INTRODUCTION TO PROJECT

PROJECT NAME: ULTRA FAST MULTI-CHANNEL SCALER

AlIM:

I. To implement a FPGA based ultra-fast multi-channel to count electrical impulses

based on the number of photons received by a photon detector in the experiment.
I1. Design the board for the same having custom designed clock generators.

[1I. In-circuit checking of the core on an FPGA and the software interface.

SCOPE OF PROJECT:

1. To Program the MCS system in Verilog HDL
2. Totest the MCS synthesized onto atypical FPGAs or an ASIC Library.

3. Tointerface the FPGA to IBM ™ PC using ISA standard.

SPECIFICATION FOR MULTICHANNEL SCALAR
1. Input Rate: 100 MHz

2. Minimum gate width for counter: 20 ns
3. Pulsewidth Resolution: 10ns.
4. Dwell Time from 20nsto 16us.
5. Input:
TTL with 100 MHz (Max).
NIM with — 0.8V 100Mhz (Max).
Plug-in-card (ISA Interface).

6. Power Supply: £12V, £5V, £3.3V.



PRINCIPLE

A Multi-Channel Scaler (MCYS) records the counting rate of events as a function of time.
When a scan is started, the MCS begins counting input events in the first channel of its
digital memory. At the end of the pre-selected dwell time, the MCS advances to the next
channel of memory to count the events. This dwell and advance process is repeated until
the MCS has scanned through all the channelsin its memory. A display of the contents of
the memory shows the counting rate of the input events versus time. In repetitive
measurements, where the start of the scan can be synchronized with the start of the
events, multiple scans can be summed to diminish the statistical scatter in the recorded
pattern. In repetitive measurements, where the start of the scan can be synchronized with
the start of the events, multiple scans can be summed to diminish the statistical scatter in

the recorded pattern.

A Multi-channel Scalars counts the number of events that occur during the time interval t
to dt as function of time. Theinterval dt is called the dwell time. Then timet is quantized
into channels or bins by the relation t = i*dt were | is the bin number (an integer).Dwell
times can be selected from nanosecond to hours. and the total number of bins ranges from
4 to 16,000. When the scan is started, the MCS begins counting input events in the first
channel of its digital memory. At the end of the reselected dwell time the MCS advances
to the next channel memory to count the events, this dwell and advanced process is
repeated until the MCS has scanned through all the channels of its memory. A display of
the contents of memory shows the counting rate of the input events versus times.

MCS vs. a Counter and Timer: Although a computer-controlled counter and timer
can aso be used to record counting rate as function of time, the MCS technology offers
severa important advantages. The time taken to read, clear, and start a conventional
counter at the end of each counting interval can range from microseconds to milliseconds.
This dead time causes significant gaps in the recorded data. High performance Multi-
channel sealers have negligible dead time between counting intervals (channels), and this
avoids blank regions in the recorded time profiles. Conventional counters and timers
rarely handle time intervals shorter than 10ms, whereas Multi-channel scalar are 5ns.



The MCS can also function as a multiple-stop time spectrometer. In atypical application,
the MCS scan is started when a LASER emits a brief flash of light. The light photons are
reflected back to the detector located near the LASER as they encounter objects at
various distances in the line of sight. The resulting "stop" pulses generated in the detector
are counted as input events by the MCS. Thus a spectrum of the number of photons
versus their round-trip flight times is recorded in the MCS memory. By design, the MCS
can accept multiple stop pulses in each scan. The channel numbers in memory can be
calibrated to read in terms of round-trip flight time or in distance to the reflecting object.
Summing the spectra from multiple LASER flashes improves the signal-to-noise ratio.



LITERATURE REVIEW

FPGA

It is the basic chip where the codes are downloaded. The codes are first synthesized and
then downloaded onto this chip using the xchecker cable. The FPGA then behaves as
MCS itself. FPGA (Field programmable gate arrays) these are aso programmable logic
devices that have some advantages when compared with CPLDs. The main fabrication
technology behind FPGA is CMOS process technology.

FPGA is a piece of programmable hardware. The functioning of circuit is determined by
individual users. The configuration of architecture of hardware could be specified by the
user with a “configuration bit stream”, that is a piece of software which instructs the

hardware how to configure or wire itself up.

FPGASs can be used virtually in any digital logic system to perform function of a custom
LSI circuit, like a gate array. However these devices are user programmable and even
reprogrammable in the system. Standard off the shelf devices in many different densities,
speeds, operating temp. ranges and packages are available from which the user selects the
appropriate device and then converts the design idea or schematic into configuration data
file using a devel opment system software and loads this file into FPGA.

Advantages:

High integration: The different login functions such as flip flops, counters,
latches, adders, multiplexers, decoders logic elements such as and, nor,

nand, etc. can be implemented in a single device.

The digital system is traditionally implemented in a single device using
standard devices like LSIs, MSIs, PALs, etc. can now be integrated into a
single device providing high integration. This gives the following

advantages:



0 Lessboard space

o Highreliability.

0 Low power consumption
o Low cost.

0 Easy design changes. FPGAs can be reprogrammed in the system to
incorporate changes in the design.

0 Shorter time to market: Systems based on FPGAs can be designed and
validated in shorter cycle times which is important for faster introduction of
your product in the market.

0 No non-recurring engg. Cost: FPGAs do not have the NRE cost and
associated risk typically required for mask programmed gate array solutions
(ASICs).

0 Latest evelopment tools support

FPGAs are designed with EDA (electronic design automation) tools which improve
design productivity and reduce development time.



The basic ar chitecture of FPGA:

Field Programmable Gate Arrays (FPGAS) is implemented with a regular, flexible,
programmable architecture of Configurable Logic Blocks (CLBs), surrounded by a
perimeter of programmable Input/Output Blocks (10Bs), interconnected by a powerful
hierarchy of versatile routing resources. The architecture aso provides advanced
functions such as Block RAM and clock control blocks.
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A. Input/Output Block

IOB features inputs and outputs that support 16 1/O signaling standards, including
LVCMOS, HSTL, SSTL, and GTL. These high-speed inputs and outputs are capable of
supporting various state of the art memory and bus interfaces. The three IOB registers
function either as edge-triggered D-type flip-flops or as level sensitive latches. Each 10B
has a clock signal (CLK) shared by the three registers and independent clock enable (CE)
signals for each register. In addition to the CLK and CE control signals, the three
registers share a Set/Reset (SR). For each register, this signa can be independently
configured as a synchronous Set, a synchronous Reset, an asynchronous Preset, or an
asynchronous Clear.
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B. Logic Cdlls

The basic building block of the CLB is the logic cell (LC). An LC includes a four-input
function generator, carry logic, and a storage element. The output from the function
generator in each LC drives both the CLB output and the D input of the flip-flop. Each
CLB contains four LCs, organized in two similar slices. In addition to the four basic LCs,
CLB contains logic that combines function generators to provide functions of five or six
inputs. Consequently, when estimating the number of system gates provided by a given
device, each CLB counts as 4.5 LCs. Function generators are implemented as 4-input
look-up tables (LUTS). In addition to operating as a function generator, each LUT can
provide a 16 x 1-bit synchronous RAM. Furthermore, the two LUTs within a slice can be
combined to create a 16 x 2-bit or 32 x 1-bit synchronous RAM, or a 16x1-bit dual-port
synchronous RAM. The LUT can also provide a 16-bit shift register that is idea for
capturing high-speed or burst-mode data. This mode can also be used to store data in
applications such as digital signal processing. The storage elements in the sice can be
configured either as edge-triggered D-type flip-flops or as level-sensitive latches.



couTt
YB

G4 14 oak-Uf s

3 '-aL‘.IneI Carry D O/ YaQ
G3—s o
G2 * 12 Contro

Lagic

G1 11 R

F5IN

SR ’

XB

L L ]
. _L::m;” Carry D Q XQ
F3 13 ik
Contro

F2 12 Logic
F1 I R

CIM
CLK
CE DS001-103-1201 48

C. Block RAM

FPGASs incorporate several large Block SelectRAM+ memories. These complement the
distributed SelectRAM+ resources that provide shallow RAM structures implemented in
CLBs. Block SelectRAM+ memory blocks are organized in columns. Devices contain
two such columns, one along each vertical edge. These columns extend the full height of
the chip. Each memory block is four CLBs high, and consequently, a Spartan-11 device 8
CLBs high will contain 2 memory blocks per column, and atotal of 4 blocks.
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D. Delay-L ocked L oop

Associated with each global clock input buffer is a fully digital Delay-Locked Loop
(DLL) that can eliminate skew between the clock input pad and internal clock input pins
throughout the device. Each DLL can drive two globa clock networks. The DLL
monitors the input clock and the distributed clock, and automatically adjusts a clock
delay element. Additional delay is introduced such that clock edges reach internal flip-
flops exactly one clock period after they arrive at the input. This closed-loop system
effectively eliminates clock-distribution delay by ensuring that clock edges arrive at
internal flip-flops in synchronism with clock edges arriving at the input.

Although the above details are of the xilinx FPGA in particular the architecture of the
various FPGA familiesis amost similar to that of Xilinx.

Configuration and Power Down

Configuration is the process by which the FPGA is programmed with the configuration
file generated by the Xilinx development system. Spartan-11 devices support both serial
configuration, using the master/slave seriad and JTAG modes, as well as byte-wide
configuration employing the slave parallel mode (similar to the Express mode). The
Spartan-11 Family also includes a Power Down pin that can be asserted to bring quiescent
current down to 100 uA typical. In Power Down mode, al 1/Os are disabled and all
registers and memory retain their data. The FPGA used in our PCB is XC2s200 which is
from Spartan 11 family of FPGA.



Introduction to Verilog HDL

Designing with Boolean Equation: It wold be hard to design any digital system without
understanding such basic building blocks as gates and flip-flops. Most logic circuits
based on gates and flip-flops have been traditionally designed with Boolean equations.
Many techniques were developed to optimize this method, including minimization of

equation for a more effective use of gates and flip-flops.

The Boolean design technique requires an equation for each flip-flop and blocks of gates.
This makes Boolean equation impractical for large designs containing hundreds of flip-

flops as this would result in an even larger number of logic equations.

Theoretically, any system can be represented by Boolean equation. However, it would e
impractical to deal with the thousands of logic equations that today’s designs may

require.

Schematic-Based Design: Schematic-Based design methods expanded he capabilities of
Boolean equations by accepting not only gates and flip-flops but some additional circuits,
a hierarchical structure can e created. This allows entering hierarchical designs that can
accommodate larger numbers of components with less effort. For most people designing

is more user-friendly than designing with Boolean equations.

Most people prefer a graphical representation of a design because if shows more clearly

the relationships between the various design blocks.

Since schematics provide a graphical representation, their use is quite popular. For may
years, schematics were considered the optimal choice for design representation until new
device densities made them too limited and time consuming.

Drawbacks of Traditional Methods: Despite their ease of use, the traditional Boolean

eguation and schematic design methods have some drawbacks:

1. The most important of these is that a system is always specified as a network of
interconnected elements. But this is not how the specification of a system is
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created. A system specification is always given in the form of expected system
behavior i.e. what should a system do in a particular set of circumstances.

2. Another shortcoming of traditional design method is he handling of large complex
designs. Dealing with hundreds of logical equationsis hard but feasible. However,
handling thousands of logical equation is hard to imagine. Its is widely accepted
that schematics with over six thousand gates are becoming incomprehensible.
Since he newest integrated circuits contain millions of gates and their densities are

still growing, this calls for a new design method.
Hardwar e Description Languages

One of the major drawbacks of traditional design methods is the manua trandation of
design description into a set of logical equations or a schematic. This step can be
eliminated with hardware description languages (HDL). For example, most HDL tools
allow using finite state machines foe sequential systems and truth tables for combinatorial
modules. Such design descriptions can be automatically converted into HDL code that
can be implemented by synthesis tools.

Hardware description languages fount their principal application in Programmable Logic
Devices (PLD) of various complexities from ssmple PLD’s up to Complex PLD’s
(CPLD’s) and Field programmable Gate Arrays (FPGA’s). There are several HDL
languages in use today. The most popular ones are Abel, Palasm and Cupl (used for less
complex devices) and Verilog and VHDL (for larger CPLD and FPGA devices).
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Verilog HDL

Verilog, or Verilog HDL is a hardware description language developed in 1984-1985 by
Philip Moorby who needed a simple, intuitive and effective way of describing digital
circuits for modeling, simulation and analysis purposed. The language became property
of Gateway Design Automation, which was late acquired by Cadence Design Systems.
From 1990 Cadence opened the language to the public, which led to the standardization
of the language by IEEE in 1995.

Features of Verilog:

1. Strong Background : The Verilog development and promotion has been supported
since 1991 by the Open Verilog International (OV1), which was established for
promotion of this language. Until 1990 Verilog was owned by a commercia
company, which strengthened its practical approach, but also restricted its
popularity. Verilog has been standardized in 1995 b |EEE as Standard 1364.

2. Industrial Support : Verilog Has always been very popular with ASIC designers
because it is easy to learn, and allows for fast simulation and effective synthesis.
According to EE Times of all design submitted in 1993 o ASCI foundries, 85%
were designed in Verilog. It is estimated that over one billion US dollars have
been invested in Verilog tools within the last ten years.

3. Verilog is Universal: Verilog alows the entire design process to be performed
within on design environment, including analysis and verification. However,
Verilog is not well suited for complex system level design and this is its main
drawback.

4. Extenshbility: The IEEE Standard 1364 contains definition of Verilog PLI —
Programming Language Interface that allows for extension of Verilog's
capabilities.

