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Summary

In 1992, a project was started at the Telecommunications Division to study the feasibility
of picoterminal satellite communication networks using spread-spectrum modulation. A
picoterminal is an extremely small VSAT (Very Small Aperture Terminal) with an antenna
diameter of up to several decimeters. To exploit the satellite communication system,
spread-spectrum multiple access (SSMA) is the most suitable multiple-access technique.
One of the objectives of this project is to come to a realization of a picoterminal.

As part of the picoterminal project, the hardware of a picoterminal modem was designed
based on two Texas Instruments TMS320C50 digital signal processors. The modem must
be able to improve the performance of the already existing modem based on one
TMS320C25 digital signal processor. This C25-modem has sufficient processing power to
operate as baseband transmitter with a chip rate of 64 kChip/s. However, due to the
limited processor performance, as an IF receiver it can process about 16 kChip/s.

The new signal processing board for the modem consists of two TMS320C50s. Each
processor has its own local memory consisting of program memory and data memory.
Global memory is used for communicating between the two processors. Transmitting and
receiving spread-spectrum signals is done using a digital-to-analog converter and an
analog-to-digital converter, respectively. Communication with the outside world is done
using a 16-bit parallel interface, two serial ports and a TDM-serial port especially
designed for communication with other TMS320C50s. Communication with the personal
computer is done using a PC-communications interface. Facilities for testing and
debugging of the TMS320C50s are provided.

Implementation of the modem was done by creating schematic diagrams using a design
program for electronic circuits. After verification of the schematic diagrams, component
placement was performed while taking EMC considerations in account. Finally, the routing
process was started to lay the signal lines on the printed circuit board efficiently. After
fabrication of the printed circuit board, components were soldered on the board. Thus, the
hardware for the implementation of a high-performance version of the picoterminal
modem was designed and realized.
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1 Introduction

1.1 The picoterminal project

When personal computers (PCs) were introduced, they were used primarily as stand-alone
workstations for such applications as word processing or spreadsheet analysis. Then the
market exploded with demands for distributed processing applications, which created the
need to interconnect PCs via telecommunications facilities such as local area networks and
via wide area networks. An example of such a wide area network is a network using Very
Small Aperture Terminals (VSATs). A VSAT is a satellite ground station with an antenna
diameter of approximately 1 to 2%2 meters. Due to its relative large diameter, a VSAT is
difficult to transport. Therefore, smaller VSATs are required which are portable, more
practical and user-friendly but have low bit rates. An extremely small VSAT is called a
picoterminal and has an antenna diameter of up to several decimeters. It can operate at
data rates of several tens to a few hundred bits per second. Possible applications of a
picoterminal satellite communication system are for example data-collection platforms and
alarm systems, consisting of a number of distant terminals and one hub-station, that
collects the data. Such a system is illustrated in Figure 1.1.

Satellite

Picoterminals Hub-station
Figure 1.1 A picoterminal satellite communication system [1].



From Figure 1.1 it can be seen that multiple terminals are communicating with each other
using a satellite and a hub-station. Therefore, the use of a multiple-access technique is
necessary. The most suitable multiple-access technique for a picoterminal communication
system operating at low data rates is code-division multiple access (CDMA), also called
spread-spectrum multiple access (SSMA). In this technique, the signal of each user is
modulated with a unique spreading signal. The resulting wideband signal from all users
may use the same channel at the same time.

At the Telecommunications Division, a project was started to study the feasibility of
picoterminal satellite communication networks using spread-spectrum modulation [2]. One
of the objectives of this project was to come to a realization of such a picoterminal. In
1993, Diederen[1] designed a picoterminal modem based on the TMS320C25 Digital
Signal Processor. Properties of this modem are listed in Section 1.4. This report describes
the design and hardware implementation of the improved picoterminal modem based on
two TMS320C50 Digital Signal Processors.

1.2 Spread Spectrum Communications

Before the design of the improved spread-spectrum modem is described, some information
about spread-spectrum communications is given in this section.

Spread spectrum refers to the modulation technique used with digital communication. A
communication system is a spread-spectrum system if the transmitted signal satisfies the
next two criteria:

1) The bandwidth of the transmitted signal is much larger than the message
bandwidth.

2) The transmission bandwidth is determined by some (spreading) function that is
independent of the message and is known to the receiver.

Spread spectrum has three major advantages. Firstly, spreading the transmitted signal
causes the bandwidth of the transmitted signal to increase and the spectral power density
of that transmitted signal to decrease. This decreased spectral power density makes it more
difficult to detect the signal, resulting in a low probability of detection. Secondly, a
spread-spectrum system has a high level of interference rejection. In military situations,
intentional jamming of enemy’s signals is made very difficult because the jammer is
unaware of the signal characteristics when this signal is generated with a spreading



function. In civil communications, interference from other users arises in multiple-access
communications in which a number of users share a common channel bandwidth. Signals
from different users may be distinguished from one another if every user impresses his
own spreading function on the transmitted signal. A receiver can recover the information
desired if it knows the corresponding transmitted spreading function. Finally, if a
spreading function used to spread the spectrum is only known to the transmitter and the
receiver, some kind of message privacy will be obtained. Using spread-spectrum
techniques, code division multiple access (CDMA) can be applied.

The simplest form of a spread-spectrum communication system is one that uses binary
phase-shift keying (BPSK) direct-sequence spread-spectrum (DSSS) modulation. With this
form of spread spectrum modulation, bandwidth is spreaded by direct modulation of a data
signal with a wideband spreading signal. The data signal is characterized by the bit period
T or by the bit rate 1/T. The wideband spreading signal is characterized by its period T,
mostly called chip period or by the chip rate I/T,. To spread or despread a signal, a so-
called pseudonoise (PN) code is used as the spreading function. A PN-code is generated
by a PN-code generator which can be realized as a binary shift register with feedback.
More information about spread-spectrum systems and PN-codes can be found in [2, 3].

1.3 Picoterminal implementation

Figure 1.2 illustrates the schematic diagram of the picoterminal transmitter. It consists of a
spread-spectrum modulator, which multiplies the data signal with the spreading code and a
BPSK modulator which modulates the spreaded data signal.

data
. input d :
»| Spread-spectrum BPSK modulator

modulator

A A

PN code : carrier
generator : generator

baseband picoterminal transmitter

Figure 1.2 The picoterminal transmitter [1].



BPSK spread-spectrum -~

demodulator ; demodulator _ il
: . data bits
Y A :
coherent de chi A
sampling code chip
frequency rate
control

Figure 1.3 The picoterminal receiver.

The schematic diagram of the picoterminal receiver is shown in Figure 1.3. The
picoterminal receiver consists of a BPSK demodulator, that is synchronized to the received
waveform by means of the control circuit. The BPSK-demodulated signal is despreaded by
the spread-spectrum demodulator through multiplication with the locally generated
spreading code. The local spreading code is synchronized to the received signal by means
of the control circuit. When synchronization is accomplished, the demodulated signal can
be decoded. More information about the implementation of the picoterminal modem can
be found in [1].

1.4 Properties of the existing modem

The hardware of the existing modem consists of [1, p. 31] :

* TMS320C25 Digital Signal Processor
* 50 MHz oscillator
* Reset circuit
* Wait-state generator
* Memory: 32K 16-bit words EPROM
32K 16-bit words RAM
* [/O-selection circuit
* Digital-to-Analog Converter (DAC) and the transmit clock
* Analog-to-Digital Converter (ADC)
» Communications interface



The hardware has been situated on a single board. By setting jumpers, the modem can be
configured as either a transmitter or a receiver. However, if transmitting and receiving
spread-spectrum signals is to be done simultaneously, two modem prints are necessary and
some alterations to each print must be carried out. For the receiver circuit, the D/A
converter must be removed because the corresponding I/O port is then used to
communicate with the off-board frequency synthesizer. Kamperman designed this
programmable frequency synthesizer board to generate the sample signal for the A/D
converter [2]. Communication to this frequency synthesizer board is done by plugging a
flatcable connector in the IC-sockets of the unused buffers which are used for
communication with the D/A converter. Therefore, the D/A converter must be removed
from the receiver configuration.

Testing and debugging of the TMS320C25 DSP is done using the Software Development
System (SWDS). SWDS is a PC-resident software development and debugging tool that
provides real-time software simulation of the TMS320C25. The SWDS packet consists of
a hardware board and specific software. The hardware is a single board to be plugged into
a free expansion PC slot. It is equipped with a TMS320C25 device and memory. The
board is connected to a 68-pin PGA-connector that is plugged into the IC-socket of the
TMS320C25. In this way, the operation of the TMS320C25 is simulated by the PC board.

For communicating to slower off-chip devices (i.e. memories and peripherals), the
TMS320C25 is capable of using wait-states. Access to the off-chip devices can be
extended with one or more clock cycles. For this purpose, a wait-state generator is
designed [1, p. 34-37].

Using the modem print, the spread-spectrum modulator and demodulator have been
realized. The modulator can generate chip rates up to 64 kHz. Due to the limited
performance of the TMS320C25, the demodulator only operates with chip rates up to
16 kHz.

Recommendations listed in [1, p. 55 and 62] must be taken into account for future design:

* it is possible to write to the EPROM transceivers. This causes a databus conflict
that can damage the transceiver ICs, but more probably the digital signal
processor;

* reading the analog-to-digital converter is only allowed if the read instruction is
executed from the on-chip RAM and is followed by another instruction that
requires on-chip memory access (e.g. a NOP instruction). Otherwise, a bus
conflict can occur that can damage the hardware;



* On the existing modem, the least significant bit (LSB) of the ADC databus has
been connected to the LSB of the TMS320C25 databus; in future design it is
better to connect the most significant bit (MSB) of the ADC databus to the MSB
of the processor’s databus. In this way, the sign bit of the ADC is then also the
sign bit of the input word that the processor reads into memory;

* to prevent the OpAmp connected to the output of the digital-to-analog converter
to oscillate due to capacitive load of connected coaxial cables, a resistor of 39 Q
must be connected from the output of the OpAmp to the output BNC plug and
the feedback loop; this specific resistance also makes the output impedance of the
OpAmp equal to the impedance of the coaxial cables connected (50 €2);

* A hardware error in the communications interface must be corrected. When the
personal computer changes the address of the communications interface, an
unwanted interrupt is generated on the digital signal processor.

1.5 Improving the existing modem

The existing modem has sufficient power to operate as baseband transmitter with f, = 64
kChip/s. However, as an IF receiver it can process about f, = 16 kChip/s. Replacing the
TMS320C25 by the TMS320C50 will double the processing speed of the receiver. Using a
multi-processor design with two TMS320C50 DSPs operating in parallel will quadruple
the processing speed, thus obtaining a chip rate of 64 kChip/s for the receiver. The reason
why the TMS320C50 DSP was chosen is explained in depth in [4]. Furthermore, the
modem hardware must be powerful to support the following additional functions [4]:

» Fast code acquisition

* Accounting for carrier Doppler shift and oscillator phase noise
 Receiver control

* Implementing the frequency synthesizer in software

 Data detection and data transfer to and from the user

* Measurement options such as multi-user simulation and noise generation

Using a multi-processor design with two TMS320C50 DSPs in parallel will not only
enhance the processing speed of the receiver but will provide two timers, more interrupt
lines and more I/O ports.

From a hardware point of view, there are also good reasons to design a new modem using
two TMS320C50 DSPs. Disadvantages and hardware errors of the existing modem can be
corrected. Recommendations can be followed to improve the performance of the new



modem. Functional blocks of the already existing modem must be checked to see if they
can also be used for the new modem.

Before designing the improved modem based on two TMS320C50s, some design
considerations are made based on the properties of the TMS320C25 modem:

» Improving the processing speed of the receiver configuration can be done by
choosing a different analog-to-digital converter (see Section 8.4 of [4]) and
passing the digital samples from the analog input signal to both TMS320C50s. In
this way, both TMS320C50s perform calculations on the sample values
simultaneously.

* The TMS320C25 modem is not capable of transmitting and receiving
simultaneously using one hardware board. In the new modem design, one
processor can operate as a transmitter and the other processor as a receiver. If
necessary, both processors can operate as a receiver while one of the processors
operates also as a transmitter.

* Communicating with the frequency synthesizer board using unused IC-sockets
must be avoided. In the new modem design, a completely new 16-bit parallel
interface must be designed which is capable of reading and writing to external
devices including the frequency synthesizer board.

» The function of the frequency synthesizer board can be implemented in software
using the TMS320C50 timer. In this case, no external hardware is required.

» The Software Development System as was used with the TMS320C25 modem is
no longer necessary because the TMS320C50 is equipped with a JTAG interface
for testing and debugging purposes. The great advantage is that it is no longer
necessary to remove the processors from the board as was done at the
TMS320C25 modem.

» The wait-state generator as implemented on the TMS320C25 modem board is no
longer necessary because the TMS320CS0 is equipped with an internal software
wait-state generator.

» The communications interface, the D/A converter circuitry, the I/O-selection
circuit and the DSP memory can be copied from the TMS320C25 modem.

* Recommendations and hardware errors listed in Section 1.4 and [1, p. 55 and 62]
have to be taken into account.

Using the TMS320C25 modem made by Diederen and the design considerations listed
above, the improved modem based on two TMS320C50 Digital Signal Processors was
designed and implemented in hardware. This report describes the design and
implementation in detail. Chapter 2 discusses the new modem based on its functional
block diagram. Furthermore, properties of the TMS320C50 are described. In chapter 3, the
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reset and oscillator circuitry are described. Chapter 4 discusses in detail the
implementation of local program and data memory and global memory. For each type of
memory, the choice of the IC, the interfacing to the TMS320C50 and timing aspects are
discussed. Furthermore, communications between the memory devices are studied
extensively to prevent busconflicts. Also, communications with I/O ports are described. It
will be shown that the I/O-selection circuit designed by Diederen[1] is also sufficient to
operate with the TMS320C50 and is therefore implemented in the new modem design. In
chapter 5, the analog-to-digital converter circuit and the digital-to-analog converter circuit
are described. The ADC circuit consists of a new ADC and a sample switch which passes
samples to both processors alternatingly. The DAC circuit is the same as was used with
the TMS320C25 modem. Chapter 6 explains the several forms of communicating with the
outside world: the JTAG interface for testing and debugging of TMS320CS50s, the serial
port for communication with external serial devices, the TDM serial port for
communicating with up to seven other TMS320C50 devices, the communications interface
for communicating with the personal computer and the parallel interface for
communications with other external parallel devices (i.e. the frequency synthesizer).
Chapter 7 describes some software configurations which must be made for full use of the
possibilities of the hardware: remapping of interrupt vectors, configuring the amount of
on-chip and global memory in software and how the internal software wait-state generator
of the TMS320C50 can be programmed for 0, 1, 2, 3 or 7 wait-states. Chapter 8 explains
the implementation of the modem: creating schematic diagrams, component placement and
routing the printed circuit board. Finally, chapter 9 discusses conclusions and
recommendations.

In this report, signals and pins denoted with a **’ are active low. Numbers ending with b’
or ’h’ are binary or hexadecimal, respectively. TTL IC timings are taken from the 0° to

70° C range (commercial ICs). In timing tables, 'n’ denotes the number of wait states.

Key to waveform diagrams

Signal changes from high
to low within this time

7//////T Signal changes from high-impedance

state to valid logic level
JARRRARNNS during this time




2 The new modem

2.1 Introduction

This chapter introduces the new modem based on two TMS320C50 Digital Signal
Processors. Section 2.2 discusses the properties of the new modem based on its block
diagram. Section 2.3 gives a general overview of the main properties of the TMS320C50.

2.2 Block diagram of the modem hardware

The electronic circuit of the baseband modem can be divided into several functional
blocks. Figure 2.1 shows the block diagram of the modem. The functional blocks are listed
below:

» Two digital signal processors : TMS320C50(1) and TMS320C50(2)
* 32K 16-bit words EPROM

e 32K 16-bit words local RAM

* a maximum of 2K 16-bit words Global RAM

* Memory selection circuitry

* 1/O-selection circuitry

* Reset circuit

* Oscillator Circuit

* JTAG Interface

* Analog-to-Digital Converter + ADC Switch

* Digital-to-Analog Converter

e Transmit clock

* 16-bit Parallel Interface to the frequency-synthesizer board
* Two Seral Ports

* Time-Division Multiplexed (TDM) Serial Port

* Communications Interface with PC
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Figure 2.1 Block diagram of the modem [4].

The main elements of the modem are the TMS320C50 DSPs. Each TMS320C50 has its
own local memory. This local memory consists of 32K EPROM for program code storage
and 32K RAM for local data and program storage. Global memory is used for
communicating between the two DSPs. Selection of these memory devices is done with
the memory selection circuit. Selection of I/O ports (i.e. ADC, DAC, communications
interface, parallel interface) is done using the I/O-selection circuit.

Another way of communicating between both processors can be done using the TDM-
serial port. This port has been designed especially for intercommunication between up to
eight TMS320C50s. Furthermore, each DSP has been provided with a serial port for
communicating to external serial devices. Both serial ports are situated on the connector.

For reset purposes, a reset circuit was connected to both TMS320C50s. It provides an

automatic reset at power-up, but user-generated resets can be generated using an external
reset button. Furthermore, an oscillator circuit was provided to generate the clock
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frequency. This clock frequency can be divided-by-one or divided-by-two to provide the
internal machine cycle. This feature simplifies the choice of an appropriate oscillator.

Another feature of the TMS320C50 is the JTAG interface. It offers real-time debugging
facilities for both DSPs. During tests, the JTAG interface is connected to an XDS510
board manufactured by Texas Instruments. Therefore, the modem board was provided with
a special connector. Replacing a DSP by a target connector as was done with the
TMS320C25-modem is no longer necessary.

For transmitting and receiving analog signals, a Digital-to-Analog Converter (DAC) with
the transmit clock and an Analog-to-Digital Converter (ADC) are used. The DAC is
connected to TMS320C50(2) and is necessary to be able to simulate multiple users and to
perform digital chip-pulse shaping. The transmit clock can produce frequencies from 8
kHz to 1024 kHz and is useful for implementing different chip rates. The ADC is
connected to both TMS320C50s using a sample-switch. This switch passes the incoming
samples alternatingly to TMS320C50(1) and TMS320C50(2). In this manner, calculations
on samples can be performed simultaneously. In the design, it is also possible to pass all
samples to one DSP.

To sample the incoming analog signal at the right moments, a frequency-synthesizer
designed by Kamperman[2] is used. To communicate properly with this frequency-
synthesizer or any other device, a 16-bit read/write parallel interface was designed. This
interface allows data to be written to an external device (e.g. the frequency-synthesizer) or
allows data to be read from a device.

The communications interface is included for communication with a personal computer
(PC). With the PC, data (8-bit bytes or 4-bit nibbles) are transmitted and received to and

from the modem. The communications interface is the same as was used by Diederen[1].

To access the A/D-converter, the D/A-converter, the communications interface and the
parallel interface, the I/O-selection circuit is used.

2.3 Properties of the TMS320C50

The key features of the TMS320C50 DSP are listed below.

. advanced Harvard-type architecture
. 35-/50-ns single-cycle fixed-point instruction execution time (28.6/20 MIPS)
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. 9K x 16-bit single-cycle on-chip program/data RAM

. 2K x 16-bit single-cycle on-chip boot ROM

. 1056 x 16-bit dual-access on-chip data RAM

. 224K x 16-bit maximum addressable external memory space (64K program, 64K
data, 64K I/O and 32K global)

. 16-bit addressbus and 16-bit databus

. 32-bit arithmetic logic unit (ALU)/accumulator

. 16-bit parallel logic unit (PLU)

. Context-switch registers for automatic save and restore of strategic CPU-controlled
registers during an interrupt service routine

. Full-duplex synchronous serial port for direct communication between the
TMS320C50 and another serial device

. Time-division multiplexed (TDM) serial port for communication between other
TMS320C50 devices

. 64K addressable parallel I/O ports, sixteen of which are memory mapped

. Sixteen software-programmable wait-state generators for program, data and I/O
memory spaces

. Divide-by-one and divide-by-two clock options

. On-chip clock generator

. JTAG boundary scan logic (IEEE standard, 1149.1)

. 5-V static CMOS technology with two power-down modes

. 132-pin plastic quad flat pack package (PQFP)

2.3.1 CPU

The TMS320C50 has been designed with an advanced Harvard-type architecture that
maximizes the processing power by maintaining two separate memory bus structures,
program and data, for full-speed execution. Special instructions support data transfers
between the two spaces.

The TMS320CS50 architecture is built around two major buses: the program bus and the
data bus. The program bus carries the instruction code and immediate operands from
program memory. The data bus carries the data obtained from data memory. Together, the
program and data buses can carry data from on-chip data memory and internal or external
program memory to the multiplier in a single cycle.

The TMS320C50 performs 2s-complement arithmetic, using the 32-bit arithmetic logic
unit (ALU) and accumulator. The ALU is a general-purpose arithmetic unit that uses 16-
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bit words taken from data memory or derived from immediate instructions. The ALU can
also perform Boolean operations. The accumulator stores the output from the ALU and is
also the second input to the ALU.

In addition to the main ALU, there is a parallel logic unit (PLU) that executes logic
operations on data without affecting the contents of the accumulator. The PLU is used for
setting, testing or toggling multiple bits in a control/status register or any data memory
location.

The multiplier performs 16 x 16-bit 2s-complement multiplication with a 32-bit result in a
single-instruction cycle. The fast on-chip multiplier allows the TMS320C50 to efficiently
perform fundamental DSP operations such as convolution, correlation and filtering.

Eight levels of hardware stack save the contents of the program counter during interrupts.
Eleven context-switch registers are available for storing strategic CPU-controlled registers
during an interrupt service routine.

The TMS320C50 possesses a high degree of parallelism; that is, while the data are being
operated upon by the central ALU (CALU), arithmetic operations may also be executed in
the auxiliary register arithmetic unit (ARAU).

2.3.2 On-/Off-chip Memory

The TMS320C50 features several forms of on-chip and off-chip memory:

» 2K x 16-bit on-chip programmable ROM. This memory is used for booting from
slower external ROM or EPROM to fast on-chip or external RAM. ROM can be
selected during reset by driving the MP/*MC-pin low.

* 1056 x 16-bit on-chip dual-access RAM (DARAM). This RAM can be accessed
twice per machine cycle. This block of memory is primarily intended to store
data values, but can also be used to store program code as well as data.

* 9K x 16-bit on-chip single-access RAM (SARAM). This RAM can be accessed
only once per machine cycle. This memory is software configurable as program
and/or data memory space.

* 224K x 16-bit maximum addressable off-chip memory. More details on this
external memory can be found in Section 4.2.
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2.3.3 Parallel I/O Ports

The TMS320C50 has a total of 64K addresses for I/O ports, sixteen of which are memory-
mapped in data memory space. These ports can be addressed by the IN instruction or the
OUT instruction. The memory-mapped I/O ports can be accessed with any instruction that
reads or writes data memory. An active-low *IS signal indicates a read/write operation via
an I/O port and becomes active when the IN or OUT instruction is used. For the sixteen
memory-mapped I/O ports, the *IS signal becomes also active when memory accesses are
performed. I/O ports can be accessed using the I/O-selection circuit, described in Section
4.7.

2.3.4 Serial I/0O Ports

The TMS320C50 carries two high-speed serial ports. These serial ports are capable of
operating at a bit rate of up to one-fourth the machine cycle rate (7.15 MHz). One of the
two circuits is a synchronous, full-duplex serial port. Its transmitter and receiver are
double buffered and individually controlled by maskable external interrupt signals. Data
are framed either as bytes or as words. The second circuit is a full-duplex serial port that
can be configured either for synchronous or for time-division multiplexed (TDM)
operations. The TDM serial port is used in multiprocessor applications. Section 6.3 and
6.4 describe the serial ports in detail.

2.3.5 JTAG-scanning logic

The JTAG scanning logic circuitry is used for debugging and testing purposes only. The
JTAG scan logic provides the boundary scan to and from the interfacing devices. Also, it
can be used to test the pin-to-board connections as well as to perform operational tests on
those peripheral devices that surround the TMS320CS50. It has been interfaced to another
internal scanning logic circuitry, which has access to all of the on-chip resources. Thus,
the TMS320C50 can perform on-board emulation by means of the JTAG serial scan pins
and the emulation-dedicated pins. Section 6.2 details the JTAG interface.
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2.3.6 Software Waitstate Generator

Software wait-state logic has been incorporated without external hardware into the
TMS320C50 for interfacing with slower off-chip memory and I/O devices. This circuitry
consists of 16 wait-state generating circuits and is user-programmable to operate 0, 1, 2, 3
or 7 wait states. Section 7.5 details how the wait-state generator must be programmed.

2.3.7 Divide-by-One Clock

The divide-by-one clock feature on the TMS320C50 consists of an on-chip phase locked
loop (PLL) peripheral which provides the capability to supply a clock cycling at the
machine cycle rate of the CPU. It reduces the system’s high-frequency noise that is due to
a high-speed switching clock. The PLL has a maximum operating frequency of 28.6 MHz.

2.3.8 Hardware Timer

The TMS320C50 features a 16-bit timing circuit. The timer is an on-chip down-counter
that can be used to periodically generate CPU interrupts. The timer is decremented by one
at every CLKOUT1 cycle (= internal machine cycle rate). A timer interrupt is generated
each time the counter decrements to zero. This timer can be stopped, restarted, reset or
disabled by specific status bits.

2.3.9 General-Purpose 1/O Pins

The TMS320C50 has two general-purpose I/O-pins that are software controlled. The *BIO
pin is a branch control input pin and the XF pin is an external flag output pin. The *BIO
pin can be used to monitor peripheral device statuses. By polling this pin, a branch can be
conditionally executed when the *BIO input is active (low). The XF (external flag) pin
signals to external devices via software. Special instructions are provided to set or reset
the XF pin.
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2.3.10 Interrupts

The TMS320C50 has four external, maskable user interrupts (*INT1-*INT4) that external
devices can use to interrupt the processor; there is one external nonmaskable interrupt
(*NMI). Internal interrupts are generated by the serial port, the timer, the TDM port and
the software interrupt instructions. Reset (*RS) is an external interrupt that can be used at
any time to put the TMS320C50 into a known state. Reset is typically applied after power-
up when the machine is in an unknown state. The TMS320C50 has been provided with an
*RS-pin. Driving the *RS signal low causes the TMS320C50 to terminate execution and
forces the program counter to zero. Interrupt priorities are set so that reset has the highest
priority and *INT4 has the lowest priority.

The TMS320C50 samples the external interrupt pins multiple times to avoid noise-
generated interrupts. To detect an active interrupt, the TMS320C50 must sample the signal
low on at least three consecutive machine cycles. Once an interrupt is detected, the
TMS320C50 must sample the signal high on at least two consecutive machine cycles to be
able to detect another interrupt. The minimum interrupt acknowledge time is defined as
eight cycles:

. three cycles to externally synchronize the interrupt
. one cycle for the interrupt to be recognized by the CPU
. four cycles to execute the INTR instruction and flush the pipeline.

On the ninth cycle, the interrupt vector is fetched.

It is often necessary to copy program code from slower EPROM to faster RAM. In this
case, interrupt vectors which reside in program space at address Oh should be remapped,
otherwise an interrupt service routine starts with a branch instruction executed from the
rather slow EPROM. Section 7.2 explains how interrupt vectors are mapped at address Oh
in program memory space and can be remapped to the beginning of any block of 2K-
words.
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3 System Control Circuitry

3.1 Introduction

The system control circuitry performs important functions in system initialization and

operation. In this chapter, a crystal oscillator circuit design and a power-up reset circuit

design are presented.

3.2 Oscillator circuit

The TMS320C50 can use either its internal oscillator or an external frequency source for a

clock. Furthermore, it is possible to inject twice the frequency required and performing a

divide-by-two on this frequency in order to obtain the internal machine cycle. To perform
these possibilities, the TMS320C50 has been provided with two clock input pins and two

clock output pins:

e X2/CLKINI (input)

* CLKINZ2 (input)

« CLKOUTI (output)

* X1 (output)

: 1nput pin to the internal oscillator from the crystal. If

the internal oscillator is not used, a clock may be
input to the device on this pin. The internal machine
cycle is half this clock rate.

: divide-by-one input clock for driving the internal

machine rate.

: master clock output signal. This signal cycles at the

machine-cycle rate of the TMS320C50.

: output pin from the internal oscillator for the crystal.

If the internal oscillator is not used, this pin should
be left unconnected.

The clock mode is determined by the CLKMD1 and CLKMD2 clock mode pins on the
TMS320C50. Table 3.1 shows the four possible clock modes [5, p. A-10].
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Table 3.1 Four possible clock modes.

CLKMD1 CLKMD2 || Clock Source
0 0 External divide-by-two clock option with the
internal oscillator disabled.
0 1 Reserved
1 0 External divide-by-one clock option.
1 1 External divide-by-two option. Internal divide-

by-two clock option with an external crystal.

Using the clock mode pins and the clock input/output pins from the TMS320C50, the
following clock options can be made:

+ External Divide-by-Two Clock Option with the internal oscillator disabled

An external frequency source can be used by injecting the frequency directly
into X2/CLKIN1, with X1 left unconnected. This external frequency is divided
by two to generate the internal machine cycle. The internal oscillator is disabled.

» External Divide-by-One Clock Option

An external frequency source can be used by injecting the frequency directly
into CLKIN2, with X1 left unconnected and X2/CLKIN1 connected to +5 Volts.
This external frequency is divided by one to generate the internal machine cycle.

+ External Divide-by-Two Clock Option
An external frequency source can be used by injecting the frequency directly
into X2/CLKINI, with X1 left unconnected. This external frequency is divided
by two to generate the internal machine cycle.

* Internal Divide-by-Two Clock Option with External Crystal
The internal oscillator is enabled by connecting a crystal across X1 and

X2/CLKIN1. The frequency of CLKOUT]1 is one-half the crystal’s oscillating
frequency.
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To choose a crystal for the TMS320C50, the following considerations in the modem
design were made:

+ the crystal must operate at 28.57 MHz or 57.14 MHz (divide-by-two clock
option). These frequencies produce a machine-cycle time of 35 ns, which is the
minimum cycle time for the TMS320C50.

* according to the timing requirements for the clock input of the TMS320C50, the
rise and fall times of the injected frequency must be at most 5 ns (see [5, p. A-
12]).

* an external crystal oscillator must be used. This is a single device in a DIL-
package just requiring a supply voltage for operation. The output is a TTL-
compatible square-wave with good frequency stability.

* the clock options external divide-by-two and external divide-by-one must be
made using jumpers.

A DIL-packaged crystal oscillator operating at 28.57 MHz or 57.14 MHz is not available.
The nearest frequencies available are 25 MHz and 50 MHz. The SG-51KT, as was used
by Diederen[1], is chosen for the crystal oscillator. The properties of this crystal oscillator
are listed below:

* Output frequency 25 MHz or 50 MHz.

* OQutput signal’s frequency stability of +100 ppm.
* Oscillation start time of 10 ms max.

* Fan out of 5 TTL max.

* Pin compatible with full size metal can.

* Packaged in plastic 14-pin DIP IC-socket.

The output signal of the SG-51KT/25 MHz has a rise and fall time of at most 8 ns. This
does not satisfy the requirements made by the TMS320C50. For the SG-51KT/50 MHz,
these timings are both 6 ns. This is also not sufficient, but it will not be so destructive.
Therefore, the 50 MHz version of the SG-51KT is chosen. However, the output signal of
the oscillator is buffered by a 74F14 Schmitt-trigger inverter. This inverter ensures fast
rise and fall times. In this case, the 25 MHz version of the SG-51KT is also appropriate.
CLKMD1 and CLKMD?2 must both be set high to provide a divide-by-two on the clock
frequency in order to obtain the correct machine cycle.

Figure 3.1 shows the oscillator circuit and the external divide-by-one/divide-by-two clock

selection circuit. The output of the crystal oscillator (U47) is buffered by a 74F14 Schmitt-
trigger inverter (U46) to ensure fast rise and fall times.
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TMS320C50(2)

Figure 3.1 The TMS320C50s with the oscillator circuit.

Jumpers J19, J20, J21 and J22 are implemented to enable the clock options as is shown in
Table 3.2.

Table 3.2 Jumpersettings oscillator circuit.

J19 J20 J21 J22 Clock Mode Selection

12 23 23 23 External Divide-by-Two Clock Option; Internal
oscillator disabled

12 23 12 12 External Divide-by-Two Clock Option; Internal
oscillator enabled

23 12 12 23 External Divide-by-One Clock Option

The signal lines from the oscillator circuit labelled XTAL-X2/CLKIN1 and XTAL-
CLKIN2 are connected to X2/CLKIN1 and CLKIN2 of both TMS320C50s. Also the
signal lines from the divide-by-one/divide-by-two clock selection circuit are connected to
the corresponding input pins from both the TMS320C50s.
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3.3 Reset circuit

For reset purposes, the TMS320C50 has been provided with an *RS pin. For correct
system operation after power-up, a reset signal must be asserted low for several clock
cycles so that data lines are put into the high-impedance state and address lines are driven
low. According to the reset timing requirements of the TMS320C50, the reset low pulse
duration must be at least 12H ns, where H is defined as half a machine cycle. For a
TMS320C50 operating at 28.57 MHz, H=17.5 ns so the reset pulse must be low for at
least 210 ns. As was explained in Section 3.2, the TMS320C50 in the modem design
operates at 25 MHz. Therefore, the reset pulse must be low for at least 240 ns. Upon
power-up, it takes 10 ms before the crystal oscillator reaches a stable operating state (see
Appendix 4 for the oscillator data sheets). Therefore at power-up, the reset circuit should
generate a low pulse on the reset line until the oscillator is stable. The duration of the low
pulse on the reset pin is approximately 167 ms, which is the time it takes for the capacitor
to fully change to 1.5 Volt. This is the voltage at which the reset input switches from a
logic level O to a logic level 1.

It seems that the duration of the reset pulse is too long compared to the setup time of the
crystal oscillator. However, it offers the possibility to choose other crystal oscillators
which may have longer setup times. Besides, the reset pulse is generated only during
initialization before actual communications begin. The reset pulse can also be generated
externally. This is achieved pushing reset button S1 or asserting the CONN-*RESET-pin
on CONNI1 low (see Sheet 6 of Appendix 1).

Figure 3.2 shows the reset circuit. Resistor R1 and capacitor C1 determine the duration of
the reset-low pulse (R1 = 1 MQ and C1 = 0.47 pF). Schmitt-trigger inverters (U46) are
used to shape the reset signal. The output signal line labelled *RESET is connected to the
*RS-input pins from both TMS320C50s, to the 2x32-pin connector CONNI as output
signal and is also used throughout the modem design.
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Figure 3.2 The TMS320C50s with the reset circuit.

22



4 Memory and I/O-ports

4.1 Introduction

This chapter describes the configuration and hardware implementation of the modem
memory and /O ports. Section 4.2 introduces the TMS320C50 memory. Section 4.3
describes the implementation of the modem memory. Section 4.4, 4.5 and 4.6 describe the
interfacing of local program memory, local data memory and global data memory to the
TMS320C50. Section 4.7 describes the I/O-selection circuit for access to I/O ports.
Finally, Section 4.8 lists the problems that arise when different devices are communicating
with each other.

4.2 TMS320C50 memory

The TMS320C50 external memory has been organized into four individually selectable
spaces: program, local data, global data and input/output ports (I/O). These spaces provide
an address range of 224K 16-bit words. The 64K program space contains the instructions
to be executed. The 64K local data space stores data used by the instructions. The 32K
global data space can share data with other processors within the system or can serve as
additional data space. The 64K I/O-space interfaces to external memory-mapped
peripherals and can also serve as extra data storage space.

The TMS320C50 has a 16-bit addressbus, so it can address up to 64K words. This is
insufficient for addressing the available memory spaces. Therefore, the TMS320C50 has
been equipped with four memory select signals:

*PS (Program Select) for program memory,
*DS (Data Select) for data memory,

*IS (I/O Select) for I/O-memory,

*BR (Bus Request) for global memory.

For example, addressing program memory for fetching an instruction results in generating
a memory address in the range of 0 to 64K and activating *PS. External control logic uses
the memory select signals to select the appropriate memory ICs.
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For full speed, zero wait-states memory access, on-chip memory is available on the
TMS320C50. This on-chip memory consists of 2K 16-bit words of boot ROM (Read Only
Memory), 9K words of program/data SARAM (Single-access Random Access Memory)
and 1056 words of data DARAM (Dual-access Random Access Memory). The on-chip
boot ROM resides in program space at address 0 and contains a device test and boot code.
The 9K block of SARAM can be mapped to program and/or data spaces and resides at
address 800h in either space. The 1056 words of DARAM are configured in three blocks:
block BO and B1 consist of 512 words each and block B2 consists of 32 words. Block BO
can also be configured as program RAM (see Figure 4.1).

Figure 4.1 shows the TMS320C50 memory maps [5, p. 6-3].

Hex Program Hex Program Hex Data
0000 Interrupts and 0000 Interrupts and 0000 Memory-Mapped
Reserved Reserved 005F Registers
002F (External) 002F (External) 0060 On-Chip
0030 0030 On-Chip DARAM B2
External ROM 007F
O07FF 07FF 0080
0800 0800 Reserved
0100
On-Chip SARAM On-Chip SARAM On-Chio DARAM BO
(RAM=1) (RAM=1) (CNF=0)
xterna xterna _
(RAM=0) (RAM=0) 02FF Reserved (CNF=1)
0300 On-Chip
2BFF 2BFF O4FF DARAM B1
2C00 2C00 0500
Reserved
07FF
External External 0800 On-Chip SARAM
(OVLY=1)
FDFF FDFF IBFF External (OVLY=0)
FE00 ) FEOO 2C00
On-Chip DARAM
B0 (CNF=1) External
External (CNF=0)
FFFF FFFF FFFF
MP/*MC-pin =1 MP/*MC-pin = 0
(Microprocessor Mode) (Microcomputer Mode)

Figure 4.1 Memory maps of the TMS320C50.

The MP/*MC-pin (Microprocessor/Microcomputer mode-pin) can be wused to
enable/disable the on-chip ROM. If this pin is high, the TMS320C50 is configured as a
microprocessor: the on-chip ROM is disabled and the device starts running from address O
at off-chip memory. If this pin is low, the TMS320C50 is configured as a microcomputer:
the on-chip ROM is enabled and the device starts running from on-chip ROM. The
MP/*MC-pin is sampled only at reset.
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4.3 Modem memory

The memory of the modem consists of local memory and global memory. Local memory
consists of program and data memory used by one processor. Global memory consists of
data memory used by both processors. The TMS320C50 program and data memory can
both address up to 64K 16-bit words. In the modem configuration, the memory select
signals *PS and *DS are not used. Therefore, only a total of 64K words are available for
local and global memory.

The implementation of local memory uses two 32K 8-bit EPROMs (Erasable
Programmable Read Only Memory) for program code and two 32K 8-bit Static RAMs
(SRAMs) for program and data. From address Oh to 7FFFh, the EPROMs are addressed.
From address 8000h to 7FFFh, Static RAM can be accessed. The EPROMs are mainly
used for program code storage but can also contain look-up tables. The Static RAMs are
mainly used for data storage. However, part of the 32K Static RAM can be reserved for
program memory: by copying program code from slower EPROM to faster RAM,
execution of program is faster. Because *PS and *DS are not used, any arbitrary partition
of the 32K words RAM into program memory and data memory is allowed. Local
program memory can be expanded by configuring the on-chip SARAM and block BO of
DARAM as program memory. Also, local data memory can be expanded by using the on-
chip SARAM and block Bl and B2 of DARAM.

Part of the local data memory map can be configured as global memory. This is done in
software using the "Global Memory Allocation Register" (GREG). Global memory is
implemented with a 1K Dual-Port Static RAM (DPSRAM) consisting of a master and
slave version. This DPSRAM provides simultaneous access to different memory locations.
A 2K version of this DPSRAM is optional for it has the same pin configuration as the 1K
version.

Figure 4.2 shows the modem memory map with the TMS320C50 configured as
microprocessor. It is shown that the address range from 8000h to FFFFh can be divided in
three parts:

* one part for program code : 8000h < address < xxxxh
* one part for local data . xxxxh < address < yyyyh

« one part for global data : YYYYh < address < FFFFh

where xxxxh and yyyyh are defined as : 8000k < xxxxh < yyyyh and
FOOOh < yyyyh < FFFFh.
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Hex Program Hex Data Hex On-Chip RAM

0000 0000 On-Chip RAM 0000 Memory-Mapped
2BFF 005F Registers
2C00

EPROM 0060 .
Not Used On-Chip
007F DARAM B2

3FFF 3FFF 0080

4000 4000 Reserved

O0FF
EPROM Not Used 0100 | 5p-Chip DARAM B0
(CNF=0)
- 8 %gg Reserved (CNF=1)
7FFF .
8000 8000 Dgﬁflsll% 1
o
Static RAM Not Used Reserved
Q7FF
XXXX XXXX 0800 On-Chip SARAM
(OVLY=1)
External (OVLY=0
Not Used Static RAM 2BFF xternal ( )
yyyy yyyy
Not Used Dual-Port Static RAM
FFFF FFFF

Figure 4.2 Practical memory maps of the modem.

The attentive reader may have noticed that the address ranges of SARAM and DARAM
overlap the address range of the EPROM. Software can configure SARAM and DARAM
to reside inside or outside the program/data address map. When they are mapped into
program/data space, the TMS320C50 automatically accesses them when it addresses within
their bounds. An address outside their bounds results in access to off-chip memory.
Section 7.3 explains how on-chip memory is to be configured to reside in the memory
map.

4.4 Implementing local program memory

4'4'1. Choosing an EPROM

The EPROM used is the AM27C256 EPROM. This EPROM is pin-compatible with the
NMC27C256 EPROM used by Diederen[1]. The main reason to choose the AM27C256
instead of the NMC27C256 is the low price of the AM27C256. The features of this
EPROM important to the modem design are listed below:

* 32K x 8-bit ultraviolet erasable programmable read only memory
* maximum access time of 150 ns
* maximum output disable time of 30 ns
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* low power consumption: - active power : 80 mW.
- standby power : 100 pW.
* *CE- and *OE-control signals, 15-bit address input, 8-bit data output

Detailed information about this EPROM can be found in Appendix 4, p. 171.

Before the EPROM can be interfaced to the TMS320C50, some design considerations are

The EPROM is used to store program code. At reset, the TMS320C50 must be
aware that program code is resided in EPROM and must start code execution from
off-chip memory. This can be achieved connecting the MP/*MC-pin of the
TMS320C50 to 5 Volts (see Section 4.2).

Communication between EPROM and TMS320C50 will require wait-states.
Therefore, execution of program code in EPROM cannot be recommended. To
solve this speed problem, program code can be copied from slower EPROM to
faster SARAM or external RAM. The Static RAM is used for local data storage
but can also be used as program memory. In software, interrupt vectors which are
located at address 0000h in EPROM, must be remapped to Static RAM. Otherwise,
execution of interrupts is performed with wait states. Remapping interrupts is
explained in Section 7.2.

Although the EPROM is merely used for program code, it must also be possible to
store data (constants) in EPROM. This data can only be read by the processor.

The output disable time of the EPROM is too long to guarantee that no
busconflicts will occur during other TMS320C50 external memory accesses.
Therefore, the output pins of the EPROM must be connected to the TMS320C50
databus using buffer ICs.

4.4.2 Interfacing EPROM to the TMS320C50

The EPROM is a 32K x 8-bit IC. For a 16-bit databus, two EPROMs are used. The output
disable time of the EPROMs is too long to guarantee that no busconflict will occur if two
consecutive read cycles are executed (see Section 4.4.3 for more details on EPROM
timing requirements and Section 4.8 for more information on consecutive reads).
Therefore, two transceiver ICs (74F245) are used to buffer the datalines.
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Figure 4.3 illustrates the TMS320C50s with the EPROMSs connected.

74F245
\ \
D, - Dis | 16-bit databus 16-bit databus | D, - D
/ /
EFPROM v wep TMS320C50(1)
Bl Lr=DIR *OBf«— OR [: TMS320C50(2)
*CE |«— <—l A
/
Ay -A, 15-bit addressbus A -A,
\

Figure 4.3 The TMS320C50s with the EPROM:s.

The EPROM has been provided with a 15-bit addressbus and an 8-bit databus.
Furthermore, it has two control functions, both of which must be logically active in order
to obtain data at the outputs. Chip Enable (*CE) is the power control and is used for
device selection. Output Enable (*OE) is the output control and is used to gate data to the
output pins.

