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Input Reduction for the EPS448 SAM EPLD |

Figure 5. Input Encoding

With input encoding, an EP610 EPLD compresses 13 system inputs (A to M) down to § inputs to
the EPS448 EPLD (10 to 14). Three input pins (I5 to 17) are still available for general-purpose use.

A
8 EPS448
(o]

ETrXxXece-XO0 MmO

Altera’s state machine entry language (provided with the A+PLUS
documentation) is the most convenient language for entering the EP610
truth table. Figure 6 shows the SMF that describes the truth table. The
Network Section indicates that the outputs (I8 to 14) are combinatorial
outputs with no feedback (CONF). The Truth Table Section of the file lists
the 13 inputs (A to M) and the corresponding outputs (18 to I4) for each
command. A+PLUS software translates the SMF into a standard JEDEC
file for programming the EP610 EPLD.

To further simplify design entry, the Equations Section of the EPS448
design file can define each of the commands in terms of the inputs 18 to 14
as shown by the three sample equations here:

ERROR = /I4 =/I3 =/12 »/I1 * 18B;
BACK = /14 »/13 »/12 »/11 » 18@;
FORWD1 = /I4 =/I3 =/12 »/1I1 %/10;

With these equations, branching within the EP5448 device can then be
expressed as follows:

$8: IF ERROR THEN S1
- IF BACK1 THEN S2
IF FORWARD1 THEN S§3
$6

[Altera Corporation
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Figure 6. Truth Table Entry for the EP610

Truth table entry is easy: the 13 inputs (A to M) are listed on the left, and the 5 outputs (10 to I4) are listed on the right.

PART: EP610

INPUTS:

A, B, C, D, E, F, G, H, I, J, X, L, N

OUTPUTS:

18, 11, 12, 13, 14

NETWORK:

I8 = CONF(I8,)

I1 = CONF(I1,)

I2 = CONF(IZ2,)

I3 = CONF(13,)

I4 = CONF(I4,)

T_TAB:

% SYSTEM INPUTS OUTPUTS COMMAND %
A B C D E F G H I J X L M: 1413121110 ;

g X X X X X X X X X X X X:9 8 8 8 8 ; x IDLE %
1 8 X X X X X X X X X X X:8 8 8 8 8 ; % ERROR %
1 1 8 X X X X X X X X X X:89 8 8 8 8 ; % RESET %
1t 1 1 8 8 8 8 X X X X X X:8 8 8 8 8 ; % BACX1 %
1 1 1 8 8 8 1 X X X X X X:0 8 8 8 8 ; x RIGHT1 %
1 11 8 8 1 8 X X X X X X:09 8 8 8 8 ; % LEFT1 %
1 1 1 8 B 1 1 X X X X X X:8 8 8 8 8 ; x FORWDLT %
1 11 81 X X 8 8 X X X X:89 8 8 8 8 ; ¥% BACK2 %
1 11 8 1 X X 81 X X X X:8 8 8 8 8 ;: x% RIGHT2 %
1 11 8 1 X X 1 8 X X X X:8 8 8 8 8 ; x LEFT2 %
1 1 1 81 X X 1t 1 X X X X:8 86 8 8 B8 ; x% FORWD2 %
1 1 1 1 8 X X X X @8 8 X X:8 8 8 8 8 ; % BACK3 %
1 11 1 8B X X X X 8 1 X X:8 8 8 8 8 ; x% RIGHT3 %
1 11 1 8 X X X Xt 8 X X:0 8 8 8 8 ; x% LEFT3 %
1 11 1 8 X X X X 1 1 X X:8 8 B8 8 8 ; x FORWD3 %
1 1 1 1 1 X X X X X X 8 8:8 8 8 8 8 ; x% BACK4 %
1 1 1 1 & X X X X X X 8 1:8 8 8 8 8 ; x RIGHT4 %
1 11 1 1 X X X X X X 1 8:8 8 8 8 8 ; % LEFT4 %
1 11 1 1 X X X X X X 1 1:89 8 @8 8 8 ; x FORUD4 X

END$
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Final Tips

a

Truth tables used for input encoding must not conflict with specified
output values. Such conflicts occur when aninput combination satisfies
the input conditions for two rows in the table, but each specifies
different output values. Such conflicts are usually introduced by
injudicious use of don’t care (X) values in truth table definitions.

Table 3 shows an example in -
which X values create Table 3. Invalid Truth Table

contradictory rows. If the input A B C| ouTt our2
combination (/A * B * C) were

applied to the truth table, it 0| X|X 1 ]
would satisfy the firstrow, which 011X 0 1
specifies that OUT1 should go X101 1 1

high, as well as the second row,
which specifies that OUT1 should go low. Because OUT1 has
conflicting values for this input combination, the truth table is invalid.

