration/deceleration effect
(dots getting closer each others means deceleration, opposite means acceleration).

Interpolation.
RIOS computes interpolated steps (semi key steps) between the ones stored in the database (key steps) in order to fully control trajectories :

 - interpolation allows to perform straight lines trajectories (using the grip tip as a reference).
 - it allows to use a variable (sine) acceleration/deceleration value for each interpolated steps, reducing start and stop shakes.

The less is the interpolation interval, the better is the trajectory control and the better is the acceleration/deceleration effect.
But a small interpolation interval value uses more bandwidth, you can increase the interpolation interval a bit if you experiment some bandwidth issue.
Note the "Max" and "Min" labels refers to interpolation frequency (frequency = 1/interval).

Output/input.

This is the input scan and output update interval, you should increase the interval if you experiment bandwidth issues.
It has effect only if input scan and/or output update are enabled.

Acceleration.

This new feature allows to use a different speed ratio for each interpolated steps following a sine curve acceleration/deceleration function.
0% means the whole step (every semi key steps) will be performed using a constant speed, it could cause shakes during the start and stop of the step.
Using a non zero value will allow acceleration/deceleration feature.

Acceleration/deceleration effect can't work properly if interpolation interval is too high (not enough interpolated steps to apply different speed ratio).
Using acceleration/deceleration feature preserve the global time per step, it starts and ends slowly but it goes faster during the middle travel.

Global speed.

As described in the "Acceleration" feature warnings, the global time per step is preserved, for example : if a step takes 2 seconds to accomplish,
no matter is the acceleration effect value it will always takes 2 seconds to accomplish.
But as the speed is reduced or increased during a step using the Acceleration feature, you should need to change the global speed :
 - if the middle travel is too fast now, you should reduce the speed.
 - if you think it could go faster now there's no more shakes, you should increase the speed.

Global speed has effect on all project and all steps.
It doesn't change anything to the speed stored in the database, it adjust the speed "during" a play.

Thread.

It let you adjust the separate "Play" thread priority, increasing this value could help to reduce shakes during a play on slow (or very busy) computers.

This won't solve "slow" COM port issues !

Interpolate "Joint" moves.

You could ask why joint moves are interpolated as they don't need trajectory control ?
Because they need interpolation for acceleration/deceleration effect to apply. 
So if you're not using acc/dec, you can uncheck this box to gain a bit more bandwidth, all joint moves will be performed as SEQ does.

All recommended values are shown as a blue range on  sliders.

6.5 Advanced settings.

Lynxmotion RIOS SSC-32 V1.06 Manual
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7 - The 'Project' module

  File format is csv, it's a text file with a semicolon separator for fields.
  Notepad, Excel...etc, are able to open and edit this.

Use Export to make a backup of your work or to share projects with friends.

Click on the 'Import' button, select a project name and click 'Ok'.

Click on the 'Export' button, select a destination directory / file 
name and click save.

- a Sequence number from 1 to 999999 with no missing number (1 and 3 
without 2 is not valid)
- a Step number from 1 to 999999 with no missing number (1 and 3 without 
2 is not valid)
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Import your home-made csv file
A csv file must contain only ONE project.

All following lines must contain at least:

Here you can export, import, rename or delete a Project and add comments.

For 'Basic Export', see chapter 7.1

The first line is the fields' names separated with semicolons.

Select the Project to export

7.1 Export.

Select the fields (all selected by default)

Select the csv file to import
Select the fields (all by default)

Import a previously exported file

7.2 Import.

Importing your home-made csv is a risk to crash the  internal database!
To prevent this, close the software, go to installa tion directory and backup the 
two files 'Moves.dbf' and 'Moves.mdx' in a secure p lace. If you crash the 
database, you'll just have to close the software an d restore these two files.

- the project name

and the other fields to import.

If your field names differ from the internal field names, you'll be asked to 
reassign them.
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8 - New RIOS SSC-32 features

Select the kind of arm (selecting L5 won't export the 'wrist rotate' positions).