As was mentioned in Section 4.3, the TMS320C50 provides the memory control signals
*PS and *DS to distinguish program memory from data memory. *PS and *DS are useful
if the address range of program memory overlaps the address range of data memory. In
this case, it is not known which memory space is accessed when a memory address is
generated. Therefore, *PS and *DS can be used to access the appropriate memory.

In the modem design, *PS and *DS are not used. From the address ranges of EPROM and
Static RAM, it can be seen that the selection between these memory areas is made by
addressline As.

In Section 4.4.1, it was recommended to use EPROM also for data storage. Selecting
EPROM with A, and *PS as was done by Diederen[1] implies the EPROM only to be
used for program code. By omitting *PS, program code and data can be read from
EPROM.

The attentive reader may have noticed that for proper operation the EPROMs can be
continuously selected (i.e. *CE of the EPROM is always active low). In this case, the
EPROM is always active and therefore dissipating 80 mW. By deselecting the EPROM, it
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dissipates only 100 uW. Because the EPROM is only used during initialization, power can
be saved by deselecting the EPROM.

Examining Figure 4.3, the attentive reader may also have noticed that if A,s is connected
to *CE of the EPROM and to *OE of the transceiver IC, power as well as the OR-port for
the selection of the transceiver ICs can be saved. For consecutive reads from EPROM,
timing requirements are guaranteed. But for memory accesses to static RAM ICs,
TMS320C50 write data can still be at the databus while selecting EPROM and therefore
connecting the EPROM databus with the TMS320C50 databus.

The Output Enable (*OE) of the EPROM is connected to ground. Therefore, the EPROM
databus is always low-impedant. This is not a problem because the datalines are buffered
by two 74F245 transceiver ICs.

Read Select(*RD) of the TMS320C50 cannot be directly connected to the Output Enable
of the 74F245 transceiver IC because this signal is also used when performing a read
cycle to other devices. This will result in a busconflict that will either destroy the
EPROMs, the transceiver ICs or the TMS320C50. This problem is solved by connecting
*RD together with A 5 using an OR-gate to *OE of the transceiver IC.

In the previous design of the modem made by Diederen[1], it was possible to write to the
EPROM ICs. They were selected using *STRB together with *PS_LOW [1, p. 39].
*STRB becomes active low if an external memory access is done. So, a read cycle and a
write cycle make *STRB active low. Therefore, writing to EPROM was possible. In the
new design, this problem is solved because the TMS320C50 provides two extra signals for
read and write cycles: Read Select (*RD) and Write Enable (*WE). Using only *RD for
modem selection, writing to the EPROMs is made impossible.

4.4.3 EPROM Timing Requirements

A TMS320C50 operating at 28.57 MHz has a machine cycle of 35 ns. With the 25 MHz
clock, the internal machine cycle of the TMS320C50 is 40 ns. Timing requirements tables
listed in [5] define H as half a machine cycle, so H=20 ns and 2H=40 ns.

Figure 4.4 shows the EPROM read cycle timing diagram together with the appropriate

TMS320C50 timings. The relevant access and output disable times of the TMS320C50,
the EPROM and the buffer IC are listed in Table 4.1.
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Figure 4.4 EPROM Read Cycle Timing Diagram.
Table 4.1 Relevant TMS320C50, EPROM, buffer and OR-gate timings.

Symbol Parameter Device Min (ns) Max (ns)
ta Read data access from address valid TMS320C50 2H-15 + n2H
tar) Read data access time after *RD low TMS320C50 H-10 + n2H

toar Address valid before *RD low TMS320C50 H-10
teg *CE Low to Output Valid EPROM 150
ty Propagation delay Input to Output BUFFER 2.5 7.0
tprna *RD High to *OE High OR-gate 3.0 6.6
torzs *OE T to Output High-Z BUFFER 1.0 7.5

30



From Figure 4.4 and Table 4.1, the following two key timing requirements can be derived:

. The EPROM is selected using addressline A5, so the key timing requirement is
t,a): the time read data can be accessed by the TMS320C50 after address becomes
valid. After selection of the EPROM, it takes at most t-; ns before data are on the
EPROM output pins. After t,; ns, data are transferred from the transceiver input
pins to the transceiver output pins. For t,,), the following relation must hold:

tCE, EPrROM tpj, BUFFER S ta(A),max, TMS320C50 (4'1)
. t,) is the time read data can be accessed by the TMS320C50 after *RD goes low.

From Figure 4.4 it follows that in worst-case conditions, the following relation
must be true:

t t

+ <t . +t
CE, EPROM  "p3, BUFFER su(A)R,min,C50 a(R),max,C50

4.2)

The access time of the EPROM is too long for the TMS320C50 to operate with zero wait
states. For proper operation, the minimum number of wait-states must be calculated.
Substituting H=20 and the values from Table 4.1 in (4.1) gives a minimum of 4 wait-
states. However, the built-in software waitstate generator of the TMS320C50 can only be
programmed with 0, 1, 2, 3 or 7 wait states. So, the EPROM 1is accessed using seven wait
states. Because the EPROM is only accessed during initialization, seven wait states are not
a problem. Section 7.5 explains how to program the wait-state generator.

By substituting n=7 in the TMS320C50 timings listed in Table 4.1, the reader can verify
that timing requirements are met.

There are some more timing requirements to satisfy, concerning data setup times, data

hold times and output enable and disable times. These timings and the remaining timings
shown in Figure 4.4 are listed in Table 4.2.
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Table 4.2 Other TMS320C50, EPROM, BUFFER and OR-gate timings.

Symbol Parameter Device Min (ns) Max (ns)
touDir Read data setup time before *RD T TMS320C50 10
turD) *RD low pulse duration TMS320C50 H-2 + n2H H+2 + n2H
tumir Read data hold time after *RD high TMS320C50 0
tep *CE High to Output High Z EPROM 30
t *RD Low to *OE Low OR-gate 3.0 6.3
torzn *OE Low to Buffer output Low Z BUFFER 2.0 9.0

The TMS320C50 requires read data to be valid at least ty,r ns before the actual
data is read. This requirement is guaranteed because data are valid within the time
constraint of t,p) nay-

After *RD goes low, it takes at least 5.0 ns (t
becomes low-impedant. This timing is important when accessing other devices:

oimin + tprzam) before the databus
previous data must be removed from the databus before the EPROMs are accessed.
Section 4.8 describes the communication between (memory) devices.

After the read operation, data may stay on the databus at least t,,; ns. In worst-
case, data are on the databus for at most 14.1 nS (tpygmax + trzsma)- This timing is
important when accessing other devices: EPROM data must be removed from the
databus before other devices are accessed in order to prevent busconflicts. Section
4.8 describes the communication between (memory) devices.

The EPROM databus becomes high-impedant after at most tez ns. Due to the
separation of databuses by transceiver ICs, this timing is not important and
busconflicts will not occur.

4.5 Implementing local data memory

4.5.1 Choosing a Static RAM IC

The IC used for implementing local data memory is the CY7C199 Static RAM (SRAM)

IC. The features of this SRAM important to the modem design are listed below:
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* 32K x 8-bit words

* maximum access time of 15 ns

* maximum output disable time of 7 ns

* automatic power-down feature, reducing the power consumption by 81%
when deselected

* *CE-, *OE- and *WE-control signals

» 15-bit addressbus, 8-bit databus

The 15ns version of the CY7C199 was chosen for the following reasons:
* the CY7C199 was also used in the modem made by Diederen[1]
* the CY7C199-15ns satisfies TMS320C50 timing requirements

* access to the CY7C199 can be done using zero wait states
* the CY7C199-15ns was deliverable from stock.

4.5.2 Interfacing Static RAM to the TMS320C50

Figure 4.5 illustrates the TMS320C50s with the Static RAMs (SRAM) connected.

\
A0-A14 15-bit addressbus } A0-A14
/| SRAM
‘:15 & p —> *CE
TMS320C50(1) *BR
TMS320C50(2) *RD » *OF
*WE > *WE
/ \
D0-D15 16-bit databus D0-D15
v\ /

Figure 4.5 The TMS320C50s with the SRAMs.

The SRAM is a 32K x 8-bit IC. For a 16-bit databus, two SRAMs are used. The SRAM
has three control functions:

* Chip Enable (*CE) is used for device selection.
» Output Enable (*OE) is used for enabling the I/O-pins for output when reading

the device.
* Write Enable (*WE) is used for enabling the I/O-pins for input when writing to

the device.
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As was explained in Section 4.4.2, distinction between EPROM and SRAM is made using
addressline Aj;. But if a part of the local data memory map is configured as global
memory, the address range of the SRAM also includes the Dual-Port SRAM. So,
distinction between SRAM and Dual-Port SRAM must also be made. This distinction can
be made using the Bus Request-pin (*BR) available on the TMS320C50. This pin is
asserted low during access of the external global data memory space. Table 4.3 shows
how the different memory devices can be selected using A5 and *BR.

Table 4.3 Memory Device Selection Table.

A, | *BR Memory Device
L X EPROM
L DP-SRAM
H H SRAM

Note: X = Don’t Care
L = Low Voltage
H = High Voltage

Table 4.3 shows that only if A5 and *BR are both asserted high, local data RAM is
accessed. This function can be realized using a 2-input NAND-gate with its output
connected to *CE of the CY7C199.

Diederen[1] used the *STRB and R/*W signals from the TMS320C25 DSP for selection
of the CY7C199 SRAM IC. The TMS320C50 DSP has two additional memory interface
signals to reduce the amount of external interfacing circuitries: *RD and *WE. The *RD
pin is directly connected to the *OE pin of the CY7C199 and the *WE pin is directly
connected to the *WE pin of the CY7C199. This alleviates the need of gating *STRB and
R/*W to generate the equivalent signals.

4.5.3 SRAM Timing Requirements

Section 4.5.1 described the considerations leading to the choice of the CY7C199-15ns for
local data memory. This section explains why the 15ns version of the CY7C199 was
chosen based on timing requirements. This can be done using the read cycle timing
diagram shown in Figure 4.6. Table 4.4 lists the relevant read cycle timings.
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Figure 4.6 SRAM Read Cycle Timing Diagram.
Table 4.4 Relevant TMS320C50, NAND and SRAM read cycle timings.

Symbol Parameter Device Min (ns) Max (ns)
tya) Read data access from address valid TMS320C50 2H-15 + n2H
taw) Read data access time after *RD low | TMS320C50 H-10 + n2H
twe | Ay *BR High to *CE Low NAND 2.0 53
tack *CE Low to Data Valid SRAM 15
toos *OE Low to Data Valid SRAM 7

Important timings for the read cycle are t, ) ... and t,):

taamax 1S the maximum read data access time of the TMS320C50. After this
time, data must be on the databus. The CY7C199 is selected using a
NAND-gate, so the following relation must hold:

<t

z a(A),max,C50

+ 1
ACE,max,SRAM

PHL,max,NAND —

(4.3)

where t,cg may 1S the maximum access time of the SRAM after *CE becomes
valid and tpy n..nanp 1S the propagation delay of the NAND-gate.
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Substituting the values of t, ) . and tpy ., from Table 4.4 in (4.3) gives
the following relation for t,cg pna:

<(n+1)2H-20.3 4.4)

tACE,max

Table 4.5 shows which versions of the CY7C199 satisfy (4.4) using zero or
one waitstate.

Table 4.5 Allowable CY7C199 versions based on t,c.

# w.s tice -12 -15 -20 -25 -35 -45
n=0 19.7 X X
n=1 59.7 X X X X X X
. tyrymax 18 the maximum read data access time of the TMS320C50 after *RD

is asserted low. The CY7C199 must put valid data on the databus within
tygmx NS- The *RD-pin of the TMS320C50 is directly connected to the
*OE-pin of the CY7C199, so the following relation must hold:

t <t 4.5)

DOE,max — "a(R),max

Substituting the value of t,;, from Table 4.4 in (4.5) gives a second key
timing requirement the CY7C199 must satisfy. Table 4.6 shows which
versions of the CY7C199 satisfy (4.5) using zero or one waitstate.

Table 4.6 Allowable CY7C199 versions based on tpog.

#ws. | tpos 12 -15 -20 -25 -35 -45
n=0 10 X X X X
n=1 50 X X X X X X

There are some more timing requirements to satisfy, concerning data setup times, data

hold times and output disable times. These timings and the remaining timings shown in
Figure 4.6 are listed in Table 4.7.

The SRAM requires the read cycle time to be at least ty. ns. This is the
time the *CE-input of the SRAM is active low. *CE is related to the
address timing, so the SRAM timing requirement is met because the address
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Table 4.7 Other TMS320C50, NAND and SRAM timings.

Symbol Parameter Device Min (ns) Max (ns)

toar Address valid before *RD low TMS320C50 H-10

tome) *RD low pulse duration TMS320C50 H-2 + n2H H+2 + n2H
tum)r Read data valid before *RD high TMS320C50 10

tyor Read data hold after *RD high TMS320C50 0

tun | Ays or *BR Low to *CE High NAND 24 6.0

tre Read Cycle Time SRAM 15

t zoE *OE Low to Low Z SRAM 0

tuzor | *OE High to High Z SRAM 7

is valid for at least one machine cycle.
. The TMS320C50 requires data to be valid at least tg ), ns before *RD is

asserted high. This timing requirement is met because data are valid at most
toor after *OE goes active low and *OE stays active low for at least

tw®L)min 1S

. For proper operation, the SRAM requires the address to be valid prior to or
coincident with *CE transition low. Because the *CE-input is connected to
As and *BR using a 2-input NAND-gate, address is valid before *CE is
asserted low.

From Table 4.5 and Table 4.6 it follows that the 12ns-version and the 15ns-version of the
CY7C199 can be used when external read cycles are performed using zero or one wait
states. The other versions can only be used when using one wait state. The aim is to
perform external memory accesses without any wait states, so the 12ns-version and the
15ns-version of the CY7C199 are appropriate. The 15ns-version is chosen for it is
deliverable from stock.

The CY7C199-15ns satisfies timing requirements concerning the memory read cycle. For
the memory write cycle, timings must be checked in order to verify if the 15ns-version

operates correctly.

Figure 4.7 shows the SRAM write cycle timing diagram. Table 4.8 lists the write cycle
timings. The NAND-timings are not listed for they are the same as listed in Table 4.4.
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Table 4.8 TMS320C50 and SRAM write cycle timings.
Symbol Parameter Device Min (ns) Max (ns)
touayw Address valid before *WE low TMS320C50 H-5
tyowey *WE low pulse duration TMS320C50 2H-2 + n2H 2H+2 + n2H
toumyw Write data valid before *WE high TMS320C50 2H-20 2H
- Write data hold time after *WE high TMS320C50 H-5 H+10
touoyw Enable time, *WE to data bus high Z | TMS320C50 -5
twe Write Cycle Time SRAM 15
towe *WE Pulse Width SRAM 9
tso Data Set-Up to Write End SRAM 9
tup Data Hold from Write End SRAM 0

The important timing for the write cycle is t,,pw:

tomow 1S the time write data on the databus are valid before *WE is asserted
high. For proper operation, ty,w must exceed tgp, i.e. the time the SRAM
wants write data to be on the databus. *WE of the TMS320C50 is directly
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connected to the *WE-pin of the SRAM, so the following relation holds for
the CY7C199-15ns:

tsu(D)W 2 tSD

(4.6)

Substituting the values from Table 4.8 in (4.6) shows that the SRAM timing
requirement is met.

There are two other important timings:

. The CY7C199 expects the *WE pulse width tyye to exceed 9 ns. From
Table 4.8 it can be seen that the minimal TMS320C50 *WE low pulse
duration t,,,;, exceeds the minimal CY7C199 *WE pulse width.

. typyw 1s the time TMS320C50 write data are valid on the databus after *WE
is asserted high. This timing is important when communicating with other
(memory) devices in order to prevent busconflicts. Section 4.8 explains the
importance of this timing.

4.6 Implementing global data memory

4.6.1 Choosing a global memory implementation

As was explained in Section 2.2, communication between processors can be done using
global memory. In general, this type of memory permits two or more processors
independent access to any location in memory. However, when processors want to access
the same memory location, some form of arbitration scheme is necessary. This arbitration
scheme must prevent simultaneous memory accesses at the same location in global data
memory.

Figure 4.8 illustrates an example of a global memory interface. For the global data
memory, the SRAM ICs from Section 4.5 could be used. In order to avoid busconflicts
when both processors attempt to access the global memory, buffers are provided.
Furthermore, arbitration logic is necessary to avoid access to the same memory locations.
This global memory interface seems easy and logical. However, some problems arise
when implementing this global memory interface in hardware.

For each processor, the databus and addressbus must be buffered. Using an 8-bit

transceiver IC for a buffer, a total of eight transceiver ICs are necessary. Furthermore, four
transceiver ICs must be bidirectional for buffering the databuses. The arbitration logic
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Figure 4.8 Global memory interface.
must be implemented in order to meet the following specifications:
. using the *BR-signal to enable communication between one processor and
the global memory.
. determine whether data are transferred to or from the global memory.
. generate a READY-signal when both processors attempt to access the same

memory location. When a processor receives the READY-signal, execution
of program is halted for as long as READY is active, i.e. for as long as the
other processor has access to the global memory.

For the latter specification, the READY-signal does not need to be generated when a
semaphore construction is implemented. A semaphore is a protected variable whose value
can be accessed and altered by one processor only.

When processor 1 wants to access global memory, it sets the semaphore. If access is
granted (i.e. the semaphore variable is not used by other processes), the semaphore is reset
and the processor can perform its alterations in global data memory. When processor 2
wants to access global memory, it checks if the semaphore is set. If it is already in use,
the process is halted until the semaphore is returned by processor 1, i.e. when the
semaphore is set. When the semaphore is returned, processor 2 can perform its alterations
in global data memory.

If access to global memory is implemented using semaphores, integrity of global memory
is guaranteed. However, when processors want to access different memory locations,
semaphores are also used but not necessary.

If all the above considerations about the global memory interface have to be implemented
in hardware, it takes a lot of time and effort to realize the interface. There is, however, a
perfect solution to this problem: a Dual-Port Static RAM (DPSRAM) IC. A DPSRAM is a
memory IC with two separate data- and addressbuses and separate control signals
permitting independent access for reads and writes to any location in memory.
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Furthermore, it is equipped with an arbitration logic to prevent two processors access to
the same memory location at the same time.

The DPSRAM IC is chosen from Cypress Semiconductors. The reason to choose this IC is
that interfacing and read and write timing requirements are the same as for the SRAM IC.
To choose the appropriate DPSRAM IC for the modem design, advantages and
disadvantages of the DPSRAM ICs were compared. The results are shown in Table 4.9.

Before choosing the appropriate DPSRAM, some considerations are made:

. Each DPSRAM has an 8-bit databus. In the modem configuration, a 16-bit
databus is used. So, the DPSRAM must be able to expand the databus, i.e.
using a master/slave construction.

. The DPSRAM must be equipped with either a Busy arbitration scheme or a
semaphore construction to ensure that both processors will not access the
same memory location simultaneously. The Busy logic signals that a
processor is trying to access the same memory location currently being
accessed by the other port. The semaphore construction permits software
handshaking between processors.

. The DPSRAM must be deliverable from stock and no minimum number of
ICs have to be purchased.
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(44

CY7C130 | CY7C131 | CY7C132 | CY7C136 | CY7B134 | CY7B135 | CY7B1342 | CY7B138 | CY7B139 | CY7B144 | CY7B145
CY7C140 | CY7C141 | CY7C142 | CY7C146
# Memory 1Kx8 bits 1Kx8 bits 2Kx8 bits 2Kx8 bits 4Kx8 bits 4Kx8 bits 4Kx8 bits 4Kx8 bits 4Kx9 bits 8K x8 bits 8Kx9 bits
Expand to || Yes Yes Yes Yes No No No Yes Yes Yes Yes
16-bits ?
access 25, 30, 25, 30, 25, 30, 25, 30, 20, 25,35 | 20,25,35 | 20,25,35 | 15,25,35 | 15,25,35 | 15,25,35 | 15, 25,
time 35,45,55 | 35,45,55 | 35,45,55 | 35,45,55 35
Control
Signals
*CE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
*R/*W Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
*OE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
BUSY- Yes Yes Yes Yes No No No Yes Yes Yes Yes
arbitration
INT flag Yes Yes No Yes No No No Yes Yes Yes Yes
Sem. Flag || No No No No No No Yes Yes Yes Yes Yes
Delivery Yes Yes No No ? ? ? No No ? ?
from
Stock?
Package 48-pin 52-pin 48-pin 52-pin 48-pin 52-pin 52-pin 68-pin 68-pin 68-pin 68-pin
DIP/LCC/ | PLCC/ DIP/LCC PLCC/ DIP/LCC PLCC/ PLCC/ PLCC/ PLCC/ PLCC/ PLCC/
QFP LCC LCC LCC LCC LCC/PGA | LCC/PGA | LCC/PGA | LCC/PGA
Min. No No No No ? ? ? 19 pieces 19 pieces ? ?
Delivery?

Note: ? = No information available.

"$DI INVIS Hod-Ten( J01onpuodruss ssaxd£) oyl ¢'v 2IqelL



From Table 4.9, the following conclusions can be made:

» the CY7B134/CY7B135 are not appropriate for they do not allow a 16-bit
configuration. Furthermore, there is no *BUSY-pin, so simultaneous access to
memory is possible.

» the CY7B1342 is not appropriate for it does not allow a 16-bit configuration. It is
equipped with a *SEM-pin, so simultaneous access to memory can be made
impossible in software.

» the CY7B138/CY7B144 are not appropriate because at least nineteen ICs have to
be purchased.

* the CY7B139/CY7B145 are not appropriate for they have a 9-bit databus.

» the CY7C130/CY7C131/CY7C140/CY7C141 (=1Kx8 DPSRAM master/slave)
and the CY7C132/CY7C136/CY7C142/CY7C146 (=2Kx8 DPSRAM
master/slave) are appropriate for the modem design.

From the two appropriate DPSRAMs, the 1Kx8 version was deliverable from stock. To
implement a 16-bit configuration, a master and a slave version are needed. From the 1Kx8
version, the appropriate pin configuration has to be chosen to expand the amount of global
memory, if necessary. When comparing the pin configurations of the 1Kx8 and the 2Kx8
versions, the PLCC 52-pin version of both DPSRAMs have the same pin layout. However,
the 2Kx8 version is equipped with two extra addresslines but the corresponding pins on
the 1Kx8 version are not connected. In the modem configuration, the 1Kx8 version is
used. If the amount of global memory is not satisfactory, the 2Kx8 version could be used.

The above considerations lead to the choice of the CY7C131 master DPSRAM and the
CY7C141 slave DPSRAM. The features of the CY7C131/CY7C141 are listed again:

. 1K x 8-bit words

. maximum access time of 25 ns

. maximum output disable time of 15 ns
. automatic power-down feature

. *CE-, *OE- and R/*W-control signals
. 10-bit addressbus, 8-bit databus

. *BUSY and *INT flags.

Section 4.6.3 will show that the 25ns version of the CY7CI131/CY7C141 satisfies
TMS320C50 timing requirements.
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4.6.2 Interfacing DPSRAM to the TMS320C50s

Figure 4.9 shows the DPSRAMs connected to the TMS320C50s.

CY7C131
\ /
TMS320C50(1) [ 10-bit addressbus —/AOL..AQL AOR..A9R\_ 10-bit addressbus TMS320C50(2)
 E—— I \
2o "\ /- o 5
o [; 5 ; 16-bit databus —/DOL..D7,_ DO0,.D7, \_ 16-bit databus E 5 UBJ N
;ﬂ ;(-“ ¥ & ¥  — ] Bl 7 ¥ o % ;(-M ;ﬂ
A 4 A A

»+CE,  *CE, |«
»*OE,  *OF, |«
»R/*W, R/*W, |«

*BUSY, *BUSY,

*INT,  *INT,

CY7C141
_\ A0,..A9, AQ;.A9; <
- 1
. | —_—

D8,..D15, D8,.D15,
7 X
»|*CE, *CE, [€
»| *OF, *OF, [€
»R/*W, R/*W, [€

P +BUSY, *BUSY, [
*INT, *INT,

Figure 4.9 The DPSRAMs connected to the TMS320C50s.

The DPSRAM is a 1K x 8-bit IC. For a 16-bit databus, a master (CY7C131) and a slave
(CY7C141) version are used. The DPSRAM is provided with a 10-bit addressbus and an
8-bit databus. It has five control functions:

* Chip Enable (*CE) is used for device selection.

* Output Enable (*OE) is used for enabling the I/O-pins for output when reading
the device

* Read/Write Enable (R/*W) is used for enabling the I/O-pins for input when
writing to the device.
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* *BUSY, and *BUSY} are used to control simultaneous memory location access.
If both ports’ *CE are asserted low, the Busy logic will determine which port has
access.

* *INT_ and *INT, permit communication between ports. When the left port writes
to location FFFh, the right port’s interrupt flag (*INTy) is set. This flag is cleared
when the right port reads that same location. Setting the left port’s interrupt flag
(*INT,) is accomplished when the right port writes to location FFEh. This flag is
cleared when the left port reads location FFEh.

As was shown in Table 4.3, global memory is accessed if and only if *BR is asserted low.
So, *BR is directly connected to *CE. As was done with the SRAM in Section 4.5.2, the
TMS320C50 *RD and *WE signals are directly connected to *OE and R/*W pins of the
DPSRAM.

The *BUSY output pins of the master DPSRAM are connected to the *BUSY input pins
of the slave DPSRAM and to the READY input pins of the TMS320C50s. When both
processors are attempting to access the same memory location, the Busy logic of the
master DPSRAM will assert *BUSY low, thus inserting wait states to the TMS320C50. If
the slave would not have been provided with the outcome of the Busy logic of the master,
memory contention in the slave will occur. This will probably result in destruction of the
DPSRAM IC or the TMS320C50.

The *INT pins of the master DPSRAM are connected to the *INT3 input pins from the
TMS320CS50. Only the *INT pins from the CY7C131 DPSRAM are used because writing
to FFFh or FFEh results in interrupts from both DPSRAMSs and an interrupt from only one
DPSRAM is required.

4.6.3 DPSRAM Timing Requirements

Section 4.6.1 described the considerations leading to the choice of the
CY7C131/CY7C141-25ns for global data memory. This section explains why the 25ns
version of the DPSRAM was chosen based on timing requirements. This can be done
using the read cycle timing diagram shown in Figure 4.10. The relevant read cycle timings
are listed in Table 4.10.
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Figure 4.10 DPSRAM Read Cycle Timing Diagram.
Table 4.10 Relevant TMS320C50 and DPSRAM read cycle timings.
Symbol Parameter Device Min (ns) Max (ns)
L Read data access from address valid TMS320C50 2H-15 + n2H
tar) Read data access time after *RD low TMS320C50 H-10 + n2H
thck *CE Low to Data Valid DPSRAM 25
toos *OE Low to Data Valid DPSRAM 15

The derivations for the read and write cycle timing requirements are the same as for the

CY7C199 from Section 4.5.3. In this section, only the formulas are presented.

Important timings for the read cycle are t

and t,g):

a(A),max

ot : the CY7C131/CY7C141 are selected using the *BR-signal. Timings for

a(A),max*

the *BR signals are the same as for address timings, so the following relation
must hold:

t <t 4.7)

ACE,max,DPSRAM — "a(A),max,TMS320C50

46



where tycpn.. iS the maximum access time of the DPSRAM after address
becomes valid. When substituting the value of t,,, ..., from Table 4.10 in (4.7), an
overview can be made of CY7C131/CY7Cl141 versions that satisfy (4.7) using
zero or one waitstate. This overview can be found in Table 4.11.

Table 4.11 Allowable CY7C131/CY7C141 versions based on t,cg.

# w.s. tice 25 30 35 45 55
n=0 25 X
n=1 65 X X X X X
* Lrmsx the *RD-pin of the TMS320C50 is directly connected to the *OE-pin of
the CY7C131/CY7C141, so the following relation must hold:
t <t (4.8)

DOE,max,DPSRAM — "a(R),max,C50

Substituting the value of t,, from Table 4.10 in (4.8) gives a second key timing
requirement the CY7C131/CY7C141 must satisfy. Table 4.12 shows which
versions of the CY7C131/CY7C141 satisfy (4.8) using zero or one waitstate.

Table 4.12 Allowable CY7C131/CY7C141 versions based on tpq.

# w.s. thoE 25 30 35 45 55
n=0 10
n=1 50 X X X X X

There are some more timing requirements to satisfy, concerning data setup times, data
hold times and output disable times. These timings and the remaining timings shown in
Figure 4.10 are listed in Table 4.13. Descriptions of these timings are listed in Section
4.5.3.
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Table 4.13 Other TMS320C50 and DPSRAM timings.

Symbol Parameter Device Min (ns) Max (ns)
R Address valid before *RD low TMS320C50 H-10
tomrey *RD low pulse duration TMS320C50 H-2 + n2H H+2 + n2H
tomr Read data valid before *RD high TMS320C50 10
tyor Read data hold after *RD high TMS320C50 0
t 708 *OE Low to Low Z DPSRAM 3
tuzos *OE High to High Z DPSRAM 15

From Table 4.11 and Table 4.12 it follows that the fastest DPSRAM will only operate
using one wait state. So, the 25 ns version of the CY7C131/CY7C141 is chosen for the

modem design.

The CY7C131/CY7C141-25ns satisfies timing requirements concerning the memory read
cycle. For the memory write cycle, timings must be checked in order to verify if the
TMS320C50 satisfies DPSRAM write timing requirements.

Figure 4.11 shows the DPSRAM write cycle timing diagram. Table 4.14 lists the write

cycle timings.
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Figure 4.11 DPSRAM Write Cycle Timing Diagram.
Table 4.14 TMS320C50 and DPSRAM write cycle timings.
Symbol Parameter Device Min (ns) Max (ns)
tooaw Address valid before *WE low TMS320C50 H-5
tuowr) *WE low pulse duration TMS320C50 2H-2 + n2H 2H+2 + n2H
toumw Write data valid before *WE high TMS320C50 2H-20 2H
tyoyw Write data hold time after *WE high TMS320C50 H-5 H+10
Ap— Enable time, *WE to data bus high Z | TMS320C50 -5
twe Write Cycle Time DPSRAM 25
towe *WE Pulse Width DPSRAM 15
tsp Data Set-Up to Write End DPSRAM 15
tap Data Hold from Write End DPSRAM 0

The important timing for the write cycle is t.,pyw:
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* tuow: for proper operation, tymyy must exceed tgy. *WE of the TMS320C50 is
directly connected to the R/*W-pin of the DPSRAM, so the following relation
holds for the CY7C131/CY7C141-25ns:

tsu(D) w 2 tSD

4.9

Substituting the values from Table 4.14 in (4.9) shows that the DPSRAM timing
requirement is met.

There is one more timing requirement to satisfy:

» The DPSRAM expects the R/*W pulse width to exceed tpys ns. From Table 4.14
it can be seen that the minimal TMS320C50 *WE low pulse duration exceeds the
minimal] DPSRAM R/*W pulse width.

So far, this section showed that the DPSRAM-25 ns satisfies TMS320C50 timing
requirements based on memory read and write cycles. However, the DPSRAM also
communicates with the TMS320C50 using the *BUSY and *INT signals. These timings
must also satisfy TMS320C50 timing requirements.

The datasheets of the TMS320C50 list the interrupt timings [5, p. A-17]. The minimum
low pulse duration of an interrupt (either synchronous or asynchronous) is 6H+15 ns, i.e.
three machine cycles. This timing requirement must be met to ensure that an interrupt is
synchronized as explained in Section 2.3.10. According to Section 4.6.2, the DPSRAM
interrupt is set when a write is performed to a specified location (FFFh for the left port
and FFEh for the right port). This interrupt is cleared when the location is read. Reading
memory can only be performed from the interrupt service routine which can only be
executed when the interrupt was received successfully. So, due to the DPSRAM’s

interrupt generation logic, interrupt timing requirements are met.

When a processor wants to access global memory, it asserts the bus request (*BR) signal
low. However, it is not aware if the other processor wants to access the global memory at
the same time or if it has already access to the global memory. To prevent simultaneous
access to the same memory location, the master DPSRAM is provided with an arbitration
logic. The arbitration logic determines which processor may access the global memory.
The master DPSRAM is provided with a *BUSY output pin which is asserted either high
or low according to the outcome of the arbitration logic. When a processor’s access to
global memory is denied, the *BUSY output is asserted low. Because the *BUSY output
is connected to the READY input of the TMS320C50, the processor will know when
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access to the DPSRAM is denied and will delay its memory access until *BUSY goes
high again (i.e. access to the DPSRAM is granted).

Figure 4.12 shows the *BUSY timing diagram of the CY7C131/141.

X;ADDRESSLR . ><

=Y /
SN |
*CE, \ !
:‘ tac - i tauc \
< X >
*BUSY, \\ /

Figure 4.12 DPSRAM Busy Timing Diagram.

If both *CEs are asserted low and an address match occurs within 5 ns (tpg) of each other,
the *BUSY logic will determine which processor has access. *BUSY will be asserted low
tsec 08 (tgc < 20 ns) after *CE is taken low. Figure 4.12 shows that the left port gets
access to the DPSRAM so the right port’s *BUSY is asserted low. The timing diagram
and the timings are the same when the right port gets access to the DPSRAM.

Before checking *BUSY timings with READY timing requirements, a general description
of generating wait states using the READY signal is given. The READY input on the
TMS320C50 is used for externally generating wait states. The TMS320C50 samples the
READY pin at the rising edge of CLKOUTI1. If READY is low, the TMS320C50 waits
one machine cycle and samples READY again. If READY is high, the TMS320C50
concludes its external memory cycle. The external READY pin is sampled only after the
internal software wait states are completed.

For a TMS320C50 read cycle, *RD goes low at the rising edge of CLKOUT]I, i.e. at the
same time the READY pin is sampled. READY must be stable some time before and after
the rising edge of CLKOUT1 to prevent unwanted wait states to be inserted or wanted
wait states to be skipped. A zero wait-state memory access contains one rising edge and
one falling edge of CLKOUT1. At the rising edge, *RD goes low and READY is
sampled. At the falling edge, data are read. So, if a zero wait-state memory access is to be
delayed with externally generated wait states, READY must be low before *RD falls (i.e.
the rising edge of CLKOUT1) otherwise READY is sampled high and no wait states are
inserted.
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Figure 4.13a shows a zero wait-state read cycle with READY low before the rising edge
of CLKOUT]1. Figure 4.13b shows the same read cycle with READY low after the rising
edge of CLKOUTI.

CLKOUTI1 CLKOUT1

X ADDR;ESS

X

1

:

) !

*RD I
i

1

1

1

*RD  \ /
]

| t
! READY ¥ semg
1

READY :READY

X sampled

One cycle
+ < msene,a > \ /
Figure 4.13a Zero wait-state read cycle Figure 4.13b Zero wait-state read cycle
with one external wait state. with no external wait states.

In Figure 4.13a, READY is low before the rising edge of CLKOUTI, i.e. the time
READY is sampled. Therefore, an extra wait state is inserted. In Figure 4.13b, READY
goes low after the rising edge of CLKOUT1. The TMS320C50 samples READY as being
high, so no extra wait state is inserted. Data are read at the falling edge of CLKOUTI.

A multiple wait-state memory access contains several rising and falling edges of
CLKOUTI. To insert external wait-states, READY must be low before the last rising edge
of CLKOUT1 before data are supposed to be read by the processor. Figure 4.14 shows a
read cycle delayed by one internally generated wait state and by one READY-generated
wait state. Timings are listed in Table 4.15.

Because the external READY input is sampled only after the internal software wait state is
completed, READY may change during the extended read cycle. However, it must be low
before the last rising edge of CLKOUT1 of the read cycle. At this point in time, the
internal software wait state is completed and the external READY input is sampled.
Figure 4.14 shows that READY is low, so an extra wait state is inserted. If more wait
states are to be inserted, READY must stay low. If not, READY must go high before the
next rising edge of CLKOUT1. Figure 4.14 shows that only one external wait state is
inserted because READY is high before the last rising edge of CLKOUT]I.

For a TMS320C50 write cycle, *WE goes low at the falling edge of CLKOUT1. READY

is sampled at the rising edge of CLKOUTI1. For correct insertion of wait states, the
TMS320C50 expects READY to be low after *WE falls. Figure 4.15 shows a one wait-
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Figure 4.14 One wait-state read cycle delayed by one READY-generated wait state.

state write cycle delayed by one READY-generated wait-state. Timings are listed in
Table 4.15. READY may change during the internal wait state but must be low before
READY is sampled at the last rising edge of CLKOUT1 before *WE goes high again. In
this way, the write cycle is delayed with one wait state. At the next rising edge of
CLKOUTI1, READY is high again so no wait states are inserted. For a zero wait-state
write cycle, READY must be low before and after the rising edge of CLKOUT1 before
*WE goes high.

Lurco ¢ <—>Ltﬂz)>‘ é ?
X_ADDRESS L X
*WE \Aﬁ o ‘ J/
e e [
READY \\\\\\\\\\\\\\\\\\\\\\\\\Y\ W ?
One wait state "One READY- generated !
generated internally - wait state

Figure 4.15 One wait-state write cycle with one READY-generated wait-state.

Using the timings from Table 4.15 and Figure 4.12, READY timing requirements for the
DPSRAM can be derived. Access to the DPSRAM is done using one wait state. *BUSY
goes low after at most 20 (= t; ) ns. Figure 4.14 shows that READY must be low after
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Table 4.15 Ready timing requirements.

Symbol Parameter Min (ns)
tour-cOy READY setup time before CLKOUT]1 rises 10
toco-r) READY hold time after CLKOUT!1 rises 0
toumr READY setup time before *RD falls 10
thrr READY hold time after *RD falls 5
tw READY valid after *WE falls H-15
tryw READY hold after *WE falls H+5

12 machine cycle from ADDRESS valid. Figure 4.15 shows that READY must be low
after 2%2 machine cycles from ADDRESS valid. Due to the internal wait state, READY

will be low in time before it is sampled, therefore READY timing requirements are met.

4.7 1/0-selection circuit

The TMS320C50 has a total of 64K addresses for parallel input/output ports. I/O port
accesses are defined as accesses during which the I/O-select signal (*IS) is active.
Accessing the I/O ports can be done with the IN and OUT instruction. In [1], an I/O-
selection circuit has been designed to access the A/D converter, the D/A converter, the
parallel port and the DIP-switches. The I/O-selection circuit is illustrated in Figure 4.16.
The I/O-selection is accomplished by the 74F138 1-of-8 decoder. It accepts addresslines
A, and A, and the control signal R/*W of the TMS320C50 as inputs and when enabled,

provides eight active low outputs. The device is enabled by *STRB and by *IS.
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uel/uU64

i 8 ; A Yo pi>—{TOSEL_Y0
=B ¥l D35—IOSEL_Y1
[R/*W c ¥2 p55—IOSEL_Y2
o— ik
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[*STRB d 2B Y7 o———IOSEL_Y7

74F138

Figure 4.16 1/O-selection circuit.

Each TMS320C50 is interfaced to an I/O-selection circuit. The I/O-selection circuit is the
same as was used with the previous modem. The port addresses of TMS320C50(1) and

TMS320C50(2) are listed in Table 4.16 and Table 4.17.
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Table 4.16 1/O port addresses TMS320C50(1).

Port address IN operation OUT operation
Ch to connector (*Y4) to connector (*Y0)
1h 16-bit parallel interface (*Y5) 16-bit parallel interface (*Y1)
2h A/D converter (*Y6) to connector (*Y2)
3h to connector (*Y7) to connector (*Y3)

Table 4.17 I/O port addresses TMS320C50(2).

Port address IN operation OUT operation
Oh to connector (*Y4) to connector (*Y0)
1h communication interface (*Y5) communication interface (*Y1)
2h A/D converter (*Y6) D/A converter (¥Y2)
3h to connector (*Y7) to connector (*Y3)

In the modem configuration, the I/O-select signals are used to read from and write to
internal devices (A/D converter, D/A converter, 16-bit parallel interface, communications
interface) and to external devices by means of 1/0-select signals which are situated on the
2x32-pin connector CONNI1. The I/O-select signals can be used on the high-to-low
transition or the low-to-high transition. When reading the devices, the high-to-low
transition is used to reset flip-flops and to enable the output pins of buffer ICs. When
writing the devices, the low-to-high transition is used to clock data into the buffers ICs.
The next paragraph will show that reading and writing the devices is justified because data
are valid at the time they are clocked in.

Figure 4.17 shows the 1I/O-selection read timing diagram. Table 4.18 lists the I/O-selection
timings. The inputs A, A, R/*W and *IS are all referenced as ADDRESS timings.

For read cycles, *STRB goes low and ADDRESS becomes valid with the falling edge of
CLKOUT]I. Due to the internal device logic used to generate ADDRESS relative outputs
(Ag, A, *IS, R/*W), transitions on the addressbus and related outputs typically occur
somewhat later than control-line transitions (CLKOUTI1, *STRB, *WE, *RD). Therefore,
*IS activates the *Y, outputs. After tpy . ns from ADDRESS valid, the I/O-select signal
*Y, (0 £ n £7) becomes active. If *Y, is used to enable the output pins of the buffer ICs,
it is the task of these buffer ICs to present valid data before *STRB goes high again. If
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Figure 4.17 1/0O-selection Read Timing Diagram.

Table 4.18 1/O-selection Read Timings.

Symbol Parameter Device Min (ns) Max (ns)
tya Read data access from address valid TMS320C50 2H-15 + n2H
tar) Read data access from *RD valid TMS320C50 H-10 + n2H

toucaR Address valid before *RD low TMS320C50 H-10
ture) *RD low pulse duration TMS320C50 H-2 + n2H H+2 + n2H
tonL Propagation delay A, B, C 74F138 4.0 9.0
torn Propagation delay A, B, C 74F138 3.5 8.0
tuzsTRB *STRB High to High Z Others -

necessary, a read cycle can be extended by implementing I/O-port wait states in software.

Figure 4.18 shows the I/O-selection write timing diagram. Table 4.19 lists the 1/0O-

selection timings. For the write cycle, ADDRESS is valid for at least t,.,,y, ns before

*STRB becomes active. So, *STRB determines the I/O-select signal timing. After tpy; ..

ns from *STRB valid, *Y, becomes active. For the write cycle, the low-to-high transition

of *Y, is important. On the rising edge of *STRB, it takes at most tyy ns before *Y is

asserted high. After *Y  goes high, data are valid for at least 7.0 (t,pyw.min - tpLimax) DS-

56



\CLKOUTI / \ / \

A, A, RFW, #IS Xi ><
E: tsu(A)W =' .
*STRB \LL o YA
et e
' Conr, \ ' torn
) < » [} ) ;
*Y, \ -/
tsu(D)W : l:l'l(D)"V .
TMS320C50 g { .>_
DATA OUT JUNRRRRAN ' '
Figure 4.18 I/O-selection Write Timing Diagram.
Table 4.19 I/O-selection Write Timings.
Symbol Parameter Device Min (ns) Max (ns)
towaw Address valid before *WE low TMS320C50 H-5
towr) *WE low pulse duration TMS320C50 2H-2 + n2H 2H+2 + n2H
touow Write data valid before *WE high TMS320C50 2H-20 2H
tuoyw Write data valid after *WE high TMS320C50 H-5 H+10
— Propagation delay *G2A, *G2B 74F138 3.0 7.5
tory Propagation delay *G2A, *G2B 74F138 3.5 8.0

4.8 Communicating between memory devices

Sections 4.4, 4.5 and 4.6 derived timing requirements for the various memory devices
regarding one read and one write cycle. In practice, however, multiple read and write
cycles in different order between different memory devices occur. Because each device is
capable of activating the commonly shared databus, busconflicts can occur. To avoid these
busconflicts, communication between each memory device must be checked on output
enable and disable timings.

Access to I/O ports is done using memory read and write cycles. Therefore, the devices

that are activated by the I/O-select signals (i.e. 74F245, 74F574 and 74F652 ICs) must
also be checked to prevent busconflicts.
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When executing program code, the TMS320C50 uses the databus to fetch instructions
from external program memory and to fetch and store data in external data memory. These
databus accesses consist of a multiple of four different access combinations: two
consecutive read cycles, a read cycle followed by a write cycle, a write cycle followed by
a read cycle and two consecutive write cycles. The TMS320C50 uses *RD and *WE to
denote an external read or write cycle. In order to prevent busconflicts, external writes
always require two cycles. All external writes immediately preceded by an external read or
immediately followed by an external read require three machine cycles.

