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ABSTRACT

The aim for this project has been to develop a low cost USB camera, that uses a general

purpose microcontroller to control the image sensor. The camera is intended to be used

in a general purpose development platform at Optronic AB. The development platform

is designed to be used in many various projects and thus the camera also has to be as

flexible as possible. The origin of the project is an existing product that needed im-

provements. The predecessor of this camera employed a Complex Programmable Logic

Device (CPLD) to generate the control signals to the image sensor, an IBIS5-B-1300 from

Cypress semiconductor. In this design, an EZ-USB FX2LP microcontroller, also from

Cypress semiconductor, will be responsible for generating the necessary control signals

for the image sensor. The microcontroller was chosen mainly because it is a high-speed

USB microcontroller and that it has a General Programmable Interface (GPIF). The

GPIF excludes the need for any additional logic that interfaces the microcontroller to

the image sensor. This reduces the total cost of the camera. The microcontroller also

has up to four large endpoint First In - First Out (FIFO) queues1. The endpoint FIFOs

and the GPIF makes the microcontroller suitable for controlling peripheral devices and

handling high speed data transfers.

The GPIF of the EZ-USB FX2LP microcontroller has never been used to control this

kind of image sensor before and therefore the aim of the project is also to examine if the

microcontroller is up for the task. In case of success the construction will become more

cost effective than its predecessor. The switch from CPLD to microcontroller should

not have an impact on the quality of the images produced, but will reduce the cost and

increase the flexibility of the system.

Even though only one main component is replaced it is necessary to develop a com-

pletely new design, for both hardware and software. Mainly in software since code for

a CPLD is written in a hardware description language called VHDL and the code for a

microcontroller is written in C. But also the hardware is an entirely new design using

1They are called “endpoint FIFOs” since all of the FIFOs acts as endpoints for the device. An
endpoint is a communication node for the device. A device can have several endpoints.
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only small blocks such as power supply from the old design. The work done and consid-

erations made during development of this camera is treated in detail in this report.

To facilitate this work a development kit from Cypress semiconductor have been used

(CY3684). The kit includes a development board that employs the EZ-USB FX2LP mi-

crocontroller and a software development environment including example code.
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ABBREVIATIONS

USB Universal Serial Bus

MCU Micro Controller Unit

CPLD Complex Programmable Logic Device

CPU Central Processing Unit

GPIF General Programmable Interface

FIFO First In First Out (queue)

VHDL Very high speed integrated circuit Hardware Description Language

CMOS Complementary Metal Oxide Semiconductor

ROI Region Of Interest

ADC Analog-to-Digital Converter

EEPROM Electrically Erasable Programmable Read Only Memory

ASIC Application Specific Integrated Circuit

fps frames per second

SIE Serial Interface Engine

PCB Printed Circuit Board

VID Vendor ID

PID Product ID

DID Device ID
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CHAPTER 1

Introduction

USB cameras are often referred to as a web-cameras, simply because that is where they

are most widely used. However, the USB camera can have many applications outside

the web, such as part of surveillance and measurement systems. The USB cameras can

be made quite small and cheap since most of the data processing usually is done by the

host. The majority of USB cameras is also powered via the USB which reduces both

size and cost of the camera. The cameras usually consists of a lens, an image sensor, a

processor that controls the image sensor, for example a Complex Programmable Logic

Device (CPLD) or an Application Specific Integrated Circuit (ASIC). Together with a

USB transceiver and some additional electronics such as power supply regulators and

oscillators.

1.1 Purpose and limitations
The purpose of this project is to develop a USB camera that employs a microcontroller

(MCU) to generate the necessary control signals rather than a CPLD or an ASIC. This

would make it possible to manufacture the camera to a lower cost. This setup has never

been used and the possibilities of using a general purpose MCU will also be examined

during this project.

The camera should be as flexible as possible since the camera will be used in different

measurement systems and during development of other devices. It is therefore important

that the camera is set up so it can be applicable in most situations.

The project specification said to develop a USB camera that could run in synchronous

shutter mode. i.e functioning hardware and firmware for synchronous shutter operation2.

2When the image sensor opens the shutter so that the whole selected pixel area takes in light simul-
taneously is called synchronous, or snapshot shutter. This can be seen in fig. 2.3
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2 Introduction

Casing and optics for the camera, data acquisition software, and other shutter modes

was not included in the specification. The only limitations where that the image sensor

and the MCU was could not be changed for other components. Also, the resulting circuit

board should be 5*5 cm2 and the image sensor should be as centered as possible. The

image sensor, IBIS5-B-1300, and the MCU, EZ-USB FX2LP, was picked out for this

project by a senior developer.

1.2 The camera

In this system a MCU will be used to generate the necessary control signals for the image

sensor, namely the EZ-USB FX2LP microcontroller from Cypress semiconductor. The

image sensor used is a solid state Complementary Metal Oxide Semiconductor (CMOS)

image sensor, the IBIS5-B-1300 also from Cypress semiconductor.

An image sensor basically is a collection of photo detectors. Each pixel of the sensor

is a detector. How a photo detector works is a science in itself, but essentially the de-

tector converts light into current or voltage. When the light is converted into voltage or

current this can be converted to digital data and be stored or processed.

Hand held digital cameras often use several processors to compress the data and then use

a memory of some kind to store the data on. But as this camera has a USB connection

to a host it is more cost effective to utilize the processing power of the host. Therefore

this system only uses one processor that controls the image sensor and then passes the

data on to the host via USB.

The main difference between the USB camera developed during this project and other

USB cameras is that a MCU is used to control the image sensor instead of a CPLD or an

ASIC. The main task of the MCU is to generate the control signals for the image sensor.

The MCU will not do any data processing, it simply passes the data on as it is. The

data received by the host has to be processed more or less to get a viewable image.

1.2.1 Operation

The general operation of the camera is illustrated in fig. 1.1. Here the basic steps

the camera takes in order to produce an image is described. It starts out by opening

the image sensors shutter. The time the shutter is open is called integration time for

a digital image sensor. Therefore the act of opening and closing the shutter will be

referred to as “integration”. When the sensor has integrated, all pixels hold different

voltages depending on the scene that has been captured during integration. Then it is
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time to start pixel readout. The camera utilizes the large endpoint FIFOs3 in the MCU

to transfer the pixel data directly to the USB without any CPU intervention. The pixels

are read out one line at a time. The MCU is responsible for generating the signals that

start readout of each line. During readout of a line the pixels are read out at a rate of 40

million pixels per second, i.e one per clock cycle for the image sensor. The line readout

procedure is repeated until all lines are read out. The camera can then choose to take

another image instantly, wait for a push of a button or wait a specified time interval

before taking another picture. The operation is described in detail in chapter 2.

Figure 1.1: General operation of the camera

3They are called “endpoint FIFOs” since all of the FIFOs acts as endpoints for the device. An
endpoint is a communication node for the device. A device can have several endpoints.





CHAPTER 2

Hardware design

2.1 Background
An old design where the IBIS5-B-1300 was included was used as a reference during

hardware design in this project. A few things were adapted from that design, especially

the power supply part for the image sensor. However, since the CPLD is exchanged for

a MCU most of the design had to be done from scratch. The MCU and the image sensor

were picked out by a senior engineer to significantly reduce the time for development.

Obviously, the two components still dominated the time spent on hardware and software

design. The main connections are between the GPIF of the MCU, the image sensor

sequencer and the Analog to Digital Converter (ADC). The GPIF is, as mentioned earlier,

the part of the MCU that is controlling the image sensor. It does so using 6 control signals

and 6 ready inputs. It also has a 16-bit data bus partially connected to the 10-bit output

of the ADC. To fully understand the function of all the signals that control the image

sensor one should consult its datasheet[1], the operation of the sensor is however described

quite thoroughly in this report. The GPIF is also explained more thoroughly in chapter 3.

Power supply, clocks, buffers and external memory will also be mentioned briefly in this

chapter. The schematic and layout was done in MentorGraphics dxDesigner (schematics)

and expidition PCB (layout).

2.2 The Cypress EZ-USB FX2LP Microcontroller
The microcontroller, also known as the MCU, is the part of the system that controls

the image sensor and takes care of all data transfer from the image sensor out on the

USB. The controller is a 128-pin EZ-USB FX2LP chip from Cypress semiconductor that

employs an enhanced 8051 microprocessor in its core. It has an integrated USB 2.0
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6 Hardware design

transceiver and utilizes smart Serial Interface Engine (SIE) which makes it easy to com-

municate over the USB. It has 16 kB of program and data RAM and is running at 48 Mhz.

Further it has four large, up to 4 kB, endpoint FIFOs which are used when interfac-

ing to the USB. An endpoint is simply a communication node. A device usually have

several of these. All USB devices have at least one control endpoint (endpoint 0) that

takes care of enumeration, i.e connecting to the host, and similar tasks. In excess to this,

devices usually have at least one endpoint for data transfer. A host application can then

connect to that specific endpoint to transfer data. The data transfer endpoints on the

EZ-USB FX2LP are each connected to a FIFO, thus they are called “endpoint FIFOs”.

This offers the developer a buffer when interfacing to the USB. This particular micro-

controller has two control endpoints and between one and four data transfer endpoints

depending on configuration. The different configurations for the endpoint FIFOs can be

seen in fig. 2.2. In this project only one endpoint is used and it is configured to 4 ∗ 512

byte. The data transfer endpoints can be programmed to perform three different kinds

of transfers. BULK, INTERRUPT and ISOCHRONOUS. In this design BULK transfers

are used. This is because BULK transfers can transfer data at the highest rate. How-

ever, BULK transfers does not have a guaranteed bandwidth unlike ISOCHRONOUS

transfers that have a pre-determined bandwidth. During development of this camera

however, no other device will be competing for the bandwidth, therefore BULK transfers

are used. More on the EZ-USB FX2LP can be found in the technical reference manual[2].

This particular MCU was chosen mainly because it is developed for easy USB access

and because it includes a general programmable interface (GPIF). The programmable

interface enables the developer to implement a wide variety of protocols and interface

the controller to several different kinds of hardware. Because of this there is no need for

additional hardware to interface the MCU to the image sensor. The GPIF can be treated

as a separate piece of hardware but in this report the focus will be on the waveform de-

sign, i.e software design, for the GPIF. The GPIF functionality is best described side by

side to its software therefore the GPIF is described in detail in chapter 3.
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Figure 2.1: EZ-USB FX2LP architecture

Figure 2.2: EZ-USB FX2LP endpoint FIFO configurations

2.3 The Cypress IBIS5-B-1300 image sensor

2.3.1 General

The image sensor is the component that gathers the information that later will become

the image. In this construction the sensor used is a 84-pin IBIS5-B-1300 from Cypress

semiconductor. It is a solid state CMOS image sensor with a 1.3 million pixel resolution

(1280 x 1024) running at 40 Mhz. The sensor chip also includes a 10-bit analog-to-digital
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converter (ADC), although not internally connected, it resides on the same chip. The

chip has features such as region-of-interest (ROI) readout down to a 2 ∗ 1 pixel window,

rolling and snapshot (synchronous) shutter settings, double and multiple slope integration

to capture high dynamic range scenes. The frame rate is 27 fps for a full size window

(1280 ∗ 1024) and 106 fps for a 640 ∗ 480 window. An overview of the snapshot shutter

and rolling shutter modes can be seen in fig. 2.3 and fig. 2.4 respectively.

Figure 2.3: image sensor in synchronous shutter mode

Figure 2.4: image sensor in rolling shutter mode
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One of the main differences between an ordinary web-camera you can buy in a local

computer store and this camera is the quality of the image sensor. In this system the

sensor dominates the total price of the camera, making up for more than 50% of the total

cost. The camera vendors often capitalizes on the fact that consumers most often look

to the resolution, i.e the pixel count, of the camera they purchase. Which of course plays

a role in the overall quality of the image. But there are also other important parameters

such as light sensitivity and speed to consider.

2.3.2 Architecture

Figure 2.5 shows the architecture of the IBIS5-B-1300 image sensor. It consists of a

pixel array, one X- and two Y-addressing registers for the readout in X- and Y-direction,

column amplifiers that correct for the fixed pattern noise, an analog multiplexer, and an

analog output amplifier. The sensor is also processed with a Bayer RGB color pattern.

This is to make the image sensors spectral sensitivity more similar to the human eye.

Figure 2.5: IBIS5-B-1300 architecture

Fig. 2.6 offers a closer look at the architecture of the 4T pixel that the pixel array

is made up of. 4T stands of course for 4 transistors. The 4T-pixel features a snapshot

shutter but can also emulate the 3T-pixel by closing sampling switch M2.
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Figure 2.6: 4T-pixel architecture

2.3.3 Operation

To be able to create a working schematics for this system the operation of the image

sensor had to be carefully examined. To operate the IBIS5-B-1300 six control signals

is required. SYS CLOCK, SS START, SS STOP, Y START, Y CLOCK and X LOAD.

These signals are generated by the external system. The X LOAD signal is not needed

in synchronous shutter mode. To know how to generate the signals correctly one has to

consult the timing diagrams of the image sensor.

2.3.3.1 Single slope synchronous shutter operation

Probably the simplest way to get an image out of the sensor is to operate the sensor in

single slope synchronous shutter mode. The timing specifications for this is shown in fig.

2.7 and fig. 2.8.

Figure 2.7: Single slope synchronous shutter integration
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Figure 2.8: Pixel readout

The first step to take is to start integration. This is done by asserting SS START

for at least one clock cycle. Thereafter the image core generates the necessary control

signals to start integration, this takes 4 granulated SS-sequencer clock cycles (T4 in fig.