If an invalid truth table is used in an input-encoded EP5448 design,
undefined state transitions may occur. The SAM Design Processor
treats X entries as true (for minimization purposes), and therefore
does not check whether rows are free from output conflicts.
Consequently, the designer must verify that the truth table is valid
and contains only mutually exclusive input conditions. Otherwise,
inadequately defined outputs may cause incorrect state branching.

Input encoding is more suitable than input multiplexing for speed-
critical applications because it does not require any feedback from the
EPS448 EPLD. Input multiplexing, on the other hand, requires that
outputs leave the EPS448 device, propagate through an EP-series
EPLD, and still make the setup time of the EPS448 before the next
clock edge.

If inputs to an EPS448 SAM EPLD are asynchronous, they must be
synchronized by placing registers in front of the inputs. Since input
reduction typically places an EP-series EPLD in front of the EP5448,
synchronization is easily accomplished by using registered rather
than combinatorial outputs from the EPLD.

Some applications may need to combine input encoding and input
multiplexing. For example, an address decode signal can be used as
one of the inputs to the multiplexers in Figure 5. When the proper state
arrives, the decode signal is routed to the input of the EPS448 EPLD.

‘[Altera Corporation
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‘ i Boolean equations are a standard design entry method for low-densit
Introduction programfnqab]e logic. Altera’s A+PLUS sgoftwarZ offersa Boolean equatioz
design entry method with simple syntax rules, standard logic operators,
and added enhancements that take advantage of the advanced architectures
of Altera EPLDs.

ADF Syntax Boolean design files are created in the Altera Design File (ADF) syntax
with an ASCII text editor (in non-document mode). The ADF is divided
into sections, many of which are defined by a keyword. A sample ADF is
shownin Figure 1.

Figure 1. Sample Altera Design File (ADF)

Your Name % COMMENTS ARE ENCLOSED IN PERCENT SYMBOLS X%
Your Company
1871798
Header 1.88
Section B
EP618

Beverage Dispenser Controller

Options
—EPTIONS: TURBO = OFF, SECURITY = OFF

Section
Part ‘ % TURBO & SECURITY DEFAULT x
Soction _Emnr: EP618 % TO ‘OFF’ %
nputs
Section —[mrurs: ENABLE@?, COINDROP, CUPFULL, CLOCK
Outputs —E)urrurs: DROPCUPG1S5. STROBE, POURDRNK
Section
[ NETWORK: % USER-ASSIGNED PIN NUMBER X%
ENABLE = INP (ENABLE) % CLOCK, CLEAR, AND OUTPUT %
% ENABLE OF ALL FLIP-FLOPS x
COINDRGP = INP (COINDROP) % CAN BE CONTROLLED WITH %
Network CUPFULL = INP (CUPFULL) % BOOLEAN-DERIVED SIGNALS. %
Vork _ | CLOCK = INP (CLOCK)
Section
DROPCUP, DROPCUP = RORF (DROPCUPd, CLOCK, NEWCYCLE, GND, ENABLE)
POURDRNK, POURDRNK = RORF (POURDRKd, CLOCK, NEUCYCLE, GND, ENABLE)
| STROBE = CONF (STROBEc)
— % A KEYWORD MUST BE ENTERED %
EQUATIONS: & % AT THE BEGINNING OF THE %
DROPCUPd = COINDROP * /DROPCUP = CUPFULL; * THE LINE *
Equations | CUPREADY = DROPCUP = /POURDRNK; <«§—— % INTERMEDIATE EQUATION %
quations | % OPTION %
Section POURDRKd = CUPREADY + /CUPFULL » TEMP;
STROBEc = CUPREADY + TEMP;
NEWCYCLE = DROPCUP = POURDRNK;
| TEMP = /DROPCUP » POURDRNK;

End _[Enns
Statement
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ADFs can be processed individually or combined with state machine, truth
table, schematic, and netlist files. The Altera Design Processor (ADP)
checks the syntax, performs logic minimization, fits the design into an
appropriate EPLD, and produces a JEDEC file for device programming,.

Header Section

The optional Header Section of the ADF includes all “bookkeeping”
information, such as design title, revision number, designer, and any other
desired information. It has no effect on design processing. This section has
no keyword.

Options Section

The Options Section (keyword OPTIONS:) controls the Turbo Bit and
Security Bit.

Part Section

The Part Section (keyword PART:) specifies the target EPLD. If the AUTO
optionis used, A+PLUS automatically selects the best EPLD for the design.
If pin assignments are specified in the ADF, the AUTO option is not
available, since the assigned pins must necessarily correspond toa particular
EPLD and package.

Inputs Section

The Inputs Section (keyword INPUTS:) specifies all EPLD inputs for the
design. Pin numbers can be assigned by appending an “at” symbol (@ ) plus
the pin number to the end of the pin name.

Outputs Section

The Outputs Section (keyword GUTPUTS:) declares all output and
bidirectional pins used in the design. Output pin numbers are assigned in
the same way as input pins. (Bidirectional pins are never declared in the
Inputs Section.)