Communicating between (memory) devices is controlled by the TMS320C50. It allows one
device to put data on the databus. The other devices are deselected due to the memory and
I/O-selection circuitry. At the end of the write cycle, the device must remove its data and
make the databus high-impedant before the TMS320C50 grants access to another device.
Otherwise, busconflicts can occur. It will be shown that each device that performs a write
cycle makes the databus high-impedant before another device is activated.

Table 4.20 lists the devices which have access to the databus with their output enable and
disable timings. The output enable timings specify when the databus becomes low-
impedant before valid data are on the databus. The output disable timings specify when
the databus becomes high-impedant. Note that these timings are valid when a specific
device performs a write cycle.

Table 4.20 Device output enable and disable timings (for device write cycles).

Device Minimum Output Enable Maximum Output Disable

timing (ns) timing (ns)
TMS320C50 teaoyw = -9 tyoyw = H+10 = 30

EPROM/74F245 tz = 5.0 toyz = 14.1
SRAM tzoe = 0 tuzoe = 7
DPSRAM trzor = 3 tyzog = 15
74F245 tozy = 2.0 toyz = 7.5
74F574 tozn = 2.0 tpyz = 6.0
74F652 tozy = 3.5 toz = 15.5

Note: * SRAM/DPSRAM timings are taken from *OE valid (t, ;o and tyzop).
» See section 4.4.3 for the derivation of the maximum EPROM output enable and
disable timings.
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* Minimum output enable timings from commercial TTL ICs are derived according
to Min(tpz mins oL min)-

Maximum output disable timings are derived according to max(tpyz maxs torzmad)-

For each combination of external read and write cycles, timing diagrams will show that
busconflicts will not occur:

Read cycle followed by a read cycle or a write cycle:

e, 2)
“RD /: NG o
e > ()
“WE § N @
' teoaz : P Y .
DATABUS Previous data ;'.L\ﬁ HighZ {%«{ New data

Figure 4.19 Timing diagram read-read (1) and.read—write (2) cycle.

Table 4.21 Read/Read and Read/Write timings.

Symbol Parameter Device Timing (ns)
to®ED) *RD high pulse duration TMS320C50 > H-2
tarw) Delay time, *RD high to *WE low TMS320C50 2 2H-5
teaD)w Enable time, *WE to databus driven TMS320C50 2 -5

tRD-HZ Output Disable Timing from *RD high Other devices -

trp.LZ Output Enable Timing from *RD low Other devices -

Figure 4.19 shows the timing diagram for two consecutive read cycles (1) and for a read
cycle followed by a write cycle (2). At the rising edge of *RD, device data are read by the
TMS320C50. Device data stay valid on the databus for at most tg ;, ns after *RD goes
high. For two consecutive read cycles, *RD goes low again after 18 (t,gy) ns, thus
enabling the databus after typ,, ns. From Table 4.20, the worst-case combination can be
chosen: the 74F652 has a maximum output disable timing of 15.5 ns and the CY7C199
has a minimal output enable timing of O ns. It is evident that the output disable timing of
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the 74F652 does not exceed the *RD high pulse duration, thus no busconflicts will occur.
For a read cycle followed by a write cycle, *WE goes low after 35 (tygw,) ns after *RD
goes high. The databus is enabled within t,,pw ns. The worst-case combination is a read
cycle from the 74F652 (output disable time of 15.5 ns) and a write cycle from the
TMS320C50 (output enable time of -5 ns). The minimum time the databus is high-
impedant is 14.5 ns, resulting in no busconflicts.

Write cycle followed by a write cycle or a read cycle:

(1)
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! !
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Figure 4.20 Timing diagram write-write (1) and write-read (2) cycle.
Table 4.22 Write/Write and Write/Read timings.

Symbol Parameter Device Timing (ns)
twewn) *WE high pulse duration TMS320C50 > 2H-2
taywr) Delay time, *WE high to *RD low TMS320C50 > 2H-10
teaDyw Enable time, *WE to databus driven TMS320C50 =-5
toyw Write data valid after *WE high TMS320C50 < H+10
trp.L2Z Output Enable Timing from *RD low Other devices -

Figure 4.20 shows the timing diagram for two consecutive write cycles (1) and for a write
cycle followed by a read cycle (2). At the rising edge of *WE, data are read by the
devices. TMS320C50 data stay valid on the databus for at most 30 (t,p)w) ns after *WE
goes high. For two consecutive write cycles, *WE goes low again after 38 (t,, ) ns. The
TMS320C50 enables the databus within -5 (t,,pw) Bs, i.e. the databus is enabled 33 ns
after *WE goes high. Two TMS320C50 write cycles produce the worst-case situation.
While data can stay on the databus for at most 30 ns, the time between two write cycles is
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33 ns: no busconflicts will occur. For a write cycle followed by a read cycle, *RD goes
low after 30 (t4wg)) DS after *WE goes high. The databus is enabled within ty;, ns. The
worst-case combination is a write cycle from the TMS320C50 and a read cycle from the
CY7C199, resulting in a worst-case high-impedant databus time of O ns.

The attentive reader should have noticed that when the TMS320C50 operates at its
maximum frequency of 28.6 MHz (= machine cycle of 35 ns), typyw ma €XC€EAS tywg) In
worst-case situations, TMS320C50 write data can still be on the databus when a read cycle
is started, thus resulting in a possible databus conflict.
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S5 The A/D- and D/A converter

5.1 Introduction

This chapter discusses the implementation of the Analog-to-Digital Converter circuit and
the Digital-to-Analog Converter circuit. Section 5.2 explains why the receiver
configuration is to be improved. Section 5.3 describes the implementation of the ADC
circuit. Section 5.4 describes the features of the D/A converter circuit with the transmit
clock.

5.2 Improving the existing receiver configuration

One of the main reasons for designing a new modem with two DSPs is the fact that the
receiving part of the already existing modem needed more processing power. Section 1.4
explained that the IF receiver can process about f, = 16 kChip/s. To achieve a chiprate of
64 kChip/s, a modem equipped with two TMS320C50 DSPs would be satisfactory. In
order to enhance the performance of the modem, the samples taken from the analog signal
must be passed to both DSPs alternatingly. In this way, both DSPs can perform their
calculations on the samples simultaneously, resulting in an increase of processing speed.

The task of the receiver is to produce the databits from the incoming chip samples. The
sample moments of the A/D converter are chosen in such a way that the analog signal is
sampled at maxima and minima and at zero-crossings of the IF-carrier. The samples
obtained at the maxima and minima are called I-samples, the samples at zero-crossings Q-
samples. Calculations have to be performed on these samples. These calculations merely
consist of multiplying the I-samples with +1 or -1 in order to obtain the chipcode at
baseband. After correlating the chipcode with the local PN-sequence, it is possible to
identify the databit (0 or 1). To obtain maximum efficiency, the calculations have to be
performed on both TMS320C50s at the same time. This is achieved by passing the I-
samples to one TMS320C50 and the Q-samples to the other TMS320C50.

To implement the previous design considerations, a new ADC circuit is designed with a
new analog-to-digital converter and a switch which passes the samples to both
TMS320C50s. Section 5.3 will explain the ADC circuit in detail.

63



S3T

he ADC circuit

Figure 5.1 shows the functional blocks of the ADC circuit.

. AQ, Al, R/*W,
I/O-selection *IS, *STRB
circuit
Buffers PA-IOSEL._Y6
*OE[« TMS320C50(1)
\ \
ADC 12-bit databus . \
- D0-D15
+ OTR 16-bit databus
/ / =
—»CP Z
*
) A 4 )
CONN-FES , |Encode | ENCODE Switch PA-*INTI
PA-TOUT Pule | ADC > Interrupt
- > Generation ] A 7
TRANSMIT,,| Circuit Generation
CLOCK > Cireuit PB-*INT1
*RESET Y
Buffers 4 \ 4
L»ICP, =
L\ \ o
16-bit databus D0-D15
/ /
*OE TMS320C50(2)
PB-IOSEL._Y6
I/O-selection A0, AL RIW
circuit *IS: *SZI‘RB ’

Figure 5.1 The ADC circuit.

The ADC circuit consists of :

encode pulse
generation circuit

ADC
ADC-switch

buffers

interrupt set/reset
circuit

: this circuit generates the ENCODE-pulse necessary

for the analog-to-digital conversion and satisfying
ADC timing requirements.
the AD1671 analog-to-digital converter.

: this switch passes samples from the ADC

alternatingly to the TMS320C50(1) and
TMS320C50(2) or to only one TMS320C50.

: buffers are required to disconnect the TMS320C50

databuses from the ADC databus to avoid
busconflicts and illegal write operations to the ADC.
this circuit generates interrupts at the TMS320C50s
when a sample value is clocked into the buffers.
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Before each functional block is described in detail, a global description of the operation of
the ADC circuit is given.

A rising edge of either f; from the external frequency synthesizer via the connector, the
timer from TMS320C50(1) or the internal transmit clock initiates the conversion cycle.
The ADC performs an analog-to-digital conversion on the analog signal. After the ADC
puts the sample data on the databus, the switch determines which DSP can process the
data. Data are clocked into the internal registers of the appropriate buffers and the DSP is
interrupted. After receiving the interrupt, the interrupt service routine reads data from the
databus. By activating I/O-select signal *Y6, the output pins of the buffers are enabled and
data are put on the TMS320C50 databus. *Y6 also clears the interrupt so the DSP can
receive the next interrupt. After data are read, the I/O-select signal becomes inactive,
therefore disabling the output pins of the buffers.

Sections 5.3.1 to 5.3.4 explain in detail the functional blocks of the ADC circuit.

5.3.1 The pulse generation circuit

The analog-to-digital conversion is initiated by a low-to-high transition on the ENCODE
input of the ADC. This transition is made using one of the following signals:

» the sample frequency f;; from the frequency synthesizer board, available on
connector CONNI via the parallel interface.

* the transmit clock available on the modem board.

* the TMS320C50(1) timer. With this timer, the frequency synthesizer could be
implemented in software and therefore the external frequency synthesizer board
could be omitted [4].

Using jumpers J1, J2 and J3, a selection between these input signals can be made as
shown in Table 5.1.

There are two ways to start the analog-to-digital conversion on the AD1671 (see also the
datasheets of the AD1671 in Appendix 4, p. 184):

1) generate an ENCODE pulse for at least 20 ns and at most 50 ns. When the

AD1671 asserts DAV high, new data are on the output pins. This option is
shown in Figure 5.2a.
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Table 5.1 Jumper settings for the ENCODE pulse generation.

J1 J2 J3 Input clock
12 -- -- Sample frequency f;, from frequency synthesizer
-- 12 -- Transmit clock
-- -- 12 Timer TMS320C50(1)
ote : -- : not connected

2) assert ENCODE high for at least 20 ns. After the AD1671 asserts DAV low, the
ENCODE pulse must also be asserted low. When DAYV is asserted high, new
data are on the output pins. This option is shown in Figure 5.2b.

Descriptions of timings are listed in Table 5.2.

ENCODE
\ ENCODE
¢ f ;{ \H—t —>7g
4/{:\& - X ' ' ENCL 7
' 1 ] r— _>| ]
< I Y ] e
DAV DAV
1 i 1 :
BIT .12 ?hl;[rs%i%m DATA 0 (PREVIOUS) DATA 1
B s OTR DATA 0 (PREVIOUS) DATA 1 .
Figure 5.2a Encode Pulse HIGH. Figure 5.2b Encode pulse LOW.
Table 5.2 Switching specifications AD1671.
Symbol Parameter Min (ns) | Typ (ns) | Max (ns)
te Conversion Time 800
tene ENCODE Pulse Width High 20 50
tene. | ENCODE Pulse Width Low 20
toav DAYV Pulse Width 150 300
te ENCODE Falling Edge Delay 0
tr Start New Conversion Delay 20
top Data and OTR Delay from DAV | 20 75
tss Data and OTR Valid before DAV T 20 75

The disadvantage of option 1) is that the ENCODE pulse must be well-defined. If the
pulse width of a signal is not known or cannot be altered, this conversion method cannot
be used. Diederen used a monostable-multivibrator IC to maximize the low-time of a
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signal [1, p. 49]. However, this IC was not designed to produce pulse signals with a 50 ns
low time.

The advantage of option 2) is that the pulse width may exceed 50 ns but must be asserted
low after DAV goes low. In this case, a pulse generation circuit is necessary to assert
ENCODE Ilow. This can be achieved using a D-flipflop. The realization of the pulse
generation circuit is shown in Figure 5.3.

R23

+5vV
1K
J1 2 ui7a
CONN-*FFS L o o2 N s
D P o ENCODE
J2 R
[TRANSMITCLOCK 1 o o2 3 Newx
J3 E 6 [3)
1 2
PA_TOUT o o rar7a
1
U242a
*RESET 1 3
DAY 2

74F08
Figure 5.3 The pulse generation circuit.

At the rising edge of the clock input of D-flipflop U17, ENCODE goes high and stays
high. A low-to-high transition on the ENCODE input initiates an analog-to-digital
conversion. When the AD1671 asserts DAV low, the D-flipflop is reset, thus asserting the
ENCODE input low. At power-up or after a reset, the D-flipflop is also reset, so the
ENCODE input is low before any conversion is started.

The D-flipflop introduces a timing delay of tp,; ns from clock high to Q high, where ty
is defined as : 3.8 < tp; < 7.8 ns. This results in a timing delay between the desired
sample moment and the time the sample is actually taken by the ADC. However, this time
is a fixed delay and does not disturb the receiver because the Costas carrier recovery loop
in the receiver will compensate for it [2, 4].
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5.3.2 The Analog-to-Digital Converter

For analog-to-digital conversion of the received signal, the AD1671 from Analog Devices
is used. The features of the AD1671 are listed below:

* resolution of 12 bits

* maximum sampling rate of 1.250 Msamples/s
*  On-Chip Sample-and-Hold Amplifier and Voltage Reference

* Low Power Dissipation: 570 mW.
* No missing codes guaranteed.
* Input Ranges : -2.5 to +2.5 Volts bipolar
-5.0 to +5.0 Volts bipolar
: 0 to +2.5 Volts unipolar
0 to +5 Volts unipolar

* Out of Range output bit indicates when the input signal is beyond the AD1671’s

input range.

» Output data is available in unipolar/bipolar offset or bipolar twos complement

binary format.
» 28-pin DIP or 28-pin PLCC package.

Section 8.4 of [4] explains in detail why the AD1671 was chosen for the new modem.

Figure 5.4 shows the AD1671 with resistors, capacitors and jumpers as implemented on
the modem board. The datasheets of the AD1671 list the pin description (see Appendix 4,

p. 187).

+5Vv

R83

uls

[AD-D(0:

53 [VIN

R86 1 3

P2

50E 1
is8
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—~ €17
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% = VvV Vv
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ATIN2
REF COM
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Figure 5.4 The AD1671 Analog-to-Digital Converter.
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An analog-to-digital conversion is initiated by providing an active high level on the
ENCODE pin of the AD1671. The falling edge of the ENCODE pulse is specified to
operate within 50 ns after the rising edge of ENCODE or after the falling edge of DAV
(Data Available) as described in Section 5.3.1. During the conversion, the AD1671 asserts
DAYV low. At this time, previous data can be read from the output pins of the ADC. Upon
completion of conversion, DAV is set high and new data are on the output pins
BIT1(MSB) - BIT12(LLSB).

The AD1671 will flag an out-of-range (OTR) condition when the analog input voltage is
beyond the input range of the converter. OTR is set low when the analog input voltage is
within the input range. OTR is set high and will remain high when the analog input
voltage exceeds the input range by typically %2 LSB from the centre of the + full-scale
output codes. OTR will remain high until the analog input is within the input range and
another conversion is completed. The OTR pin (pin 15) is directly connected to the L.SB
(DO) of the TMS320C50 databuses using the 74F574 transceiver ICs. When obtaining the
sample data from the ADC, a modulo 2 operation will determine if the input voltage was
out of range.

The ADI1671 provides both MSB and *MSB outputs, delivering data in positive true
straight binary format for unipolar input ranges and positive true offset binary or twos
complement format for bipolar input ranges. Twos complement format minimizes software
overhead ( no data conversion ) which is especially important in high speed data transfer.
The MSB (BIT1) and *MSB output pins are connected to the ADC-databus using jumper
J5. Table 5.3 lists the two possible output data formats with the corresponding jumper
settings.

Table 5.3 Jumper setting for the AD1671 output data format.

J5 *MSB/BIT1 Output data format
12 *MSB twos complement range
23 BIT1 positive true binary range

The AD1671 can be configured to operate with unipolar (0 V to +5 V, 0 V to +2.5 V) or
bipolar (+5 V, £2.5 V) inputs (see also Appendix 4). In the modem design, only two input
ranges are implemented: unipolar O V to +5 V and bipolar +5 V. Jumper J4 is provided to
choose between these two input ranges as shown in Table 5.4.
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Table 5.4 Jumper setting for OV - 5V / = 5V input range.

J4 Input range
12 Unipolar ( 0-5 V)
23 Bipolar ( £ 5V)

The other two input ranges ( unipolar 0 V to +2.5 V and bipolar +2.5 V) are not
implemented because the analog input signal from the transmitter is a bipolar +5V signal.
Furthermore, extra hardware (i.e. AD845 opamp, (variable) resistors, jumpers) was
necessary to implement the other two input ranges. The resistors shown in Figure 5.4 are
necessary to calibrate the AD1671 for both input ranges. More information about the
calibration procedures can be found in Appendix 4, p. 191.

Note that for receiving spread-spectrum signals the unipolar 0-5 Volt input range is not
used. However, no extra hardware was necessary to implement this feature and it made the
ADC circuit somewhat flexible.

5.3.3 The ADC-switch with the buffers

To enhance the processing speed of the modem, the digital sample values are passed
alternatingly to TMS320C50(1) and TMS320C50(2). This is done using the ADC-switch
shown in Figure 5.5.

The main element of the ADC-switch is the D-flipflop (U17). Its *Q-output is directly
connected to the D-input. Data at the D-input are transferred to the Q- and *Q-outputs on
the low-to-high transition of the clock. Data at the *Q-output are transferred back to the
D-input before the next low-to-high transition of the clock. Timing requirements for the
switch are guaranteed because the D-flipflop expects data to hold for at least 1.0 ns after
the rising edge of the clock. However, data are on the output pins at least 3.8 ns after the
rising edge of the clock. The D-flipflop is reset at power-up, by a user-defined reset or in
hardware using jumper J6. In this way, the Q-output is at a low voltage and the *Q-output
at a high voltage.

The switch was designed to pass the samples to either the TMS320C50(1), alternatingly to

TMS320C50(1) and TMS320C50(2) or to TMS320C50(2). Jumpers J6 to J12 determine
which processor(s) get(s) the samples as is shown in Table 5.5.
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Figure 5.5 The ADC-switch.
Table 5.5 Jumpersettings for the ADC-switch.
J6 J7 |1 J8 | J9 | J10 | J11 | J12 Samples to :
23 12 -- - 12 -- -- TMS320C50(1)
12 -- 12 | -- -- 12 -- TMS320C50(1) and TMS320C50(2)
23 -- -- 12 - -- 12 TMS320C50(2)

At the rising edge of DAV (i.e. new data are available on the AD1671 output pins), output
Q gets a low-to-high transition and clocks the data into the 74F574 transceiver ICs. At the
same time, an interrupt is generated at the processor. Output *Q gets a high-to-low
transition and does not clock data into the 74F574 transceiver ICs for they are positive
edge-triggered ICs. Furthermore, no interrupt is generated at the processor. Due to the
switch, at the next rising edge of DAV, output *Q gets a low-to-high transition and clocks
data into the transceiver ICs. In this manner, sample data are passed alternatingly to both
TMS320C50s.

When the samples are passed to only one processor, the D-flipflop is not used. Jumper J6
resets this D-flipflop to prevent unwanted signal changes on the Q- and *Q-outputs.
Furthermore, the clock inputs of the unselected 74F574 transceiver ICs and the interrupt
set/reset circuit are connected to digital ground. In this way, no unwanted data are clocked
into the transceiver ICs and no unwanted interrupts are generated. The DAV output of the
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ADI1671 is directly connected to the clock input of the transceiver ICs and to the interrupt
set/reset circuit.

When passing samples to both TMS320C50s alternatingly, each processor has two sample
periods available for reading and processing the sample instead of one sample period. It is
not possible to pass groups of samples to both DSPs. This can be done using the global
memory.

When the AD1671 puts data on the databus, only one TMS320C50 will process the data
while the other TMS320C50 may also use the databus for other purposes. Therefore,
buffers are provided to prevent busconflicts. The buffers of the ADC-switch consist of
four 74F574 transceiver ICs (U19 to U22), two for each 16-bit databus. The 74F574
clocks data on the input pins into its internal register at the rising edge of the clock. Data
must hold at least 1.5 ns after the rising edge of the clock but may change after the hold
time. Data from the internal register are put on the output pins (i.e. on the TMS320C50
databus) when *OE is asserted low. This is accomplished when the TMS320C50 reads the
data using the IN instruction. The IN instruction activates I/O-select signal *Y6 which
enables the output pins from the 74F574.

5.3.4 The interrupt set/reset circuit

The interrupt set/reset circuit is designed to interrupt the TMS320C50 when AD1671 data
are available and to reset the interrupt when it is acknowledged by the TMS320C50.
Figure 5.6 shows the interrupt set/reset circuit.

The interrupt set/reset circuit consists of two D-flipflops which generate the interrupts at
the TMS320C50s. The flipflops are reset at power-up to get defined outputs and by using
the I/O-select signal *Y6.

At reset, the *Q-outputs are inactive (i.e. at a high voltage). Therefore, no unwanted
interrupt is generated. At the low-to-high transition of the clock, *Q becomes active low
and generates an interrupt at the TMS320C50 *INT1 pin. After the TMS320C50 detects
the interrupt, the interrupt service routine reads data from the databus using the IN
instruction. The IN instruction enables I/O-select signal *Y6 from the I/O-selection circuit.
*Y6 enables the buffers (see Section 5.3.3) and clears the interrupt by resetting the D-
flipflop. While *Y6 is active low, the D-flipflop is inactive. Therefore, unwanted low-to-
high transitions on the clock input will not generate interrupts. After the data are read,
*Y6 becomes inactive, thus activating the D-flipflop for generating following interrupts.

72



+5V

2 5
P
D B oQ
3 CLK
¢ g-$ PA—*INT1]
T74F74
1 U24B
. > PA-IOSEL_Y6 |
[ > —<=om J7,38,39 4
74F08
_— FROM J10,J11,J12 25 q *RESET
) +5V u24c¢
10
, 8
5 u23B 2 PB-IO0SEL_¥6 |
12 b P o 9 74F08
R
11 CLK
¢ o8 PB—_*INT1]
Tl 74F74
3

Figure 5.6 Interrupt set/reset circuit.

The TMS320C50 expects an interrupt to be valid for at least three clock cycles. This
timing requirement is guaranteed because the interrupt is reset at the same time data are
read from the databus. Reading the databus is done from the interrupt service routine,
which will only be executed after receiving the interrupt correctly.

5.4 The Digital-to-Analog converter

The modem must be able to operate as transmitter and receiver at the same time.
Therefore, one TMS320C50 is equipped with a digital-to-analog converter (DAC) to
provide multi-user simulation (see also Section 5.11 of [1]). The DAC circuit is the same
as was used with the TMS320C25 modem. Section 8.2 of [4] explains why the same
circuit is used.

The DAC used is the AD568 from Analog Devices. The features of this DAC are listed
below:

* 12-bit monolithic D/A converter

* 10.24 mA Full-Scale Output

* Settling time of 1 LSB in 35 ns.

* TTL / CMOS compatible digital inputs
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The full scale output of the DAC corresponds to a current of 10.24 mA. This current must
be converted to a voltage to transmit the analog spread-spectrum signals. This current-to-
voltage conversion is done using the AD840 opamp from Analog Devices as is specified
in the AD568 datasheets. Figure 5.7 shows the DAC with the opamp and the transmit
clock.
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Figure 5.7  Buffered bipolar-voltage output digital-to-analog converter with interrupt-
generation circuit and transmitclock [1].

The configuration implemented is bipolar and has a +5.12 to -5.12 V voltage output. The
settling-time of the opamp is 100 ns. With the variable resistor P1, the offset voltage of
the opamp can be adjusted to zero.

The DAC circuit is the same as was used by Diederen[1]. However, two modifications
were made. Diederen used the *IACK-signal from the TMS320C25 processor to disable
the interrupt generated by D-flipflop U20B (see Figure 5.11 of [1]). However, resetting the
D-flipflop can also be done using I/O-select signal *Y2 of the TMS320C50(2) I/O-
selection circuit. This method of resetting D-flipflops is used throughout the modem
design and it saves an extra OR-gate. For the second modification, a resistor of 39 Q
(R87) is connected from the output of the opamp to the output BNC plug and the
feedback loop. This resistor prevents the opamp connected to the output of the digital-to-
analog converter to oscillate due to capacitive load of connected coaxial cables (see the
datasheets of the AD840 in Appendix 4). Furthermore, this specific resistance also makes
the output impedance of the opamp equal to the impedance of the coaxial cables
connected.
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The AD568 DAC has no input buffer, so external buffers are necessary. It has a 12-bit
digital input therefore two external transceiver ICs (U26, U28) are required. The transmit
procedure is as follows. On the rising edge of the transmit clock (which is either internal
from the transmit clock circuit or external from the connector CONN-CLKEXT), data are
clocked into the buffers (U26, U28). Within approximately 100 ns, data on the output pins
of the buffers are converted to an analog bipolar voltage. The transmit clock generates an
interrupt (*INT4) at the TMS320C50(2) using D-flipflop U31. The corresponding interrupt
service routine writes the next word to be converted to the second buffers (U25, U27)
which are the inputs to the first buffers. Then, on the next rising edge of the transmit
clock, the whole procedure repeats itself.

Note that BIT1 of the DAC is the MSB and BIT12 is the LSB. Therefore, bit 11 of the
TMS320C50(2) databus is connected to BIT1 and bit O of the databus is connected to
BIT12. Bits 12 to 14 of the databus can be used for programming the transmit clock.

The output Q7 (bit 15, labelled CONN-PBD15) of U28 is connected to the 2x32-pin
connector CONNI1 (pin C30). This pin can be used as a general purpose output signal.

The internal transmit clock has an adjustable frequency of 8 kHz to 1.024 MHz and
consists of an oscillator circuit, a binary counter and an 8-bit multiplexer. The oscillator is
based on crystal (Y1), oscillating at 2.048 MHz and a CMOS inverter (U32). This square
wave is the input of a 8-bit binary counter (U33), which serves as a divider circuit. The
eight outputs have frequencies from 8 kHz (Q7) to 1.024 MHz (QO). The eight input
multiplexer (U34) selects one of the outputs of the counter to serve as transmit clock
signal. The multiplexer is controlled by three select inputs A, B, and C, which can be set
by DIP-switches DIP1 to DIP3 or programmed in software. Three unused outputs of buffer
U28 (Q4 to Q6) provide the select inputs which can be programmed. Selection between
DIP-switches and software can be made by setting jumpers J14 to J16. By connecting pins
1 and 2 of these jumpers, selection is made by DIP-switches; selection by software is
made by connecting pins 2 and 3.

The output of the transmitter can also be clocked out by an external clock signal in order
to generate other output frequencies. The choice between the internal or external transmit
clock is made by jumper J13 (connection if pins 2 and 3 for internal transmit clock, pins 1
and 2 for external transmit clock). The external clock also generates an interrupt at the
processor.
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6 Communicating with the outside world

6.1 Introduction

This chapter describes the design of several forms of communication of the modem board
with the outside world. Section 6.2 describes the history and implementation of the JTAG-
interface required for debugging and testing the TMS320C50s using an external debugger.
Section 6.3 gives information about the design of the serial port for communication with
other (off-board) serial devices. Section 6.4 describes the implementation of the TDM
serial port. Section 6.5 describes the implementation and operation of the communications
interface. Hardware errors in the previous design are corrected in the new design. Finally,
section 6.6 describes the implementation and operation of the general-purpose 16-bit
parallel interface for communication with off-board devices.

6.2 JTAG-Interface

6.2.1 Introduction to the JTAG-Interface

The ongoing miniaturization within integrated circuits (ICs) has led to an increased
number of gates and a very large number of functions per chip. Consequently, more pins
per IC are needed leading to an ever decreasing distance between ICs on the printed
circuit board (PCB). The miniaturization has made it more difficult to access these highly
loaded PCBs mechanically for in-circuit testing.

The basic idea to circumvent the access problems for test purposes was to add a shift
register cell next to each I/O pin of the component. During test mode, these cells are used
to control the status of an output pin and read the status of an input pin. This allows for
testing the board interconnections. Since the shift register cells are located at the IC’s
boundary (I/O pins), these cells are referred to as Boundary Scan Cells. According to the
IEEE 1149.1, the input to the serial test data path is called Test Data Input (TDI) and the
output is called Test Data Output (TDO).

Figure 6.1 shows an example where two ICs are connected to each other. Shift register
cells have been added between the IC’s ’core logic’ and the I/O pins to provide a serial

test data path through all ICs.
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Figure 6.1 ICs with shift registers and scan path [6].

With these cells, testing the board connections as well as testing the internal core logic is
possible.

The Boundary-Scan registers should have three important properties:

» they must be ’invisible’ during normal operation of the IC’s core logic;

* they must be able to isolate the IC interconnections on the board from the IC
cores to allow testing the external IC connections;

* they should be able to isolate the IC from its surroundings on the PCB to also
allow testing of the internal core logic.

6.2.2 The Boundary-Scan Test Standard

The IEEE 1149.1 distinguishes four basic hardware elements:

» the Test Access Port (TAP)

* the TAP Controller

* the Instruction Register

» a group of Test Data Registers (TDRs)

The TAP provides access to the many test support functions built into an IC. It consists of
four input connections, one of which is optional and one output connection. The optional
input connection is the *TRST pin. The TAP Controller provides signals to shift test data
into TDI and test result data out of TDO and performs the actual test actions. The
Instruction Register allows test instructions to be shifted into every IC. A test instruction
defines the Test Data Register to be addressed and the test to be performed.

A detailed description of the four hardware elements is given in [6]. For the
implementation of the JTAG-interface, the test signals connected to the Test Access Port
are listed:
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* The Test Clock Input (TCK)

The TCK signal allows the Boundary-Scan part of the ICs to operate
synchronously and independently of the built-in system clocks. TCK permits
clocking test instructions and data into or out of the register cells.

* The Test Mode Select Input (TMS)

The logic signals received at the TMS input are interpreted by the TAP
Controller to control the test operations. The signals are decoded in the TAP
Controller to generate the required control signals inside the chip. When TMS is
not driven it must be held at a logic 1.

* The Test Data Input (TDI)

Serial input data to this port is fed either into the instruction register or into a
test data register. When TDI is not driven, a logic 1 must be present.

e The Test Data Output (TDO)
Depending on the state of the TAP controller, the contents of either the
instruction register or a data register are serially shifted out towards the TDO.

When no data is shifted through the cells, the TDO driver is set to an inactive
state.

* The Test Reset Input (*TRST)

The TAP’s test logic is asynchronously forced into its reset mode when a logic
0 is applied to the *TRST pin.

Using these pins, the implementation of the JTAG-interface for the modem configuration
can be carried out.
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6.2.3 Implementing the JTAG-Interface

The TMS320C50 JTAG-interface can be connected to an XDS510 emulator cable pod
manufactured by Texas Instruments. Multiple processors may be daisy-chained to enable
easy debugging of a multi-processor configuration. The TMS320C50 JTAG-interface is a
superset of the IEEE 1149.1 standard and consists of the signals listed in Table 6.1.

Table 6.1 JTAG Signal Description.

Pin Signal Description
1 TMS JTAG test mode select
3 TDI JTAG test data input
7 TDO JTAG test data output
11 TCK JTAG 10-MHz test clock
2 *TRST JTAG test reset
13 EMUO Emulation pin 0
14 EMU1/*OFF Emulation pin 1
5 PD Presence detect
) TCK_RET JTAG test clock return

Before designing the JTAG-interface, two design considerations were made:

* The XDS510 emulator cable pod provides only a 10 MHz test clock. This
frequency is far too low for the modem to operate at full speed. Therefore, an
option must be provided to choose a clock operating at a higher frequency. The
maximum clock frequency at which the XDS510 can operate is 28.6 MHz. So, by
using an external 25 MHz oscillator, testing and debugging facilities can be
performed for the TMS320C50s operating at normal speed (= 25 MHz).

* The emulator must be able to debug both TMS320C50s but also a single
TMS320C50-device. When debugging a single TMS320C50, the other
TMS320C50 must not be removed from its socket and must not be recipient to
the JTAG test signals.
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Four configurations can be made in hardware using the jumpers:

. Multiprocessor-configuration (both TMS320C50(1) and TMS320C50(2) are
recipient to JTAG signals):

In this configuration, both TMS320C50s are daisy-chained. TDI of TMS320C50(1)
and TDO of TMS320C50(2) are connected to the JTAG-interface and TDO of
TMS320C50(1) is connected to TDI of TMS320C50(2).

. Single processor configuration (either TMS320C50(1) or TMS320C50(2) is
recipient to JTAG signals):

One TMS320C50 is connected to the JTAG-interface while the other TMS320C50
device ignores the JTAG-signals. By connecting the *TRST-pin of the appropriate
device to ground, the TMS320C50 operates in the fundamental mode thus ignoring
the JTAG-signals.

. Using the emulator 10 MHz test clock:

In this configuration, the TMS320C50s are directly connected to the JTAG test
clock emerging from the emulator.

. Using a system clock for test purposes:

This can be achieved using the machine-cycle rate of the CPU. Although the
TMS320C50 has been provided with a CLKOUT1-pin, this pin cannot be used to
generate the system test clock because it goes into high-impedance when the JTAG
test signal EMU1/*OFF is active low. In order to use a test clock operating under
all conditions, an extra crystal oscillator IC can be used.

Figure 6.2 shows a multi-processor configuration. Using jumpers J23 to J29, a daisy-
chained configuration (TDO-TDI daisy-chained) or a single processor configuration can be
defined. In the modem design, it was made possible to use either a crystal oscillator or the
emulator cable pod clock to generate the test clock. In this case, the TCK signal is left
unconnected and the output from the crystal oscillator is directly connected to the TCK-
inputs of the TMS320C50s and to the TCK_RET input of the emulator using a buffer. The
choice between the test clock from the emulator or the crystal oscillator can be made
using jumpers J28 and J29 as shown in Figure 6.2. Table 6.2 lists the allowed jumper
settings for the single-/multi-processor configurations.
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Figure 6.2 Single-/Multi-processor configuration with jumpers [7].
Table 6.2 Allowable jumper settings for the JTAG interface.
J23 | J24 | J25 | J26 | J27 | J28 | J29 Description
12 23 12 12 12 X X Multiprocessor-configuration

-- 12 12 23 12 X X ’C50(1) active, *C50(2) inactive
-- 23 23 12 23 X X "C50(1) inactive, *C50(2) active
X X X X X 23 23 Use crystal for test clock

X X X X X 12 12 Use emulator (10 MHz) test clock

Note: - 12 = pins 1 and 2 of the jumper are connected

- 23 = pins 2 and 3 of the jumper are connected
- -- = no pins are connected
- X = don’t care

The JTAG signals are buffered to isolate the processors from the emulator and provide
adequate signal drive for the target system. This buffering is done using the 74F365 buffer
IC. The input buffers for TMS, TDI and TCK have pull-up resistors to 5 Volts. This will
hold these signals at a known value when the cable pod is not connected. The EMUO and
EMUI signals also have pull-up resistors to 5 Volts. This will provide a signal rise time
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less than 10 ps, therefore meeting the minimum timing requirements of the IEEE 1149.1
specification.

The PD signal of the JTAG-interface must be connected to 5 Volts. This PD signal is a
reference to the emulator and indicates that the emulation cable is connected and that the
target is powered up.

The attentive reader should have noticed that the JTAG-interface on the modem board is
equipped with an extra oscillator block. This is done because the JTAG-interface can put
the TMS320C50 in idle mode, thus putting all outputs in high-impedance state. In this
way, a clock signal from the TMS320C50’s CLKOUT1 output pin cannot be obtained.

6.3 Serial Port

The TMS320C50 has been provided with a full duplex on-chip serial port for direct
communication with serial devices. The serial port may also be wused for
intercommunication between processors in multiprocessing applications. However for these
purposes, the TMS320C50 has been equipped with a second time-division-multiplexed
(TDM) serial port that allows the TMS320C50 to communicate serially with up to seven
other TMS320C50 devices (see Section 6.4 for more information about the TDM-port).

The features of the TMS320C50 serial port are listed below:

data can be transmitted/received as 8-bit bytes or 16-bit words
» two modes of operation: - burst mode (periods of inactivity between packet
transmits on the serial port)
- continuous mode (continuous stream of data bits)
* maximum operating frequency is CLKOUT1/4 (7.15 Mbit/s at 35 ns clock cycle)
* reset possibility, allowing the TMS320C50 to run in a lower power mode of
operation.

Table 6.3 lists the pins used in serial port operation. Three signals are necessary to
connect the transmit pins of the transmitting device with the receive pins of the receiving
device. The transmitted serial data signal (DX) sends the actual data. The transmit frame
synchronization signal (FSX) initiates the transfer (at the beginning of the packet), and the
transmit clock signal (CLKX) clocks the bit transfer. The corresponding pins on the
receiver device are DR, FSR and CLKR, respectively.

83



Table 6.3 Serial Port Pins.

Pins Description Connector CONN1 pin numbers
TMS320C50-1 || TMS320C50-2

CLKX Transmit clock signal All A20

CLKR Receive clock signal Al4 A23

DX Transmitted serial data signal Al2 A21

DR Received serial data signal AlS5 A24

FSX Transmit frame synchronization signal Al0 Al9

EFSR Receive frame synchronization signal Al3 A22

The serial port signals of both TMS320C50s, as listed in Table 6.3, are connected to the
2x32-pin connector CONN1. When the TMS320C50 wants to communicate with an
external device using the serial port, connections must be made according to Figure 6.3.

TMS320C50

DX
DR
FSX
FSR
CLKX
CLKR

]
———
————

External Device

DX
DR
FSX
FSR
CLKX
CLKR

Figure 6.3 Two-way serial port transfer between the TMS320C50 and an external device.

A detailed description of the implementation and operation of the serial port inside the
TMS320C50 is listed in [5, Section 5.5].
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6.4 TDM Serial Port

The TMS320C50 has a time-division-multiplexed (TDM) serial port that allows the device
to communicate serially with up to seven other TMS320C50 devices. The port can be
configured to operate in multiprocessing mode or stand-alone mode. When in stand-alone
mode, the port operates as described in Section 6.3. The TDM-port supports eight TDM
channels. Figure 6.4 shows the TDM port architecture. Up to eight devices can be placed
on the four-wire serial bus.

(ll
Device 0 Device 1 Device 7
/L
l I"ﬁ l TFRM
-7 -
1/~ TADD
—7/ TCLK
1/~ TDAT

TDX ::j——<—> TDAT
TDR

TFSX —&»—— TFRM
TFSR —&»——— TADD

TCLKX TCLK
TCLKR :j_‘-»

TMS320C50

Figure 6.4 TDM Serial Port.

The four-wire bus consists of clock, frame and data (TCLK, TFRM and TDAT) wires plus
an additional wire (TADD) that carries the device addressing information. The TADD line
determines which devices in the TDM configuration can execute a valid TDM receive on
that time slot. The TDAT and TCLK lines are formed by connecting TDX to TDR and
TCLKX to TCLKR, respectively.

On the modem board, the TDM lines of both TMS320C50s are connected according to
Figure 6.4. Furthermore, for communication with other TMS320C50 devices, the four-wire
bus is connected to pins A25 to A28 of the 2x32-pin connector CONN1. A detailed
description of the implementation and operation of the TDM serial port is listed in [5,
Section 5.6].
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6.5 Communications Interface

The spread-spectrum modem is equipped with an interface to communicate with a personal
computer (PC). The communications interface and protocol have already been described in
[1] but some hardware errors are corrected for the new modem. Figure 6.5 shows the
improved communications interface.
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Figure 6.5 The communications-interface hardware [1].

The communications interface consists of four functional blocks:

* data transport
reading DIP-switch settings

device address selection
* interrupt generation

Communication is fully interrupt driven on both the personal computer as well as on the
modem. Both the personal computer and the modem can initiate communication. However,
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the modem must be selected by the personal computer to be able to start communicatijon.
Selection of the modem is done using the device address selection circuit. The modem is
selected if the address set by the DIP-switches is the same as the one addressed by the
personal computer via inputs IN8 to IN10. The DIP-switches 6 to 8 of SW1 specify the
device’s address. This means that up to eight devices can exchange data with the personal
computer. Comparison of the inputs A0-A3 and BO-B3 is done using the 74F85
Comparator (U65). Figure 6.5 shows that input pin A=B (pin 3) is connected to 5 Volts.
When inputs AO-A3 equal inputs B0-B3, output A=B (pin 6) is asserted high. This pin can
be used for device selection.

Two hardware errors were corrected in the device selection circuit:

* In the previous communications interface, changing the device’s address via the three
device-select lines IN8-IN10 provided an unwanted interrupt on the digital signal
processor [1, p. 62]. Diederen recommended to change the order of the flipflop U20A
and the NAND port U21B. In the new communications interface, this recommendation
is not followed. Instead, a functionally better solution is implemented. The outcome of
output pin A=B of U65 can be seen as a sort of key: if the device is selected, output
A=B permits further access to the communications interface; if the device is not
selected, output A=B prevents further access. Connecting A=B (together with *RESET
and PB-IOSEL_YS5) to the reset input of the D-flipflop will reset the flipflop when a
device is not selected and will activate the flipflop when a device is selected. In this
way, no unwanted interrupts will occur when a device is not selected, even when the
personal computer changes the address.

* Comparing the hardware of the previous and the new communications interface will
show that jumper JP10 on the previous interface is removed. This is done because the
function of JP10 can also be implemented using DIP-switch 5. Switch 5 is connected to
the B3 input of U65 and is compared to the A3 input which is always at a low voltage.
So switch 5 acts like an ON/OFF switch without changing the device’s address in
hardware.

If the personal computer starts communication, a positive edge of 'IRQ ON DEVICE’ on
U31 generates an interrupt (PB-*INT2) on the TMS320C50(2) and at the same time, data
from the personal computer are put on pins INO-IN7. The interrupt causes the
TMS320C50(2) to start the interrupt service routine which uses the IN-instruction to
obtain data from the TMS320C50 databus. The IN-instruction asserts I/O-select signal *Y5
low, which enables the 74F245 output pins and resets the interrupt PB-*INT2 by resetting
D-flipflop U31. After *Y5 is asserted low, it takes at most 9.0 ns before data from the
input pins are on the output pins. From Section 4.7 it follows that, in worst-case, data are
on the output pins before *STRB goes high (i.e. within t,, ns).
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If communication is initiated by a device, a 4-bit word is clocked into buffer U77 and a
hardware interrupt on the personal computer is generated by a positive edge of 'IRQ ON
PC’. Data is clocked into U77 using I/O-select signal *Y 1. Section 4.7 proved that, for the
write operation, data are valid before and after *Y1 goes high. If the device is selected,
data are put on the output pins OUT0-OUT3 by transceiver U66, which is enabled by the
A=B output of comparator U65. OUT4-OUT6 are general-purpose output pins.

Because more space is available on the modem board, the input and output lines of the
communications interface are situated on a 25-pin female Centronics connector. In this
way, communication between PC and the modem is carried out using standard Centronics
cable and connectors. Table 6.4 shows the communications-interface pinout.

Table 6.4 The communications-interface pinout as implemented on the transceiver.

Pin nr. /O Function Pin nr. /O Function

1 Input IRQ on device 10 Output IRQ on PC

2 Input INO 11 Output OouT3

3 Input IN1 12 Output OUT2

4 Input IN2 13 Output OUT1

5 Input IN3 14 Input Device select 0
6 Input IN4 15 Output OuTo

7 Input INS 16 Input Device select 1
8 Input IN6 17 Input Device select 2
9 Input IN7 18-25 Digital Ground

6.6 Communicating with the parallel interface

In the spread-spectrum receiver designed by Diederen[1], a frequency synthesizer was used
to generate the sample signal f; for the A/D-converter on the signal-processing board. The
output-frequency f;; can be altered in software to equalize f;; with the desired frequency in
steps of 100 Hz. However, to enhance this resolution, the frequency synthesizer also
generates a 10 kHz reference signal which is fed to the modem for interrupt generation.
By means of this interrupt, the TMS320C50 can enhance the frequency resolution of fi to
10 Hz (2, 4].
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In the previous modem design, sending a byte to the frequency-synthesizer was done using
the databus from the D/A-converter: the D/A-converter was removed because it was only
used in the transmit configuration and a flatcable connector was plugged into the IC-
sockets of the unused buffers. In the new modem configuration, a general-purpose 16-bit
parallel interface is designed for communication to the frequency synthesizer or to any
other external parallel device. This parallel interface is an extension of the DAC-port of
the TMS320C50(2) and is capable of reading or writing 16-bit words. The design aspects
are listed below:

 general-purpose 16-bit parallel interface for read from and write to an external
device, e.g. the frequency-synthesizer board.