2.7). A granulated clock cycle is simply a clock cycle that has been divided. The image

sensor uses two granulated clock cycles that is set by the initial register upload. One for

the SS-sequencer and one for the X-sequencer. These granulated clocks are only used

internally and does not need to be understood that well. The knowledge that they exists

will suffice when developing the external control system for the image sensor. One gran-

ulated SS sequencer clock cycle is between 4µs and 32µs depending on the settings of

the image sensor, default is 32µs. The time between the point 4 granulated SS-sequencer

clock cycles after SS START and the time that SS STOP is asserted is the integration

time, i.e when the shutter is open. The TIME OUT signal can be generated by either the

counter in the image sensor or an external counter in the MCU. The TIME OUT signal

stays high for one granulated SS SEQ clock cycle and is used to trigger the SS STOP

signal which in turn stops integration. The TIME OUT signal and SS STOP input in

the image sensor cannot be connected. When integration has stopped the image core

needs to go into a readable state. This takes 2 granulated SS SEQ clock cycles (T5 in

fig. 2.7)

Now the external system has to generate the correct signals to read out the pixels.

The start of pixel readout can be seen in both fig. 2.7 and fig. 2.8 since they overlap.

The pixel readout starts with assertion of Y START and Y CLOCK. Y START has to

stay high for at least 3 clock cycles and Y CLOCK has to stay high for one clock cycle.

T1 in fig. 2.8 is the row blanking time and is one granulated X sequencer clock cycle

long. The granulated X sequencer clock cycle is between 3.5µs and 28µs depending on

configuration, default is 3.5µs. During this period, the X-sequencer generates the control

signals to sample the pixel signal and pixel reset levels (double sampling fixed pattern

noise correction), and starts the readout of one line. Thereafter the sensor generates a

PIXEL VALID signal during the time one row (1280 pixels for full width) is fed out by
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the sensor at the speed of one pixel/clock cycle. When it is done PIXEL VALID goes low

and the next row readout is triggered by asserting Y CLOCK again. This procedure is

repeated until all rows are read. During the last row readout a LAST LINE signal is also

generated. This is not necessary for accomplishing a full readout but might be helpful if

the external system is not able to count the rows. When all pixels has been read out the

sensor is ready to repeat the procedure.

2.3.3.2 Multiple slope synchronous shutter operation

Multiple slope integration is used when there is a need for a higher dynamic range. This

is done by letting the sensor integrate several times using different pixel reset voltages.

The IBIS-B-1300 allows up to 4 different pixel reset voltages. The operation is shown

in fig. 2.9. Tstable is one granulated X-sequencer clock cycle and Tupload depends on

the interface mode used to upload the registers, which in this system is a Serial Parallel

Interface (SPI) running at about 850 kbit/s. This leads to a Tupload of about 19µs. The

pixel readout is operated in the same way as for single slope integration.

2.3.3.3 Rolling shutter operation

When operating in rolling shutter mode the integration of the light in the image sensor

is done during readout of the other lines. It uses the two (right and left) Y-shift registers

to represent the line currently being integrated and the line currently being read out.

The general behavior of the rolling shutter is shown in fig. 2.4. The active area between

the two Y-pointers “rolls” down the whole pixel area, hence the name “rolling shutter”.

The only difference in operation is that the TIME OUT signal is used to indicate when

the Y SYNC pulse for the right Y-shift register (reset Y-shift register) is generated. This

loads the right Y-shift-register with the pointer loaded in register YR REG. The Y SYNC

pulse for the left Y-shift register (read Y-shift register) is generated with Y START. The

INT TIME register defines how many lines to count before the Y SYNC of the right

Y-shift register is generated, hence defining the integration time. The rolling shutter

timing scheme is shown below in fig. 2.10. The rolling shutter was never implemented in

this system, therefore it is not described in detail.
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Figure 2.9: Multiple slope synchronous shutter integration

Figure 2.10: Rolling shutter operation

2.4 Pheripheral components

2.4.1 Power supply

The USB Camera is powered via the USB. The USB supplies 5 V and 450 mA. The

power supply in this system is made up from four regulators. This because the image

sensor needs four different voltage levels to operate. The MCU only uses an analog and

a digital 3.3 V supply. The levels supplied are 3.0 V, digital 3.3 V, analog 3.3 V and 4.5

V. The 3.0 V are used to supply the image core. The analog 3.3 V and digital 3.3 V is

used to supply the digital and analog parts of the image core in the image sensor as well

as the analog and digital parts of the MCU. The 4.5 V is supplied as a reference for the

highest reset voltage, and is also used as the voltage for hold switches. As mentioned

earlier the power supply was left nearly unchanged from the old design. The regulators

used originally were adjustable, and can supply 0.12 A from a voltage level between 1.5

V and 4.5 V. The difference between the old design and the new is that the regulator

supplying the digital 3.3 V level has been switched to a fixed regulator that can supply

1.5 A, this is because the digital 3.3 V is the source that will have to deliver most current.
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Still, 0.12 A is enough to cover the need for this system. Also a reset button has been

added. This is to make it more convenient to reset the device during development of the

software.

2.4.2 Clocks and buffers

To be able to create the ideal timing relationship between the MCU (GPIF), the image

sensor and the ADC the right clock signals has to be supplied, also the signal may have

to be phase shifted to optimize the timing. In this system the MCU is clocked at 48 MHz

using a 24 MHz oscillator and the image sensor is clocked at 40 MHz using a 40 MHz

oscillator. The GPIF of the MCU can be clocked either by an internal or an external

source. Since the GPIF is controlling the image sensor and receiving data from the ADC

the GPIF, which is part of the MCU, also has to be clocked at 40 MHz. To achieve

optimal timing between the GPIF, the image sensors sequencer and the ADC clock, a

few buffers and inverters were used.

The ADC and GPIF clocks are phase shifted 180◦ in reference to the image sensor system

clock using an inverter. However, to optimize timing, the phase shift might have to be

slightly increased. Therefore 3 extra buffers is connected in series after the inverter so

that the signal can be taken from either of these four places. Each of these increases the

phase shift by approximately 16◦. The system clock of the image sensor uses only one

buffer that has the same delay as the inverter.

Figure 2.11: ADC timing diagram

2.4.3 Small EEPROM

Since the MCU only has volatile programmable on-chip memory the system need to

employ an external non-volatile memory to store firmware or other information such as

vendor id, product id and device id (VID/PID/DID) permanently. To keep this system

to a low cost it only utilizes a small EEPROM to store the VID/PID/DID. The firmware

is loaded automatically via the USB every time the device is connected to a host. The
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MCU has a small non-volatile memory that contains Cypress default VID/PID/DID but

that information cannot be changed or used in custom devices, therefore there is a need

to use an external EEPROM. This information is used later when designing drivers for

the device.

2.5 Schematics design

The schematic is the part of the design process where all connections and components

are determined. The schematics appearance, unlike the layouts, has nothing to do with

the actual board that will be manufactured, i.e components are not to scale and pins on

components can be arranged in a different way than in reality. The schematic is simply

an aid to speed up the layout process. One could produce a PCB without the schematics

but it would take far longer time in a system of this complexity. In the schematic, the

developer has a better overview of nets and components, this is particularly important

when designing more complex systems. The program that is used to create the schematic

is most often associated to the layout program, alternatively the layout program can

import schematics from non-associated programs. The advantage one gets in the layout

is that all nets drawn in schematics is visible which makes it easier to connect the right

pins to each other. The more advanced schematic-layout programs will not even allow

you to do anything that is not already drawn in the schematics which reduces the risk

for connecting the wrong pins to each other. The program that has been used during

schematics design is dxDesigner from Mentor Graphics. The information presented in

the above sections has been taken into consideration during the development of the

schematics. The following layout process has also been taken into consideration during

schematics design.

2.6 Layout

The layout is the part of the design where the designer decides the positions of the com-

ponents and how these will connect to each other. The finished layout is a drawing of

the board that can be used to manufacture the PCB. The layout for this project is a

completely new layout. It is a four layer board. The only restrictions for the layout,

except for the obvious electrical restrictions, were to fit the components into a square

5 ∗ 5cm2 board and to keep the image sensor as centered as possible.

The most important part of layout is to place the components in the best way possi-

ble. If they are correctly placed the routing can be done quite fast. The main difficulties

for this system was to place the MCU and image sensor in a good relation to each other.

The image sensor was placed in the middle on the board on one side, only accompanied

by a few small capacitors and resistors used for decoupling etc. The image sensor is put
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“alone” on one side simply because then the camera can be fitted into a casing easier.

All other components were placed on the other side, that we will call the primary side.

The only connections from the primary side to the image sensor are two clock signals

and the connections between the MCU and the image sensor. Connecting the MCU and

image sensor was the trickiest part of the layout process. The connections between the

MCU and the image sensor can be seen in fig. 2.12. The MCU and the image sensor was

put in the middle on opposite sides so all of these connections was fitted inside the size

of the MCU since the image sensor is a bit smaller than the MCU. A note to fig. 2.12 is

that only 10 bits of the 16-bit data bus was used since the output from the ADC only is

10 bits wide.
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Figure 2.12: Connections between EZ-USB FX2LP and IBIS5-B-1300





CHAPTER 3

Software design

3.1 Development environment

In software development the “environment” is a term for the collection of applications

and compilers that are used in the development process of new software. Firmware is

another word for software, but is most often used if the software is small and used in a

small device such as an mp3-player or a digital camera. In this project a few tools were

used during firmware development. Keil uVision2 combined with C51 C-compiler was

used to edit and compile the code for the firmware. To load the firmware to the EZ-USB

FX2LP, Cypress console was used. The Cypress console is a windows application that

is included with the development kit and is used as a development platform. It can

load firmware into a connected Cypress device, transfer small amounts of data, reading

endpoint configuration and has many other features that can be used to test the firmware

of a device.

3.2 Drivers

To be able to detect the device on the host a driver is needed. The development kit sup-

plied a general purpose Windows driver, CyUSB.sys. The driver supports communication

with any Cypress USB 2.0 compliant device. The driver is only capable of understand-

ing primitive USB commands. It cannot be used if one wants to send high-level, USB

device-class specific commands. The driver is however sufficiently advanced to be used

with this system. To get a new Cypress device to be recognized by Windows the device

must be matched to the driver. This can be accomplished by modifying the CyUSB.inf

file. Only a few changes was made in the .inf file. The VID, PID and name of the device

19
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was added to connect the device to the driver. Also an instruction to run a script that

automatically loads the firmware to the device was added.

3.3 EEPROM image

The EEPROM image is a file that can be written directly to an EEPROM connected

to the I2C bus of the MCU. The Cypress console can be used to do this. The image

files can be created by writing the bytes into a .hex file and then use a program called

hex2bix to generate the .iic EEPROM image file. In this system only a small EEPROM

is used. From this EEPROM a so called C0 load is done each time the device powers up.

A C0 load is used when only identification and configuration for the device is needed. If

the EEPROM is bigger and contains the firmware one should performe a C2 load. The

bytes function for a C0 load can be seen in Table 1 and Table 2.

Table 1: Byte functions for EEPROM image

Byte Function

0 C0 or C2 load

1 VID Low

2 VID high

3 PID Low

4 PID high

5 DID Low

6 DID high

7 Configuration byte

Table 2: Configuration byte

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

400kHz 0 0 0 0 0 DSCON HS/FS

The most interesting bit in the configuration byte is bit 0 which states if the device is

high speed (480 Mbit/s) or full speed (12 Mbit/s).
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3.4 General Programmable Interface (GPIF)

The GPIF is a part of the EZ-USB FX2LP that executes independently from the CPU.

This enables the CPU to perform other tasks at the same time as the GPIF is controlling

a peripheral. It acts as an internal master to the FIFOs which excludes the need for

“glue logic”, i.e external hardware that is needed to interface a peripheral to the MCU.

However, it is still possible to use an external master to control the FIFOs. In this system

the GPIF is used. Figure 3.1 shows the GPIFs place in the system.

Figure 3.1: The GPIFs place in the system

The GPIF core is a programmable state machine that can generate 6 control signals

and has 6 ready inputs which can be sampled at any time. It also has 9 address outputs

and an 8/16 -bit data bus. The “state machine” will be referred to as “waveform” from

this point on. The only interaction between the GPIF and the CPU is that the CPU

sets up the registers and triggers the waveforms in the GPIF. The GPIF can only store 4

waveforms and each waveform is limited to 7 programmable states and one IDLE state.

In this system the GPIF will be responsible for generating the necessary signals to control

the image sensor, and to sample the data bus.
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Each waveform has to be mapped to one of the following tasks: single read, single

write, FIFO read (burst read) or FIFO write (burst write). This has to be done to be

able to trigger the different waveforms from firmware since all transfer types are linked

to registers. The read and write refers to the EZ-USB FX2LPs point of view.

The single read and write waveforms can obviously be used for single byte/word trans-

actions, but one should also choose one of these waveforms if a waveform that does not

transfer any data is needed. In that case a dummy read or write can be used to trigger

the waveform. The single read and write waveforms only goes through the states from

state 0 to state 1 and so on until they reaches IDLE, where they execute. When a wave-

form have executed a DONE bit is set. Since it is forbidden to trigger a waveform while

another one is running this bit can be read in a while loop or in an if statement to ensure

correct operation.