Select the kind of microcontroller.

Select your BotBoard Version => communication pin

Select the positions data size :
   - byte, byte + nib or word for a Basic Atom.
   - byte or word for a Basic Stamp 2.

Select the shoulder pin(s). (see chapter 7.3 : Independent shoulder servo drive)

Click 'OK' and select a destination file/folder.

Open the exported file with the 'Basic Micro Atom IDE' (for Basic Atom *.bas files),
*** use the Pro IDE for Pro chips ***
or the 'Basic Stamp Editor v2.2' (for Basic Stamp 2 *.bs2 files)

 (don't forget to connect the microcontroller to the PC)
and download the program to the microcontroller.
Then, connect the microcontroller to the SSC-32 (don't forget to remove some jumpers).

   The Basic exported file contains position data, durations, pause data,
   and the complete program to read data and perform movements.

   Basic Stamp 2 program require the version 2.2 of the BASIC Stamp Editor (with Pbasic 2.5 include).

   Outputs and inputs settings are not exported.

New Basic Atom IDE V05.3.0.0 :
if you are using this new IDE, select the '>=05.3.0.0' choice, it export the correct 'serout' syntax (new constant values format) 
and a config line requested by this new IDE.

   The values in this array are NOT GUARANTEED to b e exact, it depends on compilers/IDE version and mi crocontrollers version!

Maximum export steps    (for example: 'RIOS DEMO 01 XYZ' is only 32 steps)
Chip Method L5 L6
BA Byte 752 674 BA: Basic Atom 28 - IDE : Basic Micro ATOM IDE 02.2 .1.1

Byte + Nib 552 507
Word 485 423

BA Pro Byte 3150 2830 BA Pro: Basic Atom Pro 28 - IDE : Basic Micro ATOM Pro IDE 07.2.0.6
Byte + Nib 2350 2160

Word 2030 1770

BS2 Byte 206 182 BS2: Basic Stamp 2 - IDE : Basic Stamp Editor v2.2
Word 129 110

8.2 Analog inputs

Select 'A' for analog (N = Numeric)
If a sensor is connected, the blue bar and the 'Analog' box will show the value.

The input #1 is the SSC-32 'A' input.
(2 = B, 3 = C, 4 = D)

Enter a threshold value.

When the analog value > threshold value, the Input is 'On'

So, if you use a Sharp GP2D12 IR Sensor for example, the threshold value lets you adjust the 'distance'.

Lynxmotion RIOS SSC-32 V1.06 Manual

8.1 Export Basic code for Basic Atom or Basic Stamp 2

In the 'Project' module, select 'Export' then 'Export Basic' button, the 'Basic Export parameters' will appear.

   To enable analog inputs, go to the SSC-32 config module.
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8 - New RIOS SSC-32 features

   Go to the 'Moves' module and select 'Demo 01 XYZ'.

   Then, select sequence 000001 and step 000001, and select inputs #1.
   It will select 'Wait for' as default 'input action', change the threshold value if needed.

   Then, go to the 'Play' module and click on the Project Play button.

   The Program will wait until the analog input #1 > threshold value.
   If you use a Sharp GP2D12 IR Sensor for example, just approach the sensor with your hand and the program will start!

Try this :

Lynxmotion RIOS SSC-32 V1.06 Manual

8.2 Analog inputs
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8 - New RIOS SSC-32 features

   Open the 'SSC-32' window and click on the 'Shoulder' button

   When you enable the independent shoulder servo drive, the pin #16 is used
   to control one shoulder servo, and the pin #17 the other one.
   (so you'll have to remove the 'Y' cable and plug each servo on each pin)
   Then, you can adjust the pin17 offset to make both servo perfectly lined.
   (offset is -100uS to 100uS by 1uS steps)

   This is useful when mechanical adjust can't be done.

   Note : when independent shoulder servo drive is on, the pin #1 is still driven.