* buffered data transfer to avoid busconflicts when the TMS320C50 accesses other
devices.

* device-selection must be done using the I/O-select lines from the I/O-selection
circuit.

* possibility to read/write 8-bit and 16-bit words.

Figure 6.6 shows the 16-bit parallel interface.

+5V Y
74F652 CONNT1
TMS320C50(1) SAB  SBA
Dy-D,s \ 16-bit databus > L16-bit databus C,- C,,
Port A Port B
AO’ Al’ R/*W — S
IS, *STRB PA-IOSEL_Y1 lCPAB  CPEA L€ CONN-CPBA -
» OEAB *OEBA [« .
L CONN-OEAB C
| =9
I/O-selection PAIOSEL Y5 S
circuit —

Figure 6.6 General-purpose 16-bit read/write parallel interface.

The 74F652 is an octal transceiver/register with two bidirectional databuses. It contains
two 8-bit registers (A0-A7/B0-B7), two clock inputs (CPAB/CPBA), two output enable
pins (OEAB/*OEBA) and two select input pins (SAB/SBA). Data can be stored in the
internal registers (SAB/SBA is High) or transferred to the opposite databus in real time
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(SAB/SBA is Low). For the 16-bit parallel interface, two 74F652 transceiver ICs are
required.

The following signals are used for the parallel interface:

PA-IOSEL_Y1: line *Y1 from the I/O-selection circuit of processor
TMS320C50(1). Used to clock the data from the
TMS320C50 into the 74F652 and to interrupt the external
device (not the frequency synthesizer) that data are ready
in the registers.

* CONN-CPBA : signal from the external device to clock its data into the
74F652.
» CONN-OEAB : signal from the external device to enable the output of the

74F652 to transport data from port A to port B. Connected
to +5 Volts for communication with the frequency-
synthesizer.

PA-IOSEL_Y5 : line *Y5 from the I/O-selection circuit of processor
TMS320C50(1). Used to enable the output of the 74F652
to transport data from port B to port A.

Two additional signals are used to interrupt the TMS320C50(1) to read the data from the
parallel interface:

* CONN-FCONTROL : 10 kHz control frequency of the frequency synthesizer.
* TRANSMITCLOCK : signal from the transmit clock circuit.

The signals labelled with CONN are input signals from the 2x32-pin connector CONNI.
Furthermore, PA-IOSEL_Y1 is an output signal situated on the connector CONNI1. The
operation of the parallel interface is described below.

Data transfer through the 74F652 can be done in real-time or by using interrupts. The real-
time data transfer option is not implemented because it can cause databus conflicts.
Connecting inputs SAB and SBA to +5 Volts disables the real-time data transfer option.

The interrupt generation circuit for the parallel interface is shown in Figure 6.7. It is used
for interrupting the TMS320C50(1) when data are clocked into the 74F652 by the external
device. The interrupt is initiated by a low-to-high transition of either the transmit clock or
the control frequency from the connector. The interrupt is disabled at reset and when
either I/O-select signals *Y1 or *Y5 are enabled.
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Figure 6.7 Interrupt generation circuit for the parallel interface.

Writing to the parallel interface:

Writing to the parallel interface is done using the OUT instruction. This instruction asserts
I/O-select signal *Y1 of the I/O-selection circuit low (see Table 4.16) and TMS320C50
write data are put on the databus. At the rising edge of *Y1, data are clocked into the
74F652. Note that data are still valid during the low-to-high transition of *Y1 (see Section
4.7). *Y1 is also situated on connector CONNI. In this way, the external device is aware
when data are clocked in the buffers. Data can be transferred to the device when it asserts
CONN-OEAB low. When OEAB is connected to digital ground, TMS320C50 write data
are always transferred directly to the parallel interface after they are clocked into the
74F652. This option is useful for the frequency synthesizer board.

Reading from the parallel interface:

After the external device puts data on the parallel interface databus, it asserts CONN-
CPBA high. At the rising edge of CONN-CPBA, data are clocked into the 74F652. The
device asserts CONN-FCONTROL high to generate an interrupt at the TMS320C50(1).
The interrupt service routine uses the IN instruction to obtain data from the device. The
IN instruction asserts I/O-select signal *Y5 low, which enables the *OEBA pin. Data from
the 74F652 are put on the TMS320C50 databus. When *Y5 goes high, data are read from
the databus and the output enable pins are disabled.
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7 Software Configurations

7.1 Introduction

This chapter describes some software configurations which must be made for full use of
the possibilities of the hardware. Section 7.2 describes how the interrupt vectors can be
remapped to any other location in program memory. This is particularly useful when
program code is copied from slower EPROM to faster RAM. Section 7.3 shows how on-
chip memory can be used together with off-chip memory without address range overlap.
Section 7.4 discusses how the amount of global memory can be configured in software.
Section 7.5 shows how the internal software wait-state generator of the TMS320C50 can
be programmed for 0, 1, 2, 3 or 7 wait-states.

7.2 Remapping interrupts

As was described in Section 4.4.1, accessing the EPROMs is done using seven wait-states.
For faster program execution, program code is copied from EPROM to faster RAM.
Interrupt vectors which reside at address Oh in program memory must also be moved from
EPROM to RAM otherwise fetching the interrupt vector takes also seven wait-states
before the interrupt service routine is executed. This section explains how these interrupt
vectors can be remapped.

The reset, interrupt and trap vectors are addressed in program space. After the processor
takes the trap, it loads the program counter with the trap address and executes code at the
vector location. Two words are reserved at each vector location for a branch instruction to
the appropriate interrupt service routine. Table 7.1 shows the interrupt vector addresses
after reset.

At reset, these vectors are mapped absolutely to address Oh in program space. The vectors
can be remapped by loading the interrupt vector pointer (IPTR) bits in the Processor Mode
Status Register (PMST) with the appropriate 2K-word page boundary address. The PMST
register is one of the twenty-eight core processor registers that are mapped into the data
memory space. It contains extra status and control information for control of the enhanced
features of the TMS320C50 core. This register resides at address 7h in the data memory
space. Figure 7.1 shows the organization of the PMST register. The five bits of the IPTR-
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Table 7.1 TMS320C50 Interrupt Vector Addresses.

Name Location Priority Function
Dec Hex

*RS 0 0 1 External reset signal
*INT1 2 2 3 External user interrupt #1
*INT2 4 4 4 External user interrupt #2
*INT3 6 6 5 External user interrupt #3
TINT 8 8 6 Internal timer interrupt
RINT 10 A 7 Serial port receive interrupt
XINT 12 C 8 Serial port transmit interrupt
TRNT 14 E 9 TDM port receive interrupt
TXNT 16 10 10 TDM transmit interrupt
*INT4 18 12 11 External user interrupt #4

- 20-33 14-21 Reserved
TRAP 34 22 Software trap instruction
NMI 36 24 2 Nonmaskable interrupt

---- 38-41 26-29 Reserved for emulation and test

——- 42-47 2A-2F Software interrupts

field offer the possibility to remap the interrupt vectors to the beginning of 32 2K-word
pages.

1514131211109 8 76 543210

>
IPTR = z

o
S

Figure 7.1 Organization of the PMST-register.

PMST

In the modem design, program code from EPROM (start address is Oh) is copied to RAM
(start address is 8000h). Therefore, the IPTR-field must contain the value 10h. In software,
the OPL-instruction performs an OR-operation on the contents of a specified data memory
address:
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OPL #08000h, PMST ; Remap vectors to start at 8000h

The reset vector cannot be remapped because reset loads the IPTR with Os. Therefore, the
reset vector will always be fetched at location Oh in program memory.

7.3 Configuring on-chip memory

As was explained in section 4.2, the TMS320C50 has been provided with 9K words of on-
chip program/data SARAM and 1056 words of on-chip data DARAM. However, the
address ranges of these on-chip memories overlap the address range of the EPROM.
Software configurations are needed in order to access the on-chip memory as well as the
EPROM. This can be done using the processor mode status register (PMST) shown in
Figure 7.1 and the status register ST1.

Bits 4 and 5 of the PMST are used for configuring on-chip memory. Bit 4 (RAM) enables
mapping of on-chip SARAM blocks into program space. Setting RAM to one maps the
memory block in program space. Setting RAM to zero removes the memory block from
the program space. Bit 5 (OVLY) enables on-chip SARAM cells to be mapped into data
space. If OVLY is set to one, the block of memory is mapped into data space. If it is set
to zero, the memory block is not addressable in data space. Both bits are set to zero at
reset. From status register ST1, the CNF bit is used. If this bit is set to zero, the DARAM
blocks are mapped to data space; otherwise, block BO is mapped to program space.
Table 7.2 shows the program memory configuration using the CNF bit and the RAM bit.

Table 7.2 TMS320C50 Program memory configuration control.

CNF RAM SARAM DARAM B0 Off-Chip
0 0 0000-FFFF
0 1 0800-2BFF 0000-07FF
2CO0-FFFF
1 0 FEOO-FFFF 0000-FDFF
1 1 0800-2BFF FEOO-FFFF 0000-07FF
2C00-FDFF
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Table 7.3 shows the data memory configuration using the CNF bit and the OVLY bit.

Table 7.3 TMS320C50 Data memory configuration control.

CNF OVLY DARAM B0 DARAM B1 DARAM B2 SARAM Off-Chip
0 0 100h-2FFh 300h-4FFh 60h-7Fh 800h-FFFFh
0 1 100h-2FFh 300h-4FFh 60h-7Fh 800h-2BFFh | 2COOh-FFFFh
1 0 - 300h-4FFh 60h-7Fh 800h-FFFFh
1 1 - 300h-4FFh 60h-7Fh 800h-2BFFh | 2COOh-FFFFh

Setting/resetting bits in the PMST register is done using the OPL-instruction.
Setting/resetting the CNF bit is done using the SETC/CLRC-instruction.

7.4 Configuring global memory

Another register from the twenty-eight core processor registers is the global memory
allocation register (GREG). It is a memory-mapped register which resides at address 5h in
page zero of the data memory space. This register specifies part of the TMS320C50 data
memory as global external memory. Figure 7.2 shows the structure of the GREG register.

1514131211109 87 6 543210

not connected
address Sh to internal databus

GREG
Figure 7.2 GREG register structure.

GREG is an 8-bit register connected to the eight LSBs of the internal databus. The upper
eight bits of location 5h are nonexistent.

The contents of GREG determine the size of the global memory space between 256 and
32K words. As was described in Section 4.6.1, only 1K words of global memory is
present on the modem board. This 1K Dual-port SRAM can be changed by the 2K-words
version. Table 7.4 shows the legal values of GREG for the modem design and
corresponding global memory spaces.
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Table 7.4 Global Data Memory Configurations.

GREG Value Local Memory Global Memory
Range # Words Range # Words
00000000 Oh-FFFFh 65536 - 0
11111000 Oh-F7FFh 63488 F800h-FFFFh 2048
11111100 Oh-FBFFh 64512 FCOOh-FFFFh 1024
11111110 Oh-FDFFh 65024 FEOOh-FFFFh 512
11111111 Oh-FEFFh 65280 FFOOh-FFFFh 256

7.5 Programming the software wait-state generator

Software-programmable wait-state generators can be used to extend external bus cycles by
up to seven machine cycles. This provides a convenient means for interfacing external
devices that do not satisfy the full-speed access-time requirements of the TMS320C50.
The software-programmable wait-state generators are controlled by two 16-bit wait-state
registers (PDWSR and IOWSR) and a 5-bit control register (CWSR). Wait states for the
program and data spaces are specified in the lower and upper halves of the program/data
wait-state register (PDWSR) respectively. Wait states for I/O space are specified in the I/O
wait-state register (IOWSR). The control wait-state register (CWSR) controls the mapping
between wait-state register contents and the number of wait states.

The program and data space each consist of 64K addresses. Each 64K space can be
viewed as being composed of four 16K-word blocks. The PDWSR reserves two bits for
each 16K-word block of program or data memory. The value of a 2-bit field in PDWSR
specifies the number of wait states to be inserted for each access in the given space and
address range. Figure 7.3 shows the association of the 2-bit fields of the PDWSR with
each 16K-word memory segment.

Bitnr 15 14 12 10 8 6 4 2 0
C000- | 8000- | 4000- | 0000- | CO0O- | 8000- | 4000- | 0000-
FFFF | BFFF | 7FFF | 3FFF | FFFF | BFFF | 7FFF | 3FFF
<«—Data Space —>< Program Space —>

Figure 7.3 PDWSR structure.

97



From Figure 7.3 it can be seen that assigning wait states for access to the EPROMs, bits
0-3 have to be initialized. For access to the (DP)SRAMs, bits 4-7 have to be initialized.

The JOWSR can be mapped in either of two ways, as specified by the BIG bit in the
CWSR register. If BIG=0, each of eight pairs of memory-mapped I/O ports has its own 2-
bit field in IOWSR as is shown in Figure 7.4.

Bitnr 15 14 12 10 8 6 4 2

Port Port Port Port Port Port Port Port
14/15 12/13 | 10/11 8/9 6/7 4/5 2/3 0/1

Figure 7.4 IOWSR structure (BIG=0).

I (e

Note that the entire I/O space is configured with wait states because port n/(n+1) has the
same number of wait states as port (16-m+n)/(16'm+n+1) with 0<n<14 and O<m<3. If
BIG=1, the 64K I/O space is divided into eight 8K-word address blocks with each block
having an independently programmable number of wait states. Figure 7.5 shows the
association of the bits in the IOWSR with the eight memory segments.

Bitnr 15 14 12 10 8 6 4 2 0
E000- LCOOO- A000- | 8000- | 6000- | 4000- | 2000- | 0000-

FFFF DFFF | BFFF | 9FFF | 7FFF | 5FFF | 3FFF IFFF
Figure 7.5 IOWSR structure (BIG=1).

The wait-state fields of PDWSR and IOWSR can be filled with four binary values.
However, five different number of wait-states can be implemented. This is solved using
the control wait-state register (CWSR). The four bits in the CWSR allow the user to select
one of two mappings between 2-bit wait-state fields and the number of wait states for the
corresponding space as shown in Table 7.5.

If bit n of CWSR is set to zero, the number of wait states for external accesses in the
space associated with bit n is equal to the wait-state value as specified in the 2-bit field of
the PDWSR or IOWSR. If bit n is set to one, the number of wait states is determined by
the last column of Table 7.5. Figure 7.6 shows the CWSR structure.

Bitn 4 3 2 1 0
BIG /0 1 7[0] Data
mode | upper | lower

Figure 7.6 CWSR structure.

Program
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Table 7.5 Wait-State Field Values and Wait States as a Function of CWSR Bit n.

Wait-State Field of No. of Wait States No. of Wait States
PDWSR or IOWSR (CWSR Bit n = 0) (CWSR Bitn =1)
(Binary Value)
00 0 0
01 1 1
10 2 3
11 3 7

Bit 2 represents the lower-half of the I/O space: Port O - Port 7 if BIG=0 or 0000h-7FFFh
if BIG=1. Bit 3 represents the upper-half of the I/O space: Port 8 - Port 15 if BIG=0;
8000h-FFFFh if BIG=1.

The next example will show how the software wait-state generator is to be programmed.
For the modem design, the EPROMs (0000h-7FFFh) are accessed using seven wait states,
the SRAMs (8000h-FBFFh) are accessed using zero wait states and the DPSRAMs
(FCOOh-FFFFh) are accessed using one wait state. From Table 7.5, it follows that for
seven wait states bit O (for program space) of the CWSR is set to 1. The bits in PDWSR
corresponding with the address range of the EPROMs are filled with the value 11b. For
zero or one wait states, bit 1 (for data space) of the CWSR may either be 0 or 1. The bit
field in PDWSR corresponding with the SRAM address range are filled with the value 00b
and the bit field corresponding with the DPSRAM address range are filled with O1b. This
leads to the following contents of the CWSR and the PDWSR (X is don’t care):

CWSR = XXXX1b
PDWSR = 01 00 XX XX XX XX 11 11b

In the modem design, the distinction between program memory and data memory is not
made. In order to prevent equal address ranges to be programmed with a different number
of wait states, it is recommended that the PDWSR bits from the same address ranges are
assigned the same values. In this case, PDWSR =01 00 11 11 01 00 11 11b.

Accessing I/O ports 0/1 and 6/7 with two wait states results in the following contents of
CWSR and IOWSR:

CWSR = 0X0XXb
IOWSR = XX XX XX XX 10 XX XX 10b
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8 Implementing the new modem

8.1 Introduction

The previous chapters described the functional blocks of the modem in detail. This chapter
discusses the implementation of the functional blocks to come to a realization of the new
modem. The implementation process consists of five steps:

[} creating the schematic diagrams using a design program for electronic
circuits (Section 8.2).

2) Electro Magnetic Compatibility (EMC) considerations must be taken into
account for better performance and less radiation of the printed circuit board
(PCB) (Section 8.3).

3) Print layout and component placement. Using the EMC considerations, great
care should be taken for positioning of components on the printed circuit
board (Section 8.4).

4) Routing (Section 8.5).

5) Soldering the components, testing the print and preparing the print for the
modem configuration (Section 8.6).

8.2 Creating the Schematic Diagrams

To come to a realization of the modem, the first step is to create the schematic diagrams
using the design considerations of the functional blocks described in chapters 3 to 6. The
actual design of the printed circuit board is done at the Centrale Technische Dienst (CTD,
Central Technical Service) of the Eindhoven University of Technology. They are equipped
with software to develop printed circuit boards: the DAZIX Intergraph Schematic Entry
program for drawing the schematic diagrams and the StarTrak Router for routing the PCB.
The advantage of this Schematic Entry program is that it runs on a Sun workstation with a
user-friendly graphics user interface. Furthermore, when placing the components, gate
swapping or pin swapping automatically changes the drawings made with the Schematic
Entry program. Although OrCAD can also be used to generate the schematic diagrams,
this method is not recommended. OrCAD generates a netlist, in which all parts of the
circuit and all connections between parts are listed in a specific format. This netlist is used
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at the CTD to design the printed circuit board. However, gate and pin swapping will not
change the drawings made by OrCAD.

Appendix 1 comprises the schematic diagrams of the modem. Before describing the sheets
in detail, some general information about schematic entry is given below:

data/address-buses must be labelled D(0:15) and A(0:15), respectively. The
names may change (e.g. PA-D(0:15) or PB-D(0:15)) but the brackets and the
colon must be used to denote the number of data/address-lines. Signal lines from
the data/address-buses are labelled using brackets (e.g. PA-D(0)). Note that these
brackets may not be omitted.

signal lines with the same label are connected physically. Furthermore,
connecting two pins together using a wire is the same as labelling the two pins
with the same label without making the connection. See also the PA-*BR, PA-
*WE, PA-*RD and PA-READY signals of the DPSRAM on sheet 5.

labelled signal lines with a port symbol are signal lines also used on other sheets.
the label REPEAT=n is used to denote that the corresponding component is
repeated n times.

some ICs do not have a power supply pin and a ground pin because these pins
are defined implicitly. When defining components, labels can be assigned to pin
numbers. It is possible to assign VCC and GND to the corresponding pin
numbers without the necessity to draw the actual pins.

All inputs of TTL ICs which must at a high voltage are connected to +5 Volts
using a 1K pull-up resistor.

For each schematic diagram, some design considerations are listed:

Sheet 1/2:

All unused input pins of the TMS320C50 should be connected to +5 Volts with
or without an external 100K pull-up resistor.

All unused outputs of the TMS320C50 should be left unconnected.

The power supply lines for the TMS320C50, the EPROMs, the SRAMSs and the
TTL ICs are decoupled using 0.1 pF ceramic capacitors (see Section 8.3).

The *BIO input pin and XF output pin are situated on the 2x32-pin connector
and therefore buffered using two-input AND gates.

The *NMI and PA-*INT2 input pins are not buffered because interrupt
generation must be done using a D-flipflop. Furthermore, these pins will not be
used so they are connected to +5 Volts at connector CONNI.
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Sheet 3:

Sheet 4:

Sheet 5:

Sheet 6:

The (TDM) serial port signals are connected to +5 Volts/digital ground using
100K pull-up/pull-down resistors. This is done to define these signals when they
are in high-impedance mode, therefore preventing unwanted signals on the
(TDM) serial port [8].

Resistors R83 and R86 do not belong to the E12 range. Therefore, a standard
resistor is assigned the appropriate value. In the modem design, R83 is 24.9 Q
and R86 is 51 kQ.

At first, pins T7 and T8 were provided to make a connection between analog and
digital ground as specified in the AD1671 datasheets. Later, this connection was
made at the power connector. Pins T7 and T8 are now used for analog and
digital ground references during test procedures.

The REF OUT pin is decoupled using a 1 pF tantalum capacitor to analog
ground according to the AD1671 data sheets.

A 7 pF capacitor (C10) is not available. Therefore, a 6.8 pF capacitor is used.
Resistor R33 (200 Q) does not belong to the E12 range. Therefore, a standard
resistor is assigned the appropriate value.

According to the datasheets of the CY7C131/CY7C141 DPSRAM, the *BUSY
output of the master DPSRAM and the *INT output are open drain outputs and
require pull-up resistors.

Capacitors are provided to decouple the power supply lines from the AD1671,
the AD568 and the AD840 in accordance with the data sheets.
All unused TTL gates are listed with their inputs connected to digital ground.

The modem board is equipped with four connectors: a 2x32-pin male connector (CONN1),

a 25-pin female Centronics connector (CONN2), a 14-pin male flatcable connector

(CONN3) and the power connector. Furthermore, two BNC-connectors are provided for
analog input and output signals. Design considerations for each connector are listed below
(for pin locations, see Appendix 2).

2x32-pin connector:

to communicate with serial devices, the serial port signals of both TMS320C50s
are situated on the connector.
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* to communicate with other TMS320C50 devices, the TDM serial port signals are
situated on the connector.

» the 16-bit parallel interface control signals and its databus are situated on the
connector for communication with external devices.

* CONN-*RESET is provided to perform an externally generated reset.

» *RESET is provided to reset external devices after a modem reset.

» *BIO, *NMI and XF signals from both TMS320C50s are provided to control the
processors externally (generating an interrupt, asserting *BIO low for a branch
instruction to be executed).

 the unused I/O-select signals from both I/O-selection circuits are situated on the
connector to access/control external devices.

* VCC and GND are provided as outputs for test purposes.

* The unused interrupt *INT2 from TMS320C50(1) is situated on the connector as
an extra external interrupt generation possibility.

25-pin female Centronics connector:
» all communications interface signals are situated on the connector according to
[1, Table 6.2].

14-pin flatcable connector:
» all JTAG interface signals are situated on the connector according to the
specifications in [5, Appendix E].

Power connector:

* The power connector is equipped with 15 Volts, £5 Volts and analog and
digital ground. This special connector is used because the digital ICs can have a
maximum (worst-case) supply current of 5 A. This is far too much to be supplied
by pins from the 2x32-pin connector as was done in [1].

8.3 EMC Considerations

Before components are placed on the printed circuit board and routing is performed, some
EMC considerations must be taken into account. These considerations are necessary
because components and connections can interfere to each other and to other printed
circuit boards. Some rules on positioning of components and routing are presented in
[1, 9].
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The EMC considerations for the multilayer PCB design are listed below:

* keep digital and analog circuitry separated;

* oscillators and clock circuits should be located near the centre of the PCB. This
minimizes coupling to I/O runs and places the higher-frequency sources in the
centre of the power and ground distribution system;

* initiate placing the oscillator circuit, processor, memory, and fast I/O;

* make critical signals first priority in the layout, so they can be handled most
effectively

* keep connections as short as possible;

* isolated digital and analog power supplies should be used when mixing digital
and analog circuitry on a PCB. Single-point common grounding of the analog
and digital power supplies should be performed at one point and one point only;

* add decoupling capacitors. These should be placed as close as possible to the
power pins of the integrated circuits. High-frequency decoupling should be done
with ceramic capacitors since the inductance of the capacitor is less than with
other types;

Some supplementary rules on analog circuitry:

* keep related parts very close together and connections very short;

* circuits must be separated to keep unwanted interaction among them to a
minimum;

* the surrounding space can be floated with ground, thus improving the ground
plane distribution and further isolating the circuits;

* add decoupling capacitors.

Decoupling capacitors are placed for two purposes. They supply transient current to the
chip during gate switching. Secondly, they limit the size of a potential radiating loop

associated with the power supply to a switching gate. To minimize this radiation, special
IC-sockets with decoupling capacitors assembled in it are provided.

8.4 Layout and Component Placement

Using the EMC considerations from Section 8.3, the layout of the printed circuit board
(PCB) can be carried out (see Appendix 1). The PCB is a multilayer PCB with 4 layers:
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* layer 1 : component/signal layer

* layer 2 : digital ground plane

* layer 3 : +5 Volts power supply plane
* layer 4 : solder/signal layer

The digital ground and +5 Volts power supply planes of the multi-layer PCB offer great
advantages with regard to EMC problems and routing:

* no ground power and supply power runs across the PCB are necessary. This
results in easier routing of signal lines;

* the shortest connections possible between ICs and their power supply units;

* less radiation due to the smaller area of the current loop;

* low-impedance.

Component placement and the routing process are related to each other. A well-considered
and time-consuming component placement results in an easier and faster routing process.

The components are placed according to the functional block diagram of Figure 2.1. For a
good component placement, the following design considerations are made:

* the oscillator (U47), the 74F14 Schmitt-trigger inverter (U46) and jumpers J19
and J20 are placed as close to the TMS320C50s as possible in order to obtain
signal lines with the same length. In this way, both TMS320C50s will operate
synchronously.

» the 74F11 three input OR-gate is used twice on the board although one 74F11
would be satisfactory. However, two gates of the 74F11 were used for the
communication interface while the third gate was used for the 16-bit parallel
interface. To avoid long signal lines, two ICs were used: U78 was placed in the
vicinity of the communication interface and U79 was placed near the parallel
interface.

* the analog circuitry is separated from the digital circuitry. Furthermore, it is
placed at the front of the PCB close to the BNC connectors. To reduce EMC
problems, an analog ground plane is placed directly beneath the analog circuitry.

* the connectors are placed at the end of the PCB except for the power connector.
It is placed close to the analog circuitry to avoid long analog power supply and
ground lines across the PCB.

* to facilitate the solder process, all DIP IC-sockets are placed either in vertical or
in horizontal direction with pin 1 always pointing in the same direction.
However, some IC-sockets are placed opposite the directions in cases where
easier signal routing prevailed.
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* BNC-connectors are now mounted on the PCB to shorten signal lines and to
prevent antenna radiation.

« all DIP IC-sockets for TTL ICs have been equipped with decoupling capacitors.
The PLCC and PQFP IC-sockets have not been equipped with decoupling
capacitors so they are provided externally. The D/A converter and opamp require
their own capacitors so DIP IC-sockets are used without decoupling capacitors.

» the components are placed in such a way that space between components is
available to facilitate the routing process.

When placing components, the software allows the user to perform gate swapping or pin
swapping. This is done to obtain the shortest possible overall wire length and to minimize

routing complexity. Figure 8.1 shows the gate and pin swapping method.

L TT

i d

Before Gate Swapping

Before Pin Swapping After Pin Swapping
Figure 8.1 Gate and pin swapping.

Note that pins 1 and 2 of the 74F00 IC in Figure 8.1 are input pins, therefore pin
swapping is allowed.

107



8.5 Routing

After components are placed on the printed circuit board, routing can begin. The routing
process can be done either manually or automatically. Manual routing is done in the
following cases:

* the oscillator signal lines to both TMS320C50s must be of equal length in order
to prevent unwanted timing delays to occur.

* simple signal lines can be routed manually (see Figure 8.2).

* memory routing (see Figure 8.3).

L ‘—L{ — e —p
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— — s —

— ——s —e

Figure 8.2 Simple routing. Figure 8.3 Memory routing.

From the initial 1264 connections on the printed circuit board, over 650 connections were
done manually. Note that due to the digital 0 V and +5 V planes, connections for the
supply voltage are performed automatically.

After manual routing, the StarTrak router available on the CTD workstations is started.
The router performs the following passes:

single pass
* iterative pass

finishing pass
* iterative pass

finishing pass

final finishing

A single pass tries to make connections just once. If a connection is not made, it is left
open to be routed after the single pass. An iterative pass performs several iterations. After
each pass, the program examines traces that block paths to unconnected pins. On
succeeding passes, the program reroutes the blocking traces and attempts to complete the
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rest of the connections. A (final) finishing pass shortens signal paths, substitutes diagonals
for staircases and removes unneeded vias (= connection between layers 1 and 4).

Sheets 8 and 9 of Appendix 1 show the outcome of the manual/automatic routing process.

8.6 Testing the printed circuit board

After the printed circuit board is manufactured, components can be soldered and test
procedures can be carried out. Within the time constraints, it was not possible to perform
these test procedures.

The printed circuit board can now be used as part of the baseband picoterminal. The next
step is to implement the spread-spectrum modem in software using the PCB. Some
hardware settings must be installed before the PCB can be used as a picoterminal.

The following pins on the 2x32-pin connector have to be tied to +5 Volts using a pull-up
resistor (only if they are not used):

* PA-*NMI, PB-*NMI
* PA-*BIO, PB-*BIO
* PA-*INT2

For communication to the external frequency synthesizer board, the following pins on the
2x32-pin connector must be defined:

* CONN-CPBA may be either Low or High but no Low-to-High transition may
occur.

* CONN-OEAB must be low to enable the output pins of the 74F652 ICs,
therefore transferring TMS320C50 write data to the frequency board.

Table 8.1 lists the jumper settings. Appendix 2 lists the description of jumper settings and
connector pins.
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Table 8.1 Jumper settings

Jumper Setting Jumper Setting

J1 12 J16 X
12 - 17 23
13 -- J18 X
J4 23 J19 12
J5 12 J20 23
J6 12 J21 23
J7 -- 122 23
J8 12 J23 12
J9 - J24 23
J10 -- 125 12
J11 12 J26 12
J12 -- 127 12
J13 X 128 12
J14 X J29 12
J15 X

Note :

-- = not connected

X = don’t care; either 12 or 23
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9 Conclusions and Recommendations

9.1 Conclusions

. For the picoterminal project, the hardware of a baseband spread-spectrum
picoterminal was designed and implemented. The design was done according to the
functional block diagram. Memory ICs were chosen in concurrence with
TMS320C50 timing requirements. It was shown that communicating with different
(memory) ICs does not result in databus conflicts.

. Communicating between the two TMS320C50s is done using global memory. This
memory was implemented using a Dual-Port SRAM. With this DPSRAM IC, two
processors can independently access different global memory locations
simultaneously.

. To enhance the processing speed of the receiver part of the modem, a new analog-
to-digital conversion circuit was designed. For this ADC circuit, a new A/D-
converter was used and a sample switch was designed. For the transmitter part of
the modem, the digital-to-analog circuit of the previous modem was used in the
new modem.

. Testing and debugging is now done using the JTAG-interface. The hardware
required was designed and implemented. Testing and debugging can be done using
the Texas Instruments XDS510 emulator.

. Two serial ports are implemented on the signal board to communicate with serial
external devices. Furthermore, the two TMS320C50s can communicate with other
external TMS320C50 devices using the TDM serial port option. A new parallel
interface was designed for communication with parallel external devices. The PC-
communications interface as was used with the previous modem is also used for the
new modem. Communicating with the personal computer is now done using
standard Centronics cable/connectors.

. Some software configurations were presented which must be taken into account
when the TMS320C50s are to be programmed.
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. The signal processing board was realized using the Schematic Entry program of the
Centrale Technische Dienst (CTD) at the Eindhoven University. After schematic
entry, component placement and routing was performed to obtain the signal runs on
the printed circuit board. The PCB was manufactured and components were
soldered on it. The signal processing board is now ready to be tested.

. The function of the signal processing board is dependent on the software
implementation. Therefore, the board could also be used for general signal
processing applications such as a telephone modem or sound blaster.

9.2 Recommendations

For future printed circuit board design, some recommendations are presented:

* Future printed circuit boards are to be realized using the Schematic Entry
program and StarTrak router of the Centrale Technische Dienst (CTD) of the
Eindhoven University of Technology. In this way, designing printed circuit
boards is more flexible and user-friendly. Furthermore, when placing the
components, gate swapping or pin swapping automatically changes the drawings
made with the Schematic Entry program.

* To implement the features of the spread-spectrum picoterminal, the TMS320C50
processors need to be programmed. Before software is designed to access the
global memory, a communication protocol must be set up in which
communication to the global memory is well-defined.

* The unused inputs (PA-*NMI, PB-*NMI, PA-*BIO, PB-*BIO, PA-*NMI) of the
2x32-pin connector CONN1 must be connected to +5 Volts at the connector. In
future it is better to use jumpers at the PCB to connect the unused inputs to +5
Volts. If the inputs are used, jumper settings are altered to use the input pins on
the connector.

» For future PCB design, it is better to use programmable logic devices (PLDs)
instead of TTL ICs. In this way, logical functions can be programmed on one IC.
This saves a lot of space on the PCB and occasional errors can be corrected
easily.
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* Research must be performed to investigate whether the communications interface
as implemented on the modem print can be replaced by a standard interface used
on personal computers or notebooks.

* In future, the input signals CONN-FFS and CONN-FCONTROL and the signal
TRANSMITCLOCK should be implemented using BNC connectors. This
prevents the connector CONN1 from being soldered with wires to obtain these
signals.

» Before the signal board can be used as part of the picoterminal, testing the signal

board is required. This testing must be done with great care so no errors will
occur when placing the ICs on the board.
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Appendix 1: Schematic Diagram,
Component Placement and Print Layout
of the Modem Print

This appendix gives an overview of the hardware designed. Figure A.1.1 and Figure A.1.2
show the TMS320C50(1) and the TMS320C50(2) with their local memory and I/O-
selection circuits. Figure A.1.3 shows the ADC circuit with the pulse generation circuit,
the A/D converter, the switch with its buffers and the interrupt generation circuit.
Figure A.1.4 shows the DAC circuit with the D/A converter and the opamp, the transmit
clock and the 16-bit parallel interface. Figure A.1.5 shows the global memory
implementation and the communications interface. Finally, Figure A.1.6 shows the reset
and oscillator circuit, the JTAG interface, the connectors and decoupling capacitors for the
analog circuitry.

Figure A.1.7 shows the component placement on the printed circuit board (PCB) where

the black marks on each jumper denote pin 1. Figure A.1.8 and Figure A.1.9 show the
component side (layer 1) and the solder side (layer 4) of the designed PCB, respectively.
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Figure A.1.1 The TMS320C50(1) with its local memory and the /O selection circuit.

s
re2 [T]rP2
102k |_| 100k
1 t

PA:eBR ()

e - =
8 ; 7 ; S | 3 | a . 3 2 ! 1
PA-READY -3V
— FROM BUSY-DPSRAM
= / —
. I/0-SELECTION CIRCUIT
ADC ?,f'l
CONNECTOR 61
GLOBAL MEMDRY ! F138
INT GEN PARALLEL INTERFACE Sel e :4 :D‘ (SE__e TO COMN
sz Y1 EL_Y'L_ "} LRITE TQ PARALLEL INTERFA
S deas vapld PA-TOSEL vz 1 RITE 0 - &
' Y;:,LLFG-LQS.EJ.‘.\‘}«C' TD CONN
PA-RLBY 1 11 PA-TOSEL_Y4
: Z Malser oo =—<C_J 70 CONN
. EBsaL) £ vspid P"'YD £y ] READ FROW PARALLEL INTERFACE
- vep-8—Ba=I0SEL YA (7] repp ADC
' | ' ¥3) = TD CONN
i PR-A(@:15)
FA-AC1S)} ! '
'
+50 i |
3 : PAB-CLKMDI )
! i FPAB-CLKMDZ ]
sy ' XTAL-X2/CLRINY [V
1 I XTAL-CLKIN2 —— _PA-Acar &) q;ecl%?a._ll__ﬁa—ﬂ.(j) !
i i = PR-A(1) 3 la a1 FR-0(1)
PE-DIB:1S) - 24 213 pa-pe2) i
v o d 4 q (e~ PR-AC2) Az 102
E : EAEEEELLEFEEEEEEEEEE T A R T—
T " 1S eapcas : R YT N A F TR TSP :
-f 2 12 55 H TRREL88EE BV e RTIETYY 7
Pa-nl2y 8. oV y = ne * 34 adsif & Po-Ace) 2 Tog 18 Be-n(e) i
3 3 |ea-ac1) s, ceftey ¢ — PA-ACP) 3 1019 Ea-nean
{-£a-acz) el a - T3 T EE LI Y ] .BA-D(? B P
PA-AC4) L8, B PR-BIE) S8 a2 PA-DCZ) 5
PA-A(S) L1 17 13 Pa-2¢3) | pA-AC4ay 39 0 26 PA-D(4) 6
PA-ALE Y e ] |12 pA-Di @) Pa-a(S)_ b9 | 25 PB-0(8) ER|
3 s 11 pa=NCEL Pa-alay 81" 2+ pa-neey
35 Re
23 Sy _PAzAC). 82 | osl2} . PAZOKAI____ ... .
PR : PA-A(A) &3 '3 pa-n(A)
= RN "
— = PA-A(9)  *1 o 1z PA-D(9)
}£a-60.11.3 Rt GHOp—i- |- ea-aCigy P2 ., 11 pa-n(ia: ;
PA_AC12) 2e 1 o '
12 eCEf—a ! eg-A¢111 ?3 b 18 PA~D(11) +5U
= FrE : . o i
£A=BL13). ary - i pA-Ag12) P4 9 PA~D12)
PA-AC14) asa LIt ! Pa-a1z) 78 00 e PA-DC1R) |
: : 1 +5U 13 i | 2 lcas-4
i ( PA-A(14) 78 |, oo PA-D(14) PA-AC3S) | REPEAT =2 C45-46
PA-a(15) ?? 5 PA-D{15) [8]:] | < 10@nF
| oty ut e [ A T
| i sy = vesi—
i H R3Q e TMSZ20C50 v T I
| i Sojvoos uss3— ' -
H i 1K voD4 vssa—d i
i | V3 g 2 veos 35 ! DECOUPLE
| Fe4as 29 u3ne 38 ' CAPACITORS
| L = iy e i erecias
j Jf__ 1 REPZAT-g [CSS-62 :s e 3 ea-ac@y 21 %Cl%g 11 pa-pgs i
grcazo T 1eont = ER-BL)___B3 |o, o1} 12 PR-D(S) O
> : o PR-A(2)  24lp> oA 13 PBoNCIC)
s
N LB NN PA-ACX) 25 |p3 ol 15 PA-D(11) i
o - 2 duorz PA-AL4)_ 26, 116 _PA-C(12)
7 113 A4 104
DECOUPLE CAPACITORS ] PR-ACS) 1ips ogl 17 PA-DCIE)
L Y:q};g‘és ¢ = | _ea-ac61 . 2lag  Tog-1B .RA-DC14) I .
Sﬂs 62 1] ] lubbls ¥ 1 PA-ALA) 18 _PR-O(IS)
| 132 E E 0 i
as £ i 33 s PA-ACH) 4 i
E—f-a? 07| pafti.Pa-ieis) v L..:;é . 73 . PAACY) 3 o
ios 851 TEdEETrITER EA-AC19) 6 laip .oppa2
z 2f3 2RiER: $gEFY —BA-RCLLY__ 2 la); ecepf?
2 < 2 ”%41 FEEL d PA-A12) D 1na
Z2a:0 R332 1 EEREEEK PA-ACIT) 9o
Heie e 109K TO JTAG INTERFACE [ PA=AC14)_18 10y
+SU
N ! |
- i
“gu "
L RS0 , |
— _3 {use ‘
[ g Fes 1K ‘
+5U ‘
i : TOM SERIAL PORT
8
. T FfRssBIO_
— <
<
J SERIAL PORT
I
fau} TU - EINDHOVEN
2 5 PROJECT
THMS3Z: @3--R + LOCRL MEMORY +

O-SELECTION CIRCUIT

OFDR M I6FC135-23-23-01

T
D iDaC - }Li:;_ SHEET 1 [won
REU. i lo.o. ‘ CTD-E/E

S




Figure A.1.2 The TMS320C50(2)

with its local memory and the I/O selection circuit.
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Figure A.1.3 The ADC circuit.
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Figure A.1.4 The DAC circuit with the transmiiclock and the 16-bit parallel interface.
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Figure A.1.5 The global memory and the communications interface.
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Figure A.1.6 The reset and oscillator circuit, the JTAG interface and the connectors.
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Figure A.1.7 Component placement of the transceiver.
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Figure A.1.8 The component-layer runs (trace layer 1).
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Figure A.1.9 The solder-layer runs (trace layer 4).
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Appendix 2: Jumper settings, connectors

Table A.1.1 Jumper settings for the modem.
J1 to J3 - jumper settings for the pulse generation circuit:

J1 J2 J3 Input clock

12 -- -~ Sample frequency f; from frequency synthesizer
-- 12 -- Transmit clock

-- -- 12 Timer TMS320C50(1)

ote: For correct operation, either J1 or J2 or J3 is connected.

J4 - jumper setting for unipolar or bipolar mode of operation of the ADC:

Unipolar ( 0-5 V) !

12

Bipolar (£ 5V) " 23

JS - jumper for selection of the output data format of the ADC:

JS *MSB/BIT1 Output data format
12 *MSB twos complement range
23 BIT1 positive true binary range

J6 to J12 - jumpers for processor selection for receiving samples:

Samples to :

J6 | J7 | J8 | J9 | J10 | JI11 | JI12

fzs ‘12 -- -- 12 -- - TMS320C50(1)
12 -- 12 | -- - 12 - TMS320C50(1) and TMS320C50(2)
23 -- - | 12 -- - 12 TMS320C50(2)

137




J13 - jumper for selection of the transmit clock to control the DAC input buffers:

Internal transmit clock || 23

External transmit clock " 12

J14 to J16 - jumpers for selection of the internal transmit clock frequency:

Selection by DIP-switches 1 to 3

| 12

Selection by software || 23

J17 - jumper for selection of the clock input to interrupt the TMS320C50 (parallel

interface):
Transmit clock as clock input 12
Control frequency from connector as input 23

J18 - jumper for selection of the communications interface device:

Device number is set by DIP-switches 6 to 8 12

Device number is set by DIP-switches 7 and 8 23

J19 to J22 - jumpers for selection of the divide by one/divide by two processor clock:

J19 J20 J21 J22 Clock Mode Selection

12 23 23 23 External Divide-by-Two Clock Option; Internal
oscillator disabled

12 23 12 12 External Divide-by-Two Clock Option; Internal
oscillator enabled

23 12 12 23 External Divide-by-One Clock Option
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J23 to J29 - jumpers for the JTAG-interface:

J23 | J24 | J25 | J26 | J27 | J28 | J29 Description
12 23 12 12 12 Multiprocessor-configuration
-- 12 12 23 12 ’C50-1 active, *C50-2 inactive
-- 23 23 12 23 "C50-1 inactive, *C50-2 active
23 23 Use crystal for test clock
12 12 Use emulator (10 MHz) test clock
Note: - 12 = pins 1 and 2 of the jumper are connected

- 23

- X

pins 2 and 3 of the jumper are connected

no pins are connected

= don’t care

JTAG connector (U4, CONN3)

13 1
O00O0O00O0
Q000 OO
14 2
Table A.1.2 XDS510 Header Signals.
Pin Signal Function Pin Signal Function
1 TMS Input 3 GND
2 *TRST Input 9 TCK_RET Output
3 TDI Input 10 GND
4 GND 11 TCK Input
5 PD (+5V) Output 12 GND
6 No pin 13 EMUO Input/Output
7 TDO Output 14 EMU1 Input/Output
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Power connector

T6 TS5

T4 T3 T2 TI

000000

Table A.1.3 Power signals.