Network Section

The Network Section (keyword NETWORK:) defines the programmable 1/O
architecture of the EPLD and provides access to all advanced 1/0
architecture features (e.g., programmable flip-flops).

Page 476

Altera Corporation |




Application Brief 71

A+PLUS Boolean Equation Design Entrﬂ

Additional
Features

Equations Section

The Equations Section (keyword EQUATIONS:) contains the Boolean
equations, which use standard operators (AND = * or & OR = + or #;
NOT =/,’, orY) toimplement the desired function. Equations need not be
in sum-of-products form; parentheses are used to indicate grouping and
establish precedence. Intermediate equations are also supported to simplify
design entry.

End Statement
All Altera Design Files must end with the END$ statement.

The ADF format can implement dual I/O feedback and active-low inputs
and outputs.

Dual Feedback

The dual-feedback capability of the EP1800-series global macrocells is
implemented by declaring the buried logic in the Outputs Section, and the
dedicated input in the Inputs Section. The following example shows a
buried register and input pin implemented with the same macrocell:

PART: EP1818
INPUTS: DUAL1@1@
OUTPUTS: DUAL2P10

NETWORK

DUALL = INPCDUAL1)

BUALZ = NORF(DUAL2d,CLK,CLR,GND)
EQUATIONS:

DUAL2d = A = B + C;

END$
If Output Enable control is required, the following syntax is used:

PART: EP1818
INPUTS: DUAL1
OUTPUTS: DUAL1
NETUORK:
DUALL = INP(DUAL1)
DUAL1, BUAL1f = RORF(DUAL1d,CLK,CLR,GND,OE)

EQUATIONS :
DUAL1d
OE

(-4
x %
[N
.

([}

END$

LAItera Corporation
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Active-Low Inputs

Active-low inputs are specified by inverting the signal in either the Network
or Equations section.

O Active-low input specified in the Network Section:

INPUTS: /X
% The "/" character has no logical meaning in the X
% INPUT section %
NETUWORK:
Xn = INP(/X)
X = NOT(Xn)
% X is the internal active-low signal %

O Active-low input specified in the Equations Section:

INPUTS: /¥
NETWORK :
¥n = INP(/Y)
EQUATIONS:
Y = /¥Yn;
% ¥ is true when input signal /Y is low %

Active-Low Outputs

Active-low outputs are specified by inverting the left-hand side of the
equation. If active-low outputs are required by a sequential function, the
feedback nodes must also be inverted. For example:

PART: EP638

INPUTS: CLOCK

OUTPUTS: ~QC, -/QB, /QA, /RCO

% The "/" character has no logical meaning in the %
% OUTPUT section %

NETWORK:
CX = INP(CLOCK)
/QA, QAf = RORF(QAd.CK,,,)
/QB, QBf = RORF(QB4,CK,,,)
/QC, QCf = RORF(QCd,CK,,,)
/RCO = CONF(RCOc,)

% Unspecified arguments in “RORF(...,,,)" assume %
% default values % -

EQUATIONS:
QA = /QAf; % Invert feedback nodes %
QB = /QBf;
QC = /QCf;

RCOc’ = QC = QB * QA;
% Invert left-hand side of equation %

QCd’ = QC = QA’ + QC » QB’ + QC’= QA » QB;
QBd’ = QB * QA’ + QB’~* QA;
QAd’ = QA’;

END$
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Introduction

MAX EPLD
Architecture
Basics

Macrocell
Array

The advanced technology of Altera’s Multiple Array MatriX Erasable
Programmable Logic Devices (MAX EPLDs) and the sophisticated
MAX+PLUS Development System have made CMOS programmable logic
much easier to use. Complex logic designs can be implemented with a
single EPM5000-series EPLD. In addition, the MAX+PLUS Simulator and
delay prediction feature can identify critical delay paths and find each
path’s worst-case delays, which are the sum of discrete component delays
inherent in the EPM5000-series architecture.

This application brief discusses these internal delay paths, their relationships
to AC specifications (shown in the MAX EPLD data sheets), and the calculated
timing delays generated by MAX+PLUS. In addition, timing models for
analyzing delays calculated by the MAX+PLUS, and equations that are
used to calculate the delays are discussed.

To accurately model timing characteristics, a designer must understand
how logic is implemented in a MAX EPLD. EPM5000-series architecture is
based on a flexible Logic Array Block (LAB), which consists of three parts:
the macrocell array, the expander product-term (expander) array, and the
1/0 control block. The number of macrocells, expanders, and 1/O control
blocks varies, depending on the device used. Large EPM5000-series EPLDs
contain multiple LABs that are interconnected by a Programmable
Interconnect Array (PIA). The PIA is fed by macrocell and I/O pin feedback,
and globally routes signals within devices containing more than one LAB.