   When you enable the independent shoulder servo d rive, the pin #18 is now used too, it's driven as t he opposite as the pin #17,
  sharing the same offset value and turning opposit e side as pin #17, this allows to use a shoulder sy stem with head to head positioned servos.

   if you select 'pin #16 and pin #17', it will add a line with the offset command too.
   Now you can choose to export code to drive either the pin #1 or the pins #16 and #17 
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8.3 Independent shoulder servo drive

   Now you can choose to control the shoulder servos independently

   About the Basic code export function :

  *** DON'T USE THE PIN #16 and PIN #18 PAIR WITH L YNXMOTION'S ARMS ***
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9 - The 'Timeouts' module

Here, you can change some advanced COM port communication values.
 ** Don't change anything if there's no communication problem ! **

If you're using a 'Wiport' and have experienced some communication problems,
try to set the 'Read interval' = 30 (no change on other values)
Some USB to serial cable needs a 'Read interval' values >= 30 too.

The 'Write' values are not critical, so no need to change them.

Before clicking 'Test', check the 'Timeout : xxmS' value. It's the time you will wait in the worst case.
If this value is too big, it could freeze the window for a long time, be careful !

More information with the 'Help' button :
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You normally have to specify the number of bytes when reading bytes on the Com port. However, when you don't know
how many bytes to read, the timeout value will let you know when the Com port has finished sending data.

Trying to read 4 bytes
 4 bytes read

1. Total method Multiplier (1) Multiplier (2) Multiplier (3) Multiplier (4) Constant  Timeout

2. Interval method Interval Interval Interval Interval
OK OK OK  Timeout! 3 bytes read

1. Read Total method :
 Activated if the "Read Interval" value = 0
 - The "Read Total Multiplier" is the value multiplied by the number of bytes requested. The "Read Total Constant" value
   is the maximum time to wait for all the requested bytes before generating a timeout event.
 Timeout value depends on the number of bytes requested

2. Read Interval method :
 Activated if the "Read Interval" value is > 0 and Both "Read Total Multiplier" and "Read Total Consta nt" = 0
 - The "Read Interval" value is the maximum time to wait between bytes before generating a timeout event.
Timeout value is the "Read Interval"

3. Read 'mixed' method :
 Activated if the "Read Interval" value is > 0 and "Read Total Multiplier" and/or "Read Total Constant " > 0
 - The first Timeout value elapsed will end the function.
Timeout value depends on the number of bytes requested and the "Read Interval"

Read Interval method ends faster when you don't know how many bytes to ask for.
For example, when asking for the SSC-32's version string, you don't know how many bytes the SSC-32 card will return,
but you know you don't want more than 30 bytes to display.
RIOS asks for 30 bytes, and the timeout occurs after the last byte is sent (it could be 14, 15, etc…)
So 10mS (default) after the last byte is sent by the SSC-32 card, the Read buffer is cleared to remove unrequested bytes.

If there are some missing bytes, try increasing the  "Read Interval" value.
If it doesn't help, try increasing the "Read Total Multiplier" then "Read Total Constant" slowly.

Byte 3 Byte 4Byte 1 Byte 2
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10 - 3D Scanner

   The 3D scanner module needs a Sharp GP2D12 IR se nsor, mounted on the Gripper servo and connected to  the SSC-32 Analog Input #A.

    It browses an area with the arm, storing GP2D12  sensor data into a 256 levels grayscale bitmap, fr om black (distance >= 80cm ~ 31.5 inches)
    to white (distance <= 10cm ~ 4 inches). The res ult is a 3D image.
    (For now it needs an external free 'leveller' s oftware to see the grayscale bitmap in 3D.)

Just use a small rubber band to attach the sensor.

Choose Vertical or Horizontal scan :
 - Vertical scan is perfect to scan
   a face, a bust or any vertical object.
 - Horizontal scan is better for
   small objects, laid on a table.

Select a resolution :
 - Low is 64X64, nice for a preview
 - Normal is 128X128
 - High is 256X256, but slow

Select scanning direction :
 - Bidirectional is fast
       but not the best quality.
 - Single direction is a bit slower
       but pretty good result.