Pin Signal Pin Signal
T1 +15 Volt T4 -5 Volt
T2 -15 Volt TS Dig. Gnd
T3 +5 Volt T6 An. Gnd
25-pins female Centronics connector
\300000000000017
2500000000000014
Table A.1.4 25-pins female Centronics connector.
Pin nr. I/0 Function Pin nr. /O Function
1 Input IRQ on device 10 Output IRQ on PC
2 Input INO 11 Output OUT3
3 Input IN1 12 Output OouT2
4 Input IN2 13 Output OUT1
5 Input IN3 14 Input Device select 0
6 Input IN4 15 Output ouTo
7 Input IN5 16 Input Device select 1
8 Input IN6 17 Input Device select 2
9 Input IN7 18-25 Ground
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2x32-pin connector CONN1

Table A.1.5: 2x32 pins CONNI1-connector pin names.

Cc32

C1

Q0000000000000 00O0OOOO0OO0OOOOOOOO
0000000000000 0000000O000O0O000000O00

A32

Al

u Pin Pin name Function Pin Pin name Function
Al CONN-*RESET Input for reset C1 PA-IOSEL_YO Output
A2 CONN-FFS Input sample freq. C2 PA-IOSEL_Y2 Output
A3 CONN-FCONTROL | Input C3 PA-IOSEL_Y3 Output
A4 PA-*NMI Input C4 PA-IOSEL_Y4 Output
A5 PB-*NMI Input C5 PA-IOSEL_Y7 Output
A6 PA-*BIO Input C6 PA-*INT2 Input
A7 PB-*BIO Input c7 CONN-CPBA Par.Int Clock Input
A8 PA-XF Output C8 PA-IOSEL_Y1 Par.Int Output
A9 PB-XF Output 9 CONN-OEAB Par.Int Input
Al0 PA-FSX Ser.Port C10 PI-D(0) Par.Int Databus
All PA-CLKX Ser.Port Cl1 PI-D(1) Par.Int Databus
Al2 PA-DX Ser.Port C12 PI-D(2) Par.Int Databus
Al3 PA-FSR Ser.Port C13 PI-D(3) Par.Int Databus
Al4 |PA-CLKR Ser.Port Cl4 PI-D(4) Par.Int Databus
AlS PA-DR Ser.Port C15 PI-D(5) Par.Int Databus
Al6 *RESET Output C16 PI-D(6) Par.Int Databus
Al7 PA-TOUT Timer Output Cc17 PI-D(7) Par.Int Databus
Al18 |PB-TOUT Timer Output C18 PI-D(8) Par.Int Databus
Al9 PB-FSX Ser.Port C19 PI-D(9) Par.Int Databus
A20 PB-CLKX Ser.Port C20 PI-D(10) Par.Int Databus
A21 [PB-DX Ser.Port C21 PI-D(11) Par.Int Databus
A22 |PB-FSR Ser.Port C22 PI-D(12) Par.Int Databus
A23 PB-CLKR Ser.Port C23 PI-D(13) Par.Int databus
A24 PB-DR Ser.Port C24 PI-D(14) Par.Int Databus
A25 |TFRM TDM Ser.Port C25 PI-D(15) Par.Int Databus
A26 |TADD TDM Ser.Port C26 PB-IOSEL_YO0 Output
A27 TCLK TDM Ser.Port Cc27 PB-IOSEL_Y3 Output
A28 TDAT TDM Ser.Port C28 PB-IOSEL_Y4 Output
A29 |OUT4 Programm. C29 PB-IOSEL_Y7 Output
A30 |OUTs Programm. C30 CONN-PBD15 Programm. Output
A3l OUT6 Programm. C31 VCC +5V Output
A32 | CONN-CLKEXT Ext.Clock C32 GND Dig Gnd Output
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Appendix 3: List of the components used

Quantity  Part Part Reference
Name Description Designator
2 TMS320C50  Digital Signal Processor U1, U10
4 AM27C256 32Kx8 UV Erasable CMOS PROM U2, U3,
Ull, U12
1 74F32 Quad Two-Input OR Gate U4
7 74F245 Octal Transceiver (3-State) U35, Us,
U13, Ul14,
uUe66, U67,
U69
4 CY7C199 32K x 8 Static RAM U7, U9,
Ul15, Ul6
1 74F00 Quad Two-Input Nand Gate Ug
4 74F74 Dual D-Type Flip-Flop U17, U23,
U31, U72
1 AD1671 Analog-to-Digital Converter U18
9 74F574 Octal D Flip-Flop (3-State) U19-U22,
U25-U28,
u77
2 T4F08 Quad Two-Input And Gate U24, U50
1 ADS568 Digital-to-Analog Converter U29
1 ADg40 Opamp U30
1 74HCO04 Hex Inverter U32
1 74F269 8-Bit Bidirectional Binary Counter U33
1 74F151A 8-Input Multiplexer U34
1 74F365 Hex Buffer/Driver (3-State) U44
1 74F14 Hex Inverter Schmitt Trigger U46
2 SG51/KT Crystal Oscillator 50 MHz U47, U76
2 74F138 1-Of-8 Decoder/Demultiplexer uUe6l, U64
1 74F85 4-Bit Magnitude Comparator uU65
1 CY7C141 1Kx8 Dual-Port Static RAM slave u70
1 CY7C131 1Kx8 Dual-Port Static RAM master U71
2 74F652 Octal Transceiver/Register, Non-Inverting u73, U74
2 74F11 Triple Three-Input And Gate U78, U79
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Quantity Part Reference
Description Designator
1 Resistor 1/4W 1M R1
5 Resistor 1/4W 4K7 R2, R3,
R8-R10
34 Resistor 1/4W 1K R19-R30,
R50, R51,
R60, R61,
R65-R72,
R74, R75,
R78-R82,
R84, R85,
R88
1 Resistor 1/4W 8K2 R31
1 Resistor 1/4W 10M R32
1 Resistor 1/4W 200 R33
6 Resistor 1/4W 100K R57, R62,
R63, R73,
R76, R77
1 Resistor 1/4W 24,9 R83
1 Resistor 1/4W 51K R86
1 Resistor Pack 1K RP1
2 Resistor Pack 100K RP2, RP3
1 Resistor 1/4W 39 R87
1 Electrolytic Capacitor 0.47 uF Cl1
1 Ceramic Capacitor 100 pF C3
33 Ceramic Capacitor 0.1 pF C4-C9,
Cl4, C16,
C21, C22,
C33, C34,
C45-Co4,
C68
1 Ceramic Capacitor 6.8 pF C10
1 Ceramic Capacitor 33 pF Cl12
1 Ceramic Capacitor 47 pF C13
1 Tantalum Capacitor 1 pF Cl7
3 Tantalum Capacitor 10 pF C18, C20,
Ce67
2 Tantalum Capacitor 2.2 pF C65, C66
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Quantity  Part Reference
Description Designator
1 2.048 MHz Crystal Y1
2 Potmeter 10K P1, P3
1 Potmeter 50 P2
1 Reset Button S1
1 8 position Dip-Switch SW1
10 2-pin Jumper J1-13,
J7-J12, J23
19 3-pin Jumper J4-J6,
J13-J22,
J24-J29
2 BNC Connector J30, J31
1 25-pin D-Connector Female J
1 2x32-pin Din Connector Male A, C
1 14-pin Flatcable Connector, Male U45
1 6-pin Power Connector T1-T6
2 External Pins T7, T8
2 DIP IC socket 4-pin, 300 mil, 0.1 uF Decoupling Capacitor U47, U76
12 DIP IC socket 14-pin, 300 mil, 0.1 pF Decoupling Capacitor U4, U8,
U17, U23,
U24, U31,
U32, U46,
Us50, U72,
U78, U79
1 DIP IC socket 14-pin, 300 mil, No Decoupling Capacitor U30
5 DIP IC socket 16-pin, 300 mil, 0.1 pF Decoupling Capacitor U34, U44,
U61, U64,
uU65
16 DIP IC socket 20-pin, 300 mil, 0.1 pF Decoupling Capacitor Us, U6,
U13, U14,
U19-U22,
U25-U28,
u66, U67,
ue69, U77
3 DIP IC socket 24-pin, 300 mil, 0.1 pF Decoupling Capacitor U33, U73,
U74
1 DIP IC socket 24-pin, 300 mil, No Decoupling Capacitor U29
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Quantity  Part Reference
Description Designator
4 DIP IC socket 28-pin, 300 mil, No Decoupling Capacitor U7, U9,
Ul5, Ul6
4 DIP IC socket 28-pin, 600 mil, 0.1 pF Decoupling Capacitor U2, U3,
Ull, U12
1 PLCC IC socket 28-pin U18
2 PLCC IC socket 52-pin u70, U71
2 PQFP IC socket 132-pin Ul, U10
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Appendix 4: Data sheets of the
components used

This appendix comprises the data sheets of the most important components used. These
components are:

* Epson SG-51KT/50.000 MHz crystal oscillator p. 148
» Cypress CY7C199-15PC Static RAM p. 150
* Cypress CY7C131-25JC/CY7C141-25JC Dual-Port Static RAM p- 158
* Advanced Micro Devices AM27C256-150DC UV-EPROM p. 171
* Analog Devices AD1671JP analog-to-digital converter p- 184
* Analog Devices AD568JQ digital-to-analog converter p. 196
» Analog Devices AD840JN operational amplifier p. 208
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FULL SIZE DIP HIGH FREQUENCY CRYSTAL OSCILLATOR

SG-51 series

HALF SIZE DIP HIGH FREQUENCY CRYSTAL OSCILLATOR

SG-531 series

2scs1p eoit §
[ 1& 0000uM.C

Actual size
B Specifications (characteristics) .
SG-61/51K/51P/SIE, | SG-51T/S1IKT/51PT,| SG-51KT/51PT,
ftem Symbol $G-531/531P SG-531T/531PT | SG-531T/531PT Remarks
Spectifications
1.0250MHz 1o 26.0001MHz 10 36.0001MHz to
Output frequency range fo 26.0000MHz 36.0000MH: 50.3500MHz
MAX supply vohage Vur-GND ~0.3Vto -7.0V -03Vto +7.0V =03V to <70V
Powe sare hae (6 ing voltage | Ve 5.0V=05V 5.0V=05V 5 0V=05V
Storage temp. P T =55C 10 ~125C ~55'C to +100'C ~55'C to ~100°C
Tempemre age [ atiog e 1 T —W0C w0 <70C TG =70¢C ~W0C w0 ~70C
Soldering conditon (lead part) ! Tew:  {Under 260°C within 10 sec.]Under 260°C within 10 sec. {Under 260°C within 10 sec. Package less tnan 150°C
) 8 = Sippm, B: = 50pom, B: = 50ppm,
Frequency stabdity atlio C* ~100ppm ¢+ =100ppm C : =100pom =10C to +70°C
Cument phi lop 25mA MAX. 35mA MAX, S0mA MAX. No load condition
Duty TwT 40% 10 60% x 40%t060% x=x 40%t060% xx £ 14V 0r1/2 Vo level
{45% to 55% »)) (45% to 55% #y) %% 114V level
I Vou Veu.= 0.4V MIN. Voo —0.4V MIN. 2.4V MIN, Jou= —400gA
Output voltage Ve 04V MAX_* 04V MAX_* 04V MAX_* % * 1= 16mA. % % -l =BmA
Output ioad condition ‘ TTL N 10 TTL MAX. 10 TTL (30pF) MAX. 5 TTL (15pF) MAX.
{fan out} | C-MOS CL SOpF MAX.
. Vie 2.0V MIN. 2.0V MIN. 2.0V MIN.
Output enable/standby input votiage Vi 0.8V MAX. 0.8V MAX. 0.8V MAX,
Qutput disable cument [ 12mA MAX. 20mA MAX. 25mA MAX, OE=GND
Standdy curent b e 310.A MAX. ST=GND
Output rise time [ Bnsec. MAX. 10nsec. MAX. Bnsec. MAX. Refer to output waveform
Output tall time |t Bnsec. MAX. 8nsec. MAX. Bnsec. MAX. chart {page 9)
Oscillation start time tn 4msec. MAX. 1Dmsec. MAX. Tomsec. MAX, | Y2 Ban o ms T Vo SH=4 SV
Aging fa = 5ppm-year ‘MAX4 =5ppm year MAX. =Sppmyear MAX. Ta=25'C, Vi =5V, first year
i Drop test of 3 times on a hard board from
Shock resistance T SR =20ppm MAX. - 20ppm MAX. =20ppm MAX. 75¢cm heght or excitation test with 3000G x
i 0.3ms #1'2 sine wave in 3 dwections.
Note: - Unless otherwise stated, charactenshics (specifications) shown in the’anove table are based on the rated operating temperature and voltage condition.

- External by-pass capactor is recommended.

B Frequency correspondence table

ood Frequency ‘Mvm 26:1&1 SOMAHZ 56.61%
$G-51/51K.51E.5G-531/531P
5G-51T/81KT/SIEY.SG-53T/S3PT SG-S1T: Up to 36MHz)
SG-51PH/S1YH SG-S31PH/STIYH
EExternal Dimensions Unit : mam) Uniz: mm)
@ SG-51/51T/51E ® SG-51K/51KT/51YH/51P/51PT/51PH ,
e s e e
19.8MAX. e N ST o 19 BMAX. L:‘_'“‘N"g"" n‘u Pn;ni
413z p 1098 : gg 2104 NS$ u s 7 | GND | 7 | GND
o & $G512201 T T o5 o [2 sG51k220 s o |8 ] o
L 16:0000MHz C W Ve | B ] _OUT ""é O160000MHz C | L3t Yo 1 ¥ 1 Vu
T O = o 9t013; NC =
)23 &5 6 1 M T Vo ] ? C Te2
7.62
a3 [ il
I s l o 2 025
1 () —&—’ 1 \oe;
> 254 9, 2 15.28 K
;Z: | 15.24 & g
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B Features
SG-51 series

o Pin compatible with full size metal can

® Packaged in plastic 14 pin DIP

o Auto insertable

e Provided with output enable and standby functions

SG-531 series

Common
o Cylindrical type AT cut quartz crystal built-in, thus assuring high

reliability

® Possible with 386 CPU

® Pin compatible with half size metal can

® Provided with output enable function

® Use of C-MOS IC enables reduction of current consumption

SG-51PH/51YH,SG-531PH/531YH

* tem Symbol
Soecifications Remarks
Qutput frequency range fo 26.0001MHz to 66.6667MHz
Power source | MAX. supoly voltage V,,-GNO -0.3V 10 +7.0V
voltage Operating voltage Voo S0V £0.5V #2
Temperature | Storage temperature Verr, -55°C to +100°C
range Operating temperature | Tope ~10°C to +70°C
Soldaring condition (iead part) Teat Under 260°C within 10sec Package less than 150°C
Frequency stability Alfto {B: £50ppmiC £10Copm -10Cto-70C. B type is possible up to 55MHz, please consuit ys.
Current consumption lop J5mA MAX. No load condition  Up to 45MHz : 21mA MAX.
Duty Tw/T 40% o 60% ; 172 V., Jevel
Vou Viu_~0.4V MIN. ] lna = =4MA

Qutput voltage Voo 0.4V MAX. | by =4mA
Qutput load T N 1
conditioniFan out [ C-MOS CL S0pF MAX. |

" . Vu 2.0V MIN |
Qutout enable/standby input voltage Vo 0.8V MAX. i
Cutout disable current lng 20mA MAX. QE=GND.  Up to 45MHz : 15mA MAX.
Stangby cumrent ler
Cutput rise time trin Tnsec.MAX. #2 . "

sout fall me T Tnsec MAX. %2 Over 45MHz: 5ns. MAX.  Refer to output waveform chart {page 9)
i . More than for ims until

Oscillation start time one 10msecMAX. Vi =0V—4.5V Time at 4.5V 1o be Osec.
Agin fa +Sopm/year MAX, Ta=25C  Va=5V,  first year
Shock resistance SR £20ppm MAX. Orop test of 3 times on a hard board from 75cm height or excitation test

with 3000G < 0.3ms x1/2 sine wave in 3 ditections in 3ditections

%2 AC charactenstics of 386 CPU,

-%1 It is possible depending on condition, reference data {page 24).

(Voo =5V =0.25V. Load : CLS50pF, Ta= -10 to ~70°C, Refer o output waveform chart of 386 CPU).

Ourput frequency 28.001MHZ to J6.000MHZ | 40.000MMz |  45.000MMz to S0.000MHz |  SO.001MHZ to 68.667MHz it
tem Symbot MIN. | max | e Fvax MIN. MAX. | MIN, MAX.
CLK high time 2a 9 8 7 | _e2s | ns | 2V lavel
cxrniee | @ | s ; . " N e
CLK inw time 13a 9 8 7 8.25 ny 2V lavet
CLX low time [~ 7 1] S 45 ns 2v lavel
e | . . , R
K ; ; , C | e
RExternal Dimensions wit: mm  IWaveform Chart of 386 CPU
@ SG-531 series .
. [ [ Pawmes 1
MAX.13.7 1 NC (0B) e
A N 2 GND Yoo
T 3 ot
J b sg 53 ¢ 4 | v e
- 20.0000 ( )shows P Ve n0.3¥

A 1230A e \

s |1

T 7 }

Shv
— }—w
[+,
<4 2 — R
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Features

o High speed
— 12 ns

e Fast tpoE

o CMOS for optimum speed/power

o Low active power

— 880 mW

Low standby power

— 165 mW

Easy memory expansion with CE and
OE features

o TTL-compatible inputs and outputs
e Automatic power-down when

CY7C199

Functional Description

The CY7C199 is a high-performance
CMOS static RAM organized as 32.768
words by 8 bits. Easy memory expansion is
provided by an active LOW chip enable
(CE) and active LOW output enable (OE)
and three-state drivers. This device has an
automatic power-down feature, reducing
the power consumption by 81% when de-
selected. The CY7C199 is in the standard
300-mil-wide DIP, SOJ and LCC packages.
An active LOW write enable signal (WE)
controls the writing/reading operation of
the memory. When CE and WE inputs are
both LOW, data on the eight data input/

32K x 8 Static RAM

into the memory Jocation addressed by the
address present on the address pins (A
through A,4). Reading the device is ac-
complished by selecting the device and en-
abling the outputs, and OE active
LOW, while WE remains inactive or
HIGH. Under these conditions, the con-
tents of the location addressed by the in-
formation on address pinsis presenton the
eight data input/output pins.
The input/output pinsremainin a high-im-
edance state unless the chip is selected.
outputs are enabled, and write enable
(WE) is HIGH. A die coat is used to en-
sure alpha immunity.

deselected output pins (I/0g through I/07) is written
Logic Block Diagram Pin Configurations
DIP/SOJ
Top View
Vee
WE
F :
]
A
Yo 2 ;
OE
&
L > Vo
qlia
™S 110y 1105
Ao ,j’ 1104
:‘ « 10, 03
A; g o I ? C199:2
ﬁ‘ § 1024x32x 8 % I ? 0y
AL E > ARRAY ¥
As 2 ﬁ L? 1104
Ag |
Ag l ? O
TE _| - 1105
" = e
oE 0,
19941
Cc1993
Selection Guide
7C199-12 { 7C199-15 7C199-20 | 7C199-25 7C199-35 7C199-45
Maximum Access Time (ns) 12 15 20 25 35 45
giaximum Operating Commercial 160 155 150 150 140
urrent (mA Military 180 170 150 150 150
Maximum Standby Current (mA) 30 30 30 30 25 25

Shaded area contains preliminary information.
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. CY7C199
— SEMICONDUCTOR
Maximum Ratings
(Above which the useful life may beimpaired. Foruserguidelines,  Static Discharge Voltage .................... ..., >2001V
pot tested.) (per MIL-STD-883, Method 3015)
Storage Temperature .................. - 65°Cto +150°C  Latch-Up Cumrent .......ociviveiinniis ceees 2200 mA
Ambient Temperature with Operating Range
. — &Ko °
Power Applied ............... e 55°Cto +125°C Ambient
Supply Voltage to Ground Potential Range Temperature Vee
(Pin28toPin14) ......c.ooiiiiiiaa., - 05V to +7.0V -
. Commercial 0°Cto +70°C 5V £ 10%
DC Voltage Apf)hcd to Outputs
inHigh ZStatel .................. - 05Vto Vec + 0.5V | Militaryl?l - 55°Cto +125°C 5V £ 10%
DC Input Voitagel!! ................ - 05Vto Vee + 0.5V
Output Current into Qutputs (LOW) ............... 20 mA
Electrical Characteristics Over the Operating Rangel?]
7C199-12 7C199-15. 7C199-~20
Parameter Description Test Conditions Mip. | Max. |Min. | Max. | Min. | Max. | Unit
Vou Output HIGH Voltage | Ve = Min, oy = ~ 4.0 mA 241 )24 . 24
VoL Output LOW Voltage Vee = Min, [ = 8.0mA 0.4 0.4 0.4 v
VIH (nput HIGH Voltage 22 | Voo | 22 | Vec |22 | Ve | V
+03v +03V +03V
v Input LOW Voltage -05| 08 |-05| 08 [-05] 08 v
Irx Input Load Current GND < Vi < Ve -5 +5 =5 +5 -5 +5 wA
Ioz Output Leakage Current | GND < Vo < Vg, -5 +5 =5 +5 -5 +5 pA
) Output Disabled ’ ) T . ’
Ios Output Short Circuit Vee = Max.,, Voyut = GND =300 -~300 —300 | mA
Current . S s
Icc Ve Operating Supply | Voo =Max., Iour=0mA, | Com’] 160 | . 155, 150 | mA
Current f = fmax = Vtrc Ml 180 170
Isg: Automatic CE Max. Vg, CE > Viy, 30 30 30 | mA
Power-Down Current— | Viy > Viyor Viy < Vi,
TTL Inputs f = fyax
Isg2 Automatic CE Max. Ve, Com’l 10 10 15 mA
Power-Down Current— | TE > V¢ - 0.3V
CMOS Inputs ViN2 Ve = 0.3V Mil 15 ] 15
or ViN 0.3V, =0

Shuded arca contains preliminary information.

Notes:

}; Vngmin.) = —2.0V for pulse durations of less than 20 ns.
= Tiis the “instant on” case temperature.

3 See the last page of this specification for Group A subgroup testing in-
formation,

4. Notmore than one output should be shorted at one time. Duration of
the short circuit should not exceed 30 seconds.
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Electrical Characteristics Over the Operating Range!*] (continued)

7C199-25 7C199-35, 45
Parameter Description Test Conditions Min. | Max. | Min. Max. | Unit
Vou Output HIGH Voltage Vee = Min, Ipg = - 4.0mA 2.4 24 v
Vot Output LOW Voltage Vee = MinL lgr = 8.0mA 0.4 04 A\
Viy Input HIGH Voltage 22 | Vee 22 Vee v
+0.3V +0.3V
Vi Input LOW Voltage -30| 08 =30 0.8 v
Irx Input Load Current GND < V1 < Ve -3 +5 -5 +5 HA
loz Output Leakage Current GND < V| < V¢, Output Disabled =5 +5 -5 +5 uA
Ios Output Short Vce = Max,, Voyut = GND -300 =300 | mA
Circuit Currentl4]
lec V¢ Operating Supply Vee = Max, Iour=0 mA, |Com’l 150 140 mA
t f=f =1t
Curren MAX = 1t Mil 150 150
IsB1 Automatic CE Max. Ve, CE 2 Viy, Vin 2 Viy 30 25 mA
Power-Down Current— or VIN < Vi, f = fmax
TTL Inputs
Isg2 Automatic CE Max. Ve, CE > Ve - 0.3V 15 15 mA
Power-Down Current— ViN2 Vee - 03Vor Vi < 0.3V, 1=0
CMOS Inputs
Capacitancels)
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta =25°C,f =1 MHz, 8 pF
Cout Output Capacitance Vee = 5.0V 3 oF
Note:
5. Tested initially and after any design or process changes that may affect
these parameters.
AC Test Loads and Waveforms!(]
R1481Q R1481Q
sv 5V o———w ALL INPUT PULSES
OUTPUT ] OUTPUT 3.0V  90%
90%
10% 10%
30pF R2 5pF R2 GND
I LZSSQ :I: 255Q - <t
INCLUDING = L INCLUDING - = <t =l
JIGAND ~ = JGAND ~
SCOPE SCOPE C198-4 C199-5
(a) (b)
Equivalent to: THEVENIN EQUIVALENT

Note:

167Q

OUTPUT 0——MA— 0 1,73V

6. 1, <3nsforthe —12and —15 speeds. 1, < 5 ns for the ~ 20 and slower

speeds.
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CY7C199

Switching Characteristics Over the Operating Range(3 71

7C199-12 7C199~15 TC199-20

Parameter Description Min. rMax. Min. LMax. Min. [ Max. | Unit
READ CYCLE
tRC Read Cycle Time 12 15 20 ns
tAA Address to Data Valid 12 15 20 ns
toHA Data Hold from Address Change 3 3 3 ns
tACE CE LOW to Data Valid 12 15 20 ns
tDOE OE LOW to Data Valid 5 7 9 ns
tLZoE OE LOW to Low Z[8] 0 0 0 ns
tHZOE OE HIGH to High ZI5:9 5 7 9 ns
tLzcE CE LOW to Low ZI8] 3 3 3 ns
tHZCE CE HIGH to High zI*9] 5 7 9 ns
teu CE LOW to Power-Up 0 0 0 ns
tpp CE HIGH to Power-Down 12 15 20 ns
WRITE CYCLE!!%: 11]
twe Write Cycle Time 12 15 20 ns
tSCE CE LOW to Write End 9 10 15 ns
taw Address Set-Up to Write End 9 10 15 ns
tHA Address Hold from Write End 0 0 ns
tsA Address Set-Up to Write Start ) 0 0 ns
tewEg 'WE Pulse Width 8 9 : 15 ns
tsp Data Set-Up to Write End 8 9 10 ns
tup Data Hold from Write End 0 0 0 ns
tHZWE WE LOW to High Z[% 7 7 10 ns
tLzwE WE HIGH to Low Z{8! 3 3 3 | ns

Shaded arca contains preliminary information.
;me'ls';st conditions assume signal transitiontime of 3nsorlessfor~12and  10. The internal write time of the memory is defined by the overlap of CE

—15 speeds and 3 ns or less for - 20 and slower speeds, timing refer-
ence levels of 1.5V, input pulse levels of 0 to 3.0V, and output loading
of the specified log,Toy and 30-pF load capacitance.

At any given temperature and voltage condition, tyzcE is less than
1LZCE tHZOE is less than t) z0F, and tyzwg isless than t; zwg for any
given device.

tHZOE: tHZCE and tHzwE are specified with Cy = 3 pF as in part (b)
of lAC Test Loads. Transition is measured +500 mV from steady-state
voltage.

11.
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LOW and WE LOW. Both signals must be LOW to initiate a write and
eithersignal can terminate a write by going HIGH. The datainput set-
upand hold timing should be referenced to the rising edge of the signal
that terminates the write.

The minimum write cycle time for write cycle #3 (WE controlled. OF
LOW) is the sum of tyzwg and tsp.
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Switching Characteristics Over the Operating Rangel® 7] (continued)

7C199-25 7C199-35 7C199-45

Parameter Description Minﬂax. Min. mlx. Min. Max. Unit
READ CYCLE
trC Read Cycle Time 25 35 45 ns
LAA Address to Data Valid 25 35 45 ns
tOHA Data Hold from Address Change 3 3 3 ns
tACE CE LOW to Data Valid 25 35 45 ns
IDOE OE LOW to Data Valid 10 16 16 ns
tLZOE OE LOW to Low Z8] 3 3 3 ns
IHZOE OE HIGH to High Z[#9] 11 15 15 ns
tLZCE CE LOW to Low ZI8} 3 3 3 ns
tH2CE CE HIGH to High Z[8.9) 11 15 15 ns
tpu CE LOW to Power-Up 0 0 0 ns
teD CE HIGH to Power-Down 20 20 25 | b
WRITE CYCLEUY. 11}
twe Write Cycle Time 25 35 45 ns
SCE CE LOW to Write End 18 22 2 ns
taw Address Set-Up to Write End 20 30 40 ns
tHA Address Hold from Write End 0 0 ns
tsA Address Set-Up to Write Start 0 ns
tPWE WE Pulse Width 18 22 22 ns
tsp Data Set-Up to Write End 10 15 15 ns
tHD Data Hold from Write End 0 0 0 ns
tHZWE WE LOW 1o High Z19 11 15 15 ns
1L ZWE WE HIGH to Low ZI8] 3 3 3 ns

Switching Waveforms
Read Cycle No. 1{12-13]
tre |
ADDRESS X )k
taa —
Fe—— loHa
DATA OUT PREVIOUS DATA VALID KX X ;K DATA VALID
C1998
Notes:

12. Device is continuously selected. OE. CE = Vyp.

13. WE is HIGH for read cycle.
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Switching Waveforms (continued)
Read Cycle No. 2(13-14]
tac
CE
_}‘ A[
tace
UE —
l t [ tHzoe
e toe — [+ e HIGH
OATA OUT HIGH IMPEDANCE ~ < < SATAVALD : IMPEDANCE
tzce
——— tp,
skt " ;(r g S
CURRENT s0% 0% R 1B
C198-7
Write Cycle No. 1 (WE Controlled)!10: 15. 16]
[ tWC l
ADDRESS )%
o NN 2 7,
taw tHa —*
we fe———tsa tpwe
R x
CE 7/ 4
tso tip
pata 1o X XXX 21-—1K DATA-IN VALID
— trizoE C1e98
Write Cycle No. 2 (CE Controlled){10: 15. 16}
twe —n]
sooress j}(
CE le——— tsce
4
tsa 3 _/
taw thia =t
ZZAMNMITTN A
tsp thp q
DATA /O DATA-IN VALID X " .
Notes:

13. Address valid prior to or coincident with CE transition LOW,
15, Data /O is high impedance if OF = Viy.

R \. &

16. IfCE goes HIGH simultaneously with WE HIGH, the output remains
in a high-impedance state.
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Switching Waveforms (continued)

Write Cycle No. 3 (WE Controlled, OE LOW){11 16}

twe

ADDRESS )Q

RN

Lipzzziz

WE *—1sn—'|
R

oxo STTTKKA

Typical DC and AC Characteristics

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

1.4
812
810 ek
3 08 ,/
§7 L~
g o6 ViN=50V —]
o Ta = 25°C
Q 04
02—
0.0
40 45 50 55 60
SUPPLY VOLTAGE (V)
NORMALIZED ACCESS TIME

vs. SUPPLY VOLTAGE

-
IS

-
[X)

-
n

N Ta=25°C

NORMALIZED t,,
4

-
o

o
©

0.8
4.0 4.5 5.0 55 6.0
SUPPLY VOLTAGE (V)

NORMALIZED Icc, | sa

NORMALIZED tps

taw tHa _J
i/
/|
tsp tp
DATA-IN VALID D,
Je— W zwe
C199-10
NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT
vs. AMBIENT TEMPERATURE .. vs.OUTPUT VOLTAGE
14 2 120
12 S~ lec g
. é 100
1.0
§ 80
0.8 \ w Vee = 5.0V ]
0.6 g ® N =BT
3 A
0.4 V=50V — & 40 \
02— g 2 B
B =
0.0 3 o
-55 25 125 0.0 1.0 2.0 3.0 4.0
AMBIENT TEMPERATURE (°C) QUTPUT VOLTAGE (V)
NORMALIZED ACCESS TIME OUTPUT SINK CURRENT
vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE
1.6 T 140
£
= 120
1.4 4 p
W 100
: /
1.2 / o 8o
x
Z 60 = 7
1.0 5 / _\I{cc % 5~%V
VCC =5.0V 'é 40 A=25
0.8 g /
>
3 20
0.6 0
-55 25 125 0.0 1.0 20 3.0 4.0

AMBIENT TEMPERATURE (°C)

156

OQUTPUT VOLTAGE (V)



St CY7C199

Typical DC and AC Characteristics (continued)

TYPICAL POWER-ON CURRENT TYPICAL ACCESS TIME CHANGE
vs, SUPPLY VOLTAGE vs. OUTPUT LOADING NORMALIZED I¢c vs. CYCLE TIME
3.0 30.0 1.25 I
228 g 280 8 Vec = 5.0v
= Ta = 25°C
2 20 5 200 4 g 1.00 Vin = 0.5V
3 = / 5
215 £ 150 7 S
z e /| 3 et
2o 9 100 Vec=45V — 2075
/ Ta=25°C /
0.5 5.0
1
0.0 0.0 0.50
00 10 20 30 40 50 0 200 400 600 80O 1000 10 20 30 40
SUPPLY VOLTAGE (V) CAPACITANCE (pF) CYCLE FREQUENCY (MHz)
Truth Table
[CE [WE | OF Inputs/Outputs Mode Power
H | X ] X | HighZ Deselect/Power-Down Standby (Isp)
L | H| L | DataOut Read Active (Icc)
L] L | X | Dataln Write Active (Icc)
L |H | H/| HighZ Deselect, Output Disabled | Active (Icc)
Ordering Information
Speed Package Operating
(ns) Ordering Code Name Package Type Range
12 CY7C199~12PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C199-12VC V21 28-Lead Molded SOJ
15 CY7C199~15PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C199-15VC va1 28-Lead Molded SOJ
CY7C199-15DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C199-15LMB 154 28-Pin Rectangular Leadless Chip Carrier
.20 CY7C199-20PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C199-20vVC V21 28-Lead Molded SOJ
CY7C199-20DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C199-20LMB L54 28-Pin Rectangular Leadless Chip Carrier
25 CY7C199-25PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C199-25VC V21 28-Lead Molded SOJ
CY7C199-25DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C199~2SLMB L54 28-Pin Rectangular Leadless Chip Carrier
35 CY7C199-35PC P21 28-Lead (300-Mil) Moided DIP Commercial
CY7C199-35VC Va1 28-Lead Molded SOJ
CY7C199-35DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C199-35LMB L54 28-Pin Rectangular Leadless Chip Carrier
45 CY7C199-45DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C199-451L.MB 154 28-Pin Rectangular Leadless Chip Carrier

Shaded area contains preliminary information.
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Features
o 0.8-micron CMOS for optimum

speed/power

® Automatic power-down

e TTL compatible

e Capable of withstanding greater than
2001V electrostatic discharge

o Fully asynchronous operation

e Master CY7C130/CY7C131 easily ex-

pands data bus width to 16 or more
bits using SLAVE CY7C140/
CY7C141

CYPRESS
SEMICONDUCTOR

CY7C130/CY7C131
CY7C140/CY7C141

Functional Description

The CY7C130/CY7C131/CY7C140/
CY7C141 are high-speed CMOS 1K by 8
dual-port static RAMs. Two ports are pro-
vided permitting independent access to any
location in memory. The CY7C130/
CY7C131 can be utilized as either a
standalone 8-bit dual-port staticRAMoras
a master dual-port RAM in conjunction
with the CY7C140/CY7C141 slave dual-
port device in systems requiring 16-bit or
greater word widths. It is the solution to
applications requiring shared or buffered

1K x 8 Dual-Port
Static RAM

Each port has independent control pins;
chip enable (CE), write enable (R/W), and
output enable . Two flags are provided
on epach port,éﬂs%andﬁ signals
that the port is trying to access the same lo-
cation currently being accessed by the other
port. INT isan interrupt flag indicating that
data has been placed in a unique location
(3FF for the left port and 3FE for the right
port). An automatic power-down feature is
controlled independently on each port by
the chip enable (CE) pins.

The CY7C130and CY7C140are available in

« BUSY output flag on CY7C130/ data, such as cache memory for DSP, bit- both 48-pin DIP and 48-pin LCC. The
CYIC131; BUSY input on slice, or multiprocessor designs. CY7C131 and CY7C141 are available in
CY7C140/CY7C141 both 52-pm LCC and PLCC.

e INT flag for port-to-port
communication

Logic Block Diagram Pin Configurations
RW, ?
pli g DIP
R Top View
OF, =143
g —
H L XY see .
An, An
OoL ']
s |cO! COLUMN COLUMN CoL o bl
von 3 |SEL ) Vo se| ¢ Vo
BUSY, 1} BUSY!'
e M row KN wmemory AN pow Aeh
A s | seect N—v ARRAY n—] saect | & A
AQL_'J le—— Agp
. ARBITRATION .
GIC
Ao —> (70130/"7%31 ony [ Aom
CE, ——pt AN| he—— CEq
INTERRUPT LOGIC
OF, - [+— OEq
R, —— [ RWs
BUSY, BUSYR
i, (2 — ] L N )
C130-1
Notes:
1. CY7C130/CY7C131 (Master): BUSY is open drain output and requires pull-up resistor.
CY7C140/CY7C141 (Slave): BUSY is input.
2. Open drain outputs: pull-up resistor required.
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= CY7C130/CY7C131
= 4 : CY7C140/CY7C141
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—= & SEMICONDUCTOR

Pin Configurations (continued)

§2.Pin LCC/PLCC 48-Pin LCC/QFP
Top View Top View
= o o o > P
- Q&
2 BErSEE iy 28RS EE g

76543 2.1.525150494847

6 5 42 2114847484544

AR

43
42
41
40
39
38
k14
3%
35
<]
X ]
a2
A

c130-3 C130-4
Selection Guide
7C130-2503) 7C130-30 7C130-35 7C130-45 7C130-55
7C131=25 7C131-30 7C131-35 7C131-45 7C131-55
7C140-25 7C140~30 7C140-35 7C140~45 7C140-55
7C141-25 7C141-30 7C141-35 7C141-45 7C141 =55
Maxdmum Access Time (ns) 25 30 35 45 55
Maximum rating Com’VInd 170 170 120 90 90
Current (mA, Military 170 120 120
Current (mA) Military 65 45 45
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,  Static Discharge Voltage ....................... >2001V
not tested.) (per MIL-STD-883, Method 3015)
Storage Temperature ................ - 65°Cto +150°C Latch-UpCurmrent .........oovvinveninian., >200 mA
Ambient Temperature with :
Power Applied «.......eeueenennnn. .. - ss°Cro+125oc  Operating Range
N Ambient
Supply Voltage to Ground Potential
(Pin 4810 PIN24) +vovseenereeananns - 05V 1o +7.0V Range Temperature Yee
DC Voltage Applied to Outputs Commercial 0°Cto +70°C 5V = 10%
inHighZState ..................ooun - 0.5Vto +7.0V Industrial -~ 40°Cto +85°C sV + 10%
DCInputVoltage ............oeviunnt. =35Vto +7.0V NiTant - e V= 0%
Output Current into Outputs (LOW) .............. 20 mA Hary 7 357°Cto+15°C =
Notes:
3. 25-ns version available only in PLCC/LCC packages. 4. T, is the “instant on” case temperature
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CY7C130/CY7C131

S= T o CY7C140/CY7C141
==5 SEMICONDUCTOR
Electrical Characteristics Over the Operating RangelS]
7C130-25, 30131 | 7C130-35 [ 7C130-45,55
7C131-25,30 7C131-35 | 7C131-45,55
7C140-25,30 7C140-35 | 7C140—45,55
7C141-2530 7C141-35 | 7C141-45,55
Parameter Description Test Conditions Min. | Max. |Min. { Max. | Min. | Max. | Unit
Vou Output HIGH Voltage | Vcc = Min, Ioy = — 4.0 mA 24 24 24
VoL Output LOW Voltage |IoL = 4.0mA 0.4 0.4 0.4 v
Iot = 16.0 mAl6l 0.5 0.5 0.5
ViH Input HIGH Voltage 22 22 22 v
Vi Input LOW Voltage 0.8 0.8 0.3 v
Iix InputLeakageCurrent | GND < Vi < V¢ -5 +5 -5 +5 -5 +5 TN
Toz Output Leakage GND < Vo < Ve, -5 +5 -5 +5 -5 +5 A
Current Output Disabled
lIos Output Short Vec = Max,, - 350 - 350 =350 | mA
Circuit Current!”. 8l Vout = GND
Icc Vcc Operating CE=Vy, Com’l 170 120 9% | mA
Supply Current Outputs Open,
f = famaxt Mil 170 120
IsB1 Standby Current CEy and CER > Viu, Com’l 65 45 35 mA
Both Ports, = fpaxi® i
TTL Inputs Mil 65 45
Isgy Standby Current CEL or CER > Viu. Com’l 115 90 75 | mA
One Port, Active Port Outputs Open,
TTL Inputs = faraxl® Mil 115 90
Isgs Standby Current Both Ports CE; and Com’) 15 15 15 mA
Both Ports, R2 Vcc - 0.2V,
CMOS Inputs VIN2Vec-02Vor -
ViN< 02V, f=0 Mil 15 15
Isps Standby Current One Port CE or Com’l 105 85 70 mA
One Port, CER > Vce - 0.2V,
CMOS Inputs VIN2 Vec - 02V or
ViN< 0.2V, :
Active Port Outputs Open, Mil 105 85
f = fpax™
Capacitanéelal
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Ta = 25°C,f = 1 MHg, 15 pF
Cout Output Capacitance Vee =50V 10 pF
Notes:
5. See the last page of this specification for Group A subgroup testing  12. AC Test Conditions use Voy = 1.6V and Vg = 1.4V.

inforration.

6. BUSY and INT pins only.

13.

7. Duration of the short circuit should not exceed 30 seconds. 14.
8. Tested initially and after any design or process changes that may affect

these parameters.

9. Atf=fpax, address and data inputs are cycling at the maximum fre-  15.
quency of read cycle of 1/tpc and using AC Test Waveforms input lev-

els of GND to 3V.

10. AC Test conditions use Voy = 1.6V and Vo = 1.4V.

11. Test conditions assume signal transition times of 5 ns or less, timing
reference levels of 1.5V, input puise levels of 0 to 3.0V and output
loading of the specified 1o1/Ioy, and 30-pF load capacitance.
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At any given temperature and voltage condition for any given device,
tyzcE is less than 1y zcg and tyzoE is less than t zoE.
YZCE, WWZWE: 'HZOE, 'LZOE tHZCE and tyzwg are tested with C =
5pF asin part (b) of AC Test Loads. Transition is measured £500 mV
from steady state voltage.
The internal write time of the memory is defined by the overlap of CS
LOW and R/W LOW. Both signals must be low to initiate a write and
either signal can terminate a write by going high. The data input set-up
and hold timing should be referencd to the rising edge of the signal
that terminates the write.




CY7C130/CY7C131
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S e CY7C140/CY7C141
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AC Test Loads and Waveforms o
sv R18930 sy o P80
OUTPUT 1 OQUTPUT i 2310
l Ton
30 pF R2 F R2
P I 347Q 5P I 3470 T
INcLuong L L INCLUDING == = e
JGAND = = JGAND ~ = =
SCOPE  (a) SCOPE  (b) c130-5 BUSY Output Load
(CY7C130/CY7C131 ONLY)
ALL INPUT PULSES c130-6
Equivalent to: THEVENIN EQUIVALENT 3o o L 80%
1o} .
OUTPUTO— e o140 GND 10% 10%
<5m—w] <5ns

Switching Characteristics Over the Operating Range!511]

7C130-2501 [ 7C130-30 7C130~35 7C130-45 7C130-55
7C131-25 7C131-30 7C131-35 7C131-45 7C131-55
7C140-25 7C140-30 7C140-35 7C140-45 7C140-55
. 7C141-25 7C141-30 7C141-35 7C141-45 7C141-55
Parameter Description Min. | Max. | Min. [ Max. | Min. | Max. | Min. [Max. Min. | Max. | Unit
READ CYCLE
trC Read Cycle Time 25 | 3] | 3s 45 55 ns
[ Address to Data Validl!2) 25 30 35 45 55 ns
tOHA Data Hold from 0 0 0 0 0 ns
Address Change
tACE CE LOW to Data Valid{12] 25 30 35 45 55 | ns
{DOE OE LOW 1o Data Valid{1?l 15 20 20 25 25 ns
tLZOE OE LOW to Low Z!13) 3 3 3 3 3 ns
tHZOE OE HIGH to High ZI13-14 15 15 20 20 25 ns
tLzCE CELOW to Low ZI[13. 14) 5 5 5 5 5 ns
tHZCE CE HIGH to High ZI[13.14] 15 15 20 20 25 ns
tpy CE LOW 10 Power-Up _ 0 0 0o | 0 0 ns
tpp CE HIGH 1o Power-Down 25 25 35 35 35 ns
WRITE CYCLES}
twe Write Cycle Time 25 | [ 30 35 45 55 ns
tSCE CE LOW to Write End 20 25 30 35 40 ns
taw Address Set-Up to Write End 20 25 30 35 40 ns
tHA Address Hold from Write End 2 2 2 2 ns
tsa Address Set-Up to Write Start | 0 0 0 0 0 ns
tPWE R/W Pulse Width 15 25 25 30 30 ns
tsp Data Set-Up to Write End 15 15 15 20 20 ns
tHD Data Hold from Write End 0 0 0 0 0 ns
tHZWE R/W LOW to High Z 15 15 20 20 25 ns
tLIWE R/WHIGH to Low Z 0 0 0 0 0 ns
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Switching Characteristics Over the Operating Rz2ngel3!1] (continued)

7C130-2301 [ 7C130-30 | 7C130-35 | 7C130-45 | 7C130-55
7C131-25 | 7C131-30 | 7C131-35 | 7C131~45 | 7C131-55
7C140-25 | 7C140-30 | 7C140-35 | 7C140-45 | 7C140-55
7C141-25 | 7C141-30 | 7C141~-35 | 7C141-45 | 7C141-55
Parameter Description Min. ] Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
BUSY/INTERRUPT TIMING
tBLA BUSY LOW from Address Match ] 20 20 20 25 30 ns
tBHA BUSY HIGH from 20 20 20 25 30 ns
Address Mismatchl!6]
tgLC BUSY LOW from CE LOW 20 20 20 25 30 ns
tBHC BUSY HIGH from CE HIGHI!®] 20 20 20 25 30 { ns
tps Port Set Up for Priority 5 5 5 5 5 ns
twgll’] R/W LOW after BUSY LOW 0 0 0 1] ns
twH R/W HIGH after BUSY HIGH 20 30 30 35 35 ns
tBDD BUSY HIGH to Valid Data 25 30 35 45 45 ns
tpDD Write Data Valid to Note Note Note Note Note | ns
Read Data Valid 18 18 18 18 18
twDD Write Pulse to Data Delay Note Note Note Note Note | ns
18 18 18 18 18
INTERRUPT TIMING
tWINS R/W to INTERRUPT Set Time 25 25 25 35 45 ns
tEINS CE to INTERRUPT Set Time 25 25 25 35 45 ns
NS Address to INTERRUPT 25 25 25 35 45 ns
Set Time
tOINR OE to INTERRUPT 25 25 35 45 ns
Reset Timel16]
tEINR CE to INTERRUPT 25 25 25 35 45 ns
Reset Timel16)
tINR Address to INTERRUPT 25 25 25 35 45 ns
Reset Timel!6]

Notes:

16. These parameters are measured from the input signal changing, until 19, R/W is HIGH for read cycle.
the output pin goes to a high-impedance state. 20. Device is continuously selected, CE = Vy and OF = Vp1.