The FIFO read and write waveforms are a bit more complex than the single read and

write waveforms, especially when it comes to termination. The FIFO read and write

waveforms can only be terminated if they pass through the IDLE state exactly when the

transaction counter has expired or by a firmware abort. The transaction counter is set

by firmware before the waveform is triggered. It occupies four 8-bit register which results

in a maximum transaction count of 232 = 4294967296. A shortcoming of the GPIF is

that the value of the transactions are only compared when the waveform is in the IDLE

state. This fact causes an obvious dilemma. What if there is a need to sample the data

bus several times during a waveform? Then the transaction counter might expire during

another state and thus the waveform never terminates. One way to deal with this is to

use the TCXpire signal. TCXpire is an internal signal that replaces the RDY5 input.

With this, the waveform does not need to enter the IDLE state until the transaction

count is reached. The waveform still has to go to the IDLE state to terminate. In this

system another signal also has to be sampled during the time the data bus is sampled.

This means that the TCXpire signal only can be sampled every other transaction. But

this at least narrows it down to all transaction counts that are an even number.

3.4.1 GPIF designer

Cypress offers a very helpful tool to simplify the waveform design process. The user in-

terface is graphical which makes it easier to reproduce a peripheral device timing scheme.

The tool generates a C file that contains a function called initGPIF() that initializes all

registers connected to the GPIF and stores all waveform descriptors. The firmware then

have to trigger the waveform to start a single or burst transaction.

The GPIF designer starts with a block diagram of two devices one of which is the EZ-

USB FX2LP, the other is the peripheral device and can be named there after. In this
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first view the designer can setup the connections and properties for the two parts. For

example use of internal or external clock, activate or deactivate address bus and name

the control outputs and ready inputs. This is shown in fig. 3.3.

When the properties are set up it is time to move on to designing the waveforms. There

are several options for the designer in the waveform editor. As mentioned earlier there

are up to 7 programmable states. In each state the designer can change the state of any

of the control outputs, wait for a ready input or sample the data bus. Or do all at the

same time. All state changes are called action points. An action point can for example

be to assert the signal called SS START.

There is one specific kind of action point that is called “status points” by the GPIF

designer. These action points utilize the values of the ready inputs. A decision point

option box is shown in fig. 3.2, this can describe the functionality of the decision point.

The top outer curtain menus can be any two ready inputs, the top center menu can be

(= 1 AND), (= 1 OR), (= 1 XOR) or (= 0 AND). The lower two are states which the

GPIF branches to whether the statement above is true or not. The loop (re-execute)

check box is used when a decision point branches to itself. If it is checked the statement

is examined over and over again until it branches to another state. If the designer only

wants to sample one ready input the same ready signal can be selected in both menus,

with a (= 1 AND) or (= 0 AND) in between. In summary, when the state machine

reaches the state that contains the decision point it takes two inputs from the ready

inputs of the GPIF (which may be the same). Each of the two inputs are compared to a

logic statement, if the statements are true the state machine jumps to a state of choice.

If the statements are false the state machine jumps to another state of choice.
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Figure 3.2: Status action point option box

Figure 3.3: GPIF block diagram setup
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Unfortunately it is not possible to create action points at different time offsets inside

a single state. This significantly reduces the possibilities to create more complex wave-

forms. This issue can be viewed in fig. 3.4. States 4-6 could have been one separate state.

In stead of using a single waveform to control the image sensor, two separate waveforms

are used together. This is not ideal since there is a much larger delay when switching

between the last state in the integration waveform and the first state in the pixel readout

waveform in firmware than it would have been if a single waveform could hold all the

needed states. Then the delay between two states can be as low as one clock cycle, 25

ns.

Figure 3.4 shows a waveform that is implementing a single slope synchronous shutter

integration and start of frame readout. s0: Asserts START that starts integration. s1:

De-asserts START and waits for time out. When time out has occured the state machine

jumps to s2. s2: Asserts STOP to stop integration, it also asserts G INT to trigger a

delay of two granulated SS-sequencer clock cycles. s3: waits for that delay and de-asserts

STOP and G INT. When two SS-sequencer clock cycles has passed the state machine

jumps to s4. s4: Asserts Y START to start the readout of a new frame. s5: Asserts

Y CLK that starts the readout of the first line in that frame. s6: De-asserts Y CLK.

IDLE: Y START is de-asserted and the GPIF enters idle mode, waiting for another wave-

form to be triggered

Fig. 3.5 illustrates the implementation of a synchronous shutter pixel readout. As the

integration waveform starts pixel readout, the pixel readout waveform starts with wait-

ing for PIXEL VALID in s0. PIXEL VALID is asserted when the image sensor outputs

the pixels from a whole line. s1 and s2 examines if PIXEL VALID is still high and if

TCXpire is asserted. If PIXEL VALID is low then it goes to s4 and asserts Y CLOCK

to start readout of the next line, thereafter it goes unconditionally to s0 to wait for next

PIXEL VALID signal. This is repeated until TCXpire goes high and branches to IDLE

and terminates. These images can also be compared to the timing diagrams in chapter

2 under “Single slope synchronous shutter operation”.
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Figure 3.4: Integration waveform, mapped to single write
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Figure 3.5: Pixel readout waveform, mapped to FIFO read
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3.5 Firmware

The development kit (CY3684) that was used during development of this camera supplied

several examples of firmware for the EZ-USB FX2LP. It also includes a framework. The

framework implements the basic functionality required of a USB compliant peripheral

device. Thus the only thing that needed to be implemented was the functions associated

with controlling the image sensor and some special communication settings. All examples

and the empty project (framework only) could be used as a starting point for firmware

design. In this particular case the empty project was the best starting point for writing

firmware. The MCUs firmware does surprisingly little in this system. Except for setting

up communication and triggering the GPIF it does not do anything. It does no data

processing at all. All data received from the image sensor is put into the MCUs FIFOs

and then passed on to the USB without CPU intervention. However, there are a few

points in firmware that is worth mentioning.

3.5.1 Framework

The file fw.c contains the framework for the firmware. The framework contains the

basic functionality for USB communication. This file also contains all initial calls to

the EZ-USB FX2LP and image sensor initialization functions and the main loop that

calls function TD poll(), a function that can be edited in the file USBCam.c. This is to

minimize the editing of fw.c.

3.5.2 Initialization and main loop

The file USBCam.c contains the initialization functions for the EZ-USB FX2LP and the

image sensor. The function TD init() sets up all necessary registers such as port direc-

tion, timers, and interrupts for the MCU. The most important are the endpoint settings

and transfer type settings. The EZ-USB FX2LP has up to four programmable endpoints

each connected to a FIFO, and the firmware is responsible for configuring them. In this

design only one FIFO is used since the MCU only takes in data from one source. The

endpoint is configured as a BULK endpoint with a buffer of 4 ∗ 512 bytes.

TD initIBIS() is a function that utilizes the SPI and writes settings such as integration

time, number of pixels and row blanking time to the image sensors internal registers. A

closer look at at the internal registers of the IBIS5-B-1300 can be found in Appendix

A. It also contains the function TD poll() that is looped. In this function the calls

that triggers the waveforms can be found. It starts out with checking if the device is

enumerated. If it is it goes in to a while loop that loops as long as the GPIFDONE bit

is not set. If the GPIFDONE bit is set it triggers the next waveform. Since the control

signals for reading out an entire frame needs more than 7 states the waveform has been

divided into two separate waveforms. An integration part and a pixel readout part. The
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integration part, i.e where the shutter opens and closes, does not transfer any data to

the FIFOs. Therefore it is mapped to the single write transaction in GPIF designer. It

could as well have been mapped to a single read since the read/written data is not used.

As mentioned earlier, all waveforms need to be mapped to be accessible by firmware.

The single write function is triggered by writing to register XGPIFSGLDATLX. After

the single write function is triggered the firmware sets up the transaction counter since

the second waveform, pixel readout, will transfer data and needs the transaction counter

to terminate. The pixel readout waveform is mapped to FIFO read and is triggered by

writing to register GPIFTRIG. The 3 least significant bits are used in GPIFTRIG,

b2 = read/write and b1-b0 represents the four endpoint FIFOs. After the pixel readout

waveform is triggered the firmware loops back to the top and the procedure is repeated.

3.5.3 Interrupts

The file interrupt.c contains all custom interrupt routines. These interrupt routines are

two external interrupts and two timer interrupts. The external interrupts are used to

trigger timer interrupts from the GPIF. Some states in the waveform controlling the

image sensor needs delays therefore some of the control outputs of the GPIF have been

connected to some external interrupt pins to enable the use of internal timers. The first

external interrupt is connected to the START control output on the GPIF. This is to be

able to use a timer on the MCU during integration. The image sensors internal time out

counter has a maximum integration time of about 26 µs which is a bit on the short side.

The first timer interrupt is used to implement this timer. The first external interrupt

can also trigger a register load to the image sensor. This is only used during Region Of

Interest (ROI) readout. The second external interrupt triggers another timer that counts

until two granulated sequencer clock cycles have passed. This is used after the GPIF

has stopped integration. Then the image core needs to put the pixels in a readable state

and that takes two granulated sequencer clock periods. The second external interrupt is

connected to a general interrupt control output on the GPIF.

3.5.4 Special functions

The file func.c contains the functions that are called from within other functions and

not by the task dispatcher itself. There is a read and a write function for UART com-

munication. These are only used during debug. Also residing in func.c is the assembly

implementation of the SPI using three GPIOs.

3.5.4.1 Serial parallel interface (SPI)

The IBIS5-B-1300 registers could according to the datasheet[1] be accessed in 3 different

ways. Via Inter Integrated Circuit (I2C), SPI or parallel interface. The first choice was

to use I2C simply because I2C already was implemented on the EZ-USB FX2LP and the
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fact that a parallel interface would take up too much space during layout. During testing

it was discovered that I2C was not implemented on the IBIS-chip at all. As it turns

out there were several more functionalities of the IBIS5 that did not work. However, it

was nothing major and it was possible to work around all of these shortcomings. When

the I2C failed the choice fell on the serial parallel interface (SPI). The EZ-USB FX2LP

does not have SPI implemented so it had to be implemented using general purpose

input/output ports (GPIOs). Here there are two options, either implement the protocol

using timers and interrupts or implement it in inline assembly. Factors such as speed

or if there is a need to be able to listen for other interrupts during data transfer has

to be considered. The answer can be found in the datasheet[1] for the image sensor.

When region of interest (ROI) readout is used, a new Y-pointer has to be uploaded for

every frame to avoid column non-uniformities, this is done during integration. Therefore

speed is quite important so the SPI was implemented using inline assembly. During

transmission all interrupts are disabled. A baudrate of around 850 kbit/s was achieved

using this algorithm. This means that one register, 16 bits, can be written in about 19µs

which is more than enough since it is unlikely to use integration times shorter than 50µs.

The implementation is simple but quite lengthy. It may be easier to implement it using

interrupts, but by turning interrupts off and running it in assembly the implementation

becomes more stable.

3.5.5 Descriptors

The DSCR.A51 file is an assembly file that contains the custom descriptors for the device,

such as endpoint descriptors, device descriptor, Hi-speed config descriptor and so on. The

only part that needed editing was the endpoint descriptors. All endpoint settings done

in TD init has to be set in this descriptor file as well. Also the strings that are displayed

when connected to a host, for example a Windows PC, can be edited in this file. The

descriptor table structure is shown in Table 3.

Table 3: Descriptor table structure

Byte Function

1st Length of descriptor (always 7 in endpoint descriptors)

2nd Type of descriptor (0x05 for endpoint descriptor)

3rd bit7 = direction(1 = in, 0 = out), bit6:0 = endpoint number

4th Endpoint type (Bulk = 0x02, Isochronous = 0x01)

5th,6th Max packet size (5th byte is LSB)

7th Polling interval (only used for isochronous endpoints)
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3.6 Windows application
In order to collect and view the data from the camera an application connected to the

driver was needed. There are a lot of ways of creating an application that gathers the

data. One way to do it is to use Cypress C++ API CyAPI. The file CyAPI.lib provides a

C++ programming interface to USB devices. More specifically, it is a C++ class library

that provides a high-level programming interface to the CyUsb.sys device driver. The

library is only able to communicate with USB devices that are served by (i.e. matched

to) this driver. The second way to create an application is to use Cypress SuiteUSB.NET.

SuiteUSB.NET 2.0 is a set of USB development tools for Visual Studio 2005 and .NET

2.0/3.0. And it can be used to create .NET Windows applications for all Cypress USB

2.0 families. The choice fell on SuiteUSB.NET since it had good reference designs that

were similar to the wanted application. The application needed to be able to detect the

device, stream data from an specific endpoint and store it in a binary file.

An application called Screamer was included with source code in the SuiteUSB.NET

therefore the only modification needed was to store the incoming data in a binary file.

The development of a streaming application was not a part of the project so no time was

allocated during planning of the project. Therefore no project specific application was

written.





CHAPTER 4

Results, discussion and
future work

4.1 Total performance

The total performance of the camera is unfortunately quite poor. The project failed to

produce a single viewable image. That does not necessary rule out that the image sensor

was controlled correctly and in fact did produce images. The source of the issue was

never confirmed. However, there are certain parts of the system that is more likely than

others to have been the source to this issue. All of these parts are software design based

and will be treated further in the “Software” section of this chapter.

4.2 Hardware

Regarding the hardware design in this project the results has to be categorized as very

good. The first layout of the PCB is fully functional with only a few small modifications.

As always there are issues with the first layout when designing a system of this size and

complexity. But the issues were relatively few and could be resolved by simple modifica-

tions. The only absolutely necessary modifications were to connect the PIXEL VALID

pin on the image sensor to ready input 5 on the MCU. Also pin 10 on the MCU needed

to be connected to AVCC. All technical and geometrical specifications of the PCB going

in to this project have been met. The primary side of the PCB is shown in figure 4.1.
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Figure 4.1: Primary side of the PCB

4.3 Software

4.3.1 Firmware

The firmware in this project plays a secondary role to the GPIF. And as far as firmware

tasks that are not related to the GPIF are concerned, they have worked quite well. But

then again the firmware has not performed the most complex tasks, the most complex

being the implementation of a SPI using GPIOs. All functions described in chapter

3 under “Firmware” has been tested and works correctly. The only issues have been

whether the firmware has triggered the waveforms of the GPIF correctly or set up the

transaction counter correctly.