12



Verilog vs. VHDL

Verilog

VHDL

ASIC,
particularly lower level designs (register
level transfer ad below)

Very good acceptance in

Relatively weaker in lower level designs,
but superior in higher and system-level
designs

Verilog is known for fast smulations

Results in dower smulation but

constantly improving

Relatively simple, easy | first contacts

Flexible but aso difficult and has a

complex character

Used mostly in North America, Asia and
Japan, especialy among industrial
supporters. Not popular in Europe

Popular in Europe but significant number
in US and Canada. Didliked in Japan but
gaining popularity worldwide
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Design Methodology:

The typical design flow for designing the VLSI circuits is shown in the diagram below.
This design flow is typically used by the designers who use HDLs.

Design specification

Y
Behavioral description

A4

RTL description (HDL)

AAA

A4

Functional Verification
and testing

A4

Logic Synthesis

\'4

Gate-level Netlist

A4

Logical Verification and
testing

A4

Floor Planning Automatic
Place and Route <

A4

Physical Layout

Y
Layout Verification

Y
Implementation
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In any design, specifications are written first. Specification describes abstractly the
functionality, interface and overall architecture of the digital circuit to be designed.

A behavioral description is then created to analyze the design in terms of functionality
performance, compliance to standards, and also high level issues. Behavioral description
can be written in HDLSs.

The behavioral description is manually converted to an RTL description in an HDL. The
designer has to describe the data flow and that will implement the desired digital circuit.

Logic synthesis tools convert the RTL description to a gate level netlist. A get-level
netlist is a description of the circuit in terms of gates and the connections between them.

The gate-level netlist is the input to an Automatic Place and Route tool, which creates a

layout.
The layout is verified and then fabricated on chip.

Here at each the verification of the design is carried out at each level. The function
verification and testing at the RTL description level and logical verification and testing
after the logic synthesis and also the final layout verification before actual fabrication is

carried out by simulation of the software core using various different simulators.

Digital design provides the following advantages over the hardware design:

Top-Down Approach for Large Projects - HDLs are used to create complex designs.
The top-down approach to system design supported by HDLs is advantageous for large
projects that require many designers working together. After the overall design plan is

determined, designers can work independently on separate sections of the code.

Functional Simulation Early in the Design Flow - You can verify the functionality of
your design early in the design flow by simulating the HDL description. Testing your
design decisions before the design is implemented at the RTL or gate level allows you to
make any necessary changes early in the design process. But if we use the hardware it
can be tested only after the total fabrication is done and circuit is made.

15



Automated synthesis - you can apply the automation techniques used by the synthesis
tool (such as machine encoding styles or automatic 1/0O insertion) during the optimization
of your design to the original HDL code, resulting in greater efficiency.

Reuse of RTL Code - You can retarget RTL code to new FPGA architectures with a
minimum of recoding. The core once designed and verified can be used anytime in future
for designing a complex circuit with the core as a part of it. For example the 8051 core
designed can be interfaced with USB or GPIB core.

High integration- The soft core can be downloaded into FPGAs and ASICs and hence
provide the advantages of high complexity, density, reliability, low cost, power
consumption and small physical size.

Due to al these advantages provided by the soft core the use of these cores is increasing
and it is replacing the hardware existing in the market.

16



Synthesis

Synthesis is a process of converting a high level description of the design into an
optimized gate-level representation, given a standard cell library and certain design
constraints. A standards cell library can have simple cells, such as basic logic gates like
and, or, and nor, or macro cells, such as adders, mixes and specia flip-flops. A standard
cell library is also known as technology library. We are carrying out synthesis using
L eonardo exlemplar software.

The basic flow of the processis explained in the block diagram below:

Functional Spec.

A4

> RTL configuration

A

\'4

Behavioral Simulation

A\ 4
ASIC Optimization &
Mapping

A4

Critical Path Reporting

\'4

Setting Time Constraints

A4

Timing Optimization

A4

EDIF Netlist
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The .edif file which is the output of the synthesis process is now converted into .bit file
which can be downloaded onto the FPGA, in the following manner:

Constraints Netlists
I i
Design Manager Flow Engine
*
Functional
Simulation Data
Report Browser
Logic Level m
Timing Report
.
» *
. Timing Analyzer Place and Route
[ ]
Post Layout Timing Simulation
Timing Report Data
FPGA Editor

I JTAG Programmer ! ‘PHOM File Formatter I Hardware Debugger 1

* Flow only supported by command line.

I Simulator 1
XB967
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The various process in the block diagram are explained in brief below:

Trangation: During trandlation, the NGD Build program is launched, and performs

the following functions:

o Converts input design netlists and writes results to a single merged NGD
netlist. The merged netlist describes the logic in the design as well as any
location and timing constraints.

o Performstiming specification and logical design rule checks.
0 Addsthe UCF to the merged netlist.

Using the Constraints Editor: The Constraints Editor allows you to edit constraints
previously defined (through a UCF), and to add new constraints to your design. Input
filesto the Constraints Editor include the following:

NGD (Native Generic Database) file: This file is input to the Map program, which
then outputs the physical design database, an NCD (Native Circuit Description) file.

Corresponding UCF: By default, when the NGD file is opened, an existing UCF file
with the same base name as the NGD file is used. Alternatively, you can specify the
name of the UCF file.

Upon successful completion, the Constraints Editor writes out a valid UCF file.
NGDBuild uses the UCF file, aong with design source netlists to produce a newer
NGD file that incorporates the changes made. The NGD is then read by the MAP
program (the next step in the design flow).

Mapping the Design: Now that all implementation strategies have been defined

(options and constraints), the next step is implementing the design.
The Map program performs the following functions.

0 Allocates CLB and IOB resources for all basic logic elements in the design.

19



0 Processes al location and timing constraints, performs target device
optimizations, and runs a design rule check on the resulting mapped netlist.

- Using Timing Analysis to Evaluate Block Delays After Mapping: After the design
is mapped, you can use the Logic Level Timing Report to evaluate the logical pathsin
the design. Because the design is not placed and routed yet, actual routing delay
information is not yet available. The timing report describes the logical block delays
and estimated routing delays. The net delays that are provided are based on an
optimal distance between blocks

Placing and Routing the Design: After the mapped design is evaluated to verify that
block delays are reasonable given the design specifications, the design can be placed

and routed. The Flow Engine can perform the following place and route algorithms.

o Timing Driven - run PAR with timing constraints specified from within
the input netlist or from a constraints file

0 Non-Timing Driven - run PAR and ignore all timing constraints

Timing Simulation of Your Design: Timing simulation is important in verifying the
operation of your circuit after the worst-case placed and routed delays are calculated
for your design. In many cases, you can use the same test bench that you used for
functional ssmulation to perform a more accurate simulation with less effort. Y ou can
compare the results from the two simulations to verify that your desipgn is performing
asinitialy specified.

Downloading to the Device and In-system Debugging: After you have verified the
functionality and timing of your placed and routed design, you can create a design data
file to download for in-system verification. The design data or bitstream (.bit) file is
created from the placed and routed .ncd file. A bitstream file is a stream of data that
contains location information for logic on a device, that is, the placement of
Configurable Logic Blocks (CLBs), Input/Output Blocks (10Bs), TBUFs, pins, and
routing elements. The bitstream also includes empty placeholders that are filled with
the logical states sent by the device during a readback. Only the memory elements,

20



such as flip-flops, RAMs, and CLB outputs, are mapped to these placeholders,
because their contents are likely to change from one state to another. When
downloaded to a device, a bitstream configures the logic of a device and programs the
device so that the states of that device can be read back.

The Hardware Debugger alows downloading the data to the FPGA using your
computer's serial port. The Hardware Debugger can aso synchronously or
asynchronously probe external or internal nodes in the FPGA. Waveforms can be
created from this data and correlated to the simulation data for true in-system
verification of your design.

Creating a PROM File for Stand-Alone Operation: After verifying that the FPGA
works in the circuit, you can create a PROM file from the .bit file to program a
PROM or other data storage device. You can then use this file to program the FPGA
in-circuit during normal operation. The Prom File Formatter is used to create the
PROM file.

21



DETAILED DESCRIPTION

SYSTEM BLOCK DIAGRAM

DETECTOR ISA INTERFACE
(OFF CHIP)
IOR IOW RESET AENIRQ A[150] D[7:.0]
A
VvV V VvV V
INPUT
TRIGGER:
v XILINX SPARTAN-2
OSCILLATOR BLOCK »
CLOCK
FIFO FULL
CONTROL AND DATA BUS

|
dlyy wdby Iy by Iy Wl

FIFO 1 FIFO 2 FIFO 3 FIFO 4 FIFO5 FIFO6
DO: D7 D8: D15 D16: D23 D24 : D31 D32: D39 D40 : D48
(1
D [7:0]

The experiment is started with the help of atrigger pulse form the detector system which
also provides the pulses that need to be counted. The trigger is used to kick start the
oscillators. We need specia oscillators that can start at an instant of pulse edge. Since
there are no such oscillators available in the market we need to have custom designed
oscillators. Asthese oscillators are not that much reliable and there operation can be fully
realized only when fabricated hence we have kept two spare oscillators. The three
oscillators being used are a crystal oscillator, Colpitts oscillator and a digital oscillator.

These pulses enter the FPGA which contains all the counters and other processing circuit.
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We can pre-select the bin-time from a PC using the I SA interface. After each bin-time the
counting moves on to the next counter and the value in the previous counter is first
written onto the corresponding FIFO and then cleared for the next count. The experiment

can stop in two ways:

1) The input from the detector stops and so does the clock input to the FPGA. Then
the counts stored in the FIFOs are processed and the required information
gathered.

2) In the other case if the experiment goes on for along time then the FIFO will get
full and thus asserting FIFO-full signal which is given to the FPGA and thus the
logic inside stops he counting., also the PC is interrupted using IRQ5 line an the

message is displayed to the user.

In the software model there is a provision for selecting different architectures as will be
explained later so that experiments with small and large bin-times can be carried out

successfully.

The data form the FIFO can be read directly through the ISA interfaceas shown in the
diagram.
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Hardware Description

Input Conditioning Cir cuit:-
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Fig No.1: Input Conditioning Circuit

The input is given to the card through a BNC connector and a Double Pole Double Throw
(DPDT) which is given to a global clock pin on the Spartan. The input pin of Spartan in
TTL compatible, whereas the input to the system can be NIM or TTL. If theinput isTTL,
then the jumper directly shortsit to the FPGA pin. However, if it is NIM compatible then
it is preprocessed. The input is passed through a comparator so that output is ECL logic.
The ECL to TTL converter MC10125 is then used to convert ECL input to TTL logic
which is passed to the Spartan.

Ultra-Fast Comparator AD96687
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AD96687 is an ultra-fast comparator which is operated in “compare’” mode. Both power
supply connections should be separately decoupled to ground through 0.01 pF ceramic
and 0.001 pF mica capacitors. The basic design of comparator circuits makes the
negative supply somewhat more sensitive to variations. As a result, more attention should
be placed on ensuring a “clean” negative supply. The LATCH ENABLE input of the
AD96687 should be tied to —2.0 V or left “floating,” to disable the latching function. The
best performance will be achieved with the use of proper ECL terminations. The open-
emitter outputs of the AD96685 / AD96687 are designed to be terminated through 50
resistorsto —2.0 V, or any other equivalent ECL termination.

ECL to TTL Trandator MC10125

The MC10125 is a quad trandlator for interfacing data and control signals between the
MECL section and saturated logic sections of digital systems. The MC10125 incorporates
differential inputs and Schottky TTL “totem pole’ outputs. Differential inputs alow for
use as an inverting/ non-inverting translator or as a differential line receiver. The VBB
reference voltage is available on pin 1 for use in single—ended input biasing. The outputs
of the MC10125 go to alow logic level whenever the inputs are | eft floating.

Gated Digital Oscillator (up to 10 MHz):-

L o
Delay Jumper
12 15 i 3 10 14 45 e Clk 1
Osc 1 ) LMD ) 1B LHC ) LA, }
13 g 7 J ) 5
P
MC 0 MCI010z MC0 0 MC0 0

Ri R2 R3 R4 RS
5m§ §5m 5m§ 5m§ 5m§

-5

Figure No. 2 — Digital Oscillator
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The digital oscillator works on the principle of propagation delays provided by NOR
gates implemented as Inverters. The input to first NOR gate acts as an Inhibit or Gating
signal for the oscillator. When input to first gate is at logic O, then output is fixed at one
level. However, when input is switched to logic 1 the output starts oscillating. In other
words the first gate is inhibited/enabled using the OSC1 signa from the trigger
conditioning circuit.

The maximum theoretical frequency can be obtained by ssimply adding the gate delays of
all the NOR gates with the delay jumper shorted. This frequency comes out to,

Fmax=1/{N * (Delay of each gate) + Jumper Delay}
For MC10102, Delay = 6.7 ns

SO, Fax =1/ {4 * 6.7 ns+ Ons}
=1/{26.8ns}
Maximum Theoretical Frequency = 37 MHz (approx)

But, practically the oscillator works well up to 10 MHz
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Gated Colpitt’s Oscillator (up to 100 MHz):-

MG
1]
T 1l
Al LZd
Fit
wmf i 1]
HEE
0Zy
Hal
HAal
MG+ BlY
aly
AS+ O
nel-
W INOd L T
0 AG fdl qE
m_,.,_ ﬂ 4,,_\ ol |ld
! : e
yir ™
40l d1d/EALAA _
(] 2 eralli | HAl = Fa L ¥ZA10
CHgEl  cio
[ Eld 1T Al 8
e 1 — A b
qo Pilop [0 ; = Ny
1| i ] A0 | £ Sl iy \&@ 15
: :
£ MWD R b By y o
I1
& w g %
2 AT+ AT+
AC+ Mo+ AC+

£ 250

27



The basic Colpitts oscillator circuit look like this..