17. CY7C140/CY7C14! only. 21. Address valid prior to or coincident with CE transition LOW.

18. Awrite operationon Port A. where Port A has priority, leavesthedata 22, 1f GF is LOW during 4 R/WV controlled write cycle. the write pulse
on Port B’s outputs undisturbed until one access time after one of the width must be the larger of tpwg or tyzwg + tsp to allow the data 1/0
following: pins to enter high impedance and for data to be placed on the bus for
A on Port B goes HIGH. the required tsp.

B. Port Bs address is toggled. 23. If the CE LOW transition occurs snmuhaneously with or after the R/

C. CE for Port B is toggled. WLOWt t tput the high- dance stat
D. R/W for Port B is toggled during valid read. ransition, the outputs remain in the high-impe e
Switching Waveforms

Read Cycle No. 1(19.20] .
Either Port Address Access

. _ |
tac
ADDRESS
taa
toHA ——»d
DATA OUT PREVIOUS DATA VALID > DATA VALID

C130-7
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Switching Waveforms (continued)
R le No. 2[19.21] o
ead Cycle No Either Port CE/OE Access
TR 5
b th20E —
oE —— tace 7E
n thzoe
DOE
|-— tizoe —
e SATIIIIIS
. R
DATA OUT S L DATA VALID .,E——
tey [e— tep
lec r—

C130~8

Read Cycle No. 3120]

Read with BUSY, Master: CY7C130 and CY7C131

e tac -l
ADDRESSR ADDRESS MATCH
1
leR \ PWE z
N /| o
DiNm X VALID
ADDRESS y ADDRESS MATCH |
—| tpg pu—
BUSY, o= tora
fBLA tepo
bouTt, VALID
toop
twop C130-9

Write Cycle No.1 (OE Tri-States Data [/Os — Either Port)[1522]

Either Port
l Jo— - - — twc |
tsce
NN PPN
taw tHA
tsa r——tpwg—-{
" RN 7
tsp tHD
DATAN _,L DATA VALID %
oE & N N
M(mogi M
TSNS S SN HIGH IMPEDANCE
Oour 77/ 77 77 H
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Switching Waveforms (continued)
Write Cycle No. 2 (R/W Tri-States Data1/Os — Either Port){1%23])
Either Port
L twe o
ADDRESS * ﬂ(
isce tHa ]
< \ Ve
NN YA
t
tsa aid trwz
RW N V4
NN 7
} 1Sp —ta tp
DATAIN { DATA VALID
— tHZWE ——t }‘_ tzwe
SSSSSSSS SIS NN HIGH IMPEDANCE iﬂ77777
ONhouT /=7 7 7 7 7/ 7 7 7 77 7 7 7 7 M
C130-11
Busy Timing Diagram No. 1 (CE Arbitration)
CEy Valid First:
ADDRESS( g ADDRESS MATCH X
CE_
tpg
CEq
taLc '-— tBHC
BUSYR
C130-12
CER Valid First:
ADDRESS_q X ADDRESS MATCH )¢
CEg
tpg =
CEL
-1 |-— tenc
BUSY,
C130~-13
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Switching Waveforms (continued)

Busy Timing Diagram No. 2 (Address Arbitration)

the of twe
ADDRESS MATCH ADDRESS MISMATCH X

- 1pg

ADDRESSy X
taLa F— tBHa

Left Address Valid First:

ADDRESS,

BUSYq

C130-14
Right Address Valid First:

tac or twe
ADDRESS MATCH ADDRESS MISMATCH )¢
ADDRESSg

lps

ADDRESS, X

lgLa e oA

BUSY,

C130-15

Busy Timing Diagram No. 3

Write with BUSY (Slave: CY7C140/CY7CI41)

tpwe

€130-18
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Switching Waveforms (continued)

Interrupt Timing Diagrams
Left Side Sets INTg

twe

ADDR, % WRITE 3FF > X

Uns tha, ——
TEL -—k /
tens =™
R, 3 7’!
s twins
NTg }

C130-17

RWg / //Z jf/ 7[/ 77f
o X&\XX\“\\Y\\MLH - /
/

i C130-18

INTq

Right Side Sets INT,
le

: twe
ADDRg )E WRITE 3FE )OO( X

Uns tha
Tk _‘L V4
teins —
RWg
T, [— lsa J twins
N
C130-19
Left Side Clears INTy, \ ol

tre
ADDRg READ 3FE X
fe—— tHa tinm —ﬁ

- ! tEINR
. 7T TTTLLTH |
SNNNNANNNAANANN\\\ T

f+ toma ——V

INT, V.

C10-220
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Typical DC and AC Characteristics
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT
vs. SUPPLY VOLTAGE vs, AMBIENT TEMPERATURE —_ vs, OUTPUT VOLTAGE
14 1.2 £ 120
| £
@ 5 cC -
_c_:: 1.2 oo 2 1.0 éwo
g0 8 o8 5 8o
o 08 [a] o
& N o6 g 60
2 = Veg = 5.0V g Voo = 5.0V
08 S Vi = 5.0V > | Ta=25°C
4 c 04 8 40
S 04 S @ N
2z Z 5 2
0.2 tsea - lses g
0.0 0.6 2 O
40 45 50 55 60 -55 25 125 0 1.0 20 30 40
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
- NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME QUTPUT SINK CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE vs. OUTPUT VOLTAGE
1.4 1.6 E 140
= 120
13 £ 1.4 s -~
32 Z @ 100 va
o
g 12 # 12 ~ é 80 /
Z 11 2 x
z £ 1.0 z
c _'ngo - @
g o '\‘ Ta=25°C Cz) Vee = 5.0V 5 40 7/
o
0.8 E Vee = 5.0V
°‘9L = 3 ® Ta=25°C
0.8 0.6 0 |
40 45 50 55 60 ~55 25 125 0.0 1.0 20 30 40
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
TYPICAL POWER—ON CURRENT TYPICAL ACCESS TIME CHANGE
vs. SUPPLY VOLTAGE vs. OUTPUT LOADING NORMALIZED I¢c vs. CYCLE TIME
3.0 30.0 1.25 T
Vcc =45V
o 25 25.0 o Ta = 25°C
& T/T -Dp VIN = 0A5V
g 20 €200 g 1o
N 2 / x
Z 15 < 15.0 g
E . 3 4 E /
S 10 &10.0 // Sors -
", Vee = 4.5V /
05 5.0 155 25°C
0.0 0 | .50
0 10 20 30 40 50 0 200 400 600 800 1000 10 20 30 40

SUPPLY VOLTAGE (V)

CAPACITANCE (PF)
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Ordering Information
Speed Package Operating
(ns) Ordering Code Namc Package Type Range
30 CY7C130-30PC P25 48-Lead (600-Mil) Moided DIP Commercial
CY7C130-30P1 P25 48-Lead (600-Mil) Moided DIP Industrial
35 CY7C130-35PC P25 48-Lead (600-Mil) Mo!ded DIP
CY7C130~35P1 P25 48-Lead (600-Mil) Molded DIP Industrial
CY7C130-35DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C130-35FMB F78 48-Lead Quad Flatpack
CY7C130-35LMB L68 48-Square Leadless Chip Carrier
45 CY7C130—-45PC P25 48-Lead (600-Mil) Molded DIP
CY7C130~-45PI P25 48-Lead (600-Mil) Molded DIP Industrial
CY7C130-45DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C130-45FMB F78 48-Lead Quad Flatpack
CY7C130-45LMB L68 48-Square Leadless Chip Carrier
55 | CY7Cl130-55PC P25 48-Lead (609-Mil) Molded DIP
CY7C130-55P1 P25 48-Lead (600-Mil) Molded DIP Industrial
| CY7C130-55DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C130-55FMB F78 48-Lead Quad Flatpack
CY7C130-55LMB L68 48-Square Leadless Chip Carrier
Speed Package Operating
(ns) Ordering Code Name Package Type Range
25 CY7C131-25]C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
30 CY7C131-30JC J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C131-30J1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
35 CY7C131-35JC J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C131-35)1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C131-35FMB F78 48-Lead Quad Flatpack Military
CY7C131-35LMB L69 52-Square Leadless Chip Carrier
45 CY7C131-45)C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C131-45]1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C131-45FMB F78 48-Lead Quad Flatpack Military
CY7C131-45LMB L69 52-Square Leadless Chip Carrier
55 CY7C131-55]C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C131-55]1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C131-55FMB E78 48-Lead Quad Flatpack Military
CY7C131-55MB L69 52-Square Leadless Chip Carrier
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Ordering Information (continued)
Speed Package Operating
(ns) Ordering Code Name Package Type Range
30 CY7C140-30PC P25 48-Lead (600-Mil) Molded DIP Commercial
CY7C140-30P1 P25 48-Lead (600-Mil) Molded DIP Industrial
35 CY7C140-35PC P25 48-Lead (600-Mil) Molded DIP Commercial
CY7C140-35P1 P25 48-Lead (600-Mil) Molded DIP Industrial
CY7C140-35DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C140-35FMB F78 48-Lead Quad Flatpack
CY7C140-35LMB L68 48-Square Leadless Chip Carrier
45 CY7C140-45PC P25 48-Lead (600-Mil) Molded DIP Commercial
CY7C140-45P1 P25 48-Lead (600-Mil) Molded DIP Industrial
CY7C140-45DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C140-45FMB F78 48-Lead Quad Flatpack
CY7C140-45LMB L68 48-Square Leadless Chip Carrier
55 CY7C140-55PC P25 48-Lead (600-Mil) Molded DIP Commercial
- CY7C140-55P1 P25 48-Lead (600-Mil) Molded DIP Industrial
CY7C140-55DMB D26 48-Lead (600-Mil) Sidebraze DIP Military
CY7C140-55FMB F78 48-Lead Quad Flatpack
CY7C140-55LMB Lo68 48-Square Leadless Chip Carrier
Speed Package Operating
(ns) Ordering Code Name Package Type Range
25 CY7C141-25]C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
30 CY7C141-30JC J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7Cl141-30J1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
35 CY7C141-351C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C141-35]1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C141-35FMB F78 48-Lead Quad Flatpack Military
|€CY7C141-35LMB * L69 52-Square Leadless Chip Carrier
45 CY7C141-45]C J69 52-Lead Plastic Leaded Chip Carrier | Commercial
CY7C141-45]1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C141-45FMB F78 48-Lead Quad Flatpack Military
CY7C141-45LMB 169 52-Square Leadless Chip Carrier
55 CY7C141-55JC J69 52-Lead Plastic Leaded Chip Carrier | Cornmercial
CY7C141-55]1 J69 52-Lead Plastic Leaded Chip Carrier | Industrial
CY7C141-55FMB F78 48-Lead Quad Flatpack Military
CY7C141-55LMB L69 52-Square Leadless Chip Carrier
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MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameter Subgroups
VoH 1,2,3
VoL 1.2,3
Vi 1,2,3
Vi Max. 1,2,3
Iix 1,2,3
oz 1,2,3
Icc 1,2,3
Ispi 1,2,3
TsB2 1,2,3
Isp3 1,2,3
Isp4 1,2,3
Switching Characteristics,
Parameter | Subgroups Parameter Subgroups
READ CYCLE BUSY/INTERRUPT TIMING
trC 1,8,9,10,11 1BLA 7,8,9,10,11
tAA 7,8,9,10,11 tBHA 7,8,9,10,11
TACE 7,8,9,10,11 taLC 7,8,9,10,11
{DOE 7,8,9,10,11 {BHC 7,8,9,10, 11
WRITE CYCLE tps 7,8,9,10, 11
twe 7,8,9,10,11 tWINS 7,8,9,10, 11
(SCE 7,8,9,10,11 tEINS 7,8,9,10,11
taw 7,8,9,10,11 NS 7,8,9,10, 11
tHA 7,8,9,10,11 10INR 7,8,9,10, 11
tsa 7,8,9,10,11 LEINR 7,8,9,10,11
1pwE 7,8,9,10,11 UNR 7,8,9,10, 11
tsp 7,8,9,10,11 BUSY TIMING
tHD 7,8,9,10,11 twgl? 7,8,9,10, 11
? WH 7,.8,9,10,11
BDD 7,8,9,10, 11
Note:

24. CY7C140/CY7C141 only.

Document #; 38§-00027-1
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Am27C256

256 Kilobit (32,768 x 8-Bit) CMOS EPROM

Pn

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B Fast access time
— 55ns
B Low power consumption
— 20 pA typical CMOS standby current
B JEDEC-approved pinout
B Single +5 V power supply
B +10% power supply tolerance avallable
B 100% Flashrite™ programming
— Typical programming time of 4 seconds

B Latch-up protected to 100 mA from -1 V to
Vec+1V

B High nolse Immunity
B Versatile features for simple Interfacing
— Both CMOS and TTL input/output
compatibility
— Two line control functions

B Standard 28-pin DIP, PDIP, 32-pin TSOP, L.CC
and LCC packages

B DESC SMD No. 5962-86063

GENERAL DESCRIPTION

The AmM27C256 is a 256K-bit ultraviolet erasable pro-
grammable read-only memory. It is organized as 32K
words by 8 bits per word, operates from a single +5 V
supply, has a static standby mode, and teatures fast sin-
gle address location programming. Products are avail-
able in windowed ceramic DIP and LCC packages as
well as plastic one time programmable (OTP) PDIP,
TSOP, and PLCC packages.

Typically, any byte can be accessed in less than 55 ns,
allowing operation with high-performance microproces-
sors without any WAIT states. The Am27C256 offers
separate Output Enable (OE) and Chip Enable (CE)

controls, thus eliminating bus contention in a muliple
bus microprocessor system.

AMD's CMOS process technology provides high speed,
low power, and high noise immunity. Typical power con-
sumption is only 80 mW in active mode, and 100 uW in
standby mode.

All signals are TTL levels, including programming sig-
nals. Bit locations may be programmed singly, inblocks,
or at random. The Am27C256 supports AMD's
Flashrite™ programming algorithm (100 us pulses) re-
sulting in typical programming time of 4 seconds.

BLOCK DIAGRAM

Data Outputs
DQo-DQ7

fritetet

Output
Buffers

Gating

262,144
Bit Cell
Matrix

o~ Voo
O—— Vss
O—> vpp
_ Output Enable
OF —™ Chip Enable
CE and
Prog Logic
—
(. Dec:(:dev
—
AO-A14
Address { ™
Inputs - X
— Deacoder
—
L7

08007G-1
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PRODUCT SELECTOR GUIDE
Family Part No. Am27C256
QOrdering Part No:
Ve £ 5% -255
Vee £ 10% 55 -70 90 120 150 -200 -250
Max Access Time (ns) 55 70 90 120 150 200 250
CE (E) Access Time (ns) s5 70 90 120 150 200 250
OE (G) Access Time (ns) 35 40 40 50 65 75 100
CONNECTION DIAGRAMS
Top View
DIP PLCC/LCC
o} &
vep[]1° 28 1 vee %
azf] 2 271 a4 2
N a QT M
A7(]3 26 [] A13 5225897 %
asf] 4 25[] as il o e
4 3 2 1 30
asl]s 24 a9 A6 % T s
afls 23[] an A5 28 (A9
asf]7 2] OFE (©) Al 22 T A1
a2(]e 21[J at0 A3 2T NC
arlle 2001 cE@ A2 25[ { CE [©)
al] 10 19 ] oor A1 2T a0
oooll 1112l o . sHe
22
a1 [] 12 17
D [ J 0Qs DQo 21 ( DQS6
pazl} 13 16 [] paa
Vss I: 14 15 pas r
08007G-2 o} 2839838
882888
o
2
Notes: 2
< 08007G-3

1. JEDEC nomenclature is in parentheses.
2. Don't uss (DU) for PLCC.
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TSOP*
OE G) 10 32 |3 NC
AT 2 31 3 A0
A9 T 3 30 B CEE)
As T} 4 29 2 DQ7
A3 ] s 28 =3 DQ6
NCTH s 27 B2 DOs
AMa ] 7 26 B3 DQ4
vec T 8 AmM27C256 25 1 DQ3
vee T 9 Standard Pinout 24 {3 Vss
NC 10 23 3 DQ2
A12 1 22 B3 DOt
AT T 12 21 2 Do
A6 13 20 |23 NC
AS 14 1 B Ao
A4 15 18 2 A1
A3 T 16 17 A2
08007G4
*Contact local AMD sales office for package availability
PIN DESIGNATIONS LOGIC SYMBOL
AD-A14 = Address Inputs
CE (E) = Chip Enable
15
DQ0-DQ7 = Data inputs/Outputs L7_‘—> AGAYA
OE (G) = Qutput Enable Input
Vee = Vece Supply Vottage 8
" = Program Supply Voltage DQo-DQ7 <I>
Vss = Ground
— M TEF
——{E@
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ORDERING INFORMATION

EPROM Products

AMD Standard products are available in several packages and operating ranges. The order number {Valid Combination) is
formed by a combination of:

AM27C256 -55 D [~} B
AMRel£9D >

4
1

T——— OPTIONAL PROCESSING
Blank = Standard Processing
B = Burn-in

TEMPERATURE RANGE

C = Commarcial (0°C to +70°C)

| = Industrial (~40°C to +85°C)

E = Extended Commercial (-55°C to +125°C)

PACKAGE TYPE
D = 28-Pin Ceramic DIP (CDV028)
L = 32-Pin Ractangular Caramic Leadless

Chip Carrier (CLV032)
SPEED OPTION
See Product Selactor Guide and Valid Combinations
DEVICE NUMBER
Am27C256

256 Kilobit (32,768 x 8-Bit) CMOS EPROM

Valid Combinations Valid Combinations

AM27C256-55 DC, DCB, DI, DIB Valid Combinations list configurations planned to be

% LC, LCB, LI, LIB supported in volume for this device. Consult the lo-
AM27C25670 cal AMD sales office to confirm availability of specific
AM27C256-90 | e peg, D, valid combinations and to check on newly released
AM27C256-120 OIB. DE. DEB combinations.
AM27C256-150_} | 'LCB' u '
AM27C256-200_} | \5 | ¢ LB
AM27C256-256 T
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ORDERING INFORMATION

OTP Products

AMD Standard products are available in several packages and operating ranges. The order number (Valid Combination) is

formed by a combination of:

AM27C256 -5
[~ dA 7l 3

(7]

1o
(2]

.
T— OPTIONAL PROCESSING
Blank = Standard Processing

TEMPERATURE RANGE
C = Commarecial (0°C to +70°C)
| = Industrial (~40°C to + 85°C)

PACKAGE TYPE

P = 28-Pin Plastic DIP (PD 028)

J = 32-Pin Rectangular Plastic Leaded Chip
Carrier (PL 032)

E = 32-Pin TSOP (TS 032)

SPEED OPTION
See Product Selector Guide and Valid Combinations

DEVICE NUMBER
Am27C256
256 Kilobit (32,768 x 8-Bit) CMOS OTP EPROM

Valid Combinations

Valid Combinations

AM27C256-55
AM27C256-70 |
AM27C256-90
AM27C256-120
AM27C256-150
AM27C256-200
AM27C256-255

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the lo-
cal AMD sales office to confirm availability of specific

JC,PC,EC valid combinations and to check on newly reieased
Ji 'PI E.l ' combinations.
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ORDERING INFORMATION
Military APL Products

AMD products for Asrospace and Defense applications are available in several packages and operating ranges. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)
is formed by a combination of:

AM27C256 =70 /8 X A

T T— LEAD FINISH

A = Hot Soider Dip

PACKAGE TYPE

X = 28-Pin Ceramic DIP (CDV028)

U = 32-Pin Rectangular Ceramic
Leadless Chip Carrier (CLV032)

DEVICE CLASS
/B = Class B

SPEED OPTION
See Product Selsctor Guide and Valid Combinations

L—— DEVICE NUMBER

Am27C256
256 Kilobit (32,768 x 8-Bit) CMOS EPROM

Valid Combinations Valld Combinations

AM27C256-70 Valid Combinations list configurations planned to

7 be supported in volume for this device. Consult
AM27C256-50 the local AMD sales office to confifm availability of
AM27C256-120 /BXA. /BUA specific valid combinations and to check on newly
AM27C256-150 : released combinations.
AM27C256-200
AM27C256-250 Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9,10, 11,
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FUNCTIONAL DESCRIPTION
Erasing the Am27C256

In order to clear all locations of their programmed con-
tents, it is necessary to expose the Am27C256 to an
uttraviolet light source. A dosage of 15 W sec/cm?is re-
quired to completely erase an Am27C256. This dosage
can be obtained by exposure to an ultraviolet lamp—
wavelength of 2537 A—with intensity of 12,000 pW/cm?
for 15 to 20 minutes. The Am27C256 should be directly
under and about one inch from the source and all fiters
shoutd be removed from the UV light source prior to era-
sure.

It is imponant 1o note that the Am27C256 and similar
devices will erase with light sources having wavelengths
shorter than 4000 A. Although erasure times will be
much longer than with UV sources at 2537 &, exposure
to fluorescent light and sunlight will eventually erase the
Am27C256 and exposure to them should be prevented
to realize maximum system reliability. [f used in such an
environment, the package window should be covered
by an opaque label or substance.

Programming the Am27C256

Upon delivery or after each erasure the Am27C256 has
all 262,144 bits in the “ONE" or HIGH state. “ZERQs"
are loaded into the Am27C256 through the procedure of
programming.

The programming mode is entered when 1275 V
+0.25 Vis appliedto the Vep pin, OF is at Viu, and CE is
at V.

For programming, the datato be programmedis applied
8 bits in parallel to the data output pins.

The Flashrite aigorithm reduces programming time by
using 100 us programming puises and by giving each
address only as many pulses as is necessary inorder to
reliably program the data. After each pulse is applied to
a given address, the data in that address is verified. It
the data does not verity, additional pulses are given until
itverities or the maximum is reached. This process is re-
peated while sequencing through each address of the
Am27C256. This part of the algorithm is done at Veg =
6.25 Vto assure that each EPROM bitis programmed to
a sufficiently high threshold voltage. After the final ad-
dress is completed, the entire EPROM memory is veri-
fied at Vcc = Vpp = 5.25 V.

Please referto Section 6 for programming flow char and
characteristics.

Program Inhibit

Programming of multiple Am27C256 in parallel with dif-
ferent data is also easily accomplished. Except for CE,
all tike inputs of the paraliel AM27C256 may be com-
mon. A TTL low-level program puise applied to an
Am27C256 CE input with Vep = 12.75 V £ 0.25 V, and
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OE High will program that Am27C256. A high-level CE
input inhibits the other Am27C256 devices from being
programmed.

Program Verify

A verity should be performed on the programmed bits to
determine that they were correctly programmed. The
verity should be performed with OE at Vi, CE at Vi,
and Vep between 125 Vio 13.0 V.

Auto Select Mode

The auto select mode allows the reading out of a binary
code from an EPROM that will identify its manufacturer
andtype. This mode is intended for use by programming
equipment for the purpose of automatically matching
the device to be programmed with its corresponding
programming algorithm. This mode is functional in the
25°C + 5°C ambient temperature range that is required
when programming the Am27C256.

To activate this mode, the programming equipment
must force 12,0 V = 0.5 V on address like A9 of the
AmM27C256. Two identifier bytes may then be se-
quenced from the device outputs by toggling address
line AQ from Vi to Viu. All other address lines must be
heid at Vi during auto select mode.

Byte 0 (A0 = Vi) represents the manufacturer code, and
byte 1 (A0 = Vin), the device code. For the Am27C2586,
these two identifier bytes are given in the Mode Select
Table. All identifiers for manufacturer and device codes
will possess odd parity, with the MSB (DQ7) defined as
the parity bit.

Read Mode

The Am27C256 has two control functions, both of which
must be logically satisfied in order to obtain data at the
outputs. Chip Enable (CE) is the power control and
shouldbe usedfor device selection. Qutput Enable (OE)
is the output control and should be used to gate data to
the output pins, independent of device selection. As-
suming that addresses are stable, address access time
{tacc ) is equal to the delay from TE to output (ice ). Data
is available at the outputs toe after the falling edge of
'OE, assuming that CTE has been LOW and addresses
have been stable for at least tace —toe .

Standby Mode

The Am27C256 has a CMOS standby mode which re-
duces the maximum Vg currentto 100 pA. Itis placed
in CMOS-standby when CE is at Vec + 0.3 V. The
Am27C256 also has a TTL-standby mode which re-
duces the maximumVcecurrentto 1.0 mA. Itis placedin
TTL-standby whenCE is at Vin. When in standby mode,
the outputs are in a high-impedance state, independent
of the OFE input.
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Output OR-Tieing

To accommodate multiple memory connections, a two-
line control function is provided to allow for:

a Low memory power dissipation
B Assurance that output bus contention will not occur

itis recommended that CE be decoded and used as the
primary device-selecting tunction, while OE be made a
common connection to all devices in the array and con-
nected to the READ line from the system control bus.
This assures that all deselected memory devices are in
low-power standby mode and that the output pins are
only active when data is desired from a particular mem-
ory device.

System Applications

During the switch between active and standby condi-
tions, transient current peaks are produced on the rising
and falling edges of Chip Enable. The magnitude of
these transient current peaks is dependent on the out-
put capacitance loading of the device. At a minimum, a
0.1-uF ceramic capacitor (high frequency, low inherent
inductance) should be used on each device between
Vee and Vss to minimize transient effects. In addition,
to overcome the voltage drop caused by the inductive
effects of the printed circuit board traces on EPROM ar-
rays, a 4.7-uF bulk electrolytic capacitor should be used
between Vcc and Vss for each eight devices. The loca-
tion of the capacitor should be close to where the power
supply is connected to the array.

MODE SELECT TABLE
Mode Pins CE OE A0 A9 Vee Outputs
Read ViL ViL X X Vee Dout
Qutput Disable X VIH X X Vee Hi-Z
Standby (TTL) VH X X X Vee Hi-Z
Standby (CMOS) Vec £ 03V X X X Vee Hi-Z
Program Vit VH X X Vee DN
Program Verify ViH ViL X X Ver Dour
Program Inhibit VH VIH X X Vee Hi-Z
Manufacturer
Auto Select Code ViL Vi ViL VH Vee 01H
(Note 3)
Device Code viL Vi VIH VH Vee 10H
Notes:

1. Vw=120V205V

2. X = Either Vit or ViL

3. A1-A8=A10-Al4 =V
4
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. See DC Programming Characteristics for Vep voltage during programming.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature
OTPProducts ............... -85°C to +125°C
All Other Products . ........... -65°C to +150°C
Ambient Temperature
with Power Applied ............. ~55°C t0 +125°C
Voltage with Respect To Vss
All pins except A9,Ver,Vce
(Note1) ............... -06VtoVec+05V
A9and Vep (Note 2) ......... -0.6Vio +135V
o7 —0.6Vio+7.0V
Notes:

1. Minimum DC voltage on input or YO pins is =0.5 V. During
transitions, the inputs may overshoot Vss 10 <2.0 V for pe-
riods of up to 20 ns. Maximum DC voltage on input andl/O
pins is Vec + 0.5 V which may overshoot to Ve + 2.0 Vior
peniods up to 20 ns.

2. For A9 and Vpp the minimum DC input is —0.5 V. Duning
transitions, A9 and Vep may overshoot Vss to -2.0 V for
periods of up to 20 ns. A9 and Vpp must notexceed 13.5V
for any period of time .

Stresses above those listed under “Absolute Maximum Rat-
ings® may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any othet conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device lo absolute maximum rating conditions for ex-
tended periods may affect device reliability.
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OPERATING RANGES

Commercial (C) Devices

Case Temperature (Te) ......... 0°C to +70°C
industrial (l) Devices

Case Temnperature (T¢) ....... —40°C to +85°C
Extended Commercial (E) Devices

Case Temperature (T¢) ...... =55°C to +125°C
Miiitary (M) Devices

Case Temperature (Tg) ...... -55°C 1o +125°C
Supply Read Voltages .

Veo for Am27C256-XX5 .. ... +4.75Vio+525V

Vee for Am27C256-XX0 .. ... +450Vto+550V

Operating ranges defina those limits between which the func-
tionalfty of the device is guaranteed.
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DC CHARACTERISTICS over operating range unless otherwise specified.
(Notes 1, 2 and 4) (for APL Products, Group A, Subgroups 1, 2, 3, 7 and 8 are tested
unless otherwise noted) '

Parameter
Symbol | Parameter Description Test Conditions Min Max Unit
VoH QOutput HIGH Voltage IoH = —400 pA 2.4 v
VoL Output LOW Voltage lot = 2.1 mA 0.45 \"
VIH Input HIGH Voltage 2.0 Vec +05| V
viL Input LOW Voitage 0.5 +0.8 v
Iu Input Load Current VIN=0 Vto+Vce 1.0 nA
Lo Output Leakage Current VouT = 0 V to +Vce Ci/l Devices 1.0 pA
EM Devices 5.0
lect Vce Active Current CE = Vi, f = 10 MHz, 25 mA
(Note 3) lout = 0 mA
lccz2 Vee TTL Standby Current CE=VH 1.0 mA
lccs Vcc CMOS Standby Current { CE = Veg £ 0.3 V 100 RA
IPP1 Vep Current During Read CE = OE = Vi, VPP = VcC 100 HA
Notes:

1. Vecc must be applied simultaneously or before Vep, and removed simultaneously or after Vep.

. Cautlon: The Am27C256 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied.

2.
3. Icct is tested with OF = Viy to simulate open outputs,
4

. Minimum DC Input Voltage is —0.5 V. During transitions, the inputs may overshoot to —2.0 V for periods less than 20 ns.
Maximum DC Voltage on output pins is Vcc + 0.5 V, which may overshoot to Ve + 2.0 V for periods less than 20 ns.
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Figure 1. Typical Supply Current
vs. Frequency
Vec=55V,T=25C
08007G-6
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Figure 2. Typical Supply Current
vs. Temperature
Vee=5.5V,1=10 MHz
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CAPACITANCE
Paramets] Parameter Test CLV032 cDVO028 PL 032 PD 028 TS 032
Symbal Description Conditions| Typ | Max | Typ | Max | Typ | Max | Typ | Max | Typ | Max | Unit
Cin Input Capacitance ViN=O 11 14 8 12 8 12 6 10 | 10 12 | pF
Cour |Output Capacitance| Vour=0 | 10 | 14 | 8 |12 | 8 | 12| 8 | 10| 12 | 14 | pF

Notes:
1. This parameter is only sampled and not 100% tested,

2, Ta=w+25°C,f=1 MHz.

SWITCHING CHARACTERISTICS over operating range unless otherwise specified
(Notes 1, 3 and 4) (for APL Products, Group A, Subgroups 9,10 and 11 are tested unless

otherwise noted)

Parameter Am27C256
Symbola Parameter Teost =255
JEDEC | Standard | Description Conditions -55 | -70 | -80 | -120 1-150 | -200 | -250 | Unit
tavav tacc Address to CE=OE= |Min| ~ - - - - - -
Output Delay viL Max| S5 70 90 120 } 150 | 200 | 250 ns
teLav 1ce | Chip Enable to OE=«VIL |Min] -~ - - - - - -
Output Delay Max| 55 70 90 | 120 | 150 | 200 | 250 | ns
teLav 10€ Output Enable to CE=VL |[Min] - - - - - — -
Output Delay Max| 35 40 40 50 50 50 50 ns
teHaz, F | Chip Enable HIGH or Mol - | = | - 1 - 1 = =1 -
teHoz | (Note 2) { Output Enable HIGH, Max| 25 | 25 | 25 | 30 } 20 | 30 | 30 | ns
whichever comes
first, to Output Float
taxax toH Output Hoid from Min 0 o] 0 0 [} 0 0
Addresses, CE, Max| - - - - - Z — ns
or OE, whichever
occurred first

Notes:

1. Vec must be applied simultaneously or before Vep, and removed simultaneously or after Vep.

This parameter is only sampled and not 100% tested.

2
3. Caution; The Am27C256 must not be removed from (or inserted inte) a socket or board when Vpp or Ve is applied.
4

. For the -55 and -70:
Output Load: 1 TTL gate and Cr = 30 pF
Input Rise and Fall Times: 20 ns
Input Pulse Levels: 0Vto3V
Timing Measurement Reference Level: 1.5 V for inputs and outputs
For all other versions:
Output Load: 1 TTL gate and C = 100 pF
input Rise and Fall Times: 20 ns
Input Puise Levels: 0.45 V1024V
Timing Measurement Reference Level: 0.8 V and 2 V inputs and outputs
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SWITCHING TEST CIRCUIT

Device

Under
Test

CL = 100 pF including jig capacitance (30 pF for 55, ~70)

2.7kQ

+50V

Diodes = IN3064
or Equivalent

08007G-8

SWITCHING TEST WAVEFORM

24V 20V 20V
08V XzTest Pomts< 08V
045V
Input Qutput

AC Testing: Inputs are driven at 2.4 V for a logic “1”
and 0.45 V for a logic "0". Input pulse
rise and fall times are < 20 ns.

182

3V .
1.5 VX*— Test Points -X 1.5V
ov

Input Qutput

08007G-9

AC Testing: Inputs are driven at 3.0 V for a logic “1”
and 0 Vfor a logic “0". Input pulse rise and
fall times are < 20 ns for -55 and -70.
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KEY TO SWITCHING TEST WAVEFORMS

WAVEFORM INPUTS QUTPUTS
Must Be Will Be
Steady Steady

May will Be
Change Changing
fromHtoL fromHto L

May Will Be
Change Changing

fromLto H fromLtoH
Don't Care, Changing
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High
Impedence
“Ofi” State
KS000010
SWITCHING WAVEFORMS
24 | S
Addresses 20 Addresses Valid 2.0
0.45 08 —
. —
o \
f—— tcE —*
— —
OEF \_L -
- tDF
uci‘_ 108 == (Note 2)
(Note 1) 10K
High Z T High Z
Output (««3 Valid Cutput ﬁ»}j[—
Notes:

08007G-10
1. OE may be delayed up 1o tacc - toE after the falling edge of the addresses without impact on tacc.

2. ipr is specified from OF or CE, whichever occurs first.
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ANALOG
DEVICES

Complete 12-Bit 1.25 MSPS
Monolithic A/D Converter

AD1671

FEATURES

Conversion Time: 800 ns

1.25 MHz Throughput Rate

Complete: On-Chip Sample-and-Hold Ampiifier and
Volitage Reference

Low Power Dissipation: 570 mW

No Missing Codes Guaranteed

Signal-to-Noise Plus Distortion Ratio
fin = 100 kHz: 70 d8

Pin Configurable Input Voltage Ranges

Twos Compiement or Offset Binary Qutput Data

28-Pin DIP and 28-Pin Surface Mount Package

Out of Range Indicator

PRODUCT DESCRIPTION

The AD1671 is 2 monolithic 12-5it, 1.25 MSPS analog-to-digita
<ouverter with an on-hoard. tugh periormance sampie-and-hoid
ampiifier 'SHA. and woitage rerarence. The AD1671 guarantees
70 missing codes over the rull operaurg iemperarure range. The
combination of a merged high speed 2ipolaryCMOS process and
a govet architecture resuits in a combination of speed and power
comrsumption far superior 1o previously avaiiable hvbrid impie-
mentazions. Additionally. the greater reliability of monolithic
construction otfers improved system reliadilicy and lower costs
than hybrid designs.

The fast settling :apuc SHA is equally suited for both multi-
piexed systems that switch aegative fo positive full-scale voitage
ieveis in successive channeis and sampiing inputs at trequencies
up to and bevond the Nvquist rate. The AD1671 provides both
reference output and refer=nce input pins, allowing the on-board
reference to serve as a svstem reterence. An external reference
can also be chosen to suit the de accuracy and temperature drift
requirements of the applicaton.

The AD1671 uses a subrangirg tlash conversion technique, with
digital error correction for possible errors introduced in the first
part of the conversion cvcie. An vn-chip timing generator pro-
vides strobe pulses ior cach of the four internai flash cycles. A
single ENCODE pulse is used to control the converter. The dig-
ital output data is presented in twos complement or offset binary
output format. An oui-of-range signal indicates an overflow con-
dition. It can be used with the most significant bit to determine
low or high overilow.

AREV. A

Infarmation furnished by Anaiog Devices is believed to be accurate and
reliable. However. no resoonsibility is assumed by Anaipg Devices for its
use, nor for anv infringemants of oatents or other rignts of third parties
wvnich may resuit from its use. No ‘icense is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

SMA

T UROBPO  GNCODE Vo ACOM Vi Vioac OCOM
e e S e
[ o sHi o | . -
Am1 (AN i\\ [ : ‘7 =
AnA ";/,/"_': RANGE * ;
[ [ ISELECT —ixe .
— i !
. —_— —_— i
gy ¥, gy — MUY v am\_fmsi;—;m i
A S A J°| 48T | |LADDEA:
— :7__- — F’_/ sk |—' MATRIX
. D — —
5 S gf] e e
. - -~ > 4 - Y-
apm I ZOARECT:ON LOGIC | FLASH i
. HEX -~ s
]EF OUT .‘—‘; RS - \).
h— . LATCHES
AD1671 Pl —a :
Pt < :
S, ‘)—2—0__3_.3_
AEF coM cTA W3B mr1. 2av

The cerformance ot the AD1n71 is made possitie by using high
speed. iow noise Tipoiar sircwrry o the iinear sections and jow
cower CMOS 1or the legic sections. Anaiog Devices” ABCMOS-1
aracess provides porh aigh speed bipoiar and 2-micron CMOS
Jewnces on 2 stngie chic. Laser srimmed thin-film resistors are
zsad 0 provide accuracy and temperature stabiiity.

Tiue AD!671 is available in :wo performance grades and three
remperature ranges. The ADI671] and K grades are available
aver the 4°C 10 = 70°C remperature range. The AD1671A grade
is available over the -30°C w0 -85"C temperature range. The
ADI671S grade 1s avatiable over the ~35°C 1o - 125°C tempera-
ture range.

PRODUCT HIGHLIGHTS

The AD1671 otfers a compiete single chip sampling 12-bit,
1.25 MSPS analog-to-digital conversion function in a 28-pin
package.

The AD1671 at 370 mW consumes a fraction of the power of
currendy avaiiable hvbrids.

An OUT OF RANGE output bit indicates when the input sig-
nal is bevond the AD1671's input range.

Input signal ranges are 0 V 10 —3 V unipolar or =5 V" bipoiar,
seleczed by pin strapping, with an input resistance of 10 k(2.
The input signai range can aiso be pin strapped for 0 V o
=2.5 V unipolar or =2.5 V bipolar with an input resistance of
10 Mq.

Output dara is available in unipolar, bipolar offset or bipolar
twos compiement binary format.

One Technology Way, P.Q. Box 9106, Norwood, MA 02062-9108, U.S.A.
Tel: 612/329-4700 Fax: 617/326-8703 Twx: 710/394-6577
Telex: 924491 Cable: ANALOG NORWOODMASS
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AD1671—SPECIFICATIONS

(T 10 Ty With Vee = +5 V = 5%, Vipgie = +5V = 10%, Yz = —5 V = 5%, unless otherwise

DC SPECIFICATIONS ingicates)

ADI1671J/A/S AD1671K {
Parameter Min Typ Max Min Typ Mar |  Unis
RESOLUTION 12 12 ! Bits
CONVERSION TIME 800 800 ns
ACCURACY
Integral Nonlinearity (INL) =15 =25 =0.7 =15 LSB
Differential Nonlinearity (DNL) 11 12 Bits
No Missing Codes 11 Bits Guaranteed 12 Birs Guaranteed
Unipolar Offset’ («25°C) =9 =9 LSB
Bipolar Zero® (+25°C) =10 =10 LSB
Gain Error!*  (+25°C) 0.1 0.35 0.1 0.35 % FSR
TEMPERATURE COEFFICIENTS?
Unipolar Offset =15 =15 ppm/"C
Bipolar Zero =15 =15 pp/°C
Gain Error* =30 =30 ppm/°C
Gain Error* =20 =20 ppm/”C
POWER SUPPLY REJECTION®
Ve (+5V = 025 V) =2 =2 LsSB
Vioae (+5 V = 0.25 V) =2 =2 LSB
Vegeg(-5V=025V) = . =2 LSB
ANALOG INPUT
Input Ranges
Bipolar ~2.5 ~2.5 =25 +2.5 Voits
-5.0 =5.0 -5.0 +5.0 Velts
Unipolar 0 +2.5 0 +2.5 Volts
0 ~5.0 0 +5.0 Voles
Input Resistance
(0 Vto+2.5Vor =25V Range) 10 10 MO
{0V to +5.0 Vor =5 V Range) 8 10 12 8 10 12 N
loput Capacitance 10 10 pF
Aperture Delay 15 15 ns
Aperture Jitter 20 20 ps
INTERNAL VOLTAGE REFERENCE
Output Voltage 2.475 2.5 2.528 2.475 2.5 2.525 Vaks
Output Current .
Usipolar Mode -25 +2.5 mA
Bipolar Mode =1.0 ~1.0 mA
LOGIC INPUTS
High Level Input Voltage, Vyy 2.0 2.0 Volts
Low Level Input Voltage, Vi 0.8 0.8 Volrs
High Level Input Current, Iiy (Ve = Vioaio) -10 -10 -10 +10 wA
Low Level Input Current, I;; (Vpy = 0V) -10 =10 ~10 +10 wA
Input Capacitance, Cp 5 5 pF
LOGIC OUTPUTS
High Level Qurput Voluage, Vo iloy = 0.5 mA) 2.4 2.4 Volts
Low Level Output Voltage, Vo (Lo, = 1.6 mA) 0.4 0.4 Volrs
POWER SUPPLIES
Operating Voltages
Vee +4.75 +5.25 +4.75 +5.25 Volts
Viosic +4.5 =55 +4.5 +5.5 Vokts
EE ~4.75 -5.25 -4.75 -525 Vol
Operatng Current
lec 55 68 35 68 mA
ILocic® 3 5 3 5 mA
Iee -55 -68 ~-55 -68 mA
POWER CONSUMPTION 570 7 570 750 mW
TEMPERATURE RANGE (SPECIFIED)
K [} ~70 0 -7 *C
AD -40 -85 -40 -85 c
S -55 «128 -55 ~125 °C
NOTES

! Adiusubie 10 zero with external potentiometers.
*Includes internal voltage reference erros.
1-25C to Ty and = 25°C 10 Tyax.
*Excludes internal reierence drift.