4.3.2 GPIF

The GPIF is a very smart and elegant solution to enable a microcontroller to perform

different timing sensitive tasks. Unfortunately for this system it has proven to be a bit to

“weak”. The main issue has been that the a waveform for a total frame readout was not
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possible to implement in the GPIF due to its limitations. Instead the firmware needed to

switch between two separate waveforms. Since the image sensor is very timing sensitive,

this has been far from ideal. The break between the waveforms has been between start

of frame readout and the first occurrence of PIXEL VALID. Attempts has been made to

try to measure the time between termination of the first waveform and start of the next

but no exact times have been confirmed. In theory and looking at all the measurements

the switching should not be a problem, but it cannot be ruled out either. The GPIF

would have been perfect for controlling this kind of image senor had it not been limited

to 7 programmable states in a waveform, alternatively if it would have been possible to

change a signal several times during one separate state. There has been attempts to move

the “switch break” to other parts of the total waveform (i.e. the integration waveform

and the pixel readout waveform combined), but these attempts have proven unsuccessful.

Another issue has been to get the FIFO read waveform to terminate. According to

the technical reference manual[2] the only way to terminate a FIFO read transaction

is to let the transaction counter expire or let the firmware abort the waveform. The

firmware abort is not an ideal solution in such a timing sensitive system, therefore it has

been used very carefully when it has been in use. The best way is of course to use the

transaction counter. The hard part with using the transaction counter is that it is only

sampled when the waveform is in the IDLE state or if a status point checks it. If the

TCXpire signal is used it must branch to IDLE afterwards otherwise the DONE bit will

never be set.

In this design the use of the TCXpire is a must since when PIXEL VALID goes high

the data bus needs to be sampled every clock cycle during the time it stays high. There

is no time to go to IDLE in between transactions to check whether the transaction counter

has expired or not since that would mean loss of data. As we recall the image sensor

pushes pixels out on the bus with a rate of one pixel per clock cycle. Therefore during

PIXEL VALID the waveform jumps between two states that is one clock cycle long and

samples the data bus each time. The first state checks if PIXEL VALID is still high and

the second checks the transaction counter. This means that if the transaction counter is

set to an even number the waveform should terminate, unless the count is set to a higher

number than the number of pixels.

Even with the use of TCXpire it was hard to get the waveform to terminate. Actu-

ally it displayed a quite strange behavior. The firmware was set to trigger the two

waveforms over and over in a loop, causing the camera to take pictures over and over

again as fast as possible. Between the waveforms a while loop waits for the DONE bit

to be set. When the camera was reprogrammed and started it seemed to integrate, read

out an entire frame, then integrating again and finally stop in the first state in the pixel

readout waveform. This behavior can unfortunately not be explained.
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The project failed to get the waveforms “spinning” in the way described earlier. There

have been numorous attempts to achieve this. Some of them are: Changing the waveforms

so that the start of pixel readout is located in the pixel readout waveform, aborting wave-

form using firmware, using a number of settings for the transaction counter, and many

more. All attempts have resulted in either that the GPIF never terminates or that the

data received consists of zeros. The source of the problem has never been established.

4.3.3 Windows application

The Windows application is described in chapter 3. It was required in order to look at

the data that the image sensor returned. It was not originally a part of the project but I

felt that the project would become so much more fulfilling if it was possible to see if the

camera actually worked. The application was created from another streaming application

and was done quite fast. The application is in no way excluded from the list of possible

errors of this project. Its functionality has never been verified due to lack of time at the

end of the project.

4.4 Further discussion and future work

So what can I say in retrospect of this project? To begin with, I would like to state that

I do not recommend to use only the EX-USB FX2LP MCU to control this kind of image

sensor. Even if it probably is possible to resolve the issues, the GPIF in my opinion is not

suited for this. Remember also that the GPIF in this project only performs the simplest

control of the sensor possible, a single slope synchronous shutter.

Regarding the number of participants my conclusion has to be that it probably would

have been better if two persons rather than just one had carried out this project. Prefer-

ably one computer science student and one electronics student. This would have assured

that when the hardware was done there would have been an application that could collect

the data and convert it to a viewable image. Also both could have collaborated on the

firmware design which was the most time consuming part of the project.

An issue that was not system design related was the delay caused by lead-times on

some of the components. I made a mistake assuming that all components would arrive

within 2 or 3 weeks. Therefore the order for the components was placed after the PCB

was ordered. This resulted in significant time loss. The time loss was however short-

ened since I ordered replacement components that had only a few days lead-time. These

components did not have the same footprints but could, with some good soldering, be

fitted to the board. The image sensor itself was one of the components that could not

be received in time, and the sensor could not be replaced for obvious reasons. Therefore
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a sensor from the old design had to be dismounted to complete the camera. This is also

a possible reason to why the system didn’t work. When the chip is removed from an

old board it is exposed to high temperatures and there is always a risk that something

breaks inside the chip during such a procedure.

Future work for this project can be trying to resolve the issues mentioned in this re-

port. It is also possible to change the design to shift the task of generating the control

signals to another piece of hardware but still keep the EZ-USB FX2LP to use it for data

collection and USB interfacing. This could be possible to achieve with a PLD.
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IBIS5-B-1300 CYII5FM1300AB

1.3 MP CMOS Image Sensor

Cypress Semiconductor Corporation • 198 Champion Court • San Jose, CA 95134-1709 • 408-943-2600
Document #: 38-05710 Rev. *C  Revised August 27, 2007

Description
The IBIS5-B-1300 is a solid state CMOS image sensor that
integrates the functionality of complete analog image acquisition,
digitizer, and digital signal processing system on a single chip.
This 1.3-mega pixel (1280 x 1024) CMOS active pixel sensor
dedicated to industrial vision applications features both rolling
and snapshot (or global) shutter. Full frame readout time is 36 ms
(max. 27.5 fps), and readout speed are boosted by windowed
region of interest (ROI) readout. Another feature includes the
double and multiples slope functionality to capture high dynamic
range scenes. The sensor is available in a Monochrome version
or Bayer (RGB) patterned color filter array.
User programmable row and column start/stop positions allow
windowing down to a 2x1 pixel window for digital zoom. Sub
sampling or viewfinder mode reduces resolution while
maintaining the constant field of view and an increased frame
rate. An on-chip analog signal pipeline processes the analog
video output of the pixel array. Double sampling (DS) eliminates
the fixed pattern noise. The programmable gain and offset
amplifier maps the signal swing to the ADC input range. A 10-bit
ADC converts the analog data to a 10-bit digital word stream. The
sensor uses a 2-wire, I2C™-compatible interface, a 3-wire serial
parallel (SPI) interface, or a 16-bit parallel interface. It operates
with a 3.3V power supply and requires only one master clock for
operation up to 40 MHz. It is housed in an 84-pin ceramic LCC
package. 

Applications
n Machine vision

n Inspection

n Robotics

n Traffic monitoring

IBIS5-B-1300

Table 1. Key Performance Parameters

Parameter Typical Value
Active pixels 1280 (H) x 1024 (V)
Pixel size 6.7 µm x 6.7 µm
Optical format 2/3 inch
Shutter type Snapshot (global) shutter

rolling shutter
Maximum data rate / 
master clock

40 MPS / 40 MHz

Frame rate 27 fps (1280 x 1024)
106 fps (640 x 480)

ADC resolution 10-bit, on-chip
Sensitivity (@ 650 nm) 715 V.m2/W.s

8.40 V/lux.s
S/N ratio 64 dB
Full well charge 62.500 e–
Temporal noise 40 e–
Dark current 7.22 mV/s
High dynamic range Multiple slope
Supply voltage Analog: 3.0V–4.5V

Digital: 3.3V
I/O: 3.3V

Power consumption 175 mW
Operating temperature –30°C to +65°C 
Color filter array Mono

RGB Bayer pattern
Packaging 84-pins LCC
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Architecture and Operation
This section presents detailed information about the most important sensor blocks.

Floor Plan

Figure 1 shows the architecture of the IBIS5-B-1300 image
sensor. It consists basically of a pixel array, one X- and two
Y-addressing registers for the readout in X- and Y-direction,
column amplifiers that correct for the fixed pattern noise, an
analog multiplexer, and an analog output amplifier.
Use the left Y-addressing register for readout operation. Use the
right Y-addressing register for reset of pixel rows. In multiple
slope synchronous shutter mode, the right Y-addressing register
resets the whole pixel core with a lowered reset voltage. In rolling
curtain shutter mode, use the right Y-addressing register for the
reset pointer in single and double slope operation to reset one
pixel row.
The on-chip sequencer generates most of the signals for the
image core. Some basic signals (like start/stop integration, line
and frame sync signals, and others.) are generated externally. 
A 10-bit ADC is implemented on chip but electrically isolated
from the image core. You must route the analog pixel output to
the analog ADC input on the outside.

Pixel
A description of the pixel architecture and the color filter array
follows.

Architecture
The pixel architecture used in the IBIS5-B-1300 is a 4-transistor
pixel as shown in Figure 2. Implement the pixel using the high fill
factor technique as patented by Cypress (US patent No.
6,225,670 and others). The 4T-pixel features a snapshot shutter
but can also emulate the 3T-pixel by continuously closing
sampling switch M2. Using M4 as a global sample transistor for
all pixels enables the snapshot shutter mode. Due to this pixel
architecture, integration during read out is not possible in
synchronous shutter mode.

 

X-addressing 

Analog multiplexer

Column amplifiers

Pixel core

Pixel 

Output 
amplifier 
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ADC

Sequencer 

Sensor

Y-left
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Y-right 
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External 
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Reset 

Sample 
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Column output
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Figure 1. Block Diagram of the IBIS5-B-1300 Image Sensor
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Figure 2. Architecture of the 4T-pixel
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Analog to Digital Converter
The IBIS5-B-1300 has a 10-bit flash analog digital converter
running nominally at 40 Msamples/s. The ADC is electrically
separated from the image sensor. Tie the input of the ADC
(ADC_IN; pin 69) externally to the output (PXL_OUT1; pin 28) of
the output amplifier. 

ADC Timing
At the rising edge of SYS_CLOCK, the next pixel is fed to the
input of the output amplifier. Due to internal delays of the
SYS_CLOCK signal, it takes approximately 20 ns before the
output amplifier outputs the analog value of the pixel as shown
in Figure 10 on page 9. 
The ADC converts the pixel data on the rising edge of the
ADC_CLOCK, but it takes two clock cycles before this pixel data
is at the output of the ADC. Figure 10 shows this pipeline delay.

 

A

GAIN [0…3] 
unity gain 

1 

 S  
R 
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R 

odd 

even + 
+

DAC_VHIGH 

DAC_VLOW 
DAC_RAW [6:0] 
DAC_FINE [6:0] 

DAC_RAW 

DAC_FINE 

PXL_OUT 

Figure 8. Output Structure

 

RDAC_VHIGH 

DAC_VLOW = 0V

DAC_VHIGH = 3.3V

RDAC_VLOW 

RDAC

external
internal

external

7.88 kΩ 
internal

Figure 9.  In- and External DAC Connections

Table 9. ADC Specifications

Input range 1–3V[1]

Quantization 10 Bits
Nominal data rate 40 Msamples/s 
DNL (linear conversion mode) Typ. < 0.5 LSB
INL (linear conversion mode) Typ. < 3 LSB
Input capacitance < 20 pF
Power dissipation @ 40 MHz Typ. 45 mA * 3.3V = 150 mW 
Conversion law Linear / Gamma-corrected

Note
1. The internal ADC range is typically 100 mV lower then the external applied ADC_VHIGH and ADC_VLOW voltages due to voltage drops over parasitic internal resistors 
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Due to these delays, it is advisable that a variable phase
difference is foreseen between the ADC_CLOCK and the
SYS_CLOCK to tune the optimal sample moment of the ADC.

Setting of the ADC Reference Voltages

The internal resistor RADC has a value of approximately 585Ω.
This results in the following values for the external resistors:

Note that the recommended ADC resistor values yield in a
conversion of the full analog output swing at unity gain
(VDARK_ANALOG < ADC_VHIGH and VLIGHT_ANALOG >
ADC_VLOW). 
The values of the resistors depend on the value of RADC. To
assure proper working of the ADC, make certain the voltage
difference between ADC_VLOW and ADC_VHIGH is at least
1.0V.

Non-linear and Linear Conversion Mode—’gamma’ Correction
Figure 12 on page 10 shows the ADC transfer characteristic. The
non-linear (exponential) ADC conversion is intended for
gamma-correction of the images. It increases contrast in dark
areas and reduces contrast in bright areas. The non-linear
transfer function is given by:

With:
a = 5
b = 0.027
x = digital output code

Electronic Shutter Types
The IBIS5-B-1300 has two different shutter types: a rolling
(curtain) shutter and a snapshot (synchronous) shutter. 