Press 'Start' to begin the Scan

Grayscale :
 - Linear => datas from the GP2D12 are corrected to be proportionally
   spaced, according to the distance (correcting the non-linearity of the GP2D12).
 - Raw => datas are only scaled to suit the 0-255 grayscale range.
 You don't have to choose the grayscale option before starting the scan.
 You can change this after the scan is complete to decide the one you will save,
 or you can select 'linear', save it as bmp image, then select 'raw' and save it too.
 You can change this option during the scanning process too, just to check.

De-interlace
 This slider allows fine adjustment to the odd and even lines matching.
 It's very useful when using the bidirectional scanning option.
 For single direction scanning, set the slider in the middle.
 You can change this setting during the scanning process or after it's complete.

View level (use this when the scanning process is c omplete)
 You can use this in two different ways :
 - Move the slider slowly to highlight in red the corresponding level (distance).
   It's useful to see all the pixels on the 'same level'.
 - Click on the bitmap (left click) and keep pressed, then move the mouse cursor on the bitmap,
   all the 'same level' pixels as the one your hovering are highlighted in red, and the view level slider reflects the current level.

Save
 Save the current scan to a 256X256 grayscale bitmap (*.bmp) file.
 It doesn't save any red pixel from the 'view level' feature.

Time with single direction scanning
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23 / 29



10 - 3D Scanner

    Some examples :

Vertical scanning Vertical scanning Vertical scanning
Low resolution, linear, single direction Normal reso lution, linear, single direction High resolution, li near, single direction

Horizontal scanning Horizontal scanning Vertical scanning
High resolution, linear, single direction High resol ution, raw, single direction High resolution, raw, s ingle direction

    Click on the bitmap or move the 'View level' sl ider to show all the pixel at the same level.

Lynxmotion RIOS SSC-32 V1.06 Manual
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11 - Sockets.

  11.1 Socket Server.

The socket server allows an external application to  control some feature in RIOS,
the LAN IP is the address that the external application have to connect, the Port #  is the one to use to communicate,
(IP address + Port # is called a socket), click " Activate"  to enable the socket server, the log file will hel p you to see the communications.

  Commands list :

All returned strings from RIOS starts and ends with  a "*"
except echo strings (if enabled).

- "<ssc-32:ver>" will return the SSC-32 firmware version.
    ("*SSC32-1.06XE*" for example).

- "<project:list>", "<sequence:list>" and "<step:list>" will return the according list formated as follow :
   - a "*COUNT:X*" string where "X" is the number of item(s) in the list.
   - then X string(s) "*ITEM*", see the example in the socket log screenshot above.

- "<project:selected>", "<sequence:selected>" and "<step:selected>" will return the according item selected in RIOS.
    ("*L6-Demo 01 XYZ*" for example).

- "<project_select:projectname>", "<sequence_select:sequencename>" and "<step_select:stepname>"
    selects the according item in RIOS, "<project_select:L6-Demo 02 DistYBa>" for example.

- "<project:play>", "<sequence:play>" and "<step:goto>"
    clicks on the according "play" button in RIOS.

- "<sequence_list:play>" clicks on the Sequence List player "play" button.
    (do nothing if no list exists).

- "<sequence_input_sr:start>", "<sequence_input_sr:stop>" clicks on the inputs "play" button.
    (do nothing if no shutter release defined).

- "<input_scan:on>", "<input_scan:off>" sets on or off the scan of inputs.

- "<output_update:on>", "<output_update:off>" allows or not the outputs update.

- "<state>" will return "*Busy*" if a sequence is currently playing or "*Ready*" if none is playing,
   "*Paused*" if paused  or "*Error*" if RIOS is not in the "Play" form.

- use "<stop>" to stop playing, "<pause>" to pause  and "<resume>" to resume
    and "<emergency:stop>" to stop playing and disable torques on all servos.

- "<input_simu:#input>". Simulates an input where #input is the input number from 1 to 4.
    example : (<input_simu:1>) clicks on the input #1 button to simulate an input).