R
% L1 ' gluad

schematic of a collpitts oscillator

If you consider positive feedback is applied to compensate for the losses in the tuned
circuit, the amplifier and feedback circuit create a negative resistor. When Z1 and Z2 are
capacitive, the impedance across the capacitors can be estimated from a formula | won't
lay on you here because it includesbeta, hie, as well as X¢; and X .. Suffice to sayit can
be shown that the input impedance is a negative resistor in series with C1 and C2. And
the frequency is in accordance with:

1

fo = 12
2RLC,Cyf (€ + O]

Reducing Phase Noise:

Maximize the Q of the resonator.
Maximize reactive energy by means of a high RF voltage across the resonator.
Usealow LC rétio.
Avoid device saturation and try to use anti parallel (back to back) tuning diodes.
Choose your active device with the lowest NF.
Choose a device with low flicker noise, this can be reduced by RF feedback. A
bipolar transistor with an unby-passed emitter resistor of 10 to 30 ohms can
improve flicker noise by as much as 40 dB.
The output circuits should be isolated from the oscillator circuit and take as little

power as possible.
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Gated Monostable Multivibrator Oscillator (up to 10 MHz):-
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Fig no. 3 —Monostable Multivibrator Oscillator using IC 74123

This Oscillator consists of two monostable multivibrator timers connected in a loop such
that the each one triggers the other. The 74123 is a dual retriggerable monostable
multivibrator capable of generating output pulses from a few nano-seconds to extremely
long duration up to 100% duty cycle. Each device has three inputs permitting the choice
of either leading edge or trailling edge triggering. Pin (A) is an active low transition
trigger input and pin (B) is an active-high transition trigger input. A low at the clear
(CLR) input terminates the output pulse: which aso inhibits triggering. An internal
connection from CLR to the input gate makes it possible to trigger the circuit by a
positive-going signal on CLR as shown inthe truth table.

Triggering Truth Tablke
Inputs Response
A B CLR
X X L Mo Trigger
T L X Mo Trgger
- H H Trigger
H o X Mo Trgger
L 7 H Trigger
L H e Trigger

H = HIGH Vollage Level
L — LOW Vollage Level
£ = lminaledal

Figno. 4 —IC 74123 truth table
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Both the monostable multivibrator timers of 1C 74123 are used in the third mode in the
truth-table (A = ™-, B = High and CLR = High). The gate input when high makes B and
CLR pins high. So, only a high to low transition pulse is required to trigger the
monostable multivibrator. An external resistor (R) and external capacitor (C) are required
for proper operation. The value of C may vary from O to any necessary value.

The output pulse width (TW) for C | 1000 pF is defined as follows:

Tw=028* R* C* (1+0.7/R)

S0, to reduce the width of the pulse we require low values of externa resistor and
capacitor (R and C) respectively. So, practically we depend only on the parasitic
capacitor for the C external giving oscillations up to 10 MHz.

Crystal Oscillator (100 MHz):-

CRYSTAL OSC Clk 4

100 hhz

Fig no. 5 —Crystal Oscillator

The crystal oscillator is the most stable high frequency oscillator. It gives highly stable
oscillations in a narrow band of frequencies. But, gating a crystal oscillator is difficult
due to the time it takes to start oscillations on recelving a gate pulse. So the oscillator

output is taken as an input to Spartan and the gating is done by a simple AND operation.

The presence of four oscillators onboard is to introduce redundancy in the oscillator
block. So, even if one oscillator fails the board testing can go on using the other working
oscillators. The presence of lower frequency oscillators simply help in testing of the

system.
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ircuit (fig 6)
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Figure 6 shows the trigger conditioning circuitry. The trigger logic is responsible for
latching the input trigger provided the input conditions are satisfied. The latched output is
responsible for driving the gated oscillator. The oscillators start running as long as the
output of the latch is high. The latch is reset when the FIFO is full or the system is reset.
The Logic Equations for the Logic circuit are:-

1. CLK =Trigger. EF

2. R=Reset+FF

The Latch and Gates used for the logic circuit are required to be fast. So, we use ECL
compatible gates to improve on speed. However, the FF, EF, Reset and Trigger inputs to
the logic is TTL compatible. So, a TTL to ECL converter MC 10124 is used. The
MC10124 has TTL compatible inputs, and ECL complementary open—emitter outputs
that allow use as an inverting/ non-inverting trandator or as a differential line driver.
Outputs are terminated through a 500—-ohm resistor to -5 volts.

The Latched output is used to drive a LED so as to indicate when the gated oscillator is
given a high gate pulse. The MC10131 is a dual master—slave type D flip-flop. Asynchronous Set
(S) and Reset (R) override Clock (CC) and Clock Enable (CE) inputs. Each flip—flop may
be clocked separately by holding the common clock in the low state and using the enable
inputs for the clocking function. If the common clock is to be used to clock the flip—flop,
the Clock Enable inputs must be in the low state. In this case, the enable inputs perform
the function of controlling the common clock. The output states of the flip—flop change
on the positive transition of the clock.

The trigger input can be TTL or NIM compatible while the logic circuit is ECL
compatible. So, additional NIM to ECL converter logic is aso included. This ECL trigger

can then be used for further processing.
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Software model:

The MCS is programmed into a FPGA using Verilog HDL. There are three major unitsin
the MCS

1. Countersfor counting the pul ses.
2. Gate signal generation for counters.
3. Write-read signal generation for FIFOs that are external to the FPGA.

When a scan is started, the MCS begins counting input events or pulses in the first
channel of its digital memory. At the end of the pre-selected dwell time the MCS
advances to the next channel of memory to count the events.

There are two Architectures:
1. First with six 8-bit binary counters.
2. Second with two 24-hit binary counters.

Both are ripple counters. The switching between them is done depending upon gate signal
length keeping in mind that 8-bit doesn’'t get full while counting the pulses. Signal
Archsel and 8 X 2:1 Mux are used for swapping the architecture.

MCS Software Block diagram (fig @)

Two banks Bank of 6 FIFO having
— 5 1)Six 8-hit ripple counters > data width of 8 bit
Pulses 2) Two 24-bit counters (External)
A A
Gate signal WR/RD
Gate signals generation Read & Write signal
unit > generation for FIFO
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There are six 8-bit counters for counting the input pulses, which are gated by gate signal
from Gate generating unit one by one. All the counters are provided power on reset. After
gate signadl is de-asserted counting stops and the counts are stored in FIFO. When gate
signa of first counter is de-asserted then the gate signal of next means second counter is
asserted. Like this all six counters will count the pulses one by one as and when there
gate signals are asserted. Then each counter is reseted on gate signal of its previous
counter (till thistime it holdsits count) and it is ready to count for next cycle.

Reset Logic:

Counter number Reset signal
0 g5

1 g0

2 ol

3 g2

4 g3

5 g4

There are two 24-bit counters to count input pulses. This also works same as first

architecture.
Reset logic:
Counter number Reset signal
A Gate B and bit 6 of 1% binary counter of
Gate generating signal
B Gate A and bit 6 of 1% binary counter of
Gate generating signal

Gate signals are of 20 * (2"N) multiple are generated. The circuit consists of 8-hit
binary counter, 8 to 1 MUX , Ring counter. The outputs of all f/f of counter are given to
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Mux. Then Mux chooses the input depending upon required gate signal length. Output of
Mux is given as clock to Ring counter. Output of ring counter is gate signal for counters,
which are going to count the pulses.

Clk 8-hit g0-g5
1% Binary 81Mux D Ring counter
—> counter > (6hit) —
MSB 3 Select Iin&i
2" Binary 8 bit 8: 1 Mux Ring counter | g B
counter g (2hit)
T 3 Select lines
Trigger Block (fig b)
Write signals:
8 bit Counter Gate signal on which write signal generated
0 gl
1 g2
2 g3
3 g4
4 g5
5 g0
24 bit counter Write signal
A Gate B and bit 3 of 1% binary counter of
Gate generating signd
5 Gate A and bit 3 of 1% binary counter of
Gate generating signd
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Implementation

Hardware Circuit:-

After the board is designed it is given for pcb layout & manufacturing. After the pcb is
manufactured the components are soldered onto the board. The board contains the signal
conditioning circuits, oscillators, FIFOs, voltage regulators, ports, test points and the
Xilinx SPARTAN-2. The working of the individual blocks has already been explained
before, now we shall look at the overall working of the system.

The voltage regulators provided on board give +2.5V & +3.3V outputs with 12V input
from he ISA dlot. These voltage levels are required for the Xilinx SPARTAN-2. The
unused I/O pins of the FPGA are brought out in the form of jumpers for future use as well
as for debugging purpose. A number of on board switches determine the mode and choice

of oscillator, etc.

Testing stage: -

First the board is slotted onto a free ISA slot on the motherboard. During the testing stage
as the programs are not finalized we use dave serial programming using JTAG cable.
JTAG, an acronym for Joint Test Action Group, is the usual name used for the IEEE
1149.1 standard for Test Access Port and Boundary Scan, primarily used for testing
integrated circuits, but also useful as a mechanism for debugging embedded systems.

A JTAG interface is a special four-pin (datain, data out, TCK, TMYS) interface added to a
chip, designed so that multiple chips on a board can have their JTAG lines daisy-chained
together, and a test probe need only connect to a single "JTAG port" to have access to all
chips on a circuit board. Since only the one data line is available, the protocol is
necessarily serial. The clock input is at the TCK pin. Configuration is performed by
manipulating a state machine one bit at a time through a TMS pin. One bit of data is
transferred in and out per TCK clock pulse at the TDI and TDO pins, respectively.
Different instruction modes can be loaded to read the chip ID, sample input pins, drive
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(or float) output pins, manipulate chip functions, or bypass (pipe TDI to TDO to logically
shorten chains of multiple chips). The operating frequency of TCK varies depending on
the chip, but it is typically 10-100MHz (10-100ns per hit). Once the FPGA is

programmed we can start the experiment.

We have also provided for a EEPROM in a PLCC (Plastic leaded chip carrier. Normally
a four-sided quad package in which an IC is installed with J-type leads extending out
from the sides of the package then downward rolled under the body of the device)
package so that onsite testing & debugging where the availability of a PC is not
guaranteed is possible.

We use the Xilinx Webpack( version 4.2) for programming the FPGA. First a new design
is created in the webpack where the right choice of the FPGA chip and other design
parameters are made. The verilog files are then loaded & compiled for errors. When error
free, we then write the ucf file (user constraint file) for mapping all the pins of the FPGA.
Proper assignment has to be made for different categories of pins and specia pins. If the
pin assignment is proper then we go for Place & route of the design. This step performs
the virtual routing of the hardware designed and determines if enough I/O ports, CLBs,
etc are actually available for the design on the chip. It aso determines the critical path
and the maximum frequency of operation for the given design. If satisfied with the results
of place & route we proceed to generate the Device Programming file after selecting he
mode from boundary scan, slave-serial & paraléel. A .bit file is generated which is to be
downloaded to the FPGA for configuring the device.

Experiment Run: -

Once our programs are finalized it is burned on to the one time programmable ROM
(OTP-ROM) which sits on the main board. When the FPGA is powered on the FPGA can
be programmed through this OTP ROM. Once the FPGA is programmed we can proceed
with configuring the experiment. By using the ISA interfacing we can select one of the
two architectures as well as the desired frequency of operation as explained in the

software model. Now we are ready to start the experiment.
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The experiment starts when a trigger is received by the trigger conditioning circuit. This
trigger then is used to start any of the three oscillators by the particular combination of on
board switches. The pulses generated by the oscillators are first converted into TTL
format if already not so and then input to the SPARTAN at one of its global clock pins.
At the same time the input pulses that need to be counted arrive at the input pin after
being conditioned to TTL logic by the input conditioning circuit at the input pin which is
again another global clock pin of the SPARTAN. Theinput & clock pulses have to be fed
to global clock pins as they are used at numerous CLBs inside the SPARTAN and hence
need to be routed properly without much delay and skew.

The counting is performed by the software model as explained elsewhere. The counted
values, momentarily stored in the counters, are stored into the FIFOs as per the frequency
of operation decided before the start of the experiment through the I1SA interface by the
user. When the FIFOs are full then the fifo full signal of the last FIFO is used as a
interrupt to the experiment to stop the counting process further. This interrupt is further
passed onto the user through the IRQ5/ IRQ3 interrupt line of the ISA interface. This
interrupt prompts the user to start reading the counts stored in the FIFOs. The user then
can read all the values from the FIFOS. Once the last FIFO is empty, the fifo empty line
is used as an interrupt to the system to tell that the experiment can again start counting
i.e. the system is reset.
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Software I mplementation:-
Verilog System Implementation Modules (Top-Down):-

MCS:

It is the top level of the design and provides the interfacing for the lower modules. It
takes care of ISA interface, FIFO interface, control signals for FIFO etc. This module
calls the lower modules of ipblock and trigger for providing the functions requested by
the MCS module.

module mcs(rst,addr,ior,iow,clk fifo_f,fifo_ewr,rd,datal,inv_rst,irg3,irgs);
input rst;
input [15:0] addr;
input ior,iow;
input clk;
input fifo_f fifo_e;

output [5:0] wr;
output [5:0] rd;
output [7:0] datal;
output inv_rst;

output irg3,irgs;

wire [7:0] rd1,data,d111,d2,d3,d4,d5,d6;
wire cel,lat,archsel,rrst;

wire [5:0] g;

wire [47:0] data2;

wire[2:0] fsdl;

wire [7:0] data3;

wire[1:0] arch2;

wire [5:0] archl;

wireip;
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nor o4 (rrst, iow, addr[15], addr[14], addr[13], addr[12], addr[11], addr[10],
~addr[9], ~addr[8], addr[7], ~addr[6], ~addr[5], ~addr[4], ~addr[3], ~addr[2],
~addr[1], ~addr[Q]);

nor o1 (cel, addr[15], addr[14], addr[13], addr[12], addr[11], addr[10], ~addr[9],
~addr[8], addr[7], addr[6], addr[5], addr[4], addr[3]);

or ab (rstl,rst,rrst);

not n1(inv_rst,rstl);

decoder3_8 d1(cel,addr[2:0],ior,rdl);
count8 cl1(clk,rstl,cel,data[ 7:0]);