Rolling (Curtain) Shutter
The name is due to the fact that the effect is similar to a curtain
shutter of a SLR film camera. Although it is a pure electronic
operation, the shutter seems to slide over the image. A rolling
shutter is easy and elegant to implement in a CMOS sensor.
Notice that in Figure 13 on page 10, there are two Y-shift
registers. One of them points to the row that is currently being
read out. The other shift register points to the row that is currently
being reset. Both pointers are shifted by the same Y-clock and
move over the focal plane. The integration time is set by the
delay between both pointers.
Figure 13 on page 10 graphically displays the relative shift of the
integration times for different lines during the rolling shutter
operation. Each line is read and reset in a sequential way. The
integration time is the same for all lines, but is shifted in time. You
can vary the integration time through the INT_TIME register (in
number of lines).
This indicates that all pixels are light sensitive at another period
of time, and can cause some blurring if a fast moving object is
captured.
When the sensor is set to rolling shutter mode, make certain to
hold the input SS_START and SS_STOP low.

Resistor Value (O)
RADC_VHIGH 360
RADC 585
RADC_VLOW 1200

Figure 10. ADC Timing
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ADC_VLOW ~ 1.8V
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external
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Figure 11. In- and External ADC Connections

Vin ADC_VHIGH ADC_VHIGH ADC_VLOW–( ) *  a*x b*x2+
a*1023 b*10232+
-----------------------------------------------+=
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Figure 12. Linear and Non-linear ADC Conversion Characteristic
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Figure 13. Rolling Shutter Operation
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Snapshot (Synchronous) Shutter
A synchronous (global, snapshot) shutter solves the inconve-
nience found in the rolling shutter. Light integration takes place
on all pixels in parallel, although subsequent readout is
sequential. 
Figure 14 shows the integration and read out sequence for the
synchronous shutter. All pixels are light sensitive at the same
period of time. The whole pixel core is reset simultaneously and
after the integration time all pixel values are sampled together on
the storage node inside each pixel. The pixel core is read out line
by line after integration. Note that the integration and read out
cycle is carry-out in serial; that causes that no integration is
possible during read out.
During synchronous shutter mode, the input pins SS_START
and SS_STOP are used to start and stop the synchronous
shutter.

Sequencer
Figure 5 on page 4 shows a number of control signals that are
needed to operate the sensor in a particular sub-sampling mode
with a certain integration time, output amplifier gain, and so on.

Most of these signals are generated on-chip by the sequencer
that uses only a few control signals. Make certain that these
control signals are generated by the external system:

n SYS_CLOCK (X-clock) defines the pixel rate

n Y_START pulse indicates the start of a new frame read out

n Y_CLOCK selects a new row and starts the row blanking 
sequence, including the synchronization and loading of the 
X-register

n SS_START and SS_STOP control the integration period in 
snapshot shutter mode.

The relative position of the pulses is determined by a number of
data bits that are uploaded in internal registers through the serial
or parallel interface.

Internal Registers
Table 10 on page 12 shows a list of the internal registers with a
short description. In the next section, the registers are explained
in more detail.
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Figure 14. Synchronous Shutter Operation
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Table 10. Internal Registers 

Register Bit Name Description
0 (0000) 11:0 SEQUENCER register Default value <11:0>: ’000011000100’

0 SHUTTER_TYPE 1 = rolling shutter
0 = synchronous shutter

1 FRAME_CAL_MODE 0 = fast
1 = slow

2 LINE_CAL_MODE 0 = fast
1 = slow

3 CONT_CHARGE 1 = ’Continuous’ precharge enabled
4 GRAN_X_SEQ_LSB Granularity of the X sequencer clock
5 GRAN_X_SEQ_MSB
6 GRAN_SS_SEQ_LSB Granularity of the SS sequencer clock
7 GRAN_SS_SEQ_MSB
8 KNEEPOINT_LSB Sets reset voltage for multiple slope operation
9 KNEEPOINT_MSB
10 KNEEPOINT_ENABLE 1 = Enables multiple slope operation in synchronous shutter mode
11 VDDR_RIGHT_EXT 1 = Disables circuit that generates VDDR_RIGHT voltage; this allows 

the application of an external voltage
1   (0001) 11:0 NROF_PIXELS Number of pixels to count (maximum 1280/2)

Default value <11:0>: ’001001111111’
2   (0010) 11:0 NROF_LINES Number of lines to count

Default value <11:0>: ’001111111111’
3   (0011) 11:0 INT_TIME Integration time

Default value <11:0>: ’111111111111’
4   (0100) 10:0 X_REG X start position (maximum 1280/2)

Default value <10:0>: ’00000000000’
5   (0101) 10:0 YL_REG Y-left start position

Default value <10:0>: ’00000000000’
6   (0110) 10:0 YR_REG Y-right start position

Default value <10:0>: ’00000000000’
7   (0111) 7:0 IMAGE CORE register Default value <7:0>: ’00000000’

0 TEST_EVEN Test even columns
1 TEST_ODD Test odd columns
2 X_SUBSAMPLE Enable sub-sampling in X-direction
3 X_SWAP12 Swap columns 1-2, 5-6, …
4 X_SWAP30 Swap columns 3-4, 7-8, …
5 Y_SUBSAMPLE Enable sub-sampling in Y-direction
6 Y_SWAP12 Swap rows 1-2, 5-6, …
7 Y_SWAP30 Swap rows 3-4, 7-8, …

8   (1000) 6:0 AMPLIFIER register Default value <6:0>: ’1010000’
0 GAIN<0> Output amplifier gain setting
1 GAIN<1>
2 GAIN<2>
3 GAIN<3>
4 UNITY 1 = Amplifier in unity gain mode
5 DUAL_OUT 1 = Activates second output
6 STANDBY 0 = Amplifier in standby mode
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Detailed Description of the Internal Registers

Sequencer register (7:0)
1. Shutter type (bit 0).

The IBIS5-B-1300 image sensor has two shutter types:
0 = synchronous shutter.
1 = rolling shutter.

2. Output amplifier calibration (bits 1 and 2).
Bits FRAME_CAL_MODE and LINE_CAL_MODE define the
calibration mode of the output amplifier.
During every row-blanking period, a calibration is done of the
output amplifier. There are two calibration modes. The FAST
mode (= 0) forces a calibration in one cycle but is not so ac-
curate and suffers from KTC noise. The SLOW mode (= 1)
only makes incremental adjustments and is noise free.
Approximately 200 or more ’slow’ calibrations have the same
effect as one ’fast’ calibration.
Different calibration modes are set at the beginning of the
frame (FRAME_CAL_MODE bit) and for every subsequent
line that is read (LINE_CAL_MODE bit). The Y_START input
defines the beginning of a frame, Y_CLOCK defines the be-
ginning of a new row.

3. Continuous charge (bit 3).
Some applications may require the use continuous charging
of the pixel columns instead of a pre-charge on every line
sample operation.
Setting bit CONT_CHARGE to ’1’ activates this function. The
resistor connected to pin PC_CMD controls the current level
on every pixel column. 

4. Internal clock granularities (bits 4, 5, 6 and 7).
The system clock is divided several times on-chip.
Half the system clock rate clocks the X-shift-register that con-
trols the column/pixel readout. Odd and even pixel columns
are switched to two separate buses. In the output amplifier the

pixel signals on the two buses are combined into one pixel
stream at the same frequency as SYS_CLOCK.
Use the bits GRAN_SS_SEQ_MSB (bit 7) and
GRAN_SS_SEQ_LSB (bit 6) to program the clock that drives
the ’snapshot’ or synchronous shutter sequencer.
This way the integration time in synchronous shutter mode is
a multiple of 32, 64, 128, or 256 times the system clock period.
To overcome global reset issues, use the longest SS granu-
larity (bits 6 and 7 set to '1').

The clock that drives the X-sequencer is a multiple of 4, 8, 16,
or 32 times the system clock. Clocking the X-sequencer at a
slower rate (longer row blanking time; pixel read out speed is
always equal to the SYSTEM_CLOCK) results in more signal
swing for the same light conditions.

9   (1001) 6:0 DACRAW_REG Amplifier DAC raw offset
Default value <6:0>: ’1000000’

10   (1010) 6:0 DACFINE_REG Amplifier DAC fine offset
Default value <6:0>: ’1000000’

11   (1011) 2:0 ADC register Default value <2:0>: ’011’
0 TRISTATE_OUT 0 = Output bus in tri-state
1 GAMMA 0 = Gamma-correction on
2 BIT_INV 1 = Bit inversion on output bus

12   (1100) Reserved
13   (1101) Reserved
14   (1110) Reserved
15   (1111) Reserved

Table 10. Internal Registers (continued)

Register Bit Name Description

Table 11. SS Sequencer Clock Granularities

GRAN_SS_SEQ_MSB/
LSB

SS-Sequencer 
Clock

Integration 
Time Step[2]

00 32 x SYS_CLOCK 800 ns

01 64 x SYS_CLOCK 1.6 µs

10 128 x SYS_CLOCK 3.2 µs

11 256 x SYS_CLOCK 6.4 µs

Table 12. X Sequencer Clock Granularities

GRAN_X_SEQ_MSB/
LSB

X-Sequencer 
Clock

Row Blanking 
Time[2]

00 4 x SYS_CLOCK 3.5 µs

01 8 x SYS_CLOCK 7 µs

10 16 x SYS_CLOCK 14 µs

11 32 x SYS_CLOCK 28 µs

Note
2. Using a SYS_CLOCK of 40 MHz (25 ns period).
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5. Pixel reset knee-point for multiple slope operation (bits 8, 9, 
and 10).
In normal (single slope) mode the pixel reset is controlled from
the left side of the image core using the voltage applied on pin
VDDR_LEFT as pixel reset voltage.
In multiple slope operation, apply one or more variable pixel
reset voltages.
Bits KNEE_POINT_MSB and KNEE_POINT_LSB select the
on chip-generated pixel reset voltage.
Bit KNEE_POINT_ENABLE set to ’1’ switches control to the
right side of the image core so the pixel reset voltage
(VDDR_RIGHT), selected by bits KNEE_POINT_MSB/LSB,
is used.
Use bit KNEE_POINT_ENABLE only for multiple slope oper-
ation in synchronous shutter mode. In rolling shutter mode,
use only the bits KNEE_POINT_MSB/LSB to select the sec-
ond knee-point in dual slope operation. The actual knee-point
depends on VDDH, VDDR_LEFT and VDDC applied to the
sensor.

6. External Pixel Reset Voltage for Multiple Slope (bit 11)
Setting bit VDDR_RIGHT_EXT to ’1’ disables the circuit that
generates the variable pixel reset voltage and uses the volt-
age externally applied to pin VDDR_RIGHT as the dou-
ble/multiple slope reset voltage.
Setting bit VDDR_RIGHT_EXT to ’0’ allows you to monitor the
variable pixel reset voltage (used for multiple slope operation)
on pin VDDR_RIGHT.

NROF_PIXELS Register (11:0)
After the internal x_sync is generated (start of the pixel readout
of a particular row), the PIXEL_VALID signal goes high. The
PIXEL_VALID signal goes low when the pixel counter reaches
the value loaded in the NROF_PIXEL register. Due to the fact
that two pixels are read at the same clock cycle, you must divide
this number by 2 (NROF_PIXELS = (width of ROI / 2) – 1).

ROF_LINES Register (11:0)
After the internal yl_sync is generated (start of the frame readout
with Y_START), the line counter increases with each Y_CLOCK
pulse until it reaches the value loaded in the NROF_LINES
register and generates a LAST_LINE pulse. 

INT_TIME Register (11:0)
Use the INT_TIME register to set the integration time of the
electronic shutter. The interpretation of the INT_TIME depends
on the chosen shutter type (rolling or synchronous). 
1. Synchronous shutter.

After the SS_START pulse is applied an internal counter
counts the number of SS granulated clock cycles until it
reaches the value loaded in the INT_TIME register and gen-
erates a TIME_OUT pulse. Use this TIME_OUT pulse to gen-
erate the SS_STOP pulse to stop the integration. When the
INT_TIME register is used, the maximum integration time is:
TINT_MAX = 212 * 256 (maximum granularity) * (40 MHZ) – 1
= 26.2 ms.
You can increase this maximum time if you use an external
counter to trigger SS_STOP. Ten is the minimal value that you
can load into the INT_TIME register (see also “Internal clock
granularities (bits 4, 5, 6 and 7).” on page 13).

2. Rolling shutter.
When the Y_START pulse is applied (start of the frame read-
out), the sequencer generates the yl_sync pulse for the left
Y-shift register (read out Y-shift register). This loads the left
Y-shift register with the pointer loaded in YL_REG register. At
each Y_CLOCK pulse, the pointer shifts to the next row and
the integration time counter increases until it reaches the val-
ue loaded in the INT_TIME register. At that moment, the se-
quencer generates the yr_sync pulse for the right Y-shift reg-
ister; it loads the right Y-shift register (reset Y-shift register)
with the pointer loaded in YR_REG register (see Figure 15).
The integration time counter is reset when the sync for the left
Y-shift register is asserted. Both shift registers keep moving
until the next sync is asserted (it generates the Y_START for
the left Y-shift register and the sync for the right Y-shift register
when the integration time counter reaches the INT_TIME val-
ue).
Treg_int Difference between the left and right pointer = value
set in the INT_TIME register (number of lines).
The actual integration time is given by:
Tint Integration time [# lines] = NROF_LINES register
– INT_TIME register.

Table 13. Multiple Slope Register Settings

KNEE_POINT Pixel Reset Voltage 
(V)VDDR_RIGHT

Knee-point 
(V)MSB/LSB ENABLE

00 0 or 1 VDDR_LEFT 0
01 1 VDDR_LEFT – 0.76 + 0.76
10 1 VDDR_LEFT – 1.52 + 1.52
11 1 VDDR_LEFT – 2.28 + 2.28

 Sync of left 
 shift-register 

Sync of right 
 shift-register 

Line n  Treg_int

Last line, followed by 
sync of left shift-register 

TintSync

Figure 15. Synchronization of the Shift Registers in Rolling Shutter Mode
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X_REG Register (10:0)
The X_REG register determines the start position of the window
in the X-direction. In this direction, there are 640 possible starting
positions (two pixels are addressed at the same time in one clock
cycle). If sub sampling is enabled, only the even pixels are set
as starting position (for instance: 0, 2, 4, 6, 8… 638).