- "<input_value:#input>" will return the input value where #input is the input number from 1 to 4.
    returns "0" or "1" if the input is numeric, "0" to "255" if the input is analog.

Lynxmotion RIOS SSC-32 V1.06 Manual
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11 - Sockets.

  11.2 Socket Client.

The socket client allows connecting to a robot usin g TCP/IP instead of COM port, but you need some har dware on the robot side
to receive TCP/IP flow (via WIFI for example) and c onvert it to the SSC-32 COM port.

You can already use two WIFI COM ports to control a  robot, one on the PC side, one on the robot side.
But the Socket system allows the PC to communicate directly through the network, so if you're using an  external WIFI modem (www box),
you can use it to communicate with the robot, savin g one of the two WIFI COM port adapter,
now you only need the one on the robot side, which must be compatible with your WIFI modem.
Note : if you have an internal WIFI modem that you can configure to act as a WIFI COM port on the PC side, 
don't bother using the socket client method, connect directly to it using its emulated COM port #.

Enter the "robot side WIFI COM port" IP address Click "Activate"
Enter the "robot side WIFI COM port" port # (socket ) If the "robot side WIFI COM port" is found it will stay activated.

Ping Max is used as a 
Timeout here,
adjust from 100 to 2000.

You can only connect to COM port OR Socket client, not both at the same time, "activating" the Socket client doesn't mean "connect".
To finish connecting the software to the robot, exi t this window and click "connect" on the Main form.
If the SSC-32 card is found through the network, it  will connect and show the firmware version.

If a SSC-32 card is found on a COM port, it will au to disable the Socket client and it will connect to  COM port.
If the "robot side WIFI COM port" is not found thro ugh the network it will auto disable the Socket cli ent.

"Prefix"  allows to add a string before each "normal" data f low to the SSC-32, don't use prefix if you don't kn ow or don't need to.
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12 - Socket Client Demo.

This little C++ Demo program was made with Borland C++ Builder 6.0.
Source code is given "as is", it shows how to commu nicate with RIOS V1.06 or higher.

The Socket Client Demo program can connect to RIOS Socket Server
 in order to command the "Play" form through a netw ork.

How it woks :
- At first, run RIOS and open the Socket Server for m.
- Note the Local IP if you plan to test the Demo pr ogram on the same PC or note the LAN IP if you want  to test through a network,
then note the port #.
- Activate the Socket Server, your Firewall may war n you about RIOS trying to communicate, you'll have  to allow this.
- Close the Socket Server form and go to the "Play"  form.
- Run the Socket Client Demo program, enter the rig ht IP previously noted and so on the Port #.
- Activate the Socket Client.

On the example below, I'm using the local IP (127.0 .0.1 for all PC), so it's a test with both programs  running on the same PC.

Test 1 :
- Click on the 'Ver' button, it asks RIOS the SSC-3 2 firmware version.
If all is ok, it will display the SSC-32 firmware v ersion in the white status panel.
("Virtual" appears if you are connected to a virtua l robot.)

Test 2 :
- Click on the 'State' button, it asks RIOS the Pla y state.
If all is ok, it will display "Ready" in the white status panel.

Test 3 :
- Click on "Refresh", it will ask RIOS the project list, the current project selected and its sequence s and steps selected.

Now you can try to select another project in the So cket client demo program, it will select it too in RIOS automatically.
But if you select another one in RIOS you'll have t o click "Refresh" in the Socket client demo program  to update.

Now you can try to control a project, click "Play",  then "Pause" to pause then click again to resume e tc…

Source code files description.

SocketClientDemo.exe  is the compiled program, it can't run if RIOS is n ot installed (it uses Borland dll).
SocketClientDemo.bpr  is the Borland C++ Builder project file.
SocketClientDemo.res  is the resource file (application icon is in here) .
SocketClientDemo.cpp is the application entry.
MainForm.dfm is the main form data (Buttons, ComboBox, CheckBox, Socket Client etc…).
MainForm.h is the main form header.
MainForm.cpp is the main form code.
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13 - Command line.