*Change in gain error as a function of the d¢ supply voltage.
*Tested under static conditions. See Figure 15 for tvpical curve of Iy )¢ 3. losd capacitance at maximum i¢.

Specifications subject to change without notice.
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Tyn 10 Ty With Voo = +#5V = 5%, Vigge = +5V = 10%, Vg= =5 V = 5%, fype = 1 MSPS.,

AC SPECIHCAT‘GNS fpur = 100 kHZ unless otherwise noted)’

; AD1671)/A/S | AD1671K |
Parameter i Min Typ Max | Min Typ Max Units
SIGNAL-TO-NOISE PLUS DISTORTION RATIO ; i ]
(SN - D) i g '
-0.5 dB Inpur i 68 70 170 71 dB
~20 dB Input ! 50 | 51 | dB
EFFECTIVE NUMBER OF BITS (ENOB) P12 | 13 | Bits
TOTAL HARMONIC DISTORTION (THD) : -30 =75 i -83 -78 | dB
PZAK SPURIOUS OR PEAK HARMONIC COMPONENT -30 -7 -81 -78 | dB
SMALL SIGNAL BANDWIDTH 12 ‘ 12 ! MHz
FULL POWER BANDWIDTH 2 ; 2 ! MHz
INTERMODULATION DISTORTION (IMD)* } !
2nd Order Products -30 -78 ~-80 -78 | dB
3rd Order Products ~85 -78 i -85 -78 | dB
NOTES

‘f.. amplitude = -0.5 4B 79.44 V p~p) bipolar mode fuil scale unless otherwise indicated. All measurements referred to a O dB =5 V3 input signal. unless

otherwise incicatec.
. = 99 kHz. fy = 100 kHz with fg, e e = | MSPS.
Specificadons subiect to change without notice.

(For all grates Ty t0 Ty with Vg = +5V = 5% Ve = +5 V = 10%,

SWITCHING SPECIFICATIONS vy = —5v = 5%: v, = 08V.V,, = 20 V.V, = 0.4 V and Yo, = 24 V)

Parameters i Symbol Min Typ Max |  Units
Conversion Time i c : 300 i as
ENCODE Pulse Width High :Figure la) C e Co20 50 { s
ENCODE Pulse Width Low (Figure 1b) i tesccL 20 | ns
DAV Pulse Width L toar fo1s0 30 | oos
ENCODE Falling Edge Delay e ' 0 | ns
Start New Conversion Delay i 1 . 20 ' ns
Dara and OTR Delay from DAV Falling Edge ; oo i 20 75 ! ns
Data and OTR Valid before DAV Rising Edge I P20 75 b oas

NOTES

'typ is measured from when the falling edge of DAV crosses 0.8 V o when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin.
%ty is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF loud capacitor on each outpur pin.

Specifications subject to change without notice.

- lenc -

ENCODE ﬂ J

- te

4— loay —9=

DAV \. %

——a—p
' “log  tasg
BIT 1-12
¥SB. OTR DATA 0 (PREVIOUS) X OATA 1

Figure 1a. Encode Pulse HIGH

-ty -
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ENCODE _/
0AV \I

A
too tas
BiT 1-12
iS5, oTR DATA 0 (PREVIOUS) X oatas

Figure 1b. Encode Pulse LOW

4



AD1671

PIN DESCRIPTION

Symbol { Pin No. | Type | Name and Function

ACOM 27 P ! Analog Ground.

AIN 22,23 Al ' Analog Inputs, AIN1 and AIN2. The AD1671 can be pin strapped for four input ranges:
Range Pin Strap Signal Input .
Oto +2.5V, =25V Connect AIN1 to AIN2 AINI1 or AIN2
DQw+5V, =5V Connect AIN1 or AIN2 1o ACOM AIN1 or AIN2

BIT 1 (MSB) 13 DO Most Significant Bit.

BIT 2-BIT 11 | 12-3 DO | Dara Bits 2 through 11,

BIT 12(LSB) {2 DO Least Significant Bit,

BPO/UPO 26 Al Bipolar or Unipolar Configuradon Pin. See section on Inputr Range Connections for details.

DAV 16 DO Dara Available Ourput. The rising edge of DAV indicates an end of conversion and can be used
to latch current datz into an external register. The falling edge of DAV can be used to latch
previous data into an external register.

DCOM 19 P Digital Ground.

ENCODE 17 DI The analog input is sampled on the rising edge of ENCODE.

MSB 14 DO | Inverted Most Significant Bit. Provides twos complement output data format.

OTR 15 DO Out of Range is Active HIGH when the analog input is out of range. See Qurput Dara Format,
Table IIL.

REF COM 20 Al REF COM is the internal reference ground pin. REF COM should be connected as indicated in
the Grounding and Decoupling Rules and Optional External Reference Connection Sections.

REF IN 24 Al REF IN is the external 2.5 V reference input.

REF OUT 21 AO REF OUT is the internal 2.5 V reference ourput.

SHA.OUT 25 a0 No Connect for bipolar input ranges. Connect SHA OUT to BPO/UPO for unipolar input ranges.

Vee 28 P +5 V Analog Power.

Vee 1 P —5 V Analog Power.

Vioaic 18 P +5 V Digital Power.

TYPE: Al = Analog Input; AO = Analog Ourput; DI = Digital Input; DO = Digital Output; P = Power.

PIN CONFIGURATION
U
Ve Ej . E Vee
BT 12058) 2| [27] acom
8 [3] [26] ePonPO
BiT10 E E SHA OUT
ems E 24] REFIN
LN 23] a1
Bm7 E AD1671 z] AINZ
srefs m’: ;v:::., |21] Aer our
Brs |9 E REF COM
BITa E: (9] ocom
B3 |1 EIV'-O"C
B2 f12] 17} ENCODE
81 Mse) [13 % DAV
MSB |14 115 OTR

CAUTION
ESD ‘electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy clectro-
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.

WARNING!

e

ESO SENSIVE OEVICE |
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ABSOLUTE MAXIMUM RATINGS*

Parameter With Respectto  Min Max Units
Vee ACOM -0.5 +6.5 Voits
Vee ACOM -6.5 -0.5 Voits
VLOGlC DCOM -6.5 +0.5 Voits
ACOM DCOM -1.0 <10 Volts
Vee Veootc -65  +6.5 Volts
ENCODE DCOM =05  Viogiet0.5 Volts
REF IN ACOM -0.5 Vec+0.5 Volts
AIN ACOM -11.0 +11.0 Volts
BPO/UPO ACOM =05 Vee+0.5 Volts
Junction Temperature +150 *C

Storage Temperature -65 +150 *’C

Lead Temperature (10 sec) +300 *C

*Stresses above those listed under “Absoiute Maximum Raungs™ may cause
permanent damage to the device. This is a stress rating only and tuncnonal
operation of the device at these or any other conditions above those indicated
10 the operational sections of this specification is not implied. Exposure 10
absolute maximum fatings for extended periods may effect device relabiity.

ORDERING GUIDE

T 1

i Temperature i Package
Model Linearity Range i Optoa™?
ADI671JQ | =25LSB | 0°Cto ~70°C i 028
AD1671KQ Il =1.5LSB | 0°Cto +70°C P Q28
ADI671JP | =2.5LSB | 0°Cto =70°C | P-28
ADI6TIKP | =1.5LSB | 0°Cto +70°C ! P28
AD1671AQ | =25LSB | -40°C to +85°C Q-8
ADI671SQ | =25LSB | -55Cto ~125°C | Q-28
NOTES

‘For details on grade and package offerings d in accordance with
MIL-STD-883, refer to Analog Dewices’ Military Products Databook or cur-
rent AD1671/883 data sheet.

‘P = Plastic Leaded Chip Carrier: Q = Cerdip.

3Analog Devices reserves the right o ship side brazed ceramic packages in
lieu of cerdip.

DEFINITIONS OF SPECIFICATIONS

INTEGRAL NONLINEARITY (INL)

Integral nonlinearity refers to the deviation of each individual
code from a line drawn from “zero” through “full scale.” The
point used as “zero” occurs 1/2 LSB (1.22 mV for a 10 V span)
before the first code transition (all zeros to only the LSB on).
“Full-scale” is defined as a level 1 1/2 LSB beyond the last code
transition (to ail ones). The deviation is measured from the low
side transition of each particular code to the true straight line.

DIFFERENTIAL LINEARITY ERROR (NO MISSING
CODES)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from the ideal value. Thus every
code has a finite width. Guaranteed no missing codes to 11 or
12-bit resolution indicates that ail 2048 and 4096 codes, respec-
tively, must be present over all operating ranges. No missing
codes to 11 bits {in the case of a 12-bit resolution ADC; also
means that no rwo consecutive codes are missing.

UNIPOLAR OFFSET

The first wansition should occur at a level 1/2 LSB above analog
common. Unipolar offset is defined as the deviation of the actual
from that point. This offset can be adjusted as discussed later.
The unipolar offset temperature coefficient specifies the maxi-

mum change of the transition point over temperature, with or
without external adiustments.

BIPOLAR ZERO

In the bipolar mode the major carry transition (0111 1111 1111
0 1000 0000 0000) should occur for an analog value 1/2 LSB
below analog common. The bipolar offset error and temperature
coefficient specify the initial deviation and maximum change in
the error over temperanire.

GAIN ERROR

The last transiton (from 1111 1111 1110 to 1111 1111 1111)
should occur for an analog value 1 1/2 LSB below the nominal
full scale ¢4.9963 volts for 5.000 voits full scale). The gain error
is the Jeviation of the actual level at the last transition from the
ideai icvel. The gain error can be adjusted to zero as shown in
Figures 4 through 7.

TEMPERATURE COEFFICIENTS

The temperature coetficients for unipolar offset, bipolar zero
and gain error specify the maximum change from the initial
-25°C) value to the value at Ty of Tyax-

POWER SUPPLY REJECTION
One of the ctfects of power supply error on the performance of
the device will be a smail change in gain, The specifications

.show the maximum fuil-scale change from the inttal value with

the supplies at the various limits.

DYNAMIC SPECIFICATIONS

SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D) RATIO
SiN+D is the ratio of the rms value of the measured input sig-
nal o the rms sum of ail other spectral components, including
aarmonics but excluding dec. The value for S/N+D is expressed
in decibels.

EFFECTIVE NUMBER OF BITS (ENOB)
ENOB is calcujated from the expression (/N +D) = 6.02N -
1.76 dB, where N is equal to the effective number of bits.

TOTAL HARMONIC DISTORTION (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels.

INTERMODULATION DISTORTION (IMD)

With inpurts consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products
of order (m=n), at sum and difference frequencies of mfa =
ofb, where m, 2 =0, 1,2, 3. ... Intermodulation terms are
those for which m or n is not equal to zero. For example, the
second order terms are (fa — {b) and (fa — fb), and the third
order termms are (2 fa < fby, 2 fa ~ fb), {fa + 2 fb) and (2fb -
fa). The IMD products are expressed as the decibel rario of the
rms sum of the measured input signals to the rms sum of the
distortion terms. The two signals are of equai amplitude and the
pezk value of their sum is —0.5 dB from full scale. The IMD
products are normalized to a 0 dB input signal.

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT
The peak spurious or peak harmonic component is the largest
spectral component, excluding the inpur signal and dc. This
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value is expressed in decibels relative to the rms value of a full-

scale inpur signal.

APERTURE DELAY

Aperture delay is the difference berween the switch delay and
the analog delay of the SHA. This delay represents the point in
time, relative to the rising edge of ENCODE input, that the

analog input is sampled.

APERTURE JITTER

Aperture jitter is the variation in aperture delay for successive

samples.

FULL POWER BANDWIDTH
The input frequency at which the amplirude of the recon-
structed fundamental is reduced by 3 dB for a full-scale input.

THEORY OF OPERATION

The AD1671 uses a successive subranging architecture. The
analog-1o-digital conversion takes place in four independent
steps or flashes. The sampled analog input signal is subranged
10 an intermediate residue voltage for the final 12-bit result by
utilizing multiple flashes with subtraction DACs (see the
AD167] functional block diagram).

The AD1671 can be configured to operate with unipolar (0 V to
+5V,0 Vi +2.5 V) or bipolar (=5 V, =2.5 V) inpurs by
connecting AIN (Pins 22, 23), SHA OUT (Pin 25) and
BPO/UPO (Pin 26) as shown in Figure 2.

AINY

,:O.Eé :
B
E

+2.5v

SHA

SHA OUT
AD1671
BPOAUPO

REF IN

REF OUT

a. 0Vto +2.5Vinput Range

10 0—{ v\ SHA

v

*8 amz| g ‘P-D
V‘V‘T

SHA OUT
AD1671
8POMUPO

REFIN

REF OUT

c. 0Vto +5V Input Range

-2.5V

25V

ama | e
SHA
; SHA OUT
AD1671
BPOPO
REFIN
REF OUT

AINY

>
>

<
<

b. 2.5 V Input Range
AIN2

5:~{>

[smaour
AD1671

8POPO

>
>

<
<

\r

REFIN

REF OUT

d. =5V Input Range

Figure 2. AD1671 Input Range Connections
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The AD1671 conversion cycle begins by simply providing an
active HIGH level on the ENCODE pin (Pin 17). The rising
edge of the ENCODE puise starrs the conversion. The falling
edge of the ENCODE pulse is specified to operate within a win-
dow of time, less than 50 ns after the rising edge of ENCODE
or after the falling edge of DAV. The time window prevents
digitally coupled noise from being introduced during the final
stages of conversion. An internal timing generator circuit accu-
rately controls SHA, flash and DAC timing.

Upon receipt of an ENCODE command the input voleage is
held by the front-end SHA and the first 3-bit flash converts the
analog input voltage. The 3-bit result is passed to a correction
logic register and a segmented current output DAC. The DAC
output is connected through a resistor (within the Range/Span
Select Block) to SHA OUT. A residue voltage is created by sub-
tracting the DAC output from SHA OUT, which is less than
one eighth of the full-scale analog input. The second flash has
an input range that is configured with one bit of overlap with
the previous DAC. The overlap allows for errors during the
flash conversion. The first residue voltage is connected to the
second 3-bit flash and to the noninverting input of a high speed,
differential, gain of eight amplifier. The second flash result is
passed to the correction logic register and to the second seg-
mented current output DAC. The output of the second DAC is
connected to the inverting input of the differennal amplifier.
The differential amplifier output is connected to a two-step,
backend, 8-bit flash. This 8-bit flash consists of coarse and fine
flash converters. The result of the coarse 4-bit flash converter,
also configured to overlap one bit of DAC 2, is connected to the
correction logic register and selects one of 16 resistors from
which the fine 4-bit flash will establish its span voltage. The fine
4-birt flash is connected directly to the output latches.

The internal timing generator automatically places the SHA into
the acquire mode when DAV goes LOW. Upon completion of
conversion (when DAV is set HIGH), the SHA has acquired the
analog input to the specified level of accuracy and will remain in
the sample mode until the next ENCODE command.

The AD1671 will flag an out-of-range condition when the input
voltage exceeds the analog input range. OTR (Pin 15) 1s active
HIGH when an out-of-range high or low conditon exists. Bits
1-12 are HIGH when the analog input voltage is greater than
the selected input range and LOW when the analog input is less
than the selected inpur range.

AD1671 DYAMIC PERFORMANCE

The ADI1671 is specified for dc and dynamic performance. A
sampling converter’s dynamic performance reflects both quan-
tizer and sample-and-hold amplifier (SHA) performance. Quan-
tizer nonlinearities, such as INL and DNL, can degrade
dynamic performance. However, a SHA is the critcal element
which has to accurately sample fast slewing analog input signals.
The AD1671's high performance, low noise, patented on-chip
SHA minimizes distortion and noise specifications. Nonlineari-
ues are minimized by using a fast slewing, low noise architec-
ture and subregulation of the sampling switch to provide
constant offsets (therefore reducing input signal dependent
nonlinearities).
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Figure 3 is a typical 2k point Fast Fourier Transtorm (FFT)
plot of a 100 kHz input signal sampled at 1 MHz. The funda-
mental amplirude is set at ~0.5 dB to avoid input signal clip-
ping of offset or gain errors. Note the toral harmonic distortion
is approximately —81 dB, signal to noise plus distortion is 71 dB

and the spurious free dynamic range is 84 dB.

SIGNAL AMPLITUDE - dB

FREQUENCY

Figure 3. AD1671 FFT Plot, f,, = 100 kHz,

fSAMPLE =1 MHz

Figure 4 plots both S/(N+D) and Effective Number of Bits
(ENOB) for a 100 kHz input signal sampled from 666 kHz to

1.25 MHz.
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72 |0 7
S s s

ns - -

! ; 5 w
o Q
s n : 150 o
1 ! \ w
ares g
3.. n \ 3
@ | f \ s
s . nas 2
9 _ - - b
l’ | l -
8.5 7 w

o ; 11.00

6568 kall 789 833 909 1000 111 1250

SAMPUNG FREQUENCY - iz

Figure 4. S/(N+D) vs. Sampling Frequency, f,, = 100 kHz

Figure 5 is a THD plot for a full-scale 100 kHz input signal
with the sample frequency swept from 666 kHz to 1.25 MHz.

THD - dB

714 769 533 909 1000

SAMPLING FREQUENCY - kiz

T

1250

Figure 5. THD vs. Sampling Rate, f,, = 100 kHz
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The AD1671's SFDR performance is ideal for use in communi-
cation systems such as high speed modems and digital radios.
The SFDR is berter than 84 dB with sample rates up to 1.11
MHz and increases as the input signal amplitude is attenuated
by approximately 3 dB. Note also the SFDR is typically better
than 80 dB with input signals attenuated by up to -7 dB.
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Figure 6. Spurious Free Dynamic Range vs. Sampling
Rate, f,,, = 100 kHz
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Figure 7. Spurious Free Dynamic Range vs. Input
Amplitude, f,, = 250 kHz

APPLYING THE AD1671

GROUNDING AND DECOUPLING RULES

Proper grounding and decoupling should be a primary design
objective in any high speed, high resolution svstem. The
AD1671 separates analog and digital grounds to optimize the
management of analog and digital ground currents in a system.
The AD1671 is designed to minimize the current flowing from
REF COM (Pin 20) by directing the majority of the current
from Ve {+5 V-Pin 28) to Vgg (=5 V-Pin 1). Minimizing ana-
log ground currents hence reduces the potential for large ground
voltage drops. This can be especially true in systems that do not
utilize ground planes or wide ground runs. REF COM is also
configured to be code independent, theretore reducing input
dependent analog ground voitage drops and errors. Code depen-
dent ground current is diverted to ACOM (Pin 27. Also critical
in any high speed digital design is the use of proper digital
grounding techniques to avoid potential CMOS “ground
bounce.” Figure 3 is provided to assist in the proper lavout.
grounding and decoupling techmques.
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*GROUND PLANE RECOMMENDED

Figure 8. AD1671 Grounding and Decoupling

Table | is a list of grounding and decoupling rules that should
be reviewed before laying out a printed circuit board.

Table I. Grounding and Decoupling Guidelines

Power Supply

Decoupling Comment

Capacitor Values 0.1 uF (Ceramic) and 1 uF
(Tantalum) Surface Mount Chip

Capacitors Recommended to
Reduce Lead Inductance

Directly at Positive and Negative
Supply Pins to Common Ground
Plane

Capacitor Locations

Reference (REF OUT)

Capacitor Value 1 uF {(Tantalum) to ACOM

Grounding

Anazlog Ground Ground Plane or Wide Ground
Rerurn Connected to the Analog

Power Supply

Reference Ground Critical Common Connections

(REF COM) Should be Star Connected to REF
COM (as Shown in Figure 8)
Digital Ground Ground Plane or Wide Ground

Return Connected to the Digital
Power Supply

Connected Together Once at the
ADI1671

Analog and Digital Ground
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UNIPOLAR (0 V TO +5 V) CALIBRATION

The AD1671 is factory trimmed to minimize offset, gain and
linearity errors. In some applications the offset and gain errors
of the AD1671 need to be externally adjusted to zero. This is
accomplished by wimming the voltage at AIN2 (Pin 22). The
circuit in Figure 9 is recommended for calibrating offset and
gain errors of the AD1671 when configured in the 0 Vto +5 V
input range. If the offset trim resistor R1 is used, it should be
trimmed as follows, although a different offset can be set for a
particular system requirement. This circuit will give approxi-
mately =5 mV of offset wim range. Nominally the AD1671 is
intended to have a 1/2 LSB offset so that the exact analog input
for a given code will be in the middle of that code (halfway
between the transitions to the codes above it and below it).
Thus, the first wansition (from 0000 0000 0000 to 0000 0000
0001) will occur for an input level of +1/2 LSB (0.61 mV for

S V range).

The gain trim is done by applying a signal 1 172 LSBs below the
nominal full scale (4.998 V for a 5 V range). Trim R2 to give
the last transivion (1111 1111 1110 to 1111 1111 1111). This cir-
cuit will give approximately £0.5% FS of adjustment range.

\
0TO »8v 5k
[, SHA
+5V
OFFSET R1 5K
ADJ 10k

%

Figure 9. Unipolar {0 V to +5 V) Calibration

BIPOLAR (+5 V) CALIBRATION
The connections for the bipolar =5 V input range is shown in
Figure 10.

Bipolar calibration is similar to unipolar calibration. First, a sig-
nal 1/2 LSB above negative full scale (~4.9988 V) is applied and
Rl is trimmed to give the first transiton (0000 0000 06000 10
0000 0000 0001). Then a signal 1 1/2 LSB below positive full
scale (+4.9963 V) is applied and R2 is trimmed to give the last
transition (1111 1111 1110 to 1111 1111 111D).
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b AN
-5V TO +8V 22a pd K
o= [Fam psra
+*3V AIN2 4
orFser m L s« ' vy
ADJ m? o s
i L Y.
GAIN 500
ADJ AD1671
8PONUPO
REFIN
REF QUT

Figure 10. Bipolar (=5 V) Calibration

UNIPOLAR (0 V TO +2.5 V) CALIBRATION

The connections for the 0 V to +2.5 V input range calibration is
shown in Figure 11. Figure 11 shows an example of how the
offset error can be trimmed in front of the AD1671. The proce-
dure for trimming the offset and gain errors is the same as for
the unipolar S V range.

OFFSET AOJ

AN g

SHA

SHA OuT
AD1671
BPO/UPO

[
e
v

Figure 11. Unipolar (0 Vto +2.5 V) Calibration

BIPOLAR (=2.5 V) CALIBRATION
The connections for the bipolar =2.5 V input range is shown in
Figure 12.

=25V TQ +2.5V
GAIN
ADJ W SHA

s r—D
"v‘

SHA OUT

AD1671

8PO/UPO

REF IN

REF OUT

|u5€

Figure 12. Bipolar (=2.5 V) Calibration

OUTPUT LATCHES

Figure 13 shows the AD1671 connected to the 74HCS74 octal
D-type edge-triggered latches with 3-state outputs. The latch
can drive highly capacitive loads (i.c., bus lines, /O ports) while
maintaining the dara signal integrity. The maximum setup and
hold tmes of the 574 type latch must be less than 20 ns (tpp
and tgg minimum). To satsfy the requirements of the 574 type
latch the recommended logic families are S, AS, ALS, F or
BCT. New data from the AD1671 is latched on the rising edge
of the DAV (Pin 16) output puise. Previous data can be latched
by inverting the DAV output with a 7404 type inverter.

7aHCST4 DATA BUS
am 10 Q
8ir2 20 20
8Ir3 30 K
B8IT 4 40 L]
ars 50 sQ
arve 60 &Q
BIT7 70 0
BIT8 L] eQ
OAv CLOCK OC

74HCS574
arrs 10 1Q
aIrio 20 20
BTN 30 k)
BIT 12 40 4«
S0 5Q
80 8
0 -]
oo 2} L
CONTROL

Figure 13. AD1671 to Qutput Latches
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OUT OF RANGE
An out-of-range condition exists when the analog input volt-

Table II. Out-of-Range Truth Table

age is beyond the input range O Vio +2.5V,0 Vo +5V, OTR | MSB | Analog Input Is
=2.5V, =5 V) of the converter. OTR (Pin 15) is set low when 0 0 In Range

the analog input voltage is within the analog input range. OTR 0 1 In Range

is set HIGH and will remain HIGH when the analog input volt- 1 0 Underrange

age exceeds the input range by typically 1/2 LSB (OTR transi- 1 1 Overrange .

tion is tested to =6 LSBs of accuracy) from the center of the
=full-scale output codes. OTR will remain HIGH until the ana-
log input is within the input range and another conversion is
completed. By logical ANDing OTR with the MSB and its com-
plement, overrange high or underrange low conditions can be
detected. Table II is a truth mble for the over/under range
circuit in Figure 14. Systems requiring programmable gain con-
ditioning prior to the AD167] can immediately detect an out-of-
range condition, thus eliminating gain selection iterations.

.
—:)_ —

Figure 14. Overrange or Underrange Logic

Table III. Output Data Format

Input
Range

Coding

Analog
Input’

Digital
Output

3

OV +25V

Straight Binary

= ~-0.0003V
oV

+2.5V

= 425003V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

OVwe+5V

Straight Binary

= —0.0006 V
[1AY

+5V

2 +5.0006 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

-25Viw +25V

Offset Binary

=< ~2.5006 V
2.5V
+2.5V
= +2.4994 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

-5Vw +5V

Offset Binary

< -5.0012V
-5V
+5V
> +4.9988 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

-25Vto +25V

Twos Complement

(Using MSB)

= =-2.5006V
=25V
+25V
=z +2.4994 V

1000 0000 0000
1000 0000 0000
0111 1111 1111
0111 1111 1111

-5Vwo -5V

Twos Complement

(Using MSB)

= -5.0012V
-5V
+5V
= +4.9988 V

1000 0000 0000
1000 0000 0000
0111 1111 1111
0111 1111 1111

OO =~ OO0 ~|l—~roO0~|~oc0o—~]|~o0oO0O |~ 0O —

NOTES

'Voltages listed are with offset and gain errors adjusted 1o zero.

3Tvpical performance.
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OUTPUT DATA FORMAT .

The AD 1671 provides both MSB and MSB outpurs, delivering
data in positive wue straight binary for unipolar input ranges
and positive true offset binary or twos complement for bipolar
input ranges. Straight binary coding is used for systems that
accept positive-only signals. If straight binary coding is used
with bipolar input signals, a 0 V input would result in a binary
output of 2048. The application software would have to subwact
2048 to determine the true input voitage. Host registers typically
perform math on signed integers and assume data is in that
format. Twos complement format minimizes software overhead
which is espedially important in high speed data transfers, such
as a DMA operation. The CPU is not bogged down performing
data conversion steps, hence the total system throughput is
increased.

OPTIONAL EXTERNAL REFERENCE

The AD1671 includes an on-board +2.5 V reference. The refer-
ence input pin (REF IN) can be connected to reference output
pin (REF OUT) or a standard external +2.5 V reference can be
selected 1o meet specific system requirements. Fast switching
input dependent currents are modulated at the reference input.
The reference input voltage can be held with the use of a capaci-
tor. To prevent the AD1671’s on-board reference from oscillat-
ing when not connected to REF IN, REF OUT must be
connected to +5 V. It is possible to connect REF OUT to +5 V
due to its output circuit implementation which shuts down the
reference.

Iy oGic vs.- CONVERSION RATE
Figure 15 is the typical logic supply current vs. conversion rate
for various capacitor loads on the digital outputs.

&0

5.0

a0

mA

30

2.0 CL = 30pF V4 N
is | 1]

’ 27 = ;
1.0 = CL 2 OpF
as i1 IER P
ki 10 100K ™
CONVERSION RATE - Wz

Figure 15. l e vs. Conversion Rate for Various
Capacitive Loads on the Digital Qutputs
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APPLICATIONS

AD1671 TO ADSP-2100A
Figure 16 demonstrates the AD1671 to ADSP-2100A interface.

The 2100A with a clock frequency of 12.5 MHz can execute an
instruction in one 80 ns cycle. The AD1671 is configured to
perform continuous ime sampling. The DAV output of the
AD1671 is asserted at the end of each conversion. DAV can be
used to latch the conversion result into the two 574 octal
D-latches. The falling edge of the sampling clock is used to gen-
erate an interrupt (IRQ3) for the processor. Upon interrupt, the
ADSP-2100A starts a data memory read by providing an address
on the DMA bus. The decoded address generates OE for the
latches and the processor reads their output over the DMA bus.
The conversion result is read within a single processor cycle.

DMAD o oav
DMAO:13 | ADORESS BUS 574
007
7 18 AD1671
ADSP- oo:7 —
2100A _l
16 o 4 m IR
OMAC:1S DATA BUS S74 | 4
[] 00:3 K —
OMACK [——+sV [ ooz |,
DO:7 -7%
_— SAMPUNG | _
IAG3 croex | ENCODE

Figure 16. AD1671 to ADSP-2100A Interface

AD1671 TO ADSP-2101/2102

Figure 17 is identical to the 2100A interface except the sampling
clock is used to generate an interrupt (IRQ2) for the processor.
Upon interrupt the ADSP-2100A starts a data memory read by
providing an address on the address (A) bus. The decode
address generates OE for the D-latches and the processor reads
their output over the Data (D) bus. Reading the conversion
result is thus completed within a single processor cycle.

RO o DAV
AQ:13 | ADORESS BUS 8 574
/ Qo:7 AD1671
. 118z
ADSP-2101 o
" 4 0E <H 7 Bminz
02:15 DATA BUS 574 |,
,8 00:3 — ,I
Qo:?
po:7 -{é
—_ SAMPUNG -
RQGZ [~ cLOCK ENCODE

Figure 17. AD1671 to ADSP-2101/ADSP-2102 Interface
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm,).
28-Lead PLCC (P-28A) Package
oo 8 v e B O B o B |
4 o » /_ T
[] s PIN 1 =]
IDENTIFIER
q [ 0.050 (1.27)
. 1 N 8¢ h.430 {10.92)
O TOP ] 0390 (9.91)
VIEW _t 002103
O ] =T 0.013(0.39)
B
. —t 0032001
E n » D “—— 0026 (0.68)
12 18 '
JJ O A (NG (N U [ N AV [ B A
456 (11 ! 0.120 (2.04)
t‘c’uso(n 43) - [ 0os0(229)
0.495 (12.57) o 01800450 |
r 0.485 (12.32) ! 0.165 (420) |
28-Pin Cerdip (Q-28) Package
l‘_ 1.490 (37.84) MAX
0.620 {15.74)
GLASS SEALANT —, 3550 (1488 >
oz I X r- ﬁ'ﬁ.sn
859 L v MAX
MAX ——r

0.008 (0.203)

—]' L 0125 @173) ' 0.012 (0.305)
Ralng hailand 4 -/ L_E‘
o

0.02 (0.5 .11 (2.79) 0.08 (1.52)
0.016 (0.406)  0.099 (2.28) 0.05 (127N
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ANALOG
DEVICES

12-Bit Ultrahigh Speed
Monolithic D/A Converter

AD568

FEATURES

Ultrahigh Speed: Current Settling to 1LSB in 35ns

High Stability Buried Zener Reference on Chip

Monotonicity Guaranteed Over Temperature

10.24mA Full-Scale Output Suitable for Video
Applications mes

Integral and Differential Linearity Guaranteed Over
Temperature

0.3" “Skinny DIP"* Packaging

Variable Threshold Allows TTL and CMOS
Interface

MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD568 is an uitrahigh-speed, 12-bit digital-to-analog con-
verter (DAC) setding to 0.025% in 35ns. The monolithic device
is fabricated using Analog Devices’ Complementary Bipolar
(CB) Process. This is a proprietary process featuring high-speed
NPN and PNP devices on the same chip without the use of
dielectric isolation or multichip hybrid techniques. The high
speed of the AD568 is maintained by keeping impedance levels
low enough to minimize the effects of parasic circuit
Capacitances.

The DAC consists of 16 current sources configured to deliver a
10.24mA full-scale current. Multiple matched current sources
and thin-film ladder techniques are combined to produce bit
weighting. The DAC’s output is a 10.24mA full scale (FS) for
current output applications or a 1.024V FS unbuffered voltage
output. Additionally, a 10.24V FS buffered output may be
generated using an onboard 1k(} span resistor with an external
op amp. Bipolar ranges are accomplished by pin strapping.
Laser wafer rimming insures full 12-bit linearity. All grades of
the AD568 are guarantced monotonic over their full operating
temperature range. Furthermore, the output resistance of the

DAC is urimmed to 1009 + 1.0%. The gain temperature cocfficient

of the voltage output is 30ppm/°C max (K).
The ADS568 is available in three performance grades. The

AD3568]Q and KQ are available in 24-pin cerdip (0.3") packages
and are specified for operation from 0 to +70°C. The AD568SQ

features operation from —55°C to +125°C and is also packaged
in the hermetic 0.3" cerdip.

FUNCTIONAL BLOCK DIAGRAM

PRODUCT HIGHLIGHTS

1. The uitrafast settling time of the AD568 allows leading edge
performance in waveform generation, graphics display and
high-speed A/D conversion applications.

2. Pin strapping provides a variety of voitage and current output
ranges for application versatility. Tight control of the absolute
output current reduces trim requirements in externally-scaled
applications.

3. Matched on~chip resistors can be used for precision scaling
in high-speed A/D conversion circuits.

4. The digital inputs are compatible with TTL and +5V CMOS
logic families.

S. Skinny DIP (0.3") packaging minimizes board space require-
ments and eases layout considerations.

6. The AD568 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook
or current AD568/883B data sheet for detailed specifications.
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ADSBB — SPECIFICATIONS (@ = +25°C, Vi, Ve = =15V unless otherwise noted.)

Model ADS568) ADS6SK ADS6SS -
Min Typ Max Min Typ Max Min Typ Max Units
RESOLUTION 12 12 12 Bits
ACCURACY!
Lineanity -12 +12 -1/4 + 4 -12 +12 LSB
Tuoun 10 T -34 +3/4 -12 +12 -3/4 +3M LSB
Differential Nonlinearity -1 +1 -1 +12 -1 +1 LSB
T 10 Tomaa -1 +1 -1 +1 -1 -1 LSB
Monotonicity GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE
Unipolar Offset -0.2 +02 - . .. . % of FSR
Bipolar Offset -1.0 +1.8 . . . . %of FSR
Bipolar Zero -0.2 +0.2 . . . . %of FSR
Gain Error -1.0 +1.0 * . . * % ofFSR
TEMPERATURE COEFFICIENTS?
Unipolar Offset -5 +5 -3 ' s - +$ ppmof FSRAC
Bipolar Offset -30 +30 -20 +20 -30 +30 ppmofl FSRAC
Bipolar Zero -15 +15 - . . . ppmof FSRAC
Gain Drift -5 +50 -30 +30 -5 +50 ppmof FSRAC
Gain Drift (lout) -150 +150 hd . . . ppmof FSR”C
DATAINPLTS
Logic Levels (T oun t0 Tos)
Vin 2.0 7.0 - . . . v
Vi 0.0 0.8 . . . . v
Logic Currents (Toua t0 Ta,.)
Im -10 0 +10 . . . . . . vy
fu. -0.5 -5 100 - e . . -100  -200 A
Vru Pin Voluge 1.4 . . v
CODING BINARY,OFFSET BINARY
CURRENTOUTPUT RANGES 01010.24, =5.12 mA
VOLTAGE OUTPUT RANGES 0101.024, =0.512 v
COMPLIANCE VOLTAGE -2 +1.2 - . . . v
OUTPUT RESISTANCE
Exclusive of R, 160 200 20 . . )
Inclusive of Ry, % 100 101 . . 0
SETTLING TIME
Currentio
20.025% 35 . . n3100.025% of FSR
=0.1% 23 . . n3100.1% of FSR
Voltage
50¢t Load®,0.512V p-p,
100.025% 37 . . n3100.025% of FSR
100.1% 25 . . nsto0.1% of FSR
101% 18 . . nsto 1%of FSR.
7541 Load’, 0.768V p-p,
100.025% 40 4 . n3100.025% of FSR
100.1% 25 . . ns100.1%of FSR
0 1% 20 . . nsto 1% of FSR
10082 (Imernal R; )%, 1.024V p-p,
©00.025% 50 . - ns100.025% of FSR
©00.1% 38 . . asto0.1%of FSR
101% 24 . . nsto 1% of FSR
Glitch impulse* 350 . . pV-sec
Peak Amplitude 13 * . %of FSR
FULL-SCALE TRANSITION?®
10% 10 90% Rise Time n . . ns
90°% 10 10% Fall Time n . . ns
POWERREQUIREMENTS
+13.5Vi0 + 16,5V 27 32 - - . * mA .
~13.5Vio - 16,5V -7 -8 . * . . mA
Power Dissipation 528 625 . . . - mW
PSRR 0.05 . * % of FSR/V
TEMPERATURE RANGE
Rated Specification’ ° 7 ° 7 -55 +125 c
Storage -65 +150 b . » . *c
NOTES
*Same a3 ADS68]. “At the major carry, driven by HCMOS logic. See text for further explanation.
'Measured in Loyt mode. SMeasired in Vot mode.
IMeasured tn Vi -y mode, unless otherwise specified . See text for further i 0 Specifications shown in boldface are tested on all production units at final electrical test.
*Tora) Reustance. Refer 10 Figure 3. Specifications subiect to change without notice.
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] . O D-D-O-O-O-O-O-O " PIN CONFIGURATION
" o 1 -
ot L S8iI8:8l BBl 8i8i 8181 8) } é; i BTimseif1]| o » 1SV (Veg)
&+ avafz] [23] nereaence common (rercom
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o | | cthnnton wa]| T arafs] [17] LaooEn common ncom
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LU XD THRESHOLD COMMON (THCOM}
Figure 1. Functional Block Diagram o 12usm [52] {737 THAESHOLD CONTROL (Ve
ABSOLUTE MAXIMUM RATINGS*
Power Dissipation . . . ... ... .......... 1000mW
VectoREFCOM . . . . . ... ......... 0Vt +18V SlorageTcmperalurc nge
VEE toREFCOM . .. ... ........... 0V -18V Q (Ccrdlp) Packagc ........... -65°C 10 +150°C
REFCOMw©LCOM ........... +100mV o0 - 10V Junction Temperature . . . . . . ..o\ .. 175°C
ACOMWOLCOM . ... .. ... ... ...... +100mV Thermal Resistance
THCOMw0LCOM . ... .. ... ......... +500mV B e 75°C/W
SPANstwoLCOM .. .................. +12V Y 25°C/W
IspooLCOM . . ... ..o =5V oo
lourtoLCOM . ... ... ... ......... -5V to Vi *Stresses above those listed under “Absolute Maximum Ratings” may
Digital Inputs to THCOM . . . .. ... ~500mV to +7.0V cause pennanem‘damage to th_e device. This is a stress rat'u‘xg only and
Voltage Across Span Resistor . . . . .« v o o o oo .. 12V l‘uncm?nal' operation of the dev{lce at the§c or any qther cqndu{ons 'above
0itage ACross op: those indicated in the operational sections of this specification is not
ViutoTHCOM ... ........... =0.7Vio +1.4V implied. Exposure to absolute maximum rating conditions for extended
Logic Threshold Control Input Current . . . . . ... .. SmA periods may affect device reliability.
ORDERING GUIDE
Linearity | Voltage
Package Temperature | Error Max. | Gain T.C.
Model! Option® Range °C @25°C Max ppm/°C
ADS68]Q | 24-Lead Cerdip(Q-24)| Oto +70 =172 +50
ADS568KQ| 24-Lead Cerdip(Q-24)| 0to +70 +1/4 +30
ADS68SQ | 24-Lead Cerdip(Q-24)] —5510+125 | =172 +50
NOTES
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer
to the Analog Devices Military Products Databook or current AD568/883B data sheet.
2Q = Cerdip. Foroutline information see Package Information section.
Definitions

LINEARITY ERROR (also called INTEGRAL NON-
LINEARITY OR INL): Analog Devices defines linearity
error as the maximum deviation of the actual analog output
from the ideal output (a straight line drawn from 0 to FS)
for any bit combination expressed in multiples of 1LSB. The
ADS68 is laser trimmed to 1/4LSB (0.006% of FS) maximum
linearity error at +25°C for the K version and 1/2LSB for
the J and S versions.

DIFFERENTIAL LINEARITY ERROR (also called
DIFFERENTIAL NONLINEARITY or DNL): DNL is
the measure of the variation in analog value, normalized to
full scale, associated with a 1LSB change in digital input
code. Monotonic behavior requires that the differential linearity
error not exceed 1L.SB in the negative direction.

MONOTONICITY: A DAC is said to be monotonic if the
output either increases or remains constant as the digital
input increases.

UNIPOLAR OFFSET ERROR: The deviation of the analog
output from the ideal (OV or OmA) when the inputs are set
to all Os is called unipolar offset error.

BIPOLAR OFFSET ERROR: The deviation of the analog
output from the ideal (negative half-scale) when the inputs
are set to all Os is called bipolar offset error.

BIPOLAR ZERO ERROR: The deviation of the analog
output from the ideal half-scale output of 0V (or OmA) for
bipolar mode when oniy the MSB is on (100.....00) is called
bipolar zero error.

GAIN ERROR: The difference between the ideal and actual
output span of FS — 1LSB, expressed in % of FS, or LSB,
when all bits are on.

GLITCH IMPULSE: Asymmetrical switching times in a
DAC give rise to undesired output transients which are quan-
tfied by their glitch impulse. It is specified as the net area of
the glitch in nV-sec or pA-sec.
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Figure 2. AD568 Glitch Impulse

COMPLIANCE VOLTAGE: The range of allowable voltage
at the output of a current-output DAC which will not degrade
the accuracy of the output current.

SETTLING TIME: The time required for the output to
reach and remain within a specified error band about its final
value, measured from the digital input transition.

Connecting the AD568

UNBUFFERED VOLTAGE OUTPUT

Unipolar Configuration

Figure 3 shows the AD568 configured to provide a unipolar 0 to
+ 1.024V output range. In this mode, the bipolar offset terminal,
Pin 21, should be grounded if not used for offset trimming.

The nominal output impedance of the AD568 with Pin 19 grounded
has been trimmed to 1002, = 1%. Other output impedances can
be gencrated with an external resistor, Rgxr, between Pins 19
and 20. An Rext equalling 3000 will yield a total output resistance
of 754, while an Rext of 1002 will provide 502 of output
resistance. Note that since the full-scale output current of the
DAC remains 10.24mA, changing the load impedance changes
the unbuffered output voltage accordingly. Settling time and
full-scale range characteristics for these load impedances are
provided in the specifications table.

15V )
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Figure 3. Unipolar Output Unbuffered 0 to + 1.024V

Bipolar Configuration
Figure 4 shows the connection scheme used to provide a bipolar

output voltage range of 1.024V. The bipolar offset (—0.512V)
occurs when all bits are OFF (00 . . . 00), bipolar zero (0V)

-V
02uF
73

LAY

-8V

0.0uF
1L
t

ANALOG
ouTPUT

ANALOG
SUPPLY
GROUND

\ ANALOG

GNDPLANE

GAOUND

+8v

Figure 4. Bipolar Output Unbuffered =+ 0.512V

occurs when the MSB is ON with all other bits QFF (10 . . .
00), and full-scale minus 1LSB (0.51175V) is generated when all
bits are ON (11 . . . 11). Figure 5 shows an optional bipolar
mode with a 2.048V range. The scale factor in this mode will
not be as accurate as the configuration shown in Figure 4, because
the laser-trimmed resistor Ry is not used.

Figure 4 also demonstrates how the internal span resistor may
be used to bias the Vry pin (Pin 13) from a 5V supply. This
eliminates the requirement for an external Ry in applications
that do not require the precision span resistor,

+ 8y -18v

02F
I
1€
0.1uF
13
W
ANALOG
OUTPUT
DIGITAL J
woUTS
ANALOG
NN ?7 suphLY
ANALOG GROUND
GNDPLANE
DIGITAL
SNOPLANE o at
SUPRLY
GROUND

Figure 5. Bipolar Output Unbuffered =1.024V

Optional Gain and Zero Adjustment

The gain and offset are laser trimmed to minimize their effects
on circuit performance. However, in some applications, it may
be desirable to externally reduce these errors further. In those
cases, the following procedures are suggested.

UNIPOLAR MODE: (Refer 1o Figure §)

Step 1 = Set all bits (BIT 1-BIT 12) to Logic “0” (OFF) - note
the output voltage. This is the offset error.

Step 2 - Set all bits to Logic “1” (ON). Adjust the gain trim
resistor so that the output voltage is equal to the desired full
scale minus 1LSB plus the offset error measured in step 1.
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Step 3 — Reset all bits to Logic 0" (OFF). Adijust the offset
trim resistor for OV output.