YL_REG (10:0) and YR_REG (10:0)
The YL_REG and YR_REG registers determine the start position
of the window in the Y-direction. In this direction, there are 1024
possible starting positions. In rolling shutter mode the YL_REG
register sets the start position of the read (left) pointer and the
YR_REG sets the start position of the reset (right) pointer. For
both shutter types YL_REG is always equal to YR_REG.

Image Core Register (7:0)
Bits 1:0 of the IMAGE_CORE register define the test mode of the
image core. Setting 00 is the default and normal operation mode.
In case the bit is set to ‘1’, the odd (bit 1) or even (bit 0) columns
are tight to the reset level. If the internal ADC is used, bits 0 and
1 are used to create test pattern to test the sample moment of
the ADC. If the ADC sample moment is not chosen correctly, the
created test pattern is not black-white-black-etc. (IMAGE_CORE
register set at 1 or 2) or black-black-white-white-black-black
(IMAGE_CORE register set at 9) but grey shadings if the sensor
is saturated. 
Bits 7:2 of the IMAGE_CORE register define the sub-sampling
mode in the X-direction (bits 4:2) and in the Y-direction (bits 7:5).
The sub-sampling modes and corresponding bit setting are
given in Table 6 on page 6 and Table 7 on page 6.

Amplifier Register (6:0)
1. GAIN (bits 3:0)

The gain bits determine the gain setting of the output amplifi-
er. They are only effective if UNITY = 0. The gains and corre-
sponding bit setting are given in Table 8 on page 7.

2. UNITY (bit 4)
In case UNITY = 1, the gain setting of GAIN is bypassed and
the gain amplifier is put in unity feedback.

3. DUAL_OUT (bit 5)
If DUAL_OUT = 1, the two output amplifiers are active. If
DUAL_OUT = 0, the signals from the two buses are multi-
plexed to output PXL_OUT1 which connects to ADC_IN. The
gain amplifier and output driver of the second path are put in
standby.

4. STANDBY
If STANDBY = 0, the complete output amplifier is put in stand-
by. For normal use, set STANDBY to ‘1’.

DAC_RAW Register (6:0) and DAC_FINE (6:0) Register
These registers determine the black reference level at the output
of the output amplifier. Bit setting 1111111 for the DAC_RAW
register gives the highest offset voltage. Bit setting 0000000 for
the DAC_RAW register gives the lowest offset voltage. Ideally, if
the two output paths have no offset mismatch, the DAC_FINE
register is set to 1000000. Deviation from this value is used to
compensate the internal mismatch (see “Output Amplifier” on
page 7).

ADC Register (2:0)
1. TRISTATE_OUT (bit 0)

In case TRISTATE = 0, the ADC_D<9:0> outputs are in
tri-state mode. TRISTATE = 1 for normal operation mode.

2. GAMMA (bit 1)
If GAMMA is set to ‘1’, the ADC input to output conversion is
linear; otherwise the conversion follows a 'gamma' law (more
contrast in dark parts of the window, lower contrast in the
bright parts). 

3. BIT_INV (bit 2)
If BIT_INV = 1, 0000000000 is the conversion of the lowest
possible input voltage, otherwise the bits are inverted.

Data Interfaces
Two different data interfaces are implemented. They are
selected using pins IF_MODE (pin 12) and SER_MODE (pin 6).

Parallel Interface
The parallel interface uses a 16-bit parallel input (P_DATA
(15:0)) to upload new register values. Asserting P_WRITE loads
the parallel data into the internal register of the IBIS5-B-1300
where it is decoded. (See Figure 16. P_DATA (15:12) address
bits REG_ADDR (3:0); P_DATA (11:0) data bits REG_DATA
(11:0)). 

Table 14. Serial and Parallel Interface Selection

IF_MODE SER_MODE Selected interface
1 X Parallel
0 1 Serial 3 Wire
0 0 Serial 2 Wire.

Figure 16. Parallel Interface Timing
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Serial 3-Wire Interface
The serial 3-wire interface (or serial-to-parallel Interface) uses a
serial input to shift the data in the register buffer. When the
complete data word is shifted into the register buffer the data
word is loaded into the internal register where it is decoded. (See
Figure 17. S_DATA (15:12) address bits   REG_ADDR (3:0);
S_DATA (11:0) data bits REG_DATA (11:0). When S_EN is
asserted the parallel data is loaded into the internal registers of
the IBIS5-A-1300. The maximum tested frequency of S_DATA is
2.5 MHz.)

Serial 2-Wire Interface
The serial 2-wire interface is a unidirectional interface (you can
only write register values to the sensor; you cannot read anything
out). Therefore, the R/W_N bit (bit 8) is ignored internally. An
acknowledge pulse is asserted each time a data word is received
successfully. The maximum tested frequency of S_DATA is 2.5
MHz. (See Figure 18. S_DATA (15:12)      address bits
REG_ADDR (3:0); S_DATA (11:0) data bits              REG_DATA
(11:0)).

Figure 17. Serial 3-Wire Interface Timing

 S_CLK

S_DATA
Start

1-7 8 9 1-7 8 9 1-7 8 9 

Stop SI2 
address 

R/ 
W_N 

Ack Data(15:8) Ack Data(7:0) Ack 

REG_LOAD (internal) 

Figure 18. Serial 2-Wire Interface Timing
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Timing Diagrams
Timing Requirements
There are six control signals that operate the image sensor:
• SS_START
• SS_STOP
• Y_CLOCK
• Y_START
• X_LOAD
• SYS_CLOCK

The external system generates these control signals with
following time constraints to SYS_CLOCK (rising edge = active
edge):
TSETUP >7.5 ns
THOLD > 7.5 ns
It is important that these signals are free of any glitches.
Figure 19 shows a recommended schematic for generating the
basic signals and to avoid any timing problems. 

Synchronous Shutter: Single Slope Integration
SS_START and SS_STOP must change on the falling edge of
the SYS_CLOCK (Tsetup and Thold > 7.5 ns). Make certain that
the pulse width of both signals is a minimum of 1 SYS_CLOCK
cycle. As long as SS_START or SS_STOP are asserted, the
sequencer stays in a suspended state. (See Figure 21.)
T1—Time counted by the integration timer until the value of
INT_TIME register is reached. The integration timer is clocked
by the granulated SS-sequencer clock.
T2—TIME_OUT signal stays high for one granulated
SS-sequencer clock period.
T3—There are no constraints for this time. Use the TIME_OUT
signal to trigger the SS_STOP pin (or use an external counter to
trigger SS_STOP); you cannot tie both signals together. 
T4—During this time, the SS-sequencer applies the control
signals to reset the image core and start integration. This takes
four granulated SS-sequencer clock periods. The integration
time counter starts counting at the first rising edge after the falling
edge of SS_START.   
T5—The SS-sequencer puts the image core in a readable state.
It takes two granulated SS-sequencer clock periods.
Tint—The ’real’ integration or exposure time. 

 

FF 

SYS_CLOCK_N 

SYS_CLOCK 

SS_START 
SS_STOP 
Y_CLOCK 
Y_START 
X_LOAD 

Figure 19. Recommended Schematic for Generating 
Basic Signals

Figure 20. Relative Timing of the 5 Sequencer Control Signal

Figure 21. Synchronous Shutter: Single Slope Integration
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Synchronous Shutter: Pixel Readout 

Basic Operation
Y_START and Y_CLOCK must change on the falling edge of the
SYS_CLOCK (Tsetup and Thold > 7.5 ns). Make certain that the
pulse width is a minimum of one clock cycle for Y_CLOCK and
three clock cycles for Y_START. As long as Y_CLOCK is applied,
the sequencer stays in a suspended state. (See Figure 22.)
T1—Row blanking time: During this period, the X-sequencer
generates the control signals to sample the pixel signal and pixel
reset levels (double sampling fpn-correction), and starts the
readout of one line. The row blanking time depends on the granu-
larity of the X-sequencer clock (see Table 15). 

T2—Pixels counted by pixel counter until the value of
NROF_PIXELS register is reached. PIXEL_VALID goes high
when the internal X_SYNC signal is generated, in other words
when the readout of the pixels is started. PIXEL_VALID goes low
when the pixel counter reaches the value loaded in the
NROF_PIXELS register (after a complete row read out). 
T3—LAST_LINE goes high when the line counter reaches the
value loaded in the NROF_LINES register and stays high for one
line period (until the next falling edge of Y-CLOCK).
On Y_START the left Y-shift-register of the image core is loaded
with the YL-pointer that is loaded in to register YL_REG.

Pixel Output
The pixel signal at the PXL_OUT1 output becomes valid after
five SYS_CLOCK cycles when the internal X_SYNC (= start of
PIXEL_VALID output or external X_LOAD pulse) pulse is
asserted. (See Figure 23.)
T1—Row blanking time (see Table 15).
T2—5 SYS_CLOCK cycles.
T3—Time for new X-pointer position upload in X_REG register
(see “Windowing in X-direction” on page 20 for more details).

Table 15. Row Blanking Time as Function of X-Sequencer 
Granularity

Granularity
NGRAN

T1(µs)
= 35 x NGRAN x TSYS_CLOCK

GRAN_X_SEQ
MSB/LSB

x 4 140 x TSYS_CLOCK = 3.5 00
x 8 280 x TSYS_CLOCK = 7.0 01

x 16 560 x TSYS_CLOCK = 14.0 10
x 32 1120 x TSYS_CLOCK = 28.0 11

Figure 22. Synchronous Shutter: Pixel Read Out 

Figure 23. Pixel Output
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Synchronous Shutter: Multiple Slope Integration

Use up to four different pixel reset voltages during multiple slope
operation in synchronous shutter mode. This is done by
uploading new values to register bits
KNEEPOINT_MSB/LSB/ENABLE before a new SS_START
pulse is applied.
Set bit KNEEPOINT_ENABLE high to do a pixel reset with a
lower voltage.
Set bits KNEEPOINT_MSB/LSB/ENABLE back to ‘0’ before the
SS_STOP pulse is applied. Every time an SS_START pulse is
applied, the integration time counter is reset.

Upload the register after time Tstable, otherwise, the change
affects the SS-sequencer resulting in a bad pixel reset. Tstable
depends on the granularity of the SS-sequencer clock (see
Table 17). 

Tupload depends on the interface mode used to upload the
registers.

Figure 24. Multiple Slope Integration

Table 16. Multiple Slope Register Settings

Kneepoint
MSB/LSB Enable

Initial Setup 00 0
1st Register Upload 01 1
2nd Register Upload 10 1
3th Register Upload 11 1
4th Register Upload 00 0

Table 17. Tstable for Different Granularity Settings

Granularity
NGRAN

Tstable (µs) 
= 5 x NGRAN x TSYS_CLOCK

GRAN_SS_SEQ
MSB/LSB

x 32 160 x TSYS_CLOCK = 4 00
x 64 320 x TSYS_CLOCK = 8 01
x 128 640 x TSYS_CLOCK = 16 10
x 256 1280 x TSYS_CLOCK = 32 11

Table 18. Tupload for Different Interface Modes

Interface Mode Tupload (µs)
Parallel 1
Serial 3-wire 8
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Rolling Shutter Operation

The integration of the light in the image sensor is done during
readout of the other lines.
The only difference with synchronous shutter is that the
TIME_OUT pin is used to indicate when the Y_SYNC pulse for
the right Y-shift-register (reset Y-shift register) is generated. This
loads the right Y-shift-register with the pointer loaded in register
YR_REG. The Y_SYNC pulse for the left Y-shift register (read
Y-shift register) is generated with Y_START.
The INT_TIME register defines how many lines to count before
the Y_SYNC of the right Y-shift-register is generated, hence
defining the integration time. See also “INT_TIME Register
(11:0)” on page 14 for a detailed description of the rolling shutter
operation.
Tint Integration time [# lines] = register(NROF_LINES) –
register(INT_TIME)
Note For normal operation the values of the YL_REG and
YR_REG registers are equal. 

Windowing in X-direction
An X_LOAD pulse overrides the internal X_SYNC signal, loading
a new X-pointer (stored in the X_REG register) into the
X-shift-register.
The X_LOAD pulse has to appear on the falling edge of
SYS_CLOCK and has to remain high for two SYS_CLOCK
cycles overlapping two rising edges of SYS_CLOCK. The new
X-pointer is loaded on one of the two rising edges of
SYS_CLOCK.
The available time to upload the register is Tload; it is defined
from the previous register load to the rising edge of X_LOAD. It
depends on the settling time of the register and the X-decoder. 
The actual time to load the register itself depends on the
interface mode that is used.
The parallel interface is the fastest.

Figure 25. Rolling Shutter Operation

Table 19. Tload for Different Interfaces

Interface Mode Tload (µs)
Parallel interface 1 (about 40 SYS_CLOCK cycles)
Serial 3 Wire 16 (at 2.5 MHz data rate)

Figure 26. Windowing in the X-Direction
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Windowing in Y-direction

Reapply the Y_START pulse after loading a new Y-pointer value
into the YL_REG and YR_REG registers to load a new Y-pointer
into the Y-shift-register.
Every time a Y_START pulse appears, a frame calibration of the
output amplifier occurs. 