All gated and registered logic isimplemented in macrocells and expanders.
The expander product-term array and the macrocells contain product terms
thatare n-input AND gates (where n represents the number of connections).
Depending on the implemented logic, a product term may be logically
equivalent to one or more gates. (Refer to the EPM5016 to EPM5192: High-
Speed, High-Density MAX EPLDs Data Sheet in this data book for more
information.)

The macrocell structure of EPM5000-series EPLDs, shown in Figure 1, has
been optimized to handle variable product-term requirements. Each
macrocell consists of a programmable-AND/ fixed-OR array, an XOR gate,
a configurable register, and a number of inputs (varying from 80 to 152).
Together, they allow EPM5000-series EPLDs to integrate complex logic.

Combinatorial logic is implemented in the macrocell with three product
terms ORed together that feed the XOR gate. The second input to the XOR

Altera Corporation
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Figure 1. Macrocell Array
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gate is also controlled by a product term, providing the ability to control
active-high or active-low logic. MAX+PLUS uses this gate to implement
complex, mutually exclusive-OR logic, or to apply De Morgan’s inversion,
reducing the number of product terms required to implement a function.
The macrocell also includes additional product terms (secondary product
terms) that are used for Output Enable, Preset, Clear, and Clock logic. If
more product terms are required to implement a function, they can be
added to the macrocell from the expander product-term array.

The macrocell’'s AND array is an EPROM array; each product term
generated by the AND array is a function of the EPROM bits within the
array. The EPROM bits, initially erased, serve as electrical switches for the
array inputs. An erased bit enables an input toreach a product term, while
a programmed bit prohibits an input from reaching a product term. A

non-erased EPROM bits.

The configurable register within a macrocell can be programmed for D, T,
JK, SR, or flow-through operation with independent, programmable Clock,
Reset, and Preset options. It can also be bypassed entirely for purely

combinatorial logic.
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Expander

Product-Term

Array

Additional product terms, called expanders, may feed the macrocell array’s
product terms to generate very complex Boolean logic. The expander
product-term array, shown in Figure 2, is a programmable AND array
with inversion. Expanders are fed by the dedicated input bus, the PIA, the
macrocell feedback, expanders themselves, and the I/O pin feedbacks. The
outputs of the expanders then go to each product term in the macrocell
array. Since these expanders also feed the secondary product terms of each
macrocell (Preset, Clear, Clock, and Output Enable), complex register-
control functions can be implemented without using another macrocell.

Figure 2. Expander Product-Term Array

Expander product terms are unafiocated resources that can be used for registered or combinatorial logic.

™ to Macrocell Array
1 } and Expander Product
Term Array

)

L/
)
L/
|
L

j Macrocell Feedback
Dedicated Macrocell Expander Programmable

Inputs

Feedbacks Product Terms Interconnect
Lines

These expanders are used and shared by the macrocells, allowing complex
functions to be easily implemented in a single macrocell. Expanders may
also feed other expanders, so that complex multi-level logic and input
latches can be implemented. As illustrated in Figure 2, the expander
product-term array contains an AND array followed by inversion. It may
supply from 32 to 64 additional product terms per LAB. Large MAX
EPLDs (EPM5192, EPM5130, EPM5128, and EPM5064) provide up to 32
expanders per LAB; smaller MAX EPLDs (EPM5032 and EPM5016) provide
64 and 32 expanders, respectively. Inputs into the expander product-term
array also vary from 144 to 80.
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I/0 Control

Block

Programmable
Interconnect

Array

EPLD Delay
Parameters

In the LAB, the I/O control block is separate from the macrocell array. It
contains programmable tri-state buffers and I/O pins with optional
feedbacks. Each I/O pin can be configured for dedicated input, dedicated
output, or bidirectional operation. The input of the tri-state buffer comes
from a macrocell within the associated LAB. The feedback path from the
1/0 pin can feed other macrocells within the LAB, as well as the PIA.

The EPM5192, EPM5130, EPM5128, and EPM5064 MAX EPLDs have
multiple LABs connected by a Programmable Interconnect Array (PIA)
that globally routes all signals. The PIA avoids interconnect limitations by
routing only the signals needed by each LAB, effectively solving any
routing problems that may arise in a design. In addition, the PIA has a
fixed delay from point to point. The PIA delay is constant because each
signal that feeds into the PIA has its own dedicated metal line with
multiple taps, one for each LAB. Undesired skews between logic signals,
which may cause glitches in internal or external logic, are eliminated.

Internal delays within an EPLD are described by a number of AC parameters
(called microparameters) that refer to the actual internal delay within the
device. Figure 3 shows the timing model for single-LAB devices.