-
r Ty
8 ]
[=]
[a]
AD568 =
[ ]
four Gam s.1an
DIGITAL J L3 ) SuTPut
INPUTS 01} ‘—1 1004 0TO + 1 024V}
—=2 OFFSET

FRRARFARRFARARRR
§

BIVI2
Lss 3

Figure 6. Unbuffered Unipolar Gain and Zero Adjust

BIPOLAR MODE (Refer to Figure 7)

Step 1 - Set bits to offset binary “zero” (10 . . . 00). Adjust the
zero resistor to produce OV at the DAC output. This removes
the bipolar zero error.

Step 2 - Set all bits to Logic “1” (ON). Adjust gain trim resistor
so the output voltage is equal to the desired full-scale minus
1LSB.

Step 3 — (Optional) If precise trimming of the bipolar offset is
preferred to trimming of bipolar zero: set all bits to Logic “0”
(OFF). Trim the zero resistor to produce the desired negative
full scale at the DAC output.

Note: this may slightly compromise the bipolar zero trim.

4
ANNg
SIMNS o ANALOG

o ki) ourPuT
1~-9512V TO +0312V1
nog

OIGITAL
INPUTS

Va

Figure 7. Bipolar Unbuffered Gain and Zero Adjust

BUFFERED VOLTAGE OUTPUT

For full-scale outputs of greater than 1V, some type of external
buffer amplifier is required. The AD840 fills this requirement
perfectly, settling to 0.025% from a 10V full-scale step in less
than 100ns.

A 1kQ) span resistor has been provided on chip for use as a
feedback resistor in buffered applications. Using Rgpan (Pins
15, 16) introduces a 100mW code-dependent power source onto
the chip which may generate a slight degradation in linearity.
Maximum linearity performance can be realized by using an
external span resistor.

Unipolar Inverting Configuration

Figure 8 shows the connections for producing a — 10.24V full-scale
swing. This configuration uses the ADS568 in the current output
mode into 2 summing junction at the inverting input terminal of
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the external op amp. With the load resistor Ry grounded, the
DAC has an output impedance of 10002. This produces a noise
gain of 11 from the noninverting terminal of the op amp, and
hence, satisfies the stability criterion of the AD840 (stable at a
gain of 10). The addition of 2 SpF compensation capacitor across
the 1k{2 feedback resistor produces optimal settling. Lower
noise gain can be achieved by connecting Ry to gy, increasing
the DAC output impedance to approximately 200}, and reducing
the noise gain to 6 (illustrated in Figure 9). While the output in
this configuration will feature improved noise performance, it is
somewhat less stable and may suffer from ringing. The compen-
sation capacitance should be increased to 7pF to maintain stability

at this reduced gain, w8y T
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Figure 8. Unipolar Output Buffered 0 to —10.24V

Bipolar Inverting Configuration

Figure 9 illustrates the implementation of a +5.12V to —5.12V
bipolar range, achieved by connecting the bipolar offset current,
Ispo, to the summing junction of the external amplifier. Note
that since the amplifier is providing an inversion, the full-scale
output voltage is — 5.12V, while the bipolar offset voltage (all
bits OFF) is +5.12V at the amplifier output.

+13V -5V

ANALOG
ouTruT
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¢ suppLY
GROUNO

DIGITAL
NPUTS §

R 70
DIGITAL
GND PLANE DIGITAL
1009F SUPPLY
— GROUND
R
1

AMPUFIER NOISEGAIN: §

+8V

Figure 9. Bipolar Output Buffered =5.12V
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Noninverting Configuration
If a positive full-scale output voliage is required, it can be im-
plemented using the AD568 in the unbuffered voltage output
mode followed by the AD840 in a noninverting configuration
(Figure 10). The noise gain of this topelogy is 10, requiring
only SpF across the feedback resistor to optimize sertling.
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Figure 10. Unipolar Output Buffered 0 to + 10.24V

Guidelines for Using the AD568

The designer who secks to combine high speed with high precision
faces a challenging design environment. Where tens of milliam-
peres are involved, fractions of an ohm of misplaced impedance
can generate several LSBs of error. Increasing bandwidths make
formerly negligible parasitic capacitances and inductances signif-
icant. As system performance reaches and exceeds that of the
measurement equipment, time-honored test methods may no
longer be trustworthy. The DAC’s placement on the boundary
berween the analog and digital domains introduces additional
concerns. Proper RF techniques must be used in board design,
device selection, supply bypassing, grounding, and measurement
if optimal performance is to be realized. The AD568 has been
configured to be relatively easy to use, even in some of the more
treacherous applications. The device characteristics shown in
this datasheet are readily achievable if proper attention is paid
to the details. Since a solid understanding of the circuit involved
is one of the designer’s best weapons against the difficulties of
RF design, the following sections provide illustrations, explana-
tions, examples, and suggestions to facilitate successful design
with the AD568.

Current Output vs. Voltage Output

As indicated in Figures 3 through 10, the AD568 has been
designed to operate in several different modes depending on the
external circuit configuration, While these modes may be
categorized by many different schemes, one of the most important
distinctions to be made is whether the DAC is to be used to
generate an output voltage or an output current. In the current
output mode, the DAC output (Pin 20) is tied to some type of
summing junction, and the current flowing from the DAC into
this summing junction is sensed (e.g., Figures 8 and 9). In this
mode, the DAC output scale is insensitive to whether the load
resistor, Ry, is shorted (Pin 19 connected to Pin 20), or grounded
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(Pin 19 connected to Pin 18). However, this does affect the
output impedance of the DAC current and may have a significant
impact on the noise gain of the external circuitry. In the volage
output mode, the DAC'’s output current flows through its own
internal impedance (perhaps in paraliel with an external imped-
ance) 1o generate a voltage, as in Figures 3, 4, 5, and 10. In this
case, the DAC output scale is directly dependent on the load
impedance. The temperature coefficient of the ADS568’s internal
reference is trimmed in such a way that the drift of the DAC
output in the voltage output mode is centered on zero. The
current output of the DAC will have an additional drift factor
corresponditig to the absolute temperature coefficient of the
internal thin-film resistors. This additional drift may be removed
by judicious placement of the 1k} span resistor in the signal
path. For example, in Figures 8 and 9, the current flowing from
the DAC into the summing junction could suffer from as much
as 150ppm/°C of thermal drift. However, since this current
flows through the internal span resistor (Pins 15 and 16) which
has a temperature coefficient that matches the DAC ladder
resistors, this drift factor is compensated and the buffered voltage
at the amplifier output will be within specified limits for the
voltage output mode.

Output Voltage Compliance

The ADS68 has a typical output compliance range of +1.2V to0
—2.0V (with respect 1o the LCOM Pin). The current-steering
output stages will be unaffected by changes in the output terminal
voltage over that range. However, as shown in Figure 11, there
is an equivalent output impedance of 200S] in parallel with

1SpF at the output terminal which produces an equivalent error
current if the voltage deviates from the ladder common. This is
a linear effect which does not change with input code. Operation
beyond the maximum compliance limits may cause either output
stage saturation or breakdown resulting in nonlinear performance.
The positive compliance limit is not affected by the positive
power supply, but is a function of output current and the logic
threshold voltage at Vg, Pin 13.

tovt = 10.24mA x HCTALIN o = 10.24mA x (‘ _mcmuu)

‘ l 10.24mA ‘
COMPUANCETO COMPLIANCE TO
s \ LOGIC LOW VALUE
_ Roacom L.
s “"T B onl i' T 1s0F
LADDER ANALDG
Row  lour COMMON COMMON

Figure 11. Equivalent Output

Digital Input Considerations
The AD568 uses a standard positive true straight binary code
for unipolar outpurs (all 1s full-scale output), and an offset
binary code for bipolar output ranges. In the bipolar mode,
with all 0s on the inputs, the output will go 10 negative full
scale; with 111 . . . I1, the output will go to positive full scale
less 1LSB; and with 100 . . 00 (only the MSB on), the output
will go to zero.
The threshold of the digital inputs is set at 1.4V and does not
vary with supply volzage. This is provided by a bandgap reference
generator, which requires approximately 3mA of bias
current achieved by tying Ryy to any + V. supply where
+V, -4V
Reu = \"3m& )
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The input lines operate with small input currents to easily achieve
interface with unbuffered CMOS logic. The digital input signals
to the DAC should be isolated from the analog output as much
as possible. To minimize undershoot, ringing, and possible
digital feedthrough noise, the interconnect distances to the DAC
inputs should be kept as short as possible. Termination resistors
may improve performance if the digital lines become too long.
The digital input should be free from large glitches and ringing
and have maximum 10% to 90% rise and fall times of Sns. Figure
12 shows the equivalent digital input circuit of the AD568.

RAn
> (EXTERNAL}
Vrnetsow
——0
1ev
’{f BANDGAP
DIODE

T0 TO TO LADDER THRESHOLD
THRESHOLD ANALOG lour COMMON COMMON
COMMON COMMON

BIT 1 DAIVES 4 OF THESE CELLS IN PARALLEL
BIT 2 DRIVES 2 CELLS.
BITS 3-12 ORIVE SINGLE CELLS.

Figure 12. Equivalent Digital Input

Due to the high-speed nature of the AD568, it is recommended
that high-speed logic families such as Schottky TTL, high-speed
CMOS, or the new lines of FAST* TTL be used exclusively.
Table I shows how DAC performance can vary depending on
the driving logic used. As this table indicates, STTL, HCMOS,
and FAST represent the most viable families for driving the
ADS568.

DAC PERFORMANCE VS. DRIVE LOGIC!

DAC

Logic 10-90% SETTLING TIME?® { Glitch* | Maximum
Family DAC 1% 0.1%  0.025% | Lmpulse | Glitch

Rise Time? Excursion
TTL llns 18as  34ns  SOns  |2.5aV-s | 240mV
LSTTL 11ns 28ns 46ns 80ns 950pV-s | 160mV
STTL 9.5ns 16ns 33ns 50ns 850pV-s | 150mV
HCMOS | 1ins 24ns 38ns S0ns | 350pVes | 115SmV
FAST* 12ns léns  36ns  42ns  ]1.00V-s | 250mV

:All valuea typical, taken in test fixture diagrammed in Figure 13.

,Manumm:nu are made for a 1V full-scale step into 1001 DAC Yoad resistance.
'Sertling time is measured from the time the digital input crosses the threshold volage
(1.4V) 10 when the output is within the specified range of irs final value.

“The worse case glitch impulse, messured on the major carry. DAC full scale is 1V.

Table 1.

The variations in settling times can be attributed to differences
in the rise time and current driving capabilities of the various
families. Differences in the glitch impulse are préedominantly
dependent upon the variation in data skew. Variations in these
Specs occur not only between logic families, but also between
different gates and latches within the same family. When selecting
a gate to drive the AD568 logic input, pay particular attention
to the propagation delay time specs: tpy_g and tpyy. Selecting
the smallest delays possible will help to minimize the settling
ume, while selection of gates where tpy s and tpyy, are closely
marched 1o one another will minimize the glitch impulse resulting
froq data skew. Of the common latches, the 74374 octal flip-flop
Pl‘O\{ldcs the best performance in this area for many of the logic
families mentioned above.
*FAST is a registered trademark of Fai
Corporation.
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Figure 13. Test Setup for Glitch Impulse and Settling
Time Measurements

Settling Time Considerations

As can be seen from Table I and the specifications page, the
settling time of the AD568 is application dependent. The fastest
settling is achieved in the current-output mode, since the voltage-
output mode requires the output capacitance to be charged to
the appropriate voltage. The DAC's relatively large output current
helps to minimize this effect, but settling-time sensitive applica-
tions should avoid any unnecessary parasitic capacitance at the
output node of voltage output configurations. Direct measurement
of the fine scale DAC settling time, even in the voliage ourput
mode, is extremely tricky: analog scope front ends are generally
incapable of recovering from overdrive quickly enough to give
an accurate settling representation. The plot shown in Figure 14
was obtained using Data Precision’s 640 16-bit sampling head,
which features the quick overdrive recovery characteristic of
sampling approaches combined with high accuracy and relatively
small thermal tail,

t.028

DAC OUTPUT-VOLTS
4

L

Figure 14. Zero to Full-Scale Settling
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Glitch Considerations

In many high-speed DAC applications, glitch performance is a
critical specification. In a conventional DAC architecture such
as the AD568 there are two basic glitch mechanisms: data skew
and digital feedthrough. A thorough understanding of these
sources can help the user to minimize glitch in any application.

DIGITAL FEEDTHROUGH - As with any converter product,
a high-speed digital-to-analog converter is forced to exist on the
frontier between the noisy environment of high-speed digital
logic and the sensitive analog domain. The problems of this
interfacing are particularly acute when demands of high speed
(greater than 10MHz switching times) and high precision (12
bits or more) are combined. No amount of design effort can
perfectly isolate the analog portions of a DAC from the spectral
components of a digital input signal with a 2ns risetime. Inevitably,
once this digital signal is brought onto the chip, some of its
higher frequency components will find their way to the sensitive
analog nodes, producing a digital feedthrough glitch. To minimize
the exposure to this effect, the AD568 has intentionally omitted
the on-board latches that have been included in many slower
DACs. This not only reduces the overall level of digital activity
on chip, it also avoids bringing a laich clock pulse on board,
whose opposite edge inevitably produces a substantial glitch,
even when the DAC is not supposed to be changing codes.
Another path for digital noise to find its way onto a2 converter
chip is through the reference input pin. The completely internal
reference featured in the AD568 eliminates this noise input,
providing a greater degree of signal integrity in the analog portions
of the chip.

DATA SKEW - The AD568, like many of its slower predecessors,
essentially uses cach digital input line to switch a separate,
weighted current to either the output (IquT) or some other node
(ANALOG COM). If the input bits are not changed simultane-
ously, or if the different DAC bits switch at different speeds,
then the DAC output current will momentarily take on some
incorrect value. This effect is particularly troublesome at the
“carry points”, where the DAC output is to change by only one
LSB, but several of the larger current sources must be switched
to realize this change. Data skew can allow the DAC output to
move a substantial amount towards full scale or zero (depending
upon the direction of the skew) when only a small transition is
desired. Great care was taken in the design and layout of the
ADS568 to ensure that switching tmes of the DAC switches are
symmetrical and that the length of the input data lines are short
and well matched. The glitch-sensitive user should be equally
diligent about minimizing the data skew at the AD568’s inputs,
particularly for the 4 or 5 most significant bits. This can be
achieved by using the proper logic family and gate to drive the
DAC, and keeping the interconnect lines between the logic
outputs and the DAC inputs as short and as well matched as
possible, particularly for the most significant bits. The top 6
bits should be driven from the same latch chip if latches are
used.

Glitch Reduction Schemes

BIT-DESKEWING - Even carefully laid-out boards using the
proper driving logic may suffer from some degree of data-skew
induced glitch. One common approach to reducing this effect is
to add some appropriate capacitance (usually several pF) to each
of the 2 or 3 most significant bits. The exact value of each capacitor
for a given application should be determined experimentally, as
it will be dependent on circuit board layout and the type of
driving logic used. Table II presents a few examples of how the
glitch impulse may be reduced through passive deskewing.
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BIT DELAY GLITCH REDUCTION EXAMPLES’

Logic U p Comp ion Comp
Family Gate | sated Glitch | Used sated Glitch
HCMOS | 74157 | 350pV-s C2=5pF 250pV-s
STTL 74158 | 850pV-s R1=500Q,C1="7pF | 600pV-s

NOTE

'Measurements were made using a modified version of the fixture shown in
Figure 13, with resistors and capacitors placed as shown 1n Figure 15.
Resistance and capacitance values were set 10 zero except as noted.

Table I1.

As Figure 15 indicates, in some cases it may prove useful to
place a few hundred ohms of series resistance in the input line
to enhance the delay effect. This approach also helps to reduce
some of the digital feedthrough glitch, as the higher frequency
spectral components are being filtered out of the most significant
bits’ digital inputs.

R-cBrr

1 | er1imsE)

Figure 15. R—C Bit Deskewing Scheme

THRESHOLD SHIFT - It is also possible to reduce the data
skew by shifting the level of logic voltage threshold, Vry (Pin
13). This can be readily accomplished by inserting some resistance
between the THRESHOLD COM pin (Pin 14) and ground, as
in Figure 16. To generate threshold voltages below 1.4V, Pin 13
may be directly driven with a voltage source, leaving Pin 14 ted
to the ground plane. As Note 2 in Table III indicates, lowering
the threshold voliage may reduce output voltage compliance
below the specified limits, which may be of concern in an un-
buffered voltage output topology.

SELECTINGRA ANDRSB:
RA + RB=5V/3.6mA
THRESHOLD VOLTAGE = Vy), = 1.4V + (3.6mA X Rg)

AD568
L] €Y. 1000pF CHIP CAPACITOR
THCOM |1e
3]
ANALDG
Ve 113 GROUND
PLANE
RA

5V

Figure 16. Positive Threshold Voltage Shift

Table III shows the glitch reduction achieved by shifting the
threshold voltage for HCMOS, STTL, and FAST logic.



THRESHOLD SHIFT FOR GLITCH IMPROVEMENT!

Logic Uncompen- | Modified Resulting
Family Gate sated Gliteh. | Threshold? | Gliteh
HCMOS | 74HC158 | 350pV-s 1.7V 150pV-s
STTL 745158 850pV-s 1.0V 200pV-s
FAST 74F158 1000pV-s 1.3V 480pV-s
NOTES )

'Measurements made on 2 modified version of the circuit shown in
Figure 13, with a 1V full scale.

Use care in any scheme that lowers the threshold voltage since the
ourput voltage compliance of the DAC is sensitive to this voltage.

If the DAC is to be operated in the voltage output mode, it is strongly
suggested that the threshold voltage be set at least ZOOmV above

the output voltage full scale.

Table Il

Deglitching

Some applications may prove so sensitive to glitch impulse that
reduction of glitch impulse by an order of magnitude or more is
required. In order to realize glitch impulses this low, some sort
of sample-and-hold amplifier (SHA)-based deglitching scheme
must be used.

There are high-speed SHAs available with specifications sufficient
to deglitch the ADS68, however most are hybrid in design at
costs which can be prohibitive. A high performance, low cost
alternartive shown in Figure 17 is a discrete SHA utilizing a
high-speed monolithic op amp and high-speed DMOS FET
switches.

This SHA circuit uses the inverting integrator architecture, The
ADS841 operational amplifier used (300MHz gain bandwidth
product) is fabricated on the same high-speed process as the
ADS568. The time constant formed by the 2000 resistor and the
100pF capacitor determines the acquisition time and also band
limits the output signal to eliminate slew induced distortion.

A discrete drive circuit is used to achieve the best performance
from the SDS000 quad DMOS switch. This switch driving cell
is composed of MPS571 RF npn transistors and an MC10124
TTL to ECL translator. Using this technique provides both
high speed and highly symmetrical drive signals for the SD5000
switches. The switches are arranged in a single-throw double-pole
(SPDT) configuration. The 360pF “flyback” capacitor is switched
to the op amp summing junction during the hold mode to keep
§witching transients from feeding to the output. This capacitor
1s grounded during sample mode to minimize its effect on ac-
quisition time.

Circuit layout for a high speed SHA is almost as critical as the
design itself. Figure 17 shows a recommended layout of the
deglitching cell for a double sided printed circuit board. The
layout is very compact with care taken that all critical signal
paths are short.
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Figure 17, High Performance Deglitcher

Grounding Rules

The AD568 brings out separate reference, output, and digital
power grounds. This allows for optimum management of signal
ground currents for low noise and high-speed settling performance.
The separate ground returns are provided to minimize changes
in current flow in the analog signal paths. In this way. logic
return currents are not summed into the same return path with
the analog signals.

It is important 1o understand which supply and signal currents
are flowing in which grounds so that they may be returned to
the proper power supply in the best possible way.

The majority of the current that flows into the V- supply
(Pin 24) flows out (depending on the DAC input code) either
the ANALOG COMMON (Pin 18), the LADDER COMMOM
(Pin 17), and/or loyr (Pin 20).

The current in the LADDER COMMON is configured to be
code independent when the output current is being summed
into a virtual ground, If Ioy is operated into its own output
impedance (or in any unbuffered voltage output mode) the
current in LADDER COMMON will become partially code
dependent.

The current in the ANALOG COMMON (Pin 18) is an approx-
imate complement of the current in Ioy, i.c., zero when the
DAC is at full scale and approximately 10mA at zero input
code.

A relatively constant current (not code dependent) flows out the
REFERENCE COMMON (Pin 23).

The current flowing out of the Vgg supply (Pin 22) comes from
a combination of reference ground and BIPOLAR OFFSET
(Pin 21). The plus and minus 15V supphcs are decoupled to the
REFERENCE COMMON.

The ground side of the load resistor Ry, ANALOG COMMON
and LADDER COMMON should be tied together as close to
the package pins as possible. The analog output voltage is then
referred to this node and thus it becomes the “high quality”
ground for the AD568. The REFERENCE COMMON (and
Bipolar offset when not used), should also be connected to this
node.
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All of the current that flows into the Vq; terminal (Pin 13)
from the resistor tied to the SV logic supply (or other convenient
positive supply) flows out the THRESHOLD COMMON (Pin
14). This ground pin should be returned directly to the digital
ground plane on its own individual line.

The + 5V logic supply should be decoupled to the TRRESHOLD
COMMON.

Because the Vg4 pin is connected direcdy to the DAC switches
it should be decoupled to the analog output signal common.

In order to preserve proper operation of the DAC switches, the
digital and analog grounds need to eventually be tied together.
This connection between the ground planes should be made
within 1/2” of the DAC.

The Use of Ground and Power Planes

If used properly, ground planes can perform a myriad of functions
on high-speed circuit boards: bypassing, shielding, current
transport, ctc. In mixed signal design, the analog and digital
portions of the board should be distinct from one another, with
the analog ground plane covering analog signal traces and the
digital ground plane confined to areas covering digital interconnect.

The two ground planes should be connected at or near the
DAC. Care should be taken to insure that the ground plane is
uninterrupted over crucial signal paths. On the digital side, this
includes the digital input Lines running to the DAC and any
clock lines. On the analog side, this includes the DAC output
signal as well as the supply feeders. The use of wide ruas or
planes in the routing of power lines is also recommended. This
serves the dual function of providing a low series impedance
power supply to the part as well as providing some “free” capacitive
decoupling to the appropriate ground plane. Figure 18 illustrates
the PC board used for the circuit shown in Figure 13. This
design was constructed on a simple two-layer board and illustrates
many of the points discussed above. If more layers of interconnect
are available, even better results are possible.

Using The Right Bypass Capacitors

Probably the most important external components associated
with any high-speed design are the capacitors used to bypass the
power supplies. Both sclection and placement of these capacitors
can be critical and, to a large extent, dependent upon the specifics
of the system configurations. The dominant consideration in
selection of bypass capacitors for the AD568 is minimization of
series resistance and inductance. Many capacitors will begin to
look inductive at 20MHz and-above, the very frequencies we are
most interested in bypassing. Ceramic and film-type capacitors
generally feature lower series inductance than tantalum or clec-
trolytic types. A few general rules are of universal use when
approaching the problem of bypassing:

Bypass capacitors should be installed on the printed circuit
board with the shortest possible leads consistent with reliable
construction. This helps to minimize series inductance in the
leads. Chip capacitors are optimal in this respect.

Some series inductance between the DAC supply pins and the
power supply plane often helps to filter out high-frequency
power supply noise. This inductance can be gencrated using a
small ferrite bead.

ADS568

SETTLING/GLITCH
EVALUATION BOARD

Component Side

) BL7777)

-

o

!

Foil Side
Figure 18. Printed Circuit Board Layout

High-Speed Interconnect and Routing

It is essential that care be taken in the signal and power ground
circuits to avoid inducing extrancous voltage drops in the signal
ground paths. It is suggested that all connections be short and
direct, and as physically close to the package as possible, so that
the length of any conduction path shared by external components
will be minimized. When runs exceed an inch or so in length,
some type of termination resistor may be required. The necessity
and value of this resistor will be dependent upon the logic family
used.

For maximum ac performance, the DAC should be mounted
directly 1o the circuit board; sockets should not be used as they
introduce unwanted capacitive coupling between adjacent pins
of the device. )
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Applications

1us, 12-BIT SUCCESSIVE APPROXIMATION A'D
CONVERTER

The AD568’s unique combination of high speed and true 12-bit
accuracy can be used to construct a 12-bit SAR-type A/D converter
with a sub-ps conversion time. Figure 19 shows the configuration
used for this application. A negative analog input voltage is
converted into current and brought into a summing junction

with the DAC current. This summing junction is bidirectionally
clamped with two Shottky diodes to limit its voltage excursion
from ground. This voltage is differentially amplified and passed
to a high-speed comparator. The comparator output is latched
and fed back to the successive approximation register, which is
then clocked to generate the next set of codes for the DAC.
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Figure 19. AD568 1us Successive Approximation A/D Application

Circuit Details

Figure 20 shows an approximate timing budget for the A/D
converter. If 12 cycles are to be completed in 1ps, approximately
80ns is allowed for cach cycle. Since the Shottky diodes clamp
the voitage of the summing junction, the DAC settling time
approaches the current-settling value of 35ns, and hence uses up
less than half the timing budget.

To maintain simplicity, a simple clock is used that runs at a
constant rate throughout the conversion, with a durty cycle of
approximately 90%. If absolute speed is worth the additional
complexity, the clock frequency can be increased as the conversion
progresses since the DAC must settle from increasingly smaller
steps.

When seeking a cycle time of less than 100ns, the delays generated
by the older generation SAR registers become problematic.
Newer, higher speed SAR logic chips are becoming available in
the classic 2504 pinout that cuts the logic overhead in half. One
example of this is Zyrel’s ZR2504.

Finding a comparator capable of keeping up with this DAC
arrangement is fairly difficult: it must respond to an overdrive
of 250uV (ILSB) in less than 25ns. Since no inexpensive com-
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parator exists with these specs, special arrangements must be
made. The LT1016 comparator provides relatively quick response,
but requires at least SmV of overdrive to maintain this speed. A
discrete preamplifier may be used to amplify the summing junction
voltage to sufficiently overdrive the comparator. Care must be
exercised in the layout of the preamp/comparator block to avoid
introducing comparator instability with the preamp’s additional
gain.

SAR  DACSETTUNG PREAMP COMPARATOR

DELAY DELAY DELAY

u»..‘ j 15ns lﬂsl10l\?’
__] ugb?‘s:e

3Sns

NN D U D D N A B
] 10ns 20rs 30ns 40ns 50ns 60ns 70ns BOns
START OF NEXT
CSOTCAI? ;I:'VOCFLE CLOCK CYCLE
LATCH COMPARATOR

Figure 20. Typical Clock Cycle for 8 1us SAR A/D Converter
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HIGH-SPEED MULTIPLYING DAC

A powerful use for the AD568 is found in multiplying applications,
where the DAC controls the amplirude of a high-speed signal.
Specifically, using the AD568 as the control voltage input signal
for the AD539 60MHz analog multiptier and AD5539 wide-band
op amp, a high-speed multiplying DAC can be built.

In the application shown in Figure 21, the AD568 is used in a
buffered voltage output mode to generate the input to the AD539’s
control channel. The speed of the AD568 allows oversampling
of the control signal waveform voltage, thereby providing increased
spectral purity of the amplitude envelope that modulates the
analog input channels.

The AD568 is configured in the unbuffered unipolar output
mode. The internal 20002 load resistor creates the 0-1V FS
output signal, which is buffered and amplified to a 0-3V range
suitable for the control channel of the AD539.

A 5000 input impedance exists at Pin 1, the input channel. To
provide a buffer for the 0-1V output signal from the AD568
looking into the impedance and to achieve the full-scale range,
the AD841, high-speed, fast settling op amp is included. The

gain of 3 is achieved with a 2k{Q resistor configured in follower
mode with a 1k{} pot and 50012 resistor. A 20k pot with con-

AL
aoyts

Figure 21.

Wideband Digitally Controlled Multiplier

nections to Pins 3, 4 and 12 is provided for offset trim.

The ADS539 can accept two separate input signals, each with a
nomuinal full-scale voltage range of +2V. Each signal can then
be simultancously controlled by the AD568 signal at the common|
input channel, Vx. The current outputs from the two signal

channels, Pins 11 and 14, applied to the ADS539 in a subtracting|
configuration, provide the voltage cutput signal:

v\'l - VYZ

Vour = zo5¢ X —Say = (0 < D < 4095)

4096
For applications where only a single channel is involved, channel
2, Vya, is tied to ground. This provides:

(0 < D = 4095)

Some ADS539 circuit details: The control amplifier compensation
capacitor for Pin 2, Cc, must have a minimum value of 3000pF
to provide circuit stability. For improved bandwidth and feed-
through, the feedthrough capacitor between Pins 1 and 2 should
be 5-20% of Cc. A Schottky diode at Pin 2 can improve recovery
time from small negative values of Vx. Lead lengths along the
path of the high-speed signal from AD568 should be kept at a
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Wideband,
Fast Settling Op Amp

AD840

FEATURES
Wideband AC Performance
Gain Bandwidth Product: 400 MHz (Gain = 10)
Fast Settling: 100 ns to 0.01% for a 10 V Step
Slew Rate: 400 V/ps
Stable at Gains of 10 or Greater
Full Power Bandwidth: 6.4 MMz for 20 V p—p into a
500 Q2 Load
Precision DC Performance
Input Offset Voltage: 0.3 mV max
Input Offset Drift: 3 uV/°C typ
Input Voltage Noise: 4 nV/VHz
Open-Loop Gain: 130 V/mV into a 1 kQ Load
Output Current: 50 mA min
Supply Current: 12 mA max

APPLICATIONS

Video and Pulse Amplifiers

DAC and ADC Buffers

Line Drivers

Available in 14-Pin Plastic DIP, Hermetic Cerdip
and 20-Pin LCC Packages and in Chip Form

MIL-STD-883B Processing Available

PRODUCT DESCRIPTION

The AD840 is a member of the Analog Devices’ family of wide
bandwidth operational amplifiers. This high speed/high precision
family includes, among others, the AD841, which is unity-gain
stable, and the AD842, which is stable at a gain of two or
greater and has 100 mA minimum output current drive. These
devices are fabricated using Analog Devices’ junction isolated
complementary bipolar (CB) process. This process permits a

combination of dc precision and wideband ac performance previ-

ously unobtainable in a monolithic op amp. In addition to its
400 MHz gain bandwidth product, the AD840 offers extremely
fast settling characteristics, typically settling to within 0.01% of
final value in 100 ns for a 10 volt step.

The AD840 remains stable over its full operating temperature
range at closed-loop gains of 10 or greater. It also offers a low
quiescent current of 12 mA maximum, a minimum output cur-
rent dri\i capability of S0 mA, a low input voltage noise of

4 aV//Hz and a low input offset voltage of 0.3 mV maximum
(AD840K).

The 400 V/us slew rate of the AD840, along with its 400 MHz
g3in bandwidth, ensures excellent performance in video and
Pulse amplifier applications. This amplifier is ideally suited for
use in high frequency signal conditioning circuits and wide

CONNECTION DIAGRAMS
Plastic DIP (N) Package LCC (E) Package
and
Cerdip (Q) Package i 3
B
$523
3 2 t 2018
[N )
(R}
(W] 18 NC
- 17 +v,
16 NC
+ 15 OUTPUT
ADB40
14 NC
% 10 111213
$588 ¢
NC = NO CONNECT

bandwidth active filters. The extremely rapid sertling time of
the AD840 makes it the preferred choice for data acquisition
applications which require 12-bit accuracy. The AD840 is also
appropriate for other applications such as high speed DAC and
ADC buffer amplifiers and other wide bandwidth circuitry.

APPLICATION HIGHLIGHTS
1. The high slew rate and fast settling time of the AD840 make
it ideal for DAC and ADC buffers, line drivers and all types
of video instrumentation circuitry.

. The AD840 is truly a precision amplifier. It offers 12-bit
accuracy to 0.01% or better and wide bandwidth, perfor-
mance previously available only in hybrids.

. The AD840’s thermally balanced layout and the high speed
of the CB process allow the AD840 to settle t0 0.01% in
100 ns without the long “tails” that occur with other fast op
amps.

. Laser wafer trimming reduces the input offset voltage to
0.3 mV max on the K grade, thus eliminating the need for
external offset nulling in many applications. Offset null pins
are provided for additional versatility.

. Full differential inputs provide outstanding performance in
all standard high frequency op amp applications where circuit
gain will be 10 or greater.

. The AD840 is an enhanced replacement for the HA2540.
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A0840 - SPEchchT|0NS (@ +23°C and =13 Y dc, unless otherwise noted)

Maodel ADS840] ADS40K ADS40S
Conditions Min Typ Max Min Typ Max | Min Typ Max | Units
INPUT OFFSET VOLTAGE! 0.2 1 0.1 03 0.2 1 mV
Toin = Toax 1.5 0.7 2 mV
Offset Drift 5 3 5 uVre
INPUT BIAS CURRENT 3.5 8 3.5 S 3.5 8 rA
Toin ~ Trax 10 6 12 nA
INPUT OFFSET CURRENT 0.1 0.4 0.1 0.2 0.1 0.4 nA
Toin = Toux 0.5 0.3 0.6 wA
INPUT CHARACTERISTICS Differential Mode
Input Resistance 30 30 30 kel
Input Capacitance 2 2 2 pF
INPUT VOLTAGE RANGE
Common Mode =10 12 =10 12 =10 12 \
Common-Mode Rejection Vom = 210V 9% 110 106 115 9 110 dB
Tenin = T 85 90 85 dB
INPUT VOLTAGE NOISE {f=1kHz 4 4 4 nV//Hz
Wideband Noise 10 Hz to 10 MHz 10 10 10 pV rms
OPEN LOOP GAIN Vo==10V
Rioap = 1kQ 100 130 100 130 100 130 V/imV
Tain = Toam 50 80 75 100 50 80 V/mV
Reoap = 500 Q 75 100 75 Vimv
wmin = Tmex 50 i) S0 V/mV
QUTPUT CHARACTERISTICS
Voltage Reoap = 500 0
min = T max =10 =10 =10 v
Current Vour = =10V 50 50 50 mA
Output Resistance Open Loop 15 15 15 Q
FREQUENCY RESPONSE
Gain Bandwidth Product Vour = 90mV p-p
Ay = ~10 400 400 400 MHz
Full Power Bandwidth? Vo=20Vpp
Reoap = 500 0 5.5 6.4 55 6.4 55 6.4 MHz
Rise Time Ay =-10 10 10 10 ns
Overshoot® Ay =-10 20 20 20 %
Slew Rate® Ay = -10 350 400 350 400 350 400 Vius
Settling Time® —10 V Step Ay = —10
100.1% 80 80 80 ns
10 0.01% 100 100 100 ns
OVERDRIVE RECOVERY —Qverdrive 190 190 190 ns
+QOverdrive 350 350 350 ns
DIFFERENTIAL GAIN f=44MH: 0.025 0.025 0.025 %
DIFFERENTIAL PHASE f=44 MH:z 0.04 0.04 0.04 Degree
POWER SUPPLY
Rated Performance =15 =15 +15 \'
Operating Range =5 *18 | =5 =18 | +5 *18 |V
Quiescent Current 12 14 12 14 12 14 mA
T - Tou 16 16 13 |mA
Power Supply Rejection Ratio | Vo= =5Vio =18V | 90 100 94 100 90 100 dB
Toin = Toas 80 86 80 dB
TEMPERATURE RANGE
Raied Performance® 0 +75 0 +75 | -55 +125 | °C
TRANSISTOR COUNT # of Transistors 72 72 72 —[
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NOTES

'Inpuz offset voltage specifications are guaranteed after 5 minutes at T, = +25°C.

Full power bandwidth = slew rate/27 Vg, x.

IRefer 10 Figures 22 and 23,

449" grade T i~ Toman SPecifications are tested with automatic test equipment at T, = -55°C and T, = +125°C.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on 2ll production units.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS' Plastic DIP (N) Package
Supply Voltage . ........ ... i *18V and
Internal Power Dissipation® Cerdip (Q) Package
Plastic (N) .« « o v eoereeneeeeeiaeeeeenn 15w —
Cerdip (Q) - - v v ettt e e 13w nep1)® o
 Folo -/ N e e 10w ne[3] AR  Ee e
Imput Voltage ... ..........ciuiininnn.n *Vg —
Differential Input Voltage . . .. ................. *6V OFFSET NuLL E E OFESET NULL
Storage Temperature Range -iNPUT E EI v
QE .. e —-65°C to +150°C INPUT E E““"”'
N ~-65°C 10 +125°C
Junction Temperature (T)) . ... ............... +175°C e E E ne
Lead Temperature Range (Soldering 60sec) ....... +300°C 3 E +op viEw 8 |ne
INOTES
tresses above those listed r *Absoluts i ings’
ierrnznem damag::ol tshe d:\::: 'nus::h: esn'txl ::n‘: S:I:T?nd r?:::::l::l LCC (E) Package

operation of the device at these or any other conditions above those indicated

- o

in the operational section of this specification is not implied. Exposure to ; -3‘

absolute maximum rating conditions for extended periods may affect device = 1

reliabiliry. £, %

*Maximum internal power dissipation is specified so that T; does not exceed % 3 f 3 »

+175°C at an ambient temperature of +25°C.

Thermal Characteristics: w4 . ne

8¢ ;N Derate at

Cerdip Package 30°C/W 110°C/W 8.7 mWrC - 7 v

Plastic Package 30°C/W 100°C/W 10 mWF C s 1 M

LCC Package  35°C'W 150°C/W 6.7 mWPC il s ourT
NC 8 14 NC

Recommended Heat Sink:
Aavid Engineering® #602B

9 101213

'SR R R

NC = NO CONNECT

ADB840 Connection Diagrams

ORDERING GUIDE METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.

Model! 1 Package 0§|ion.sz Dimensions shown in inches and (mm).
ADS840JN N-14 i 0.099(2.52) |
ADB840KN N-14 ]
AD840JQ Q-14 3
ADS40KQ Q-14
ADB840SQ Q-4
AD840SQ-883B Q-14
ADS40SE-883B E-20A
NOTES

'] and $ Grade Chips aiso available.

N = Plastic DIP; Q = Cerdip; E = LCC (Leadless
Ceramic Chip Carrier). For outline information see
Package Information section.

[N SUBSTRATE CONNECTED TO +V, <
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AD840 —Typical Characteristics  +25°¢ and v; = 15 v, unless otherwise noted)
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Figure 8. Short-Circuit Current
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Figure 9. Gain Bandwidth Product
vs. Temperature
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Figure 18. Slew Rate vs.
Temperature
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Re = 4.99K1)
+Vs 0.1uf
Ry = 2.2uF
HP3314A
FUNCTION | 498U ~
GENERRAYOR vV 4 D)
EOUI\?ALENT 990 AD8B40 (10
[IPC 0.3pF
4980)
2.2pF
—vs
Figure 19a. Inverting Amplifier Figure 19b. Inverter Large Signal ~ Figure 19¢c. Inverter Small Signal
Configuration (DIP Pinout) Pulse Response Pulse Response

R, =1104) R = ki)

Vour

HPANA
FUNCTION
GENERATOR

49911
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EQUIVALENT

Figure 20a. Noninverting Amplifier Figure 20b. Noninverting Large Figure 20c. Noninverting Small
Configuration (DIP Pinout) Signal Pulse Response Signal Pulse Response

OFFSET NULLING

The input offset voltage of the AD840 is very low for a high
speed op amp, but if additional nulling is required, the circuit
shown in Figure 2] can be used. .

Figure 21. Offset Nuliing (DIP Pinout)
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Applying the AD840

ADS40 SETTLING TIME
Figures 22 and 24 show the settling performance of the AD840
in the test circuit shown in Figure.23.

Setding time is defined as:
The interval of time from the application of an ideal step
function input until the closed-loop amplifier output has
entered and remains within a specified error band.

This definition encompasses the major components which com-
prise settling time. They include (1) propagation delay through
the amplifier; (2) slewing time to approach the final output
value; (3) the time of recovery from the overload associated with
slewing; and (4) linear settling to within the specified error
band.

Expressed in these terms, the measurement of setding time is
obviously a challenge and needs to be done accurately to assure
the user that the amplifier is worth consideration for the
applicaton.

OQUTPUT:
sv/oiv

TEX
TEX
Em" 7A13 7508
™1 TEK | 0SCILLOSCOPE
1) 7a18
T
4950 o9
DODS109 4990 49000
FLAT-TOP AN AMA-
PULSE b3 i
GENERATOR 3 2 %El
J1
O+
FET PROBE
ADB40 o
¥~ OO Zuma
" 220F | V

Figure 23. Settling Time Test Circuit

Figure 23 shows how measurement of the AD840’s 0.01% set-
tling in 100 ns was accomplished by amplifying the error signal
from a false summing junction with a very high speed propri-
etary hybrid error amplifier specially designed to enable testing
of small settling errors. The device under test was driving a
420 Q1 load. The input to the error amp is clamped in order to
avoid possible problems associated with the overdrive recovery
of the oscilloscope input amplifier. The error amp amplifies the
ercor from the false summing junction by 11, and it contains a
gain vernier to fine trim the gain.

Figure 24 shows the “long-term" stability of the settling charac-
teristics of the AD840 output after a 10 V step. There is no evi-
dence of sertling tails after the initial transient recovery time.
The use of a junction isolated process, together with careful lay-
out, avoids these problems by minimizing the effects of transis-
tor isolation capacitance discharge and thermally induced shifts
in circuit operating points. These problems do not occur even
under high output current conditions.

OUTPUT:
SV/DIV

OUTPUT
ERROR:
II I II e

Figure 24. AD840 Settling Demonstrating No Settling Tails

GROUNDING AND BYPASSING

In designing practical circuits with the AD840, the user must
remember that whenever high frequencies are involved, some
special precautions are in order. Circuits must be built with
short interconnect leads. Large ground planes should be used
whenever possible to provide a low resistance, low inductance
circuit path, as well as minimizing the effects of high frequency
coupling. Sockets should be avoided, because the increased
inter-lead capacitance can degrade bandwidth.

Feedback resistors should be of low enough value to assure that
the time constant formed with the circuit capacitances will not
limit the amplifier performance. Resistor values of less than

$ k() are recommended. If a larger resistor must be used, a
small (=10 pF) feedback capacitor in connected parallel with the
feedback resistor, Rg, may be used to compensate for these

stray capacitances and optimize the dynamic performance of the
amplifier in the particular application.

Power supply leads should be bypassed to ground as close as

possible to the amplifier pins. A 2.2 pF capacitor in parallel
with a 0.1 pF ceramic disk capacitor is recommended.

. CAPACITIVE LOAD DRIVING ABILITY

Like all wideband amplifiers, the AD840 is sensitive to capaci-
tive loading. The AD840 is designed to drive capacitive loads of
up to 20 pF without degradation of its rated performance. Ca-
pacitive loads of greater than 20 pF will decrease the dynamic
performance of the part although instability should not occur
unless the load exceeds 100 pF. A resistor in series with the out-
put can be used to decouple larger capacitive loads.

USING A HEAT SINK

The AD840 draws less quiescent power than most high speed
amplifiers and is specified for operation without a heat sink.
However, when driving low impedance loads the current to the
load can be 4 to S times the quiescent current. This will create a
noticeable temperarure rise. Improved performance can be
achieved by using a small heat sink such as the Aavid Engineer-
ing #602B.
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AD840

HIGH SPEED DAC BUFFER CIRCUIT

The AD840’s 100 ns settling time to 0.01% for a 10 V step
makes it well suited as an output buffer for high speed D/A con-
verters. Figure 25 shows the connections for producing a 0 to
+10.24 V output swing from the AD568 35 ns DAC. With the
ADS568 in unbuffered voltage output mode, the AD840 is placed
in poninverting configuration. As a result of the 1 k) span re-
sistor provided internally in the AD568, the noise gain of this
topology is 10. Only 5 pF is required across the feedback (span)
‘resistor to optimize settling.

+15V -1V
o.
i
: 1AY
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. v 24 -
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Figure 25. 0 to +10.24 V DAC Output Buffer
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OVERDRIVE RECOVERY

Figure 26 shows the overdrive recovery capability of the AD840.
Typical recovery time is 190 ns from negative overdrive and

350 ns from positive overdrive.

INPUT SQUARE WAVE
SCALE 1 V/DIVISION

OVERDRIVEN OUTPUT
SCALE: 10V/DIVISION

TIME: 200ns/DIVISION

Figure 26. Qverdrive Recovery

HPI314A
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Figure 27. Overdrive Recovery Test Circuit
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