Initialization (Start-Up Behavior)
To avoid any high current consumption at start-up, apply the
SYS_CLOCK signal as soon as possible after or even before
power on of the image sensor. 

After power on of the image sensor, apply SYS_RESET for a
minimum of five SYS_CLOCK periods to ensure a proper reset
of the on-chip sequencer and timing circuitry. All internal
registers are set to ‘0’ after SYS_RESET is applied. 
Since all the IBIS5-B-1300 control signals are active high, apply
a low level (before SYS_RESET occurs) to these pins at start up
to avoid latch up.

Figure 27. Windowing in the Y-Direction
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EZ-USB FX2LP™ USB Microcontroller
 High-Speed USB Peripheral Controller

Cypress Semiconductor Corporation • 198 Champion Court • San Jose, CA 95134-1709 • 408-943-2600
Document #: 38-08032 Rev. *L  Revised February 8, 2008

1.  Features (CY7C68013A/14A/15A/16A)
■ USB 2.0 USB IF high-speed certified (TID # 40460272)

■ Single chip integrated USB 2.0 transceiver, smart SIE, and 
enhanced 8051 microprocessor

■ Fit, form and function compatible with the FX2
❐ Pin compatible
❐ Object-code-compatible
❐ Functionally compatible (FX2LP is a superset)

■ Ultra Low power: ICC no more than 85 mA in any mode
❐ Ideal for bus and battery powered applications

■ Software: 8051 code runs from:
❐ Internal RAM, which is downloaded via USB
❐ Internal RAM, which is loaded from EEPROM
❐ External memory device (128 pin package)

■ 16 KBytes of on-chip Code/Data RAM

■ Four programmable BULK/INTERRUPT/ISOCHRONOUS 
endpoints
❐ Buffering options: double, triple, and quad

■ Additional programmable (BULK/INTERRUPT) 64 byte 
endpoint

■ 8-bit or 16-bit external data interface

■ Smart Media Standard ECC generation

■ GPIF (General Programmable Interface)
❐ Enables direct connection to most parallel interfaces
❐ Programmable waveform descriptors and configuration reg-

isters to define waveforms
❐ Supports multiple Ready (RDY) inputs and Control (CTL) out-

puts

■ Integrated, industry standard enhanced 8051
❐ 48 MHz, 24 MHz, or 12 MHz CPU operation
❐ Four clocks per instruction cycle
❐ Two USARTS
❐ Three counter/timers
❐ Expanded interrupt system
❐ Two data pointers

■ 3.3V operation with 5V tolerant inputs

■ Vectored USB interrupts and GPIF/FIFO interrupts

■ Separate data buffers for the Setup and Data portions of a 
CONTROL transfer

■ Integrated I2C controller, runs at 100 or 400 kHz

■ Four integrated FIFOs
❐ Integrated glue logic and FIFOs lower system cost
❐ Automatic conversion to and from 16-bit buses
❐ Master or slave operation
❐ Uses external clock or asynchronous strobes
❐ Easy interface to ASIC and DSP ICs

■ Available in Commercial and Industrial temperature grade (all 
packages except VFBGA)

[+] Feedback [+] Feedback 



CY7C68013A, CY7C68014A
CY7C68015A, CY7C68016A

Document #: 38-08032 Rev. *L Page 2 of 62

 

1.1  Features (CY7C68013A/14A only)
■ CY7C68014A: Ideal for battery powered applications

❐ Suspend current: 100 μA (typ)

■ CY7C68013A: Ideal for non-battery powered applications
❐ Suspend current: 300 μA (typ)

■ Available in five lead-free packages with up to 40 GPIOs
❐ 128-pin TQFP (40 GPIOs), 100-pin TQFP (40 GPIOs), 56-pin 

QFN (24 GPIOs), 56-pin SSOP (24 GPIOs), and 56-pin VF-
BGA (24 GPIOs)

1.2  Features (CY7C68015A/16A only)
■ CY7C68016A: Ideal for battery powered applications

❐ Suspend current: 100 μA (typ)

■ CY7C68015A: Ideal for non-battery powered applications
❐ Suspend current: 300 μA (typ)

■ Available in lead-free 56-pin QFN package (26 GPIOs)
❐ 2 more GPIOs than CY7C68013A/14A enabling additional 

features in same footprint 
Cypress Semiconductor Corporation’s (Cypress’s) EZ-USB
FX2LP™ (CY7C68013A/14A) is a low power version of the
EZ-USB FX2™ (CY7C68013), which is a highly integrated, low
power USB 2.0 microcontroller. By integrating the USB 2.0 trans-
ceiver, serial interface engine (SIE), enhanced 8051 microcon-
troller, and a programmable peripheral interface in a single chip,

Cypress has created a cost effective solution that provides
superior time-to-market advantages with low power to enable
bus powered applications. 
The ingenious architecture of FX2LP results in data transfer
rates of over 53 Mbytes per second, the maximum allowable
USB 2.0 bandwidth, while still using a low cost 8051 microcon-
troller in a package as small as a 56 VFBGA (5mm x 5mm).
Because it incorporates the USB 2.0 transceiver, the FX2LP is
more economical, providing a smaller footprint solution than
USB 2.0 SIE or external transceiver implementations. With
EZ-USB FX2LP, the Cypress Smart SIE handles most of the
USB 1.1 and 2.0 protocol in hardware, freeing the embedded
microcontroller for application specific functions and decreasing
development time to ensure USB compatibility. 
The General Programmable Interface (GPIF) and Master/Slave
Endpoint FIFO (8-bit or 16-bit data bus) provides an easy and
glueless interface to popular interfaces such as ATA, UTOPIA,
EPP, PCMCIA, and most DSP/processors. 
The FX2LP draws less current than the FX2 (CY7C68013), has
double the on-chip code/data RAM, and is fit, form and function
compatible with the 56, 100, and 128 pin FX2.
Five packages are defined for the family: 56VFBGA, 56 SSOP,
56 QFN, 100 TQFP, and 128 TQFP. 
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2.  Applications
■ Portable video recorder

■ MPEG/TV conversion

■ DSL modems

■ ATA interface

■ Memory card readers

■ Legacy conversion devices

■ Cameras

■ Scanners

■ Home PNA

■ Wireless LAN

■ MP3 players

■ Networking
The “Reference Designs” section of the Cypress web site
provides additional tools for typical USB 2.0 applications. Each
reference design comes complete with firmware source and
object code, schematics, and documentation. Visit the Cypress
web site for more information.

3.  Functional Overview
3.1  USB Signaling Speed
FX2LP operates at two of the three rates defined in the USB
Specification Revision 2.0, dated April 27, 2000:

■ Full-speed, with a signaling bit rate of 12 Mbps

■ High-speed, with a signaling bit rate of 480 Mbps.
FX2LP does not support the low speed signaling mode of
1.5 Mbps.

3.2  8051 Microprocessor
The 8051 microprocessor embedded in the FX2LP family has
256 bytes of register RAM, an expanded interrupt system, three
timer/counters, and two USARTs.

3.2.1  8051 Clock Frequency
FX2LP has an on-chip oscillator circuit that uses an external 24
MHz (±100 ppm) crystal with the following characteristics:

■ Parallel resonant

■ Fundamental mode

■ 500-μW drive level

■ 12-pF (5% tolerance) load capacitors
An on-chip PLL multiplies the 24 MHz oscillator up to 480 MHz,
as required by the transceiver/PHY and internal counters divide
it down for use as the 8051 clock. The default 8051 clock

frequency is 12 MHz. The clock frequency of the 8051 can be
changed by the 8051 through the CPUCS register, dynamically.

The CLKOUT pin, which can be three-stated and inverted using
internal control bits, outputs the 50% duty cycle 8051 clock, at
the selected 8051 clock frequency: 48 MHz, 24 MHz, or 12 MHz.

3.2.2  USARTS
FX2LP contains two standard 8051 USARTs, addressed via
Special Function Register (SFR) bits. The USART interface pins
are available on separate IO pins, and are not multiplexed with
port pins. 
UART0 and UART1 can operate using an internal clock at
230 KBaud with no more than 1% baud rate error. 230 KBaud
operation is achieved by an internally derived clock source that
generates overflow pulses at the appropriate time. The internal
clock adjusts for the 8051 clock rate (48 MHz, 24 MHz, and 12
MHz) such that it always presents the correct frequency for 230
KBaud operation.[1]

3.2.3  Special Function Registers
Certain 8051 SFR addresses are populated to provide fast
access to critical FX2LP functions. These SFR additions are
shown in Table 1 on page 4. Bold type indicates non standard,
enhanced 8051 registers. The two SFR rows that end with “0”
and “8” contain bit addressable registers. The four IO ports A to
D use the SFR addresses used in the standard 8051 for ports 0
to 3, which are not implemented in FX2LP. Because of the faster
and more efficient SFR addressing, the FX2LP IO ports are not
addressable in external RAM space (using the MOVX
instruction).

3.3  I2C Bus
FX2LP supports the I2C bus as a master only at 100-/400- KHz.
SCL and SDA pins have open-drain outputs and hysteresis
inputs. These signals must be pulled up to 3.3V, even if no I2C
device is connected.

3.4  Buses
All packages, 8-bit or 16-bit “FIFO” bidirectional data bus, multi-
plexed on IO ports B and D. 128-pin package: adds 16-bit
output-only 8051 address bus, 8-bit bidirectional data bus.

Figure 1.  Crystal Configuration

12 pf12 pf

24 MHz

20 × PLL

C1 C2

12-pF capacitor values assumes a trace capacitance
of 3 pF per side on a four-layer FR4 PCA

Note
1. 115 KBaud operation is also possible by programming the 8051 SMOD0 or SMOD1 bits to a “1” for UART0, UART1, or both respectively.
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3.5  USB Boot Methods
During the power up sequence, internal logic checks the I2C port
for the connection of an EEPROM whose first byte is either 0xC0
or 0xC2. If found, it uses the VID/PID/DID values in the EEPROM
in place of the internally stored values (0xC0), or it boot-loads the
EEPROM contents into internal RAM (0xC2). If no EEPROM is
detected, FX2LP enumerates using internally stored descriptors.
The default ID values for FX2LP are VID/PID/DID (0x04B4,
0x8613, 0xAxxx where xxx = Chip revision).[2]

3.6  ReNumeration™
Because the FX2LP’s configuration is soft, one chip can take on
the identities of multiple distinct USB devices.
When first plugged into USB, the FX2LP enumerates automati-
cally and downloads firmware and USB descriptor tables over
the USB cable. Next, the FX2LP enumerates again, this time as
a device defined by the downloaded information. This patented
two step process called ReNumeration™ happens instantly when
the device is plugged in, without a hint that the initial download
step has occurred.

Two control bits in the USBCS (USB Control and Status) register,
control the ReNumeration process: DISCON and RENUM. To
simulate a USB disconnect, the firmware sets DISCON to 1. To
reconnect, the firmware clears DISCON to 0.
Before reconnecting, the firmware sets or clears the RENUM bit
to indicate whether the firmware or the Default USB Device
handles device requests over endpoint zero: if RENUM = 0, the
Default USB Device handles device requests; if RENUM = 1, the
firmware services the requests.

3.7  Bus-powered Applications
The FX2LP fully supports bus powered designs by enumerating
with less than 100 mA as required by the USB 2.0 specification.

3.8  Interrupt System

3.8.1  INT2 Interrupt Request and Enable Registers
FX2LP implements an autovector feature for INT2 and INT4.
There are 27 INT2 (USB) vectors, and 14 INT4 (FIFO/GPIF)
vectors. See EZ-USB Technical Reference Manual (TRM) for
more details.

3.8.2  USB Interrupt Autovectors
The main USB interrupt is shared by 27 interrupt sources. To
save the code and processing time that is required to identify the
individual USB interrupt source, the FX2LP provides a second
level of interrupt vectoring, called Autovectoring. When a USB
interrupt is asserted, the FX2LP pushes the program counter
onto its stack then jumps to the address 0x0043 where it expects
to find a “jump” instruction to the USB Interrupt service routine. 

Table 1.  Special Function Registers
x 8x 9x Ax Bx Cx Dx Ex Fx
0 IOA IOB IOC IOD SCON1 PSW ACC B
1 SP EXIF INT2CLR IOE SBUF1
2 DPL0 MPAGE INT4CLR OEA
3 DPH0 OEB
4 DPL1 OEC
5 DPH1 OED
6 DPS OEE
7 PCON
8 TCON SCON0 IE IP T2CON EICON EIE EIP
9 TMOD SBUF0
A TL0 AUTOPTRH1 EP2468STAT EP01STAT RCAP2L
B TL1 AUTOPTRL1 EP24FIFOFLGS GPIFTRIG RCAP2H
C TH0 reserved EP68FIFOFLGS TL2
D TH1 AUTOPTRH2 GPIFSGLDATH TH2
E CKCON AUTOPTRL2 GPIFSGLDATLX
F reserved AUTOPTRSET-UP GPIFSGLDATLNOX

Table 2.  Default ID Values for FX2LP
Default VID/PID/DID

Vendor ID 0x04B4 Cypress Semiconductor
Product ID 0x8613 EZ-USB FX2LP
Device release 0xAnnn Depends on chip revision 

(nnn = chip revision where first 
silicon = 001)

Note
2. The I2C bus SCL and SDA pins must be pulled up, even if an EEPROM is not connected. Otherwise this detection method does not work properly.
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3.12  Endpoint RAM

3.12.1  Size

■ 3× 64 bytes (Endpoints 0 and 1)

■ 8 × 512 bytes (Endpoints 2, 4, 6, 8)

3.12.2  Organization

■ EP0

■ Bidirectional endpoint zero, 64 byte buffer

■ EP1IN, EP1OUT 

■ 64 byte buffers, bulk or interrupt

■ EP2, 4, 6, 8 

■ Eight 512 byte buffers, bulk, interrupt, or isochronous. EP4 and 
EP8 can be double buffered; EP2 and 6 can be either double, 
triple, or quad buffered. For high-speed endpoint configuration 
options, see Figure 5.