Figure 3. EPM5032 / EPM5016 Timing Model

INPUT

Expander Delay
texp
Logic Array 7
Input Control Delay ICLR> |
t
Delay LAC PRE Register Output
ty Logic Aray Delay [ fsu | | Detay 11O Pin
RD
YLap ty tooms o -
= - 1xz
System Clock Delay ’;cs LATCH tx
e] Clock Delay
Delay tic Lt
to
Feedback Delay
'FD g

Figure 4 shows the timing model for multiple-LAB devices. Following isa
list of these microparameters and examples of how to predict timing
delays with equations that use them.
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Figure 4. EPM5192/ EPM5130/ _J
. . Expander Delay
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110 Delay .
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texp
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terr
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complement input signals from the dedicated input pin into the
LAB. Within the LAB, the signals may propagate to any of four
arrays: expander product-term array, logic array, logic array control,
and clock array.

I/0 input pad and buffer delay for I/O pins used as inputs. The ¢;o
delay value must be substituted for tp for the EPM5032 and EPM5016.
WhenanI/O pinis used as aninput, the t;o delay value must also be
added to tpj, to obtain the total delay from the I/O pin to the LAB
for the EPM5192, EPM5130, EPM5128, and EPM5064.

Expander product-term array delay. This is the delay through the
AND-NOT structure of the expander product-term array. It isadded
to the delay already present in the four arrays when expanders are
used, or added to itself when an expander feeds another expander.

Logic array control delay. This is the delay through the AND array
by Clear, Preset, and Output Enable signals, representing the time
required to propagate through the AND array to the CLRN and PRN
inputs to the register, and the OE signal to the tri-state buffer.

Asynchronous register clear time, which represents the time required
to reset a register output to a logical low. It is the time the register
CLRN input is asserted low to the time the register output stabilizes
atlogical low.

Asynchronous register preset time. This delay represents theamount
of time required to set a register output toa logical high. It is the time
theregister PRN input is asserted low to the time the register output
stabilizes at logical high.
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tLap

tics

tcoms

tarch

tpia

Logic array delay. This is the time a signal requires to propagate
through a macrocell’s EPROM AND array, the three-input OR
gate, and the two-input XOR gate.

System clock delay. This is the delay from the dedicated clock pin
to a register’s clock input.

Clock delay. This is the delay through a macrocell’s clock product
term to the register clock input.

Feedback delay. For the EPM5032 and EPM5016, this delay is the
propagation time from macrocell output to any of the LAB's four
arrays. For the EPM5192, EPM5130, EPM5128, and EPM5064, it is
the propagation time from a macrocell output to any of the LAB’s
arrays, or the propagation time from a macrocell output to a PIA
input or other macrocells in the LAB.

Setup time required for a signal to be stable at the register input
before the clock’s rising edge.

Hold time required at the register input after the register clock’s
rising edge to ensure that the register stores the input data.

Delay from the register clock’s rising edge to the time that output
appears at the register output.

Combinatorial buffer delay, which is used only for combinatorial
logic. This is the delay from the time the logic array’s XOR output
bypasses the programmable register to the time it becomes available
for the macrocell output.

Propagation delay through the latch from latch input to output.

Output pad and buffer propagation delay from the macrocell
output through the tri-state output buffer to the output pin.

Delay required for high impedance to appear at the output pin
after the output buffer’s active-high enable control is brought
logically low.

Delay required for the macrocell output to appear at the output
pin after the output buffer’s active-high enable control is brought
logically high.

Programmable Interconnect Array delay for multiple-LAB devices.
This delay is used for EPM5192, EPM5130, EPM5128, and EPM5064
designs that use the PIA for routing. The PIA delay path starts
where the macrocell feedback or I/O delay path ends, and ends
where it enters the LAB and reaches any of its four arrays.
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Critical pin-to-pin delays (denoted by a boldface t) are shown in FigureS5.

Figure 5. Critical Pin-to-Pin Delays

Notes: o Combinatorial ———&——D
X Logic
1. Ifan I/O pin is used for an
input: } tw ' teap e tcoms ' top i
a. for EPM5032 and tPo1 = tiv + tLAD + tcome + toD
EPM5016, substitute tip
forty.- Combinatorial
b. for EPM5192, EPM5130), o g ———:&_D
EPMS5128, and
EPM5064, substitute o fiAC jo——Dz Ol
lio + tojs for ty.
2.If ex'gan;eff's are used for texz. tezx =t +fLac +(txz of tzx)
complex logic, add tgxp to
the delay path. — Combinatorial [ 1
Logic 1
N ttac . tme . lop
~ 1 Lind 'aﬁ L] L]

tere, toLr =t +tiac + (tere Of fotr )+ top
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— Combinatorial
Logic
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tsu =(tw +1ap) = (v + tics ) +1sy

retN g liaD L
T T Lind e
Combinatorial

= Logic

=

R lics N
T v Bl |

to=(tw +lics ) — (v + tLap) +tu

Critical pin-to-pin delay calculations are shown in Figure 6. The calculations
used to derive these values from the microparameters listed in the MAX
EPLD data sheets are shown for each path. These calculations assume that
a dedicated input pin is used.