/laddress logic

nor 02 (lat, addr[15], addr[14], addr[13], addr[12], addr[11], addr[10], ~addr[9],
~addr[8], ~addr[7]);

assign archsel=data3[3];
assign fsel[2:0]=data3[2:0];

wire six,three,out;

trigger tr (cel,clk,rstl,fsel,archl,arch2,six,three,out);

ipblock ipl (clk,cel,archl,arch2,archselrstl,three,six,datal,wr,out);

assign irg3 = fifo_e;

assign irgb = fifo_f;
assign rd[5:0] = ~rd1[5:0];

endmodule
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| pblock:
The module provides two architecture of
i.  Six 8-hit counters
ii.  Two 24-bit counters
The selection between the two architectures depends upon the architecture select input
signals and gives a byte-wide output bus with the appropriate write signals.

module ipblock ( ip,ce,archl,arch2,archsel ,clr,three,six,op,wr,out);
//Definitions of inputs
input ip,ce,clr,archsel ,three,six,out;
input [5:0] archi;
input [1:0] arch2;

//Definitions of outputs
output [7:0] op;
output [5:0] wr;

//Definitions of wires
wire [47:0] g1,92,93;
wire[7:0] w;

wire [5:0] wrl,wr2;
wire archsel11;

wire [5:0] wwwl1,www2;

/I Logic for implementation of |P block
and  al(w[0],ip,arch1[0]);
and  a2(w[1],ip,archl[1]);
and  a3(w[2],ip,archl[2]);
and  ad(w[3],ip,archl[3]);
and  a5(w[4],ip,archl[4]);
and  ab(w[5],ip,archl[5]);
and  a7(w[6],ip,arch2[0]);
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and  a8(w[7],ip,arch2[1]);

[[architecture 1

count8 c1(w[0],clr|arch1[5],ce,q1[7:0]);
count8 c2(w[1],clr|arch1[0],ce,q1[15:8]);
count8 c3(w[2],clr|arch1[1],ce,ql[23:16]);
count8 c4(w][3],clrjarch1[2],ce,ql[31:24]);
count8 c5(w[4],clr|archl1[3],ce,ql[39:32));
count8 c6(w[5],clr|archl[4],ce,ql[47:40]);

[[architecture 2
count24 c7(w[6],clr|(six & arch2[1]),ce,q2[23:0]);
count24 c8(w[7],clr|(six & arch2[0]),ce,q2[47:24]);

/Imultiplexers

mux8_2 1 m1(g1[7:0],g2[7:0],archsal,q3[7:0]);
mux8 2 1 m2(gql[15:8],g2[15:8],archsel,q3[15:8]);
mux8_2 1 m3(gl[23:16],92[23:16],archsel,q3[23:16]);
mux8_2 1 m4(ql[31:24],q2[31:24],archsel,q3[31:24]);
mux8 2 1 m5(ql][39:32],92[39:32],archsel,q3[39:32));
mux8_2 1 m6(ql[47:40],92[47:40],archsel,q3[47:40));

[Iwrite pulses
not nl(archsel11,archsel);

and a9(wrl1[0],archl[2],archsel 11);

and al0(wr1[1],archl[3],archsel 11);
and all(wrl[2],archl[4],archsel11);
and al2(wrl[3],archl][5],archsel11);
and al3(wrl[4],arch1[0],archsel11);
and al4(wrl[5],archl]1],archsel11);
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or r1(wr[0],wrl1[0],wr2[Q]);
or r2(wr[1],wrl[1],wr2[1]);
or r3(wr[2],wrl[2],wr2[2]);
or rd(wr[3],wrl[3],wr2[3]);
or r5(wr[4],wrl[4],wr2[4]);
or re(wr[5],wrl[5],wr2[5]);

ring6_w rrl (out,clr,three; www1);

ring6_w rr2 (out,clr,six,www2);

mux8 8 1 m (wr,q3[7:0],93[15:8],93[23:16],g3[31:24],93[39:32],g3[47:40],0p);

assign wr2[5]=www?2[5];
assign wr2[4]=www2[4];
assign wr2[3]=www2[3];
assign wr2[2]=www1[5];
assign wr2[1]=www1[4];
assign wr2[0]=www1[3];

endmodule

Trigger:

The trigger module models the gate generation block diagram shown in fig b of the
software model of MCS described in the previous section. It consists of counters used as
frequency dividers and the appropriate frequency is selected depending on the fsel input.

module trigger (ce,clk,clr,fsel,archl,arch2,six,three,out);
//Definitions of inputs
input clk,clr,ce;
input [2:0] fsdl ;
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/[Definitions of outputs
output [5:0] archi,
output [1:0] archz;

output six,three,out;

//Definitions of wire
wire[7:0] opl,0p3;
wire op2,0p4;//op5;
wire[5:0] outl,intl1,int2;
wire[1:0] out2;

//Logic for implementation of Trigger block
count8 c1(clk,clr,ce,opl);

mux8_1 m1(opl,fsel,0p2);

ring6 rl(op2,clr,ce,outl);

count8 c2(op1[7],clr,ce,0p3);
mux8_1 m2(op3,fsel,0p4);
ring2 r2(op4,clr,ce,out2);

seq sl(out2[1],clk,clr,ceint2[1],int2[5]);
seq s2(out2[0],clk,clr,ceintl[1],int1[5]);

or ol (six,int1[5],int2[5]);
or 02 (three,int1[1],int2[1]);

assign archl = outl,
assign arch2 = outz;

assign out=op1[4];

endmodule



Count8:
The module provides a 8-hit asynchronous counter with clear and chip enable input. It is
used in Ipblock as a counter and in Trigger block as afrequency divider.

module count8 (clk,clr,ce,Q);
input clk,clr,ce;
output [7:0] Q;

wire[7:0] w;

/I Instantiations for dffsto generate 8 bit counter
dffs di(clr,ce,~w[0],w[0],clk);

dffs d2(clr,ce,~w[1],w[1],w[Q]);

dffs d3(clr,ce,~w[2],w[2] ,w[1]);

dffs d4(clr,ce,~w[3],w[3],w[2]);

dffs d5(clr,ce,~w[4],w[4],w[3]);

dffs d6(clr,ce,~w[5],w[5],w[4]);
dffsd7(clr,ce,~w[6],w[6],w[5]);

dffs d8(clr,ce,~w[7],w[7],w[6]);

assign Q = ~w;
endmodule
Decoder3 8:
This module models the functioning of a 3:8 Decoder using the actual And-Or gate
combination. The 3-bit wide addr signal is decoded into rd signal with ior as an enabling
input.

module decoder3_8(ce,addr,ior,rd);

input [2:0] addr;
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input ce,ior;

output [7:0] rd;

wire[2:0] addrl;

wireiorl;

not n1(addr1[2],addr[2)]);
not n2(addr1[1],addr[1]);
not n3(addr1[0],addr[0]);
not n4(iorl,ior);

and a0(rd[0],addr1[ 2] ,addr1[1] ,addr1[O],ce,iorl);
and al(rd[1],addr1[2] ,addr1[1],addr[ O] ce,iorl);
and a2(rd[2],addr1[ 2] ,addr[ 1] ,addr1[0],ce,iorl);
and a3(rd[3],addr1[ 2] ,addr[ 1] ,addr[ O] ,ce,iorl);
and a4(rd[4],addr[2],addr1[ 1] ,addr1[0],ce,iorl);
and a5(rd[5],addr[ 2] ,addr1[ 1] ,addr[0] ,ce,iorl);
and a6(rd[6],addr[2],addr[1],addr1[0],ce,iorl);
and a7(rd[ 7],addr[ 2] ,addr[ 1] ,addr[Q],ce,iorl);

endmodule

Count24:
The module provides a 24-bit asynchronous counter with clear and chip enable input. It is
used in Ipblock as a counter.

module count24 (clk,clr,ce,Q);
//defining inputs
input clk,clr,ce;
/[defining outputs
output [23:0] Q;
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//defining wires
wire [23:0] w;

llinstantiations of 24 Dffs,each for 1 bit to create 24 bit counter
dffsd1 (clr,ce,~w[0],w[0],clk);
dffsd2 (clr,ce,~w[1],w[1],w[0]);
dffsd3 (clr,ce,~w[2],w[2] w[1]);
dffsd4 (clr,ce,~w[3],w[3],w[2)]);
dffsd>s (clr,ce,~w[4],w[4],w[3]);
dffs d6 (clr,ce,~w[5],w[5],w[4]);
dffs d7 (clr,ce,~w[6],w[6],w[5]);
dffsd8 (clr,ce,~w[7],w[7],w[6]);
dffsd9 (clr,ce,~w[8],w[8],w[7]);
dffs d10(clr,ce,~w[9],w[9],w[8]);
dffs d11(clr,ce,~w[10],w[10],wW[9]);
dffs d12(clr,ce,~w[11],w[11],w[10]);
dffs d13(clr,ce,~w[12],w[12],w[11]);
dffs d14(clr,ce,~w[13],w[13],w[12)]);
dffs d15(clr,ce,~w[14],w[14],w[13)]);
dffs d16(clr,ce,~w[15],w[15],w[14]);
dffs d17(clr,ce,~w[16],w[16],w[15]);
dffs d18(clr,ce,~w[17],w[17],w[16]);
dffs d19(clr,ce,~w[18],w[18],w[17]);
dffs d20(clr,ce,~w[19],w[19],w[18]);
dffs d21(clr,ce,~w[20],w[20],w[19]);
dffs d22(clr,ce,~w[21] ,w[21] ,w[20]);
dffs d23(clr,ce,~w[22] ,w[22] w[21]);
dffs d24(clr,ce,~w[23],w[23],w[22]);

assign Q = ~w;

endmodule



Mux8 2 1:
This module is a combination of eight 2:1 multiplexers in parallel. It uses an underlying
mux2_1 module to obtain the desired functionality.

module mux8_2 1 (il,i2,sel,0p);
/[Definitions of inputs
input [7:0]i1,i2;
input sel;
//Definitions of output
output [7:0] op;
//Definitions of wire
wire[7:0] o;

/[Logic for 8 Multiplexer 2:1,each input being 8 bits
/I 8 Instantiations of Multiplexer 2:1 have been used
mux2_1 mO (i1[0],i2[0],sel,0[0]);
mux2_1 m1 (i1[1],i2[1],sel,0[1]);
mux2_1 m2 (i1[2],i2[2],sel,0[2]);
mux2_1 m3 (i1[3],i2[3],sel,0[3]);
mux2_1 m4 (i1[4],i2[4],sel,0[4]);
mux2_1 mb5 (i1[5],i2[5],sel,0[5]);
mux2_1 m6 (i1[6],i2[6],sel,0[6]);
mux2_1 m7 (i1[7],i2[7],sel,0[7]);

assign op = o;

endmodule

Mux2_1:

Thismodule isasimple 2:1 multiplexer designed using And-Or gate combination.
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module mux2_1 (i1,i2,sel,op);
/[Definitions for input
input il1,i2,sel;
/[Definitions for output
output op;

[IDefinitions for wire
wire 01,02,sel1,0p1;

//Logic of Multiplexer 2:1
not n1(sell,sdl);

and al(ol,il1,sell);

and a2(02,i2,s4l);

or rl(opl,0l,02);

assign op = opl;
endmodule
Mux8 8 1:
This module closely resemble a multiplexer operation but has dlightly different
functionality. The en signal is 6-bits wide and used to enable one of the eight input
signals each 8-hitswide.

module mux8_8 1(en,ipl,ip2,ip3,ip4,ip5,ip6,0p);

input [7:0] ipl,ip2,ip3,ip4,ip5,ip6;
input [5:0] en;

output [7:0] op;

wire[7:0] opl,0p2,0p3,0p4,0p5,0p6;
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and aa10(op1[0],ip1[0],en[0]);
and aa20(op1[1],ip1[1],en[0]);
and aa30(op1[2],ip1[2],en[0]);
and aa40(op1[3],ip1[3],en[0]);
and aa50(op1[4],ip1[4],en[0]);
and aa60(op1[5],ip1[5],en[0]);
and aa70(op1[6],ip6[6],en[0]);
and aa80(op1[7],ip6[7],en[0]);

and aal1(op2[0],ip2[0],en[1]);
and aa21(op2[1],ip2[1] en[1]);
and aa31(op2[2],ip2[2],en[1]);
and aa41(op2[3],ip2[3],en[1]);
and aa51(op2[4],ip2[4],en[1]);
and aa61(op2[5],ip2[5],en[1]);
and aa71(op2[6],ip6[6],en[1]);
and aa81(op2[7],ip6[7],en[1]);

and aal2(op3[0],ip3[0],en[2]);
and aa22(op3[1],ip3[1],en[2));
and aa32(op3[2],ip3[2],en[2));
and aa42(op3[3],ip3[3].en[2]);
and aa52(op3[4],ip3[4],en[2));
and aa62(op3[5],ip3[5],en[2));
and aa72(op3[6],ip6[6],en[2]);
and aa82(op3[7],ip6[7],en[2));

and aal13(op4[0],ip4[0],en[3]);
and aa23(op4[1],ip4[1],en[3));
and aa33(op4[2],ip4[2],en[3));
and aa43(op4[3],ip4[3].en[3]);
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and aa53(op4[4],ip4[4],en[3));
and aa63(op4[5],ip4[5].en[3]);
and aa73(op4]6],ip6[6],en[3]);
and aa83(op4{7],ip6[7],en[3));

and aal4(op5[0],ip5[0],en[4]);
and aa24(op5[1],ip5[1],en[4]);
and aa34(op5[2],ip5[2] .en[4]);
and aad4(op5[3],ip5[3],en[4]);
and aab4(op5[4],ipS[4] .en[4]);
and aab4(op5[5],ip5[5],en[4]);
and aa74(op5[6],ip6[6],en[4]);
and aa84(op5[7],ip6[7],en[4]);

and aal5(op6[0],ip6[0],en[5]);
and aa25(op6[1],ip6[1],en[5));
and aa35(op6[2],ip6[2],en[5));
and aa45(op6[3],ip6[3],en[5));
and aa55(op6[4],ip6[4],en[5));
and aa65(op6[5],ip6[5],en[5]);
and aa75(op6[6],ip6[6],en[5]);
and aa85(0p6[7],ip6[7],en[5]);

or o1 (op[0],0p1[7],0p2[ 7],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
or 02 (op[1],0p1[6],0p2[6],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
or 03 (op[2],0p1[5],0p2[5],0p3[ 7],0p4{ 7],0p5[ 7],0p6[ 7]);
or 04 (op[3],0p1{4],0p2[4],0p3[ 7],0p4[7],0p5[ 7],0p6[ 7]);
or 05 (op[4],0p1[3],0p2[3],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
or 06 (op[5],0p1[2],0p2[2],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
or 07 (op[6],0p1[1],0p2[1],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
or 08 (op[7],0p1[0],0p2[C],0p3[ 7],0p4[ 7],0p5[ 7],0p6[ 7]);
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endmodule