3.12.3  Setup Data Buffer
A separate 8 byte buffer at 0xE6B8-0xE6BF holds the setup data
from a CONTROL transfer.

3.12.4  Endpoint Configurations (High -speed Mode)
Endpoints 0 and 1 are the same for every configuration. Endpoint
0 is the only CONTROL endpoint, and endpoint 1 can be either
BULK or INTERRUPT. 
The endpoint buffers can be configured in any 1 of the 12 config-
urations shown in the vertical columns. When operating in the
full-speed BULK mode only the first 64 bytes of each buffer are
used. For example, in high-speed, the max packet size is 512
bytes but in full-speed it is 64 bytes. Even though a buffer is
configured to a 512 byte buffer, in full-speed only the first 64
bytes are used. The unused endpoint buffer space is not
available for other operations. An example endpoint configu-
ration is the EP2–1024 double buffered; EP6–512 quad buffered
(column 8).

Figure 5.  Endpoint Configuration
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3.12.5  Default Full-Speed Alternate Settings 

3.12.6  Default High-Speed Alternate Settings

3.13  External FIFO Interface

3.13.1  Architecture
The FX2LP slave FIFO architecture has eight 512 byte blocks in
the endpoint RAM that directly serve as FIFO memories and are
controlled by FIFO control signals (such as IFCLK, SLCS#,
SLRD, SLWR, SLOE, PKTEND, and flags). 
In operation, some of the eight RAM blocks fill or empty from the
SIE, while the others are connected to the IO transfer logic. The
transfer logic takes two forms, the GPIF for internally generated
control signals and the slave FIFO interface for externally
controlled transfers. 

3.13.2  Master/Slave Control Signals
The FX2LP endpoint FIFOS are implemented as eight physically
distinct 256x16 RAM blocks. The 8051/SIE can switch any of the
RAM blocks between two domains, the USB (SIE) domain and
the 8051-IO Unit domain. This switching is done virtually instan-
taneously, giving essentially zero transfer time between “USB
FIFOS” and “Slave FIFOS.” Because they are physically the
same memory no bytes are actually transferred between buffers.
At any given time, some RAM blocks are filling/emptying with
USB data under SIE control, while other RAM blocks are
available to the 8051, the IO control unit or both. The RAM blocks
operate as single port in the USB domain, and dual port in the

8051-IO domain. The blocks can be configured as single,
double, triple, or quad buffered as previously shown.
The IO control unit implements either an internal master (M for
master) or external master (S for Slave) interface.
In Master (M) mode, the GPIF internally controls FIFOADR[1..0]
to select a FIFO. The RDY pins (two in the 56-pin package, six
in the 100-pin and 128-pin packages) can be used as flag inputs
from an external FIFO or other logic if desired. The GPIF can be
run from either an internally derived clock or externally supplied
clock (IFCLK), at a rate that transfers data up to 96 Megabytes/s
(48-MHz IFCLK with 16-bit interface).
In Slave (S) mode, the FX2LP accepts either an internally
derived clock or externally supplied clock (IFCLK, max frequency
48 MHz) and SLCS#, SLRD, SLWR, SLOE, PKTEND signals
from external logic. When using an external IFCLK, the external
clock must be present before switching to the external clock with
the IFCLKSRC bit. Each endpoint can individually be selected
for byte or word operation by an internal configuration bit and a
Slave FIFO Output Enable signal SLOE enables data of the
selected width. External logic must ensure that the output enable
signal is inactive when writing data to a slave FIFO. The slave
interface can also operate asynchronously, where the SLRD and
SLWR signals act directly as strobes, rather than a clock qualifier
as in synchronous mode. The signals SLRD, SLWR, SLOE and
PKTEND are gated by the signal SLCS#.

Table 6.  Default Full-Speed Alternate Settings[4, 5]

Alternate Setting 0 1 2 3
ep0 64 64 64 64
ep1out 0 64 bulk 64 int 64 int
ep1in 0 64 bulk 64 int 64 int
ep2 0 64 bulk out (2×) 64 int out (2×) 64 iso out (2×)
ep4 0 64 bulk out (2×) 64 bulk out (2×) 64 bulk out (2×)
ep6 0 64 bulk in (2×) 64 int in (2×) 64 iso in (2×)
ep8 0 64 bulk in (2×) 64 bulk in (2×) 64 bulk in (2×)

Notes
4. “0” means “not implemented.”
5. “2×” means “double buffered.”
6. Even though these buffers are 64 bytes, they are reported as 512 for USB 2.0 compliance. The user must never transfer packets larger than 64 bytes to EP1.

Table 7.  Default High-Speed Alternate Settings[4, 5]

Alternate Setting 0 1 2 3
ep0 64 64 64 64
ep1out 0 512 bulk[6] 64 int 64 int
ep1in 0 512 bulk[6] 64 int 64 int
ep2 0 512 bulk out (2×) 512 int out (2×) 512 iso out (2×)
ep4 0 512 bulk out (2×) 512 bulk out (2×) 512 bulk out (2×)
ep6 0 512 bulk in (2×) 512 int in (2×) 512 iso in (2×)
ep8 0 512 bulk in (2×) 512 bulk in (2×) 512 bulk in (2×)
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3.13.3  GPIF and FIFO Clock Rates
An 8051 register bit selects one of two frequencies for the inter-
nally supplied interface clock: 30 MHz and 48 MHz. Alternatively,
an externally supplied clock of 5 MHz–48 MHz feeding the IFCLK
pin can be used as the interface clock. IFCLK can be configured
to function as an output clock when the GPIF and FIFOs are
internally clocked. An output enable bit in the IFCONFIG register
turns this clock output off, if desired. Another bit within the
IFCONFIG register inverts the IFCLK signal whether internally or
externally sourced. 

3.14  GPIF
The GPIF is a flexible 8-bit or 16-bit parallel interface driven by
a user programmable finite state machine. It enables the
CY7C68013A/15A to perform local bus mastering and can
implement a wide variety of protocols such as ATA interface,
printer parallel port, and Utopia.
The GPIF has six programmable control outputs (CTL), nine
address outputs (GPIFADRx), and six general-purpose ready
inputs (RDY). The data bus width can be 8 or 16 bits. Each GPIF
vector defines the state of the control outputs, and determines
what state a ready input (or multiple inputs) must be before
proceeding. The GPIF vector can be programmed to advance a
FIFO to the next data value, advance an address, etc. A
sequence of the GPIF vectors make up a single waveform that
is executed to perform the desired data move between the
FX2LP and the external device.

3.14.1  Six Control OUT Signals
The 100-pin and 128-pin packages bring out all six Control
Output pins (CTL0-CTL5). The 8051 programs the GPIF unit to
define the CTL waveforms. The 56-pin package brings out three
of these signals, CTL0–CTL2. CTLx waveform edges can be
programmed to make transitions as fast as once per clock (20.8
ns using a 48-MHz clock).

3.14.2  Six Ready IN Signals
The 100-pin and 128-pin packages bring out all six Ready inputs
(RDY0–RDY5). The 8051 programs the GPIF unit to test the
RDY pins for GPIF branching. The 56-pin package brings out two
of these signals, RDY0–1.

3.14.3  Nine GPIF Address OUT Signals
Nine GPIF address lines are available in the 100-pin and 128-pin
packages, GPIFADR[8..0]. The GPIF address lines enable
indexing through up to a 512 byte block of RAM. If more address
lines are needed IO port pins are used.

3.14.4  Long Transfer Mode
In the master mode, the 8051 appropriately sets GPIF trans-
action count registers (GPIFTCB3, GPIFTCB2, GPIFTCB1, or
GPIFTCB0) for unattended transfers of up to 232 transactions.
The GPIF automatically throttles data flow to prevent under or
overflow until the full number of requested transactions
complete. The GPIF decrements the value in these registers to
represent the current status of the transaction.

3.15  ECC Generation[7]

The EZ-USB can calculate ECCs (Error Correcting Codes) on
data that passes across its GPIF or Slave FIFO interfaces. There
are two ECC configurations: Two ECCs, each calculated over
256 bytes (SmartMedia Standard); and one ECC calculated over
512 bytes.
The ECC can correct any one-bit error or detect any two-bit error.

3.15.1  ECC Implementation
The two ECC configurations are selected by the ECCM bit:
ECCM = 0
Two 3 byte ECCs, each calculated over a 256 byte block of data.
This configuration conforms to the SmartMedia Standard.
Write any value to ECCRESET, then pass data across the GPIF
or Slave FIFO interface. The ECC for the first 256 bytes of data
is calculated and stored in ECC1. The ECC for the next 256 bytes
is stored in ECC2. After the second ECC is calculated, the values
in the ECCx registers do not change until ECCRESET is written
again, even if more data is subsequently passed across the
interface.
ECCM = 1
One 3 byte ECC calculated over a 512 byte block of data.
Write any value to ECCRESET then pass data across the GPIF
or Slave FIFO interface. The ECC for the first 512 bytes of data
is calculated and stored in ECC1; ECC2 is unused. After the
ECC is calculated, the values in ECC1 do not change even if
more data is subsequently passed across the interface, till
ECCRESET is written again.

3.16  USB Uploads and Downloads
The core has the ability to directly edit the data contents of the
internal 16 KByte RAM and of the internal 512 byte scratch pad
RAM via a vendor specific command. This capability is normally
used when soft downloading user code and is available only to
and from internal RAM, only when the 8051 is held in reset. The
available RAM spaces are 16 KBytes from 0x0000–0x3FFF
(code/data) and 512 bytes from 0xE000–0xE1FF (scratch pad
data RAM).[8]

3.17  Autopointer Access
FX2LP provides two identical autopointers. They are similar to
the internal 8051 data pointers but with an additional feature:
they can optionally increment after every memory access. This
capability is available to and from both internal and external
RAM. The autopointers are available in external FX2LP registers
under control of a mode bit (AUTOPTRSET-UP.0). Using the
external FX2LP autopointer access (at 0xE67B – 0xE67C)
enables the autopointer to access all internal and external RAM
to the part. 
Also, the autopointers can point to any FX2LP register or
endpoint buffer space. When autopointer access to external
memory is enabled, location 0xE67B and 0xE67C in XDATA and
code space cannot be used.

Notes
7. To use the ECC logic, the GPIF or Slave FIFO interface must be configured for byte-wide operation.
8. After the data has been downloaded from the host, a “loader” can execute from internal RAM to transfer downloaded data to external memory.
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3.18  I2C Controller
FX2LP has one I2C port that is driven by two internal controllers,
one that automatically operates at boot time to load VID/PID/DID
and configuration information, and another that the 8051 uses
when running to control external I2C devices. The I2C port
operates in master mode only.

3.18.1  I2C Port Pins
The I2C pins SCL and SDA must have external 2.2 kΩ pull up
resistors even if no EEPROM is connected to the FX2LP.
External EEPROM device address pins must be configured
properly. See Table 8 for configuring the device address pins.

3.18.2  I2C Interface Boot Load Access
At power on reset the I2C interface boot loader loads the
VID/PID/DID configuration bytes and up to 16 KBytes of
program/data. The available RAM spaces are 16 KBytes from
0x0000–0x3FFF and 512 bytes from 0xE000–0xE1FF. The 8051
is in reset. I2C interface boot loads only occur after power on
reset.

3.18.3  I2C Interface General-Purpose Access
The 8051 can control peripherals connected to the I2C bus using
the I2CTL and I2DAT registers. FX2LP provides I2C master
control only, it is never an I2C slave.

3.19  Compatible with Previous Generation 
EZ-USB FX2

The EZ-USB FX2LP is form, fit and with minor exceptions
functionally compatible with its predecessor, the EZ-USB FX2.
This makes for an easy transition for designers wanting to
upgrade their systems from the FX2 to the FX2LP. The pinout
and package selection are identical and a vast majority of
firmware previously developed for the FX2 functions in the
FX2LP.
For designers migrating from the FX2 to the FX2LP a change in
the bill of material and review of the memory allocation (due to
increased internal memory) is required. For more information
about migrating from EZ-USB FX2 to EZ-USB FX2LP, see the
application note titled Migrating from EZ-USB FX2 to EZ-USB
FX2LP available in the Cypress web site. 

Table 8.  Strap Boot EEPROM Address Lines to These Values

Bytes Example EEPROM A2 A1 A0
16 24LC00[9] N/A N/A N/A
128 24LC01 0 0 0
256 24LC02 0 0 0
4K 24LC32 0 0 1
8K 24LC64 0 0 1
16K 24LC128 0 0 1

Table 9.  Part Number Conversion Table

EZ-USB FX2 
Part Number

EZ-USB FX2LP 
Part Number Package Description

CY7C68013-56PVC CY7C68013A-56PVXC or CY7C68014A-56PVXC 56-pin SSOP 
CY7C68013-56PVCT CY7C68013A-56PVXCT or CY7C68014A-56PVXCT 56-pin SSOP – Tape and Reel
CY7C68013-56LFC CY7C68013A-56LFXC or CY7C68014A-56LFXC 56-pin QFN 
CY7C68013-100AC CY7C68013A-100AXC or CY7C68014A-100AXC 100-pin TQFP 
CY7C68013-128AC CY7C68013A-128AXC or CY7C68014A-128AXC 128-pin TQFP 

Note
9. This EEPROM does not have address pins.
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