If the input comes from an 1/O pin, ¢ is substituted for the tpy value. For
multiple-LAB EPLDs that use an I/O pin as an input, t;p + tpy4 is
substituted for the ¢}y value. If an expander is used in the path atany time,

the tpxp value must also be added to the total delay path.
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Figure 6, Critical Pin-Delay Calculations
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tcor =1Inw + tics + tpp + top

Example S The MAX+PLUS Simulator and the delay prediction commands in the
MAX+PLUS Graphic Editor and Text Editor can identify timing delays for
any circuit. These delays may be separated into the microparameters
already described and are provided in the MAX EPLD data sheets.

Example 1: 4-to-1 Multiplexer

The design shown in Figure 7 represents a 4-to-1 multiplexer, which is a
combinatorial circuit. The circuit consists of four data inputs, two select
controls, and one output. It is partitioned into four delay paths: input
delay, logic array delay, combinatorial buffer delay, and output delay.
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Figure 7. 4-1 MUX Logic Timing This circuit can be partitioned into 4 delay paths: input delay, logic array delay,

combinatorial buffer delay, and output delay.

Input delay will be ty if only dedicated

inputs are used. If /0 pins are used, the s1

input delay will be tp for the EPM5032and = Do-

EPM5016, and tig + tp4 for the EPM5192, s2

EPMS130, EPM5128, and EPMS064, = Do

The propagation delay for combinatorial A

logic that bypasses the programmable = L/

register is tooyg. For output data, the At

output pad and buffer delay is top. The L out
overall propagation delay is tpg, for all e 1

dedicated inputs and tpg, when any I/0 pin " =

is used for input.

The propagation delay from input pin to I/O pin is the sum of the input
delay, logic array delay, combinatorial buffer delay, and output delays:
tN +tiap +tcoms + top- This worst-case delay is also known as tpp, (from
input pin to output pin) or as tpp, (from I/O pin to output pin). The
maximum tpp, and tpp, values are shown in the individual MAX EPLD
data sheets, or may be determined with the following equations.

For EPM5000-series EPLDs without a PIA:

tpp1 =i +ipap + tcoms + top
tpp2 = tio +trap + tcoms + top

For EPM5000-series EPLDs with a PIA:
tppz = tio +ipia +trap +tcoms +top

Example 2: 7483 TTL Macrofunction

The timing delays for macrofunctions subjected to logic synthesis can also
be analyzed. The synthesized logic equations can be obtained from the
“long” version of the Report File and have been structured so that a
designer can quickly determine the logic configuration. (Refer to Report File
in the MAX+PLUS User Guide.) For example, the equations for $1, the least
significant bit of the 7483 TTL macrofunction (a 4-bit full adder), are:

S1 = OUTPUT (_MCB21 , VCC);
-MCe21 = MCELL (_EQB26 $ C@);
-EQB26 = Bl & Al’

# Bl’ & Al ;
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Figure 8. Adder Logic Timing where $1 is the output of macrocell 21
At (_MCB21), which contains combinatorial
o logic. The combinatorial logic,
e | MCELL(_EQB26 $ C®), represents the

I st XOR of the intermediate equation
(_EQB26) and the carry-in (C8). In turn,
-EQB26 represents logic equivalent to

the XOR of inputs, B1 and Al. See
Figure 8.

Therefore, the timing delay for S1istpy +
trap+tcoms top- whichis equal totpp;-

Example 3: S2 Adder Bit

For complex logic that requires expanders (represented here by _X...), the
expander-array delay, tgxp, is added to the delay element. For instance,
$2, the second bit of the full adder, requires expanders. The equations are:

s2 = _MCO19;

-MCB19 = MCELL( _EQ@23 ¢ _EQB24 );
-EQB23 = _XB829 & _XB30 & _X031;
X829 = EXP( 'Bi & !'Al );

X038 = EXP( 'Bi & !'CO );

-X831 = EXP( 'A1 & !'C8 );

-EQB24 = _XB832 & _X@33;

X032 = EXP( 'B2 & A2 );

X833 = EXP( B2 & A2 ):

Using these equations, the logic structure can be mapped onto the MAX
architecture, as shown in Figure 9.

Figure 9. Adder Equation Mapped to EPM5000-Series MAX Architecture

D D X029
D E X030
D E .X031"

.X032'

.
D [ .X033!
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The overall delay for S2 is equivalent to tpy + tpxp + tap + tcoms + top s
which is equal to tgyp + tpp;.

Example 4: Asynchronous 4-Bit Counter

The example shown in Figure 10 evaluates an asynchronous 4-bit counter.
The counter has one logic-controlled clock input (CLK) and the following
outputs: RCO, @D, QC, OB, and QA. In addition, it has five inherent delays
associated with registered logic (clock delay, input delay, array delay,
feedback delay, and output delay) as well as setup time and hold time
requirements for each register.