Ring6_w:
The module is a ring counter with the output of one Flip-Flop connected at input of the
next. Thisring is of 6 such Flip-Flops with the input to the first Flip-Flop being O.

module ringé_w(clk,clr,ce,Q);

input clk,clr,ce;
output [5:0] Q;

wire [5:0] w;

/I Instantiations of Dffs and Dffr are used to generate the model
dffsdi (clr,ce,1'n0,w[0],clk);
dffr d2 (clr,ce,w[0],w[1],clK);
dffr d3 (clr,ce,w[1],w[2],clk);
dffr d4 (clr,ce,w[2],w[3],clK);
dffr d5 (clr,ce,w[3],w[4],clKk);
dffr d6 (clr,ce,w[4],w[5],clKk);

assign Q=w;

endmodule

Mux8 1:

Thismodule is asimple 8:1 multiplexer designed using And-Or gate combination.

module mux8_1 (ip,sel,op);
//Defining the inputs
input [7:0] ip;
input [2:0] sel;
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//Defining the outpurs
output op;

//Defining the wires
wire[7:0]o;
wire[2:0] sel1,;

[IMultiplexer Logic

not al(sel1[0],sel[0]);
not a2(sel1[1],sel[1]):;
not a3(sel1[2],sel[2]):;

and n1(0[0],sel1[2],sel 1[1] sl 1{0],ip[O]);
and n2(o[1],se11[2],sel1[1],s8l[0],ip[1]);
and n3(0[2],sel1[2],sel[1],s8 1[0],ip[2]):;
and n4(0[3],s611[2],sel[ 1], [0],ip[3]);
and n5(o[4],sel[2],sel 1[1],s8l 1[0],ip[4]);
and n6(0[5],sel[2],sel 1[ 1], [0] ,ip5]);
and n7(0[6],se1[2],sel[1],se11[0] ,ip[6]);
and n8(o[ 7],sel[2],sel[1],sel[O],ip[ 7]);

or ol (op,0[0],0[1],0[2],0[3],0[4],0[5] ,0[6] .0[ 7]);

endmodule

Ring2:

The module is a ring counter with the output of one Flip-Flop connected at input of the
next. This ring is of 2 such Flip-Flops with the input to the first Flip-Flop being the
output of the second.

module ring2(clk,clr,ce,Q);

input clk,clr,ce;
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output [1:0] Q;

wire[1:0] w;

/[ Using Instantiations of Dffs and Dffr
dffs d1 (clr,cew[1],w[0Q],clk);
dffr d2 (clr,ce,w[0],w[1],clk);

/Icount8 c1 (clk,clr,ceq);
assign Q[0]=w([0];
assign Q[1]=w[1];

endmodule

Ring6:

The module is a ring counter with the output of one Flip-Flop connected at input of the
next. This ring is of 6 such Flip-Flops with the input to the first Flip-Flop being the
output of the last Flip-Flop.

module ring6(clk,clr,ce,Q);
input clk,clr,ce;
output [5:0] Q;

wire [5:0] w;

/[l Instantiations of Dffs and Dffr are used to generate the model
dffsdi (clr,cew[5],w[0],clk);

dffr d2 (clr,ce,w[0],w[1],clK);

dffr d3 (clr,ce,w[1],w[2],clk);

dffr d4 (clr,ce,w[2],w[3],clK);

dffr d5 (clr,ce,w[3],w[4],clK);

dffr d6 (clr,ce,w[4],w[5],clK);



assign Q=w;

endmodule

Seq:

The sequence generator is a sequential circuit designed to alow the 24-bit counters to be
ready for the next input during the period the other counter is counting. It allows the
counter to settle, saves the value of count in FIFO, resets the counter and getsit ready for
the next operation.

module seq(x,clk,clr,ce,Z1,22);
input x,clk,clr,ce;
output Z1,72;

wire d2,d1,d0,92,91,90,g21,911,q01,
wireil,i2,i3,i4,i5,i6,i7,8,19,10;

dffs g2(clr,ce,d2,g2,clk);
dffsgi(clr,ce,d1,ql,clk);
dffs g0(clr,ce,d0,q0,clk);

not n2(g21,92);
not n1(gl1,ql);
not n0(q01,q0);

and a1(i1,021,00);
and a2(i2,g21,q1);
and a3(i3,x,92);

and a4(i4,x,01,q0);
and a5(i5,x,q11,90);
and a6(i6,x,02,q1);
and a7(i7,x,q1,q01);
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and a8(i8,x,q01);
and a9(19,92,011,90);
and a10(i10,g2,91,901);

or 01(Z1,i1,i2);
or 02(d2,i3,i4);
or 03(d1,i5,i6,i7);
or 04(d0,i6,i8);
or 05(Z2,i9,i10);

endmodule

Dffr:
The D-flip flop is a behavioraly coded module which models a D flip-flop with reset.

module dffr (clr,ce, D, Q, clk);
input clr , ce, clk;
input D ;
output Q ;

reg Q TEMP;
initial
begin
if(ce==1'bl)
Q _TEMP = 1'b0;

end

always @(posedge clr or posedge clk )
begin
if (clr == 1'bl)
Q _TEMP = 1'b0;
elseif (ce==1bl)
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Q TEMP=D;
end

assign Q = Q TEMP;
endmodule

Dffs:
The D-flip flop is abehaviorally coded module which models a D flip-flop with set.

module dffs(clr,ce,D, Q, clk);
input clr , ce, clk;
input D ;
output Q ;

reg Q TEMP;
initial
if(ce==1'bl)
Q TEMP=1b1;

always @(posedge clr or posedge clk )

begin
if (clr ==1'bl)
Q TEMP=1b1;
elseif (ce==1bl)
Q TEMP=D;
end

assign Q = Q TEMP;
endmodule
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Application Program/User Interface (C Program):-

Mcsl.cpp

/* Start

readi ng FI FO for

#i ncl ude <stdi o. h>

#i ncl ude <dos. h>

#i ncl ude <coni 0. h>

#define | NT3 0x13
#defi ne | NT5 0x15
#def i ne FI FO_NO 8096

void interrupt ( *ol dhandler)();

int term nate=0;

void interrupt handl er5()

{

Printf(“FIFOis Enpty”);

void interrupt handl er3()

{

for(int j=0;j<FIFONO j++)

{

ch=i nport b(0x0300) ;

printf("\nData read fromFIFO O :

ch=i nport b(0x0301);

printf("\nData read fromFIFO 1 :

ch=i nport b(0x0302) ;

printf("\nData read fromFIFO 2 :

ch=i nport b(0x0303) ;

printf("\nData read fromFIFO 3 :

ch=i nport b(0x0304) ;

printf("\nData read fromFIFO 4 :

ch=i nport b(0x0305) ;

printf("\nData read fromFIFO 5 :

INT3(ff _full) and end on I NT5(ff_enpty) */

9%902X \\", ch);
%902X | 1st 24 bit counter",ch);
%902X /", ch);

9%902X \\", ch);

%002X |

2nd 24 bit counter",ch);

%002X /\n", ch);
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getch();
}

termnate = 1;

i nt mai n(voi d)
{
out port b(0x037f, Oxff); //Reset Address
for(int i=0;i<2;i++) // Architecture Select and Frequency Sel ect

{
out port b(0x0380, Oxff);

}
getch();

/* save the old interrupt vector */
ol dhandl er3 = getvect (I NT3);
ol dhandl er5 = getvect (I NT5);

/* install the new interrupt handler */
setvect (I NT3, handl er 3);
setvect (I NT5, handl er5);

[* wait till ff_enmpty */
while (termnate == 0 )

{
printf("Readi ng value %d = %", count, no);

/* reset the old interrupt handl er */
setvect (I NT3, ol dhandl er 3);
setvect (I NT5, ol dhandl er5);

return O;



Simulation and Testing

Active-HDL timing diagrams: -
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Synthesized circuit: -
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CONCLUSION

The multi-channel scaler that has been implemented provides flexibility with accuracy as
there is no dead time between two counts as the counting moves on to the next counter
after the bin-time. As the application program averages the counts accrued over a period
of time the effect of noise signalsis nullified.

By providing two selectable architectures for different time-bin improves the time range
within which it can operate. Spartan Il FPGA from Xilinx provides the all-important
flexibility of programming the device and allows for on-field troubleshooting. The ISA
interface to IBM PC enables the data from the experiments to be stored, analyzed with al
the modern tools available for the PC platform. The project can be further modified to a
stand-alone application with a micro-controller also designed within the FPGA thus
further increasing the efficiency. If the system is found to function without any
discrepancies then the whole system can also be designed as an ASIC chip and given for
fabrication.

65



BIBLIOGAPHY

We used these published articles, books and data-sheets during the course of our project:

1. Samir Palnitkar, Verilog HDL- A Guideto VLS| Circuits and systems, John Wiley &
sons,2001.

2. Sung-Mo Kang and Yusuf Leblebici, CMOS — Digita Integrated Circuits, Tata

McGraw Hill

John F. Wakerley, Digital Design, 3" edition, Pearson education.

Product Manual, Stanford Research Systems.

Nuclear Instrumentation Systems, BARC.

o g~ W

Multi-channel Scaler for general Statistical analysis of dynamic light gathering,
Rudolf Sgrik and Edwin Baaij .
7. Spartan |1 datasheets — www.Xilinx.com.

66



APPENDIX

Pin Definitions of Spartan:

Pin Name D.edicated Direction Description
Pin
GCKO, GCK1, Clock input pins that connect to Global Clock Buffers.
GCK2, No Input These pins become
GCK3 user inputs when not needed for clocks.
MO, M1, M2 Yes Input Mode pins are used to specify the configuration mode.
Input o The configuration Clock 1/O pin. It is an input for slave-
CCLK Yes Output parallel and slave-serial modes, and output in master-
serial mode.
PROGRAM Yes Input Initiates a configuration sequence when asserted Low.
Indicates that configuration loading is complete, and
DONE Yes Bidirectional that the start-up sequence is in progress. The output
may be open drain.
o When Low, indicates that the configuration memory is
INIT No Bldll’eCtIOI’].a| being cleared. This
(Open-drain)
pin becomes a user I/O after configuration.
In Slave Parallel mode, BUSY controls the rate at
which configuration data is loaded. This pin becomes a
user /O after configuration unless the Slave Parallel
BUSY/DOUT No Output port is retained.
In serial modes, DOUT provides configuration data to
downstream devices in a daisy-chain. This pin
becomes a user 1/O after configuration.
In Slave Parallel mode, DO-D7 are configuration data
DODIN, DL, D2, input piné. During readback, DO-D7 are outF)ut pi.ns.
D3, D4, DS, D6, | No Input or | These pins become user 1/Os after configuration
D7 Output unless the Slave Parallel port is retained.
In serial modes, DIN is the single data input. This pin
becomes a user 1/O after configuration.
In Slave Parallel mode, the active-low Write Enable
WRITE No Input signal. This pin becomes a user /O after configuration
unless the Slave Parallel port is retained.
In Slave Parallel mode, the active-low Chip Select
Cs No Input signal. This pin becomes a user /O after configuration
unless the Slave Parallel port is retained.
TDI, TDO, TMS, | Yes Mixed Boundary Scan Test Access Port pins (IEEE 1149.1).
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TCK

VCCINT Yes Input Power supply pins for the internal core logic.
Power supply pins for output drivers (subject to
Vcco Yes Input )
banking rules)
Input threshold voltage pins. Become user 1/0Os when
VREF No Input an external threshold voltage is not needed (subject to
banking rules).
GND Yes Input Ground.
These signals can only be accessed when using Xilinx
See PCI core )
IRDY, TRDY No PCI cores. If the cores are not used, these pins are

documentation

available as user 1/Os.

68




&Nﬂt‘iﬂnﬂl Semiconduc

5474/DM5474/DM7474

June 1988

ctor

Dual Positive-Edge-Triggered D Flip-Flops
with Preset, Clear and Complementary Outputs

General Description

This device contains two independent positive-edge-trig-
gered D flip-flops with complementary outputs, The informa-
tion on the D input is accepted by the flip-flops on the posi-
tive going edge of the clock pulse. The triggering oocurs ata
voltage level and is not directly related to the transition time
of the rising edge of the clock, The data on the D input may
be changed while the clock is low or high without affecting
the outputs as long as the data setup and hold times are not

violated, A low logic level on the preset or clear inputs will
set or reset the outputs regardless of the logic levels of the
other inputs,

Features

B Allemate Military/ Aerospace device (5474) is available,
Contact a Mational Semiconductor Sales Office/Distrib-
utor for specifications.

Connection Diagram

Duakin-Line Package

Vee CLR 2 02 CLK 2 PR Z 02 fiz
14 13 12 11 11 4 #
[
B
s
b 9
1 ] 3 [ 5 B 7
CLR1 01 CLE1 PR m [i}] GND

TLIFfE526-1

Order Number 5474DMQEB, 5474FMQEB, DM5474J, DM5474W, DM 7474M or DM7T4T4N
See NS Package Number J14A, M14A, N14A or Wi4B

Function Table

Inputs Outputs
PR CLR CLK D Q a
L H x X H L
H L X X L H
L L X X H* H*
H H T H H L
H H T L L H
H H L X Qy 0,

H = High Loge Leval

X = Bihe Low or High Logic Leve

L = Low Logc Lavel

T = Posiive-gong ransilion of the clodk.