   Using command line, you can start and make RIOS :
   - going directly to the 'Moves/Motions' form with the right project selected,
   - going directly to 'Play' form, bypassing initialization warning message and play a selected project automatically.

First, you need to create a new RIOS shortcut :

1. Right-click an open area on the desktop, point to New, and then click Shortcut. 
2. Click Browse. 
3. Locate the C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe  file and click on it to select,
click Open or Ok, and then click Next. 
4. Type a name for the shortcut and then click Finish. 

Now, you need to edit this shortcut to add some com mand line parameters :

1. Right-click on your new RIOS shortcut, select the 'shortcut' tab.
2. Click on the 'Target' Box and go to the end of the line "C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe"
3. Here you can add 'moves' or 'play' to select the according form to open automatically in RIOS.
4. Then you can add "Your Project name", it will select this project automatically.
5. If you have chosen 'play' form, you can add a third parameter to automatically play the selected project :
  - 'play' to play the complete project
  - 'playseqlist' to launch the sequence list player
  - or 'playscan' to activate the input scan player (the one which play sequences according to inputs, see '5.1 Play')

Examples :

To Open the 'Moves/Motions' form,
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" moves

To Open the 'Moves/Motions' form and select the "De mo 03 Joint" project,
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" moves  "Demo 03 Joint" 

To Open the 'Play' form,
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" play

To Open the 'Play' form and select the "Demo 03 Joi nt" project,
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" play "Demo 03 Joint"

To Open the 'Play' form and select the "Demo 03 Joi nt" project and to play it automatically,
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" play "Demo 03 Joint" play

To Open the 'Play' form and select the "Demo 03 Joi nt" project and launch the sequence list player aut omatically,
(you must have saved a sequence list for this project, or it won't work)
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" play "Demo 03 Joint" playseqlist

To Open the 'Play' form and select the "Demo 03 Joi nt" project and activate the input scan player auto matically,
(you must have defined some sequences to play with the input scanner for this project, or it won't work)
"C:\Program Files\RIOS_SSC-32\RIOS_SSC32.exe" play "Demo 03 Joint" playscan

Lynxmotion RIOS SSC-32 V1.06 Manual

For the (third parameter) 'play' command to 
work properly, the robot must be 'on' before 

running RIOS with the shortcut!

Warning, when using the (third 
parameter) 'play' command, there's no 
more message asking to set the robot 
in default position before activating all 

servos… It will activate them 
automatically!
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14 - SSC-32 Firmware update.

Click on "Open" and browse Check the firmware file version
for the new firmware file (*.abl). and click "Begin Update".

before allowing connections to it.

If you can't connect to the SSC-32 because RIOS is no longer allowing it, go to www.lynxmotion.com

Don't forget Step 2 : Power cycle the board (off then on) or it won't work.

and download the free "SSC-32 Lynx terminal" program to update your firmware. (It will connect no matter what).

If the card is no longer able to update its firmware using the "Software method",
then you can use the "Firmware method", which will force the card to accept
the firmware update. Follow the 3 steps described.

If you get errors during the firmware update process,
you must try to update the firmware again or the SSC-32 card won't work correctly.

Don't close the "Firmware Update" form and don't disconnect (COM Port) from the SSC-32, or you may not be able
to reconnect RIOS to the SSC-32 as the RIOS program checks to see if the SSC-32 is ok

Check "SSC-32 Servo Controller" page at www.lynxmotion.com for Firmware update

First connect to the SSC-32, then click on the "Firmware" button.

Don't turn off the SSC-32 card during the firmware update process!

Click "OK" then "Exit".
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Don't try to update the SSC-32 firmware if all is working properly and if you don't need to.
RIOS works fine with the "SSC-32-1.06XE" (SSC-32 V1) or "SSC-32-2.03XE" (SSC-32 V2) firmware.
Be warned that some "specific" firmware may not work with RIOS.
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