The propagation delay from input pin to the clock input of the register for
the least significant bit QA is t+ tyc (see Figure 10). If an1/O pin is used for
input, the propagation delay from the I/O pin to the register’s clock input
is tjg +t;c, or tig +tpy4 +tic for MAX EPLDs with multiple LABs. Since the
delay from register to output pin is tgp + top, the total clock to output
delay is tpy + tjc + trp + top for dedicated input to output; t;o+ fic + trp +
top for I/O pin to output for EPM5000-series EPLDs with one LAB; or
tio +tpia +trp +top for I/O pin to output for EPM5000-series EPLDS with
multiple LABs.

Inaddition, data input to the register must meet both setup and hold time
requirements. The internal setup time is the time needed for the inputdata
to stabilize before the triggering edge of the clock appears at the register
input. The external setup time is the difference between the sum of the
input, logic array, and setup time, and the sum of the input and clock
delay: (tpy + tap) — (v + tic) + tsyy . When expanders are used, tpyp must
beadded, and when1/0 pins are used, t;g or ({;5 + tp;4) must be added. As
long as the external setup time is met at the inputs, the counter functions

properly.

The maximum internal counter frequency (foyt) is the inverse of tent,
which is the worst-case delay for internal feedback. This frequency is the
minimum internal clock period at which the counter can operate correctly.
The delay is the sum of delay paths that the register feedback must
traverse before reaching a register input and meeting the internal setup
time: (tgp + trp + tpap + tsy ). Once the clock triggers QB, data takes tgp
delay prior to appearing at the register output. The signal feeds back (tgp)
and flows through the logic array (; 4p). Finally, the signal reaches the
register QC and meets the setup time of the register (t5;; ).

When expanders are used, tpxp must beadded as the signal passes through
the expander array before reaching the logic array. The tcyy delay
represents only internal circuit delays, while a circuit that depends on
external and internal signals must also account for input and I/O delays.
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Figure 10. Timing
Analysis of 74161
Counter
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CO nc | us i on MAX+PLUS development tools offer the ability to determine timing delays
within MAX EPLDs. Delay prediction and simulation allow the designer
to analyze the delays for a given design. The designer may also wish to
hand-calculate these paths before entering the design. To understand
timing relationships in MAX EPLDs, the designer must think of the total
delay path in terms of the microparameters listed in the target EPLD data
sheet . From these AC values, itis easy to determine accurate timing delay
information by adding up the appropriate combination of microparameters.
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Introduction

Expander
Product
Terms

Asynchronous
SR Latch

EPM5000-series MAX EPLDs are high-density, user-configurable devices
with up to 192 macrocells. Each macrocell contains one register that can be
programmed for registered functions or bypassed for combinatorial
functions. Since applications sometimes require more registers than are
available in the macrocells, extra registers can be built with expander
product terms (expanders). Expanders are unaliocated product terms used
to build complex combinatorial functions or latches and registers. This
application brief explains how and when to use expander latches and
registers, and describes timing considerations, specifically foran SR latch, a
transparent D latch, and a synchronous register. Familiarity with EPM5000-
series MAX architecture and timing models is assumed.

EPM5000-series architecture provides expanders with inverted outputs that
feed the logic array. Each expander is fed by the same inputs that feed the
macrocell: a global bus, macrocell feedbacks, other expanders, and 1/0
feedbacks. Since expanders feed themselves, they can be used to build
latches and registers. Two expanders (EXP primitives) canbe cross-coupled
to generate an SR latch, three can be used to build a transparent D latch, and
six can be used to build a synchronous D flip-flop with asynchronous Preset
and Clear. The expander circuits described here have been built into
macrofunctions to optimize performance. Each function is built with AND
gates and EXP primitives to optimize fitting.

Figure 1 shows an asynchronous SR latchimplemented with two expanders.
Since expanders are product terms with inverted outputs, the latch is a
NAND implementation that makes the Set and Reset terms active low. If
both inputs are simultaneously low, both outputs will become logic low
until one or both of the outputs go high again.

Figure 1. SR Latch Implemented with Expanders

INPUT EXP #1

DC _ OU'I"PUTD a

OUTPUT
R n
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SR Latch
Timing

Transparent
D Latch

The functional output of an SR latch is shown in Table 1. Toimplement the
latch with active-high inputs, as in a NOR latch, the inputs are inverted

with NOT primitives. Asynch-

ronous SR latches are often used to
debounce input-switching circuits

Table 1. Functional Oufput of SR
Latch

or to detect edges in switching
circuits.