* = Thig configuralion is nonstanle; that &, it will not persist when eilher e presal and/or clear
npuis relum to thar inacive (high) level

Oy = The oulput logic level of O betors e indicaled inpul conditions were aslablished.
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&Natinnal Semiconduc

March 1883

Ctor

DM54123/DM74123 Dual Retriggerable One-Shot with
Clear and Complementary Outputs

General Description

The "123 is a dual retriggerable monostable multivibrator
capable of generating output pulses from a few nano-sec-
onds to extrermely long duration up to 100% duty cycle.
Each device has three inputs permitting the choice of either
leading-edge or trailing edge triggenng. Pin (4) is an active-
low transition trigger input and pin (B) is an active-high tran-
sition tigger input. A low at the clear (CLR) input temminates
the output pulse: which also inhibits triggering. An intemal
connection from CLR to the input gate makes it possible to
trigger the drout by a positive-going signal on CLR as
shown in the truth table.

To obtain the best and trouble free operation from this de-
vice please read the operating rules as well as the NSC
one-shot application notes carefully and observe recom-
mendations.

Features

m DC triggered from active-high transition or active-low
transition inputs

m Retriggerable to 100% duty cycle

m Direct reset terminates cutput pulse

® Compensated for Vo and temperature variations

m DTL, TTL compatible

B Input clamp diodes

Functional Description

The basic output pulse width is detemined by selection of
an extemal resistor (Ry) and capacitor (Cy). Once triggered,
the basic pulse width may be extended by retriggering the
gated active-low transition or active-high transition inputs or
be reduced by use of the activedow transition clear input,
Retriggering to 100% duty cycle is possible by application of
an input pulse train whose cycle time is shorter than the
output cycle time such that a continuous “HIGH" logic state
is maintained at the "0" output,

Connection Diagram

Dual-In-Line Package

Triggering Truth Table

a v nputs Response
¥ 1 1 g A
oL Cexr EXT Q Q2 CLR 2 B H A B CLR
16 |15 | 14 13 12 11 |10 |s
X X L Mo Trigger
) T L X Mo Trigger
& T H H Trigger
Q g CLR H X Mo Trigger
L e H Trigger
oLe @ ] L H —— | Trgger
¥ H = HIGH Vellage Lavel
i L = LOW Veltage Leval
® = Immalerial
1 | 2 3 4 ) Iﬁ | 7 | 8
Al Bl CLR 1 Gl 0z Ceyr 2 Rey 2 GND
Lo

TLEMEE38-1

Order Number DM54123J-MIL, DM54123W-MIL or DM74123N
See NS Package Number J16A, N16A or WiBA
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Operating Rules

1. An external resistor (Rx) and external capacitor (Cy) ame
reguired for proper operation, The value of Gy may vary
from O to any necessary value, For small time constants
high-grade mica, glass, polypropylana, polycarbonate, or
polystyrene materal capadtors may be used. For large
time constants use tantalum or special aluminum capad-
tors. If the timing capacitors have leakages approaching
100 nA or if stray capacilance from either terminal to
ground is greater than 50 pF the timing equations may
not represent the pulse width tha device generatas.

2. When an alectrolytic capadctor is used for Gy a switching
diode is often reguired for standard TTL cne-shots 1o pre-
want high inverse leakage cument (Figure 1) Howevar, its
usa in general is not recommended with retriggemable op-
aration,

3, The output pulse width (Tw) for Cx > 1000 pF is defined
as follows:

Tw = KRx Cx (1 + 0.7/Rx)
whera [Ry is in Kilo-ohm]
[Cy is in pico Farad]
[Ty is in nano second]

[K = 0.28]
Ry ]
Ve PIN {T)
Ly
I—PIN (]
TL/F/E838-3
FIGURE 1

&, The retriggerable pulse width is calculated as shown be-
lowi:
T =Ty + tpy = Kx By = Gy + ey

The retriggered pulse width is egual to the pulse width
plus a delay time period (Figure 41

NPT —I—I
DUTPUT _..J

FIGURE 4

4, For Gy < 1000 pF see Figure 2 for Ty ws Cyx family
curves with Ry as a parameter:

Pulse Width vs Ry and Cy

a ot e

= s
x

E ,.n//,
= 1{[5 A -/ o
z e

= 5

E o el

s == i
£

=

g

1 10 10# 10

TIMING CAFACITANCE Cy - pF
TUF/E538-4
FIGURE 2

5, To obtain varable pulse width by remote trimming, the
following circuit is recommended:

FIN T}

Ry
OR (15) I b )
Cx Rromats 4=
TL/F/a533-5

Mote: “F g™ Should be as dose 1o the cne-shol as possiie.
FIGURE 3

= Vir

7. Under any operating condition Gy and Ry must be kept
as close to the one-shot device pins as possible to mini-
mize stray capacitance, to reduce noise pick-up, and to
reduce | = R and Ldi/dt voltage developed along thedr
connecting paths. If the lead length from Cyx to pins (8)
and (7) or pins (14) and (15) is greater than 3 cm, for
example, the output pulse width might be guite different
from values predicted from the approprate eguations, A
non-inductive and low capadtive path is necessary to en-
sure complete discharge of Cy in each cycle of its opera-
tion s0 that the output pulse width will be accurate,

8. Voo and ground wiring should conform to good high-fre-

guency standards and practices so that switching tran-
sients on the Voo and ground retum leads do not cause
interaction between one-shots, A 0.01 pF to 010 pF by-
pass capactor (disk ceramic or monolithic type) from Voo
to ground is necessary on each device, Furthemnaone, the
bypass capacitor should be located as close to the Voo
pin as space pemits,
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MC10131
Dual Type D Master-Slave Flip-Flop

The MC10131 is adual master—slave type D flip—flop. Asynchronous Set (S) and Reset (R) override Clock
(Cc) and Clock Enable (CE) inputs. Each flip—flop may be clocked separately by holding the common
clock in the low state and using the enable inputs for the clocking function. If the common clock is to be
used to clock the flip—flop, the Clock Enable inputs must be in the low state. In this case, the enable inputs
perform the function of controlling the common clock. The output states of the flip—flop change on the
positive transition of the clock. A change in the information present at the data (D) input will not affect the
output information at any other time due to master slave construction.

PD = 235 mW typ/pkg (No Load)

FTog= 160 MHz typ

tpd=3.0 nstyp

tr, tf = 2.5 nstyp (20%—80%)

DIP PIN ASSIGNMENT

oo O]t 1[0 Ve
ar [ ]2 5 ] a
ar [ |3 Wl ] m
Rt [ |4 13 ] R
st [ |5 2] |8
Ty [] 6 ] G
o1 [ |7 0| ] o
Vee [ |8 o[ ] C

Fin azsignment is for Dual-in-Line Package.
For PLCC pin assignment, se2 the Pin Conversion Tables on page 18
of the ON Semiconductor MECL Data Bock {DL122/D).

LOGIC DIAGRAM

02 10— a2 e—— 15
52 12 4

Vet = PINA

Vecs = PIN 16

1'JIEE = PINE
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MC10102
Quad 2-Input NOR Gate

The MC10102 is a quad 2-input NOR gate. The MC10102 provides
one gate with OR/NOR outputs.

PD = 25 mW typ/gate (No Load)

tpd=2.0nstyp

tr, tf = 2.0 ns typ (20%—80%)

DIP
PIN ASSIGNMENT
Veer [ |1 ~ 6] ] Ve
Aot [ ]2 5] | Dour
Bour | |3 14| | Cour
A [ ] 4 13| | D
A [ |5 2| | D
B [ | 6 1| | Cw
B [ |7 wl ] o
Vee [ | 8 9| ] Dour

Pin aszignment iz for Dual-in—-Line Package.
For PLCC pin assignment, see the Pin Conversion Tables on page 18
of the ON Semiconductor MECL Data Sook (DL122/D0).

LOGIC DIAGRAM

"Urm1 =PIN1
Vegs = PIN 16
Vee =PINB
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. : . June 1989
National Semiconductor
5408/DM5408/DM7408
Quad 2-Input AND Gates
General Description Features
This device contains four independent gates each of which W Altemate Military/ Aerospace device (5408) is available,
perfoms the logic AMD function. Contact a Mational Semiconductor Sales Offices Distrib-

utor for specifications.,

Connection Diagram

Duakin-Line Package
Vo B4 A4 L[ B3 A3 ¥1

l" 13 12 11 10 L] A

s
D—

i Ii‘ |a 4 ] & T
4] L] Az B2 LK GHD

L1
TUF/ G811

Order Number 5408DMQE, 5408FMQEB, DM5408., DM5408'W or DM7408MN
See NS Package Number J14A, N14A or W14B

Function Table
Y = AB

Inputs Output

IIrr|®»
I rIr|@
T rrr|=<

H = High Logic Laval
L = Low Logie Leval
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MC10125

Quad MECL to TTL

Translator

The MC10125 is a quad trandator for interfacing data and control signals between the MECL section and
saturated logic sections of digital systems. The MC10125 incorporates differential inputs and Schottky TTL
“totem pole” outputs. Differential inputs allow for use as an inverting/ non—inverting trandator or as a
differentia line receiver. The VBB reference voltage is available on pin 1 for use in single—ended input
biasing. The outputs of the MC10125 go to alow logic level whenever the inputs are left floating.
Power supply requirements are ground, +5.0 Volts and —-5.2 Volts. Propagation delay of the MC10125 is
typically 4.5 ns. The MC10125 has fanout of 10 TTL loads. The dc levels are MECL 10,000 in and
Schottky TTL, or TTL out. This device has an input common mode noise rejection of + 1.0 Volt.
An advantage of this device is that MECL level information can be received, via balanced twisted pair
lines, in the TTL equipment. Thisisolates the MECL logic from the noisy TTL environment. This device
is useful in computers, instrumentation, peripheral controllers, test equipment and digital communications
systems.

Pb = 380 mW typ/pkg (No Load)

tpd = 4.5 nstyp (50% to + 1.5 Vdc out)

tr, tt=2.5nstyp (1.0 V to 2.0 V)

DIP PIN ASSIGNMENT

\_J
Vs [t 16| ] GnD
An [ ]2 15[ ] Dy
A ] 3 4[] Dy
Aour [ ] 4 13] | Doy
Bour [ 5 12 [ ] Cou
B [ |6 1 ] cw
By []7 0[] CTw
vee [ 8 9 [ vee

Fin asszignment is for Dual-in-Line Package.
For PLCC pin assignment, 2ee the Pin Converzion Tables on page 18
of the ON Semiconductor MECL Data Sook (DL122/0).

LOGIC DIAGRAM

o e R
£
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MC10124
Quad TTL to MECL Translator

The MC10124 is a quad tranglator for interfacing data and controlsignals between a saturated logic section
and the MECL section of digital systems. The MC10124 has TTL compatible inputs, and MECL
complementary open—emitter outputs that allow use as an inverting/ non—inverting translator or as a
differential line driver.
When the common strobe input is at the low logic level, it forces al true outputsto a MECL low logic state
and all inverting outputs to a MECL high logic state. Power supply requirements are ground, +5.0 Volts,
and -5.2 Valts.
Propagation delay of the MC10124 is typically 3.5 ns. The dc levels are standard or Schottky TTL in,
MECL 10,000 out. An advantage of this device is that TTL level information can be transmitted
differentialy, via balanced twisted pair lines, to the MECL equipment, where the signal can be received by
the MC10115 or MC10116 differential line receivers. The MC10124 is useful in computers,
instrumentation, peripheral controllers, test equipment, and digital communications systems.

Pb = 380 mW typ/pkg (No Load)

tpd= 3.5 nstyp (+ 1.5 Vdc in to 50% out)

tr, tf = 2.5 ns typ (20%—80%)

DIP PIN ASSIGNMENT

\_J
Bour [ 1 6] ] anD
Agur [ 2 151 ] Cour
Bour [] 3 [ ] Doy
Rour L] 131 Dour

Aw ]S 2] | Cour

COMMON |: f 11 :| Dy

Emﬂﬁ-ljt []7 0] | cy
Vee [ |8 9 [ vee

Fin assignment is for Dual-in-Line Package.
For PLCC pin assignment, s=e the Pin Conwversion Tables on page 18
of the ON Semiconductor MECL Data Book (DL122/D).

LOGIC DIAGRAM
e D <.
6 — 2
AnuaiDr &

1
10 ::I i 12

o 15

" R _®
14

Gnd - PIN16
Veg [+65.0Vde). = PING
Ve -5.2Vdg) = PINS
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ﬂNatinnaI Semiconduc

December 1984

Ctor

LM101A/LM201A/LM301A Operational Amplifiers

General Description

The LM101 A seres are general purpose operational amplifi-
ars which feature improved perfomance over industry stan-
dards like the LM708 Advanced processing technigues
make possible an order of magnitude reduction ininput cur-
rents, and a redesign of the biasing circuitry reduces the
temperature drift of input cumrent. Improved specifications
include:;
m Oifset voltage 3 mV maximum owver
temperaturs (LM101 AFLM2014)
B |nput current 100 nA maximum ower
temperature (LM101 ALM2014)
B Offset current 20 ndA maximum over
temperature (LM101A/LM2014)
B Guaranteed drift characteristics
B Offsets guaranteed over entire common mode and sup-
ply voltage ranges
m Slew rate of 10V/ps as a summing amplifier
This amplifier offers many features which make its applica-
tion nearly foolproot, overload protection on the input and
output, no latch-up when the common mode range is ex-

ceeded, and freedom from osdllations and compensation
with a single 30 pF capacitor. It has advantages over inter-
nally compensated amplifiers in that the frequency compen-
sation can be tailored to the particular application. For ex-
ample, in low frequency drcuits it can be overcompensated
for increased stability margin, Or the compensation can be
optimized to give more than a factor of ten improvernant in
high frequency performance for most applications.,

In addition, the device provides better accuracy and lower
noise in high impedance circuitry, The low input cumrents
also make it particularly well suited for long interval integra-
tors or timers, sample and hold circuits and low freguency
waveform generators. Further, replacing drouits where
matched transistor pairs buffer the inputs of conventional 1C
op amps, it can give lower offset voltage and a dnft at a
lowaar cost.

The LM101A is guaranteed over a temperature range of
—55°C to +125°C, the LM201A from —25°C to +B5°C,
and the LM301A from 0°C to +70°C.

Connection Diagrams (Top view)

Dual-In-Line Package

L
BALANCE/ __1] 5
COMPEMSATION 3 _',r COMPENSATION
IMPLT = Lyt
meuT—2+ E_outeur
v S paLANCE
TLHTTE2=4

Order Number LM101AJ, LM101J/883*,
LM201AN or LM301AN
See NS Package Number JOBA or NOBA

Ceramic Flatpack Package

HE: l:I [ ] 1Ij:l HE
BALAMECE I:a' COMP
INFUT I:j LMio1W ::I v
IMPUT |:5 ;l OUTPUT
L) m— 1 BALANCE
TLHAAT52=a

Order Number LM 101AW/883 or LM101W /883
See NS Package Number W10A

*Available par JMIAS10S 10103,

Metal Can Package
COMPENSATION

TLHSrrE2-2

Note: Pin 4 conneciad lo case.
Order Number LM 101AH,
LM101AH /883 %, LM201AH or LM301AH
See NS Package Number HOBC

Dual-In-Line Package

U/

BALANCES

COMPENSATION J s p—1F COMPERSATION

INFUT & - 11 ¥*
T 4 + W OUTRUT
L R =18 BALANLCE

TLHrrE2-3

Order Number LM101 AJ-14 /883*
See NS Package Number J14A
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Schematic**

3
INFUT ©

TLHFTrE2-38

BAL/
COMPY W+ COWPZ

INPUT O
2

Tl Frsa-1
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ANALOG
DEVICES

Ultrafast Comparators

AD36685/AD366S 7

FEATURES

Fast; 2.5 ns Propagation Delay

Low Power: 118 mW per Comparator
Packages: DIP, SOIC, PLCC

Power Supplies: 45V, -5.2V

Logic Compatibility: ECL

50 ps Delay Dispersion

APPLICATIONS

High Speed Triggers

High Speed Line Receivers
Threshold Detectors
Window Comparators
Peak Detectors

GENERAL DESCRIPTION

The AD96685 and AD96687 are ultrafast voltage comparators,
The AD96685 is a single comparator with 2.5 ns propagation
delay; the AD9668T is an equally fast dual comparator. Both
devices feature 50 ps propagation delay dispersion which is a
particularly important characteristic of high-speed comparators.
It is a measure of the difference in propagation delay under
differing overdrive condirions.

A fast, high precision differential input stage permits consistent
propagation delay with a wide variety of signals in the common-
mode range from -2.5 V1o +5 V. Outputs are complementary
digital signals fully compatible with ECL 10 K and 10 KH logic
families. The outputs provide sufficient drive current to directly
drive transmission lines terminated in 50 £ to -2 V. A level
sensitive latch input which permits tracking, track-hold, or
sample-hold modes of operation is included.

The AD96685 is available in industrial -25°C o +85°C range
in 16-pin SOIC.

The AD96687 is available in industrial range -25°C to +85°C,
in 16-pin DIP, SOIC, and 20-lead PLCC.

ADY6685 FUNCTIONAL BLOCK DIAGRAM

ADY6687 FUNCTIONAL BLOCK DIAGRAM

NOMNINVERTING NONINVERTING
INFUT TOUTPUT  TOUTRUT INFUT
+ —0 [ T—"
QOUTPUT @ OUTRUT
- 0 O
INVERTING
INFUT L fHL L
LE iE * I iF LE
\_\_v_,_! ;.v,_l
LATCH vy LATCH
ENABLE ENABLE

THE OUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERMAL
PULL-DOWH RESISTORS. THESE RESISTORS MAY BE INTHE
RANGE OF 5011-200{} CONNECTEDTO -2.0V, OR 20041-200011
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June 1988
ftor

541L.S245/DM54L.S245/DM74LS245
TRI-STATE® Octal Bus Transceiver

General Description

These octal bus transceivers are designed for asynchro-
nous two-way communication between data buses, The
control function implementation minimizes external timing
reguirements,

The device allows data transmission from the A bus to the B
bus or from the B bus to the A bus depending upon the logic
level at the direction control (DIR) input. The enable input
() can be used to disable the device so that the buses are
effectively isolated,

Features

B BiDirectional bus transceiver in a high-density 20-pin
package

B TRESTATE outputs drive bus lines directly

B PNP inputs reduce DC loading on bus lines

B Hysteresis at bus inputs improve noise margins
W Typical propagation delay times, port-toport 8 ns
B Typical enable/disable fimes 17 ns

B o (sink current)

B4LS 12 mA
74LS 24 mA

B |oy (source current)
54LS —12 mA
74LS —15 mA

m Allemate Military/ Asrospace device (54LS5245) is avail-
able. Contact a Mational Semiconductor Sales Office/
Distributor for specifications,

Connection Diagram

Duakin-Line Package

vi:ﬂ E'I'B 3118 Bz1'.F mﬁ B“.'IS Brﬂ- BE1:3 B:z B|E1 1
%j - & 4
NANANAN AN AN A
AAAHJ@AA
T
I:llli1 ﬁ!'lz ﬁﬂa h: .iLs ﬂ!': AHT ﬂ.: .hﬂg GL‘IDD

TLIFMG2131

Order Number 54L5245DMQB, 54L5245FMQE, 54L5245LMQE,
DM54L5245]), DM54L52 45W, DM74LS245WM or DM7T4LS245N

See NS Package Number E20A,

Function Table

J20A, M20E, N20A or WZ0A

Enable Direotion Operation
G Control
DR
L L B datato A bus
L H A datato B bus
H X Isolation

H = High Level, L = Low Lavd, X = Irredavant
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&Nﬂtional Semiconductor

54L.5244/DM74LS244 Octal TRI-STATE®
Buffers/Line Drivers/Line Receivers

General Description = Typloal Iy {sink current)

] ] P ) ) 5418 12 mA
These buffers/line drivers are designed to improve both the FALS 24 ma,
pe_rformame and PC board density of T_F-II-STATE bur_fers.-‘ ® Typical oy (source curment)
drvers employed as memory-address drivers, clock drivers, E4LS Z 92 mA
and bus-oriented transmitters /receivers, Featuring 400 my 7418 — 15 mA

of hysteresis at each low current PMP data line input, they
provide improved noise rejection and high fanout outputs
and can be used to drive terminated lines down to 13340

B Typical propagation delay times
Irverting 105 ns
Moninverting 12 ns

B Typical enable/disable time 18 ns

Features . T P .
® TRESTATE outputs drive bus lines directly e aver dsars Jon (enailed)
B PMP inputs reduce DC loading on bus lines Moninverting 135 mW

B Hysteresis at data inputs improves noise mangins

Connection Diagram

Duakin-Line Package

Ve 26 1¥1 A4 1¥2 2A3 1¥Y3 242 1v4 241
|HU I'I'B l:] 17 18 15 14 13 12 11

5
o
AR

|1234sa?ag|w
IE 141 2¥4 1A2 2X¥3 143 2¥2 144 2¥1 GND

TLEMass-
Order Number 54L5244DMQB, 54LS244FMQB, 54LS5244L MO E,
DM74LS244WM or DM 74LS244N
See NS Package Number E20A, J20A, M20B, N20A or W20A

Function Table

Inputs Output
G A Y
L L L
L H H
H x Z

L = Low Logic Lavel
H = High Logic Lavel
% = Eifher Low or High Logic Level
Z = High impedance
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Spartan-11 2.5V FPGA Family: Pinout Tables

$LNXE

XC25200 Device Pinouts

XC25200 Device Pinouts (Continued)

25200 Pad Mame XC25200 Pad Mame
Brdry Breclry
Function Bank | POQ208 | FG255 | FG456 | Scan Function Bank | PQ208 | FG256 | FG456 | Scan
GMND - P GND* GND* - Voo 7 s Voo Veooo &
™G . P2 D3 D3 - Bank 7* | Bank 7*
S = = = - = 10, Vrgr 7 P20 Ha K3 350
5 - - - = =3 E 7 P21 G4 K 253
110 7 5 5 c 266 |.-.o 7 - - Ke 359
IS 7 - AZ F5 | 269 e ’ - He e | =62
s - - s T oo - |.-_c- 7 P2z G5 R 265
T T A I e e o B
= ! ~ ~ e 275 IO, IRDYI 7 P24 G1 L2 77
Ts) 7 g g Fa 281 _ _
GND 5 5 GND* | GND* 5 ﬁND ? E;Z iND iND .
10 7 . Ex G5 284 [£rs e
Ts) 7 P5 Dz F3 287 T— 5 P26 | Voo | Voeo =
GND . . GND* | GND* . Bank 6* | Bank &*
Veaoo 7 . Veoo | Vooo . /0, TRDYTT) & P27 12 A 380
Bank 7° | Bank 7 Vioint C P28 | Voot | Veont -
110, VREr 7 P& ci EZ 2a0 o 5 - - G 50
Ts) 7 P7 Fa E1 203 T = =T o G 20z
— 7 - - G4 | 298 o 5 - 14 M4 305
8] 7 . . Ga 200 T 5 - - o =58
1o 7 - E2 HS | 3802 Vo E P30 iy M5 | 404
GND - - GND" | GND® | - VO, Vrgr 6 pat ) Nz | 407
1o 7 P8 E4 F2 305 Voo 5 - Voco | Voco -
Ts) 7 . . Fi 208 Bank &* | Bank &*
140, VREF 7 Pg 53 H4 314 GND . P32 | GND* | GND* g
1o 7 P10 Ed G a7 o B P23 KS N2 410
GND . P11 GND* | GND* . 1o B P24 Kz N 13
Vooo 7 P12 | Vemo | Voo s o B - . P4 416
Bank 7* | Bank 7* T B - - N5 Mo
VoI - P13 | Voo | Vooint” - 1 6 Pas K1 Pz 422
1o 7 P14 F2 H2 320 N0 . . SR NG -
1o 7 P15 G2 Hz 323 T - - = = T
Ts) 7 g g Ja 328 e - - - = T
1o 7 - - H1 329 s & - - Ps | a3
1o d - i = s o B P36 L1 P3 434
GND - - GND" | GND® | - o E Pa7 2 Rz | 437
1o 7 P18 Fa Jz2 335 r— - P38 [ Voonr | Voarr |-
8] 7 . . J3 338 Voco 5 P38 | Voco | Voo .
1o 7 . . iy 244 Bank * | Bank &*
) 7 P17 F5 KS 344 GND . P40 | GND* | GND* :
1o 7 P18 G2 KA 347 1o P4 K T4 440
GMND . P10 | GND* | GND* . 'O, VEEF P4z A R4 443
Module 4 of 4 wwrwoiline com DS001-4 (v2.5) September 2, 2003
22 1-800-255-7778 Product Specification

82



$TXLNX®

Spartan-ll 2.5V FPGA Family: Pinout Tables

XC25200 Device Pinouts {Conlinued)

XC25200 Device Pinouts (Continued)

XC25200 Pad Name Bndry XC25200 Pad Mame Bndry
Function Bank PQ208 | FG256 | FG456 | Scan Function Bank | PQ208 | FG256 FG456 Scan
150 & - - T2 449 Voro a5 - Voo Vero -
0 B P43 L4 U 452 o EM 1naacE)
SiD - - SRR - 10, Vrgr 5 P50 T4 AAE | 545
= = . S — BEE Te) 5 PEO M6 ABS | 548
IS 6 5 5 Vi 458 1o 5 - - va 551
10 & - - TS 461 1o 5 - - AN 554
10 B P44 L2 Uz 464 e 5 - s ABE | 657
10, VRer & P45 N1 T2 467 it - - e N -
Voo s = Voo | Voo = o 5 PB1 NG AT | 56D
Bark &* | Bank &* o 5 E E W7 563
GND g g GND* | GND* g 'O, VRer 5 PE2 RS wa 560
o ) P46 P T4 470 o 5 PE3 PE ¥8 572
10 ) . LS Wi 473 GND . PB4 | GND* | GND* .
GND g g GND* | GND* g Vooo 5 PE5 | Voco | Veoo g
e & _ _ V2 ATE Bank 5* | Bank 5*
s ) - - 4 482 VozINT . PEE | Vooinr” | Vooint .
140, VREF 6 P47 N2 ¥ 485 1o 5 P&7 RE AAB | 675
SiD = = T = o) 5 FES M7 Vo 578
o 6 g it Wz 488 1o 5 - - ABE 581
o ) : : va 401 o 5 - - wo 584
o ) - - V4 404 1o 5 - - ABD | 587
10 5 P48 R1 w2 500 GND - - GND" | GND* -
1o ) P40 V] wa 503 e E e bl s a
M g P50 P2 us 506 e 5 - - V10 553
GND g P51 | GND* | GND* e — 5 - - AAD | G068
MO . P52 ) AB2 | 507 L E shid 1L 10N 5o
Voo = P53 | Voo | Vooo = o 5 P71 P7 AB1D | 602
Bark 6* | Bank 6 GND . P72 | GND* | GND* g
Voco ] P53 Veoco | Veoo C Veco ] C Veco Voo -
Bank 5* | Bank 5* Bank 5* | Bank 5*
M2 - P54 A3 V4 508 'O, VEEF 5 P73 PE Y10 BOS
10 5 g g W5 518 o 5 P74 A7 V11 G508
1o 5 g g AB2 | 524 Te) 5 . . AA1D | 614
1o 5 . NS V7T 524 ) 5 . T7 W1 617
GND - - GND* | GND* - o 5 P75 Ta aB11 | 620
1D, VRer 5 P57 T2 Y& 527 o) 5 . . E 623
1o 5 g g AA4 | 530 [P— g P76 | Veanr | Voant | -
1o 5 g g AB4 | 538 I, GCKI 5 P77 Ra 14 535
10 5 g PS We 530 Voo 5 P78 | Veco | Veoo g
10 5 P58 Ta Y7 542 Bank 5" | Bank 5*
GND . P70 | GND* | GND* g
DS001 -4 (v2.5) Septermber 3, 2003 wwrwoiline com Module 4 of 4
Product Specification 1-800-285-7778 23
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Spartan-ll 2.5V FPGA Family: Pinout Tables EALNX®