Each expander has a timing delay
defined as tpxp. When imple-
menting latches and registers with
an expander, it is important to be

aware of the timing requirements
to ensure that the expander
functions properly. The hold time

1S /R Q

H H Qo

L H H

H L L

L L H (1)
Note:
(1) /S and /R low causes both Q

and /Q to be high.

for the SR latch shown in Figure 2 is
ty. Alow signal at the S input mustrem

ain low long enough to propagate

through Expander 1 and Expander 2 to latch the input. The propagation
delay from the latch input to the latch output is tco. A low at the § input
must travel through Expander 1 and Expander 2 before the outputs @and

/Qbecome valid.

Figure 2. SR Latch Timing Model

5 INPUT

t=texps

Expander

Expander
R NPUT t=fexpn Q
SR Latch Timing Equations
ty = lexpy + lexpz = 2 % lggp
tco = fexpr + lexpz = 2 ¥ fexp

The transparent asynchronous D latch with EN (Enable) is implemented
with three expanders, as shown in Figure 3. This latch is comparable to a
7415373, and is transparent while the EN signal is at a logic high. When EN
goes low, the input is latched until EN goes high again. This latch is
especially applicable for latching inputs from a bus. The functional

output of this latch is shown in Table 2.
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Figure 3. Transparent D Latch
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Timin g inputand the EN input have delays
equal to those of Expander 3, which
latches the result. The setup time,
tsy, requires the D input to go
through Expander 2 and Expander
3 to reach Expander 1 before it can
be latched. The delay through
Expander 2 and Expander 3 to the
output is teo.

Q
o

T T rr
I Ir
-

Figure 4. Transparent D Latch Timing Model

Expander
N D> INPUT t= texps

Expander OUTPUT Q

t=texps
Expander ’
INPUT

D DO t= texp2

Transparent D Latch Timing Equations

+ = 2

tsy lexpz Iexps = lexp

tco fexez + lexps = 2 % Iexp
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Synch ronous Thefunctionoutputs for the synchronous D register are shown in Table 3.
A synchronous D register with asynchronous Preset and Clear (/P and

D Register /C) can be built with six expanders, as shown in Figure 5.
Table 3. Function Outputs for Synchronous Register

P c D CLK Q na
H H L I L H
H H H r L
H H X H Q, 1,
H H X L Q, Q,
L H X X H L
H L X X L
L L X X H H

The state at the D input is clocked into the latch with a rising edge at the
clock input. Both the true and complement signals are available at the
output. This output remains latched until the next rising edge clock or
until the Preset or Clear is activated with a logical low signal. The Preset
and Clear can be made active high by placing NOT primitives in front of the
two signals. Using expanders as registers increases the total register count
by 31 %. For example, the EPM5192 can have up to 60 registers implemented
with expanders, which gives it a total capacity of 252 registers.

Figure 5. Synchronous D Register with Preset and Clear

INPUT EXP #1

EXP #2 EXP #S

INPUT

CLK> NPT

INPUT
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‘Synchronous

‘D Register

‘Timing

The timing paths for the synchronous D register are shown in Figure 6.
Two different timing paths are determined by the D input, depending on
whether the input is high or low. The worst-case path is described here.
Before the input may be clocked, ty is one expander delay through
Expander 3. A valid path through Expander 4 and Expander 1 at the input
of Expander 2 is the worst case for tg;;. The time required for clock-to-
output (called tcoy) has a worst-case path through Expander 3, Expander
6, and Expander 5 for both Q and /@ to produce valid outputs. Both ¢z
and tpgr havea delay path through Expander 5 and Expander6 to produce
a valid output. The minimum time in which the register can be clocked in
a pipeline register is tcyr- In this case, teyris simply teog + tsy- The worst-
case timing for the synchronous register is five expander delays.

Figure 6. Timing Model for Synchronous D Register

INPUT

P =

INPUT

INPUT

CLK[>

INPUT

Expand
t=texps

Expander Expandk ouTPUT Q
t=texpz t=texps

Expand Expander e
t=texes t=texps

Expander

t=texps

Synchronous D Register Latch Timing Equations
ty texpz or  lgxps = lIexp
tsy texps or texpr + lexps = 2% Igxp
tcor texes + lexps + lexps  OF lexpr + lexps + lexps = 3 % Iexp
ton texrs  +  lexes = 2% lexp
tpRE texes  +  lexps = 2% legp
tenr tecor + tgy = S * Iexp
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Fitting
Expanders
into MAX
Designs

Reference

Expander latches and registers should be placed strategically within a
design to optimize fitting. Expanders are fed by three sources: inputs,
macrocell outputs, and other expanders. Complex logic should not feed
the inputs to expander registers, because other expanders are the only
source of this logic. Instead, registers driven by complex logic should be
placed in macrocells. On the other hand, registers that require additional
logic after the register should use expander registers, since the output
feeds directly into the logic within the macrocells.

All of the macrofunctions defined in this application brief are available via
modem from Altera’s Electronic Bulletin Board Service (see the Electronic
Bulletin Board Service Data Sheet in this data book) or on disk from Altera
representatives. The files