XC25200 Device Pinouts {Continued) XC25200 Device Pinouts (Continued)
XC25200 Pad Name Bndry XC25200 Pad Name Brdry
Function Bank | PQ208 | FG256 | FG456 | Scan Function Bank | PQ208 | FG256 | FG456 | Scan
I, GCKO rl P80 NE Wiz | 636 o 1 - - W17 | 739
1o rl P81 ND Uiz | e40 O, VRer 1 P00 | R12 | AB20 | 742
TS a - - viz | &48 GND - - GND* | GND* -
o a P82 RO YiZ | &40 o 4 - Pi2 | AAID | 745
o a - NiD | AA{Z | 852 o 4 - - Viz | 748
1o 4 - - w13 | es5 s 4 - - via | 754
o rl P83 To AB13 | 661 o 3 P104 P13 | AA20 | 757
110, VRer 4 P54 Pg AA1Z | 664 s 4 Pi0Z | Ti4 wis | 760
Veco rl - Veco | Veco - GND - P02 | GND* | GND* -
sandt |t DONE 3 Fi04 | Ri14 | vio | 783
GND - P85 | GND* | GND- - Veoo - F105 | Voco | Veco .
o 3 P86 Mi0 Y13 | 867 Bank 4* | Bank 4*
1o 4 Pa7 R10 via | &70 Veco 3 P105 | Veco | Veco -
1o 3 - - AB14 | 673 Bank 3" | Bank 3*
o 2 - - s | &8 PROGRAM - P10E | P15 W20 | 766
T 2 =TT 50 [ 2asa | &0 IS (INIT) 3 P107 | Ni5 vig | 767
S - - SRR - 'S (D7) ) P10B | Ni4 21 770
Ts) g - - Vid 582 o 3 - - W20 776
Ts) g - - V14 85 o 3 - - AA22 | 770
= 8 - - S iERBERD s 3 - T15 w21 | 782
o 1 P8a TiD | ABi5 | 691 GND - - GND* | GND* -
= g S ST 0, VREF 3 Pi08 | Mi3 uzo | 785
Veoint : PO | Voot | Veomt' | - o 2 . . i 788
Vooo 8 FZ | Vooo | Vooo - o 3 - - V21 704
Bank 4* | Bank 4* GND - - GND* | GND* -
GND - Pg3 | GND® | GND* - o 3 - R1B Ti8 | 797
1o 1 Po4 M11 ¥is | 897 o 3 P110 | M4 | w2 | so0
110, VREF a Po5 T11 AB1E | 700 GND - - GND* | GND* -
TS 1 - - AB17 | 708 Veco 3 - Veco | Veoo -
1o rl PoG NAA vis | 709 e
S - - SRR - 0, VREF ) P111 Li4 Uz BO3
= 8 - = ==L o 3 P11z | Mi5 T20 | B06
1o I - - AMIT | 715 ket 3 - - T19 | 809
o 1 - - W16 | 718 ke 3 - - vz | B2
10 4 Pa7 | P11 | ABiE | 721 Vo s - biz | T2 | &8
10, VRer 4 Poa Tiz | ABi19 | 724 GND - - GND" | GND* -
Vooo 7 - Voo | Voo - s 3 Pi1a | P16 Ri8 | B16
Bank 4* | Bank 4* o 3 - - uzz | 821
GND - - GND* | GND* - VO, Vrer 3 P114 L13 Rig | 827
1o 1 Pog Ti3 Y17 | 727 'O (DB) 3 P115 | Ni8 T2z | 830
1o rl - NiZ Vie | 730 GND - P116 | GND* | GND® -
TS a - - AniE | 733
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0 XILINX® Spartan-Il 2.5V FPGA Family: Pinout Tables

XC25200 Device Pinouts (Continued) XC25200 Device Pinouts {Continued)
XC25200 Pacd Name XC25200 Pad Name
Bndry Brciry
Function Bank | PQ208 | FG2b66 | FG456 | Scan Function Bank | PQ208 | FG256 | FG456 | Scan
Voo a P17 Voo Veoo - e 2 - - K18 029
Bank 3* | Bank 3* T o - - 120 o3z
VoIt - P18 | Voomt | Voomt | - 1o 2 Fl40 | G2 J18 | o35
140 (DS} a P110 M6 R21 833 = - - T -
11O ) P120 K14 P18 836 T = - =T o i
— e - - |l TS 2 - - Jo | o#
1o 3 - - P19 | 842 o 2 - - H21 0d4a
= 8 - L SeC ECS 1o 2 Pi41 | G123 | Hio | o047
ol - - ST I (G IO (D2) 2 Pi42 | F15 H20 | 950
1O a P21 K13 P21 B8 y— - P13 | Voorr [ Veanr |-
11O a g g N1D 851 Vooo = P133 | Vooo | Vooo -
11O ) . . pz= 854 Bank 2* | Bank 2*
110 a P12z L15 N1B B57 GND : P1as | anD* | GND® :
s 3 Pi23 K12 N2 860 o (D1) 2 P146 E16 Hzz 053
GND : Pi24 | aMD* | GND* : 1O, Ve 2 P147 Fi4 Hi8 56
Vooo a . Vooco | Veooo . 1o 2 . . G21 D62
SEnES et 1o 2 P148 | D16 | &GI8 | 065
/O, VRer a P125 K16 N2 863 S - - SR NEE -
110 (D4) a P26 6 NZZ 566 T = - =T e s
110 a . . Mi7 | 872 T = - - B 5
11O ) . 4 M1 | 875 o 5 - - =0 072
11O ) P127 K15 M20 | B7B o = = =7 = —
o 2 - - M1z | 88 VO, Vper 2 Pi50 | F13 | F21 | @80
VooinT C P128 [ Vooint® | Vooint” C Veco o B Veco | Veco -
140, TROYI) ) P129 5 Mz2 | 800 Bank 2* | Bank 2*
Veco a P130 Voo Voo - GMD - - GMD* GMND* -
e LRI TS 2 P151 | E14 F20 | o83
Voo 2 P20 | Veoo | Veoo - o 2 . C16 F18 oBE
Bank 2* | Bank 2* o e S
GND . P131 | GND* | GND* . ' . '
_ o 2 . . E22 08D
140, IRDY ) 2 Pi32 H16 L20 803 = - = o5
= 2 P32 Hid L 598 |.'o v 2 P1-52 E:IS D22 008
110 2 . . L18 a0z i
110 2 Pi24 H15 L24 005 ?QD 2 . GE:E GEZE - D-D'I
110 2 - 3 Lez | oo . _
S N i S e T K
110 (D2 2 P135 Gi6 K20 17 i - .
1 (DIM, D) 2 Pi53 D14 D20 | 1013
14D, VREF 2 P36 e K21 220
1O (DOUT, 2 P154 c15 c21 | 1016
Veco 2 . Veco | Veco - BLISY)
Bank2” | Bank 2 CGLH. 2 P155 D15 B2z | 1010
GND : P137 | GuD* | GND* : = - St =
110 2 P138 G4 K2 023 coh Selnl Sl i
110 2 P13g G5 J21 026
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Spartan-11 2.5V FPGA Family: Pinout Tables

& XILINX®

XC25200 Device Pinouts (Continued)

XC25200 Device Pinouts (Continued)

XC25200 Pad Name Bndry XC25200 Pad Name Bndry
Function Bank | PGQ208 | FG256 | FG456 | Scan Function Bank | PQ20& | FG256 | FG456 | Scan
Veco 1 P156 | Veco | Veooo E Ts) 1 P175 D10 D12 a0
Bank 1" | Bank 17 Ts) 1 P176 | A0 C13 03

OO 2 P157 | B4 az1 - SND - e177 | ano | ano- -
GMD . P18 | GND* | GMND* .
TOI g P1E0 | AlS B20 g Voco 1 ) E!:iﬁﬁ?* B:ﬁﬁ* )
110 (T8 1 Pi60 | B13 c1g 0 O, VRer 1 P178 B9 B13 06
/O (WRITE) 1 P61 c13 420 3 1o 1 P170 E10 E12 o0
1o 1 . . B1D 0 o 1 . . 13 108
) 1 g g C18 12 Ts) 1 g AD BiZ 108
o 1 g ciz D17 15 o 1 F180 Do Diz | 114
GMD E E GND* | GND” - 1o 1 - - ciz | 114
O, VRer 1 Pi62 | A4 X 18 Te) 1 P1&1 AR D11 120
1o 1 . . Bi8 29 I, GOKz2 1 PiB2 co IXE 126
o 1 g g E16 27 GND g P182 | GND" | GND® g
1o 1 . D12 c17 20 T 1 P184 | Veco | Veoo .
o 1 Pi63 | B2 D16 a3 st | LU
GND . . GND* | GND* . Veeco 0 P184 E;:i ol B“;ﬁﬁ%,
Veooo 1 ) Bgﬁﬁﬁ . E;ﬁrﬁ. ) I, GCKA 0 P185 BE cid 127
10, Vier 1 Pi64 | c11 A18 a8 VooINT - P186 | Voot | Vooint™ | -
o 1 P65 | A12 B17 20 1o 0 - - E1 137
e . - - =T s 1o 0 P1B7 a7 A10 140
S - . . TE e 1o 0 - D& B10 143
11O 1 - DA 015 48 1o o - - Fi1 146
SD = = T TG = Ts) 0 P188 A cio | 152
1o 1 P16 | Al2 ci6 51 VO, Virer e e ek - 188
1o 1 . . D14 54 Veco 0 - E;‘_i coo, B‘:ﬁﬁ% -
140, VEEF 1 P167 | E11 E14 80 T - 50 T ano | ono: -
ko ! Fis8 | BH AlE 63 o 0 P101 C8 BO 158
ifND 1 :22 ﬁND' ﬁND' . o 0 P10z o7 E10 161

AR O I O =
Voot - P171 | Voot | Voot - vo 0 . . D10 167
1o 1 Pi72 | A1 c15 86 — i ales el — L
1o 1 Pi73a | cio B15 80 e - - il Loy -
11O 1 - - E13 72 1o o - - D9 173
o 1 - - A1S 75 1o 0 - - Bs 176
110 1 - - Fi2 78 1o o - - 8 179
= . = SRRRGE = 1o 0 P104 c7 Eo 182
1o 1 Pi74 | B1D cl4 a1 — e e = — L
Ts) 1 _ _ B4 84 Voot - P186 | Vooinr® | Veont® -
1o 1 - - Al4 87 Veco 2 ALl E;:i =1 B";ﬁﬁ%
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0 XILUNX®

Spartan-ll 2.5V FPGA Family: Pinout Tables

XC25200 Device Pinouts (Continued)

Additlional XC25200 Package Pins

XC25200 Pac Name Bndry PQ202
Function Bank | PQ208 | FG256 | FG456 | Scan Not Connected Pins
GMD - P08 | GND* | GND* | - pss | pss | - | - [ - -
150 8] P199 AS B7Y 188 102000
140, VREF 0 P200 CE EA& 194 FG256
140 0 - - De 197 Vet Pins
110 ] P201 BS cy 200 cA {4 04 [ ES Eq2
GMND - - GND* GND* - Ms Mi2 M4 M13 Pa P14
150 8] - D6 D7 203 Voo Bank 0 Pins
150 o] - - BS 206 Es | F& | R | R | R N
140 0 C C AS 209 Ve Bank 1 Pins
s 0 P202 A4 DE 212 Ee | fe [ - | - [ - -
11O, VRer ] P203 B4 CE 215 Veeo Bank 2 Pins
Veoo 0 - B‘fr:r:o Vooo - H11 | H1Z | = | - | - -
ank 07 | Bank 0% Ve Bank 3 Pins
= S s 2 S S N
- Voo Bank 4 Pins
o - - ] L0 20 I I
. Vecoo Bank 5 Pins
140 0 - - E& 230 5 | G | . | . | . -
182, ViRer 0 pP2as Al B4 233 Veco Bank 6 Pins
5 T T toe] =L ® [~ T - T - T
: Veoeo Bank 7 Pins
o tete| [P = T T
_ GND Pins
140 0 P20& B3 c5 248 a T Bz B15 = T
TCK . P07 c4 c4 ) F10 F1d G6 G7 G& GO
Veco © Pa08 agﬁﬁ%* E;ﬁﬁ%. i G10 G H7 Ha Hg H10
Veoo 7 P208 | Vgoo | Veoco - g7 Ja J9 O K& K7
Bank 7* | Bank 7* K& K9 KA0 K11 L& LY
[T L1 L1 R2 Ri15 T TG
Motes: Not Connected Pins
1. IRDY and TROY can only ba accessad whan using Xilinx PCI P4 R4 - - - -
cores.
2. Pads labelled GND®, Voot Voo Bank 0°, Voo Bank 17, 1170200
Voo Bank 2%, Woon Bank 3*, Vo Bank 4, Venn Bank 5%,
Voo Bank 8%, Vooo Bank 7 arg intemally bonded to
independent ground or power planes within the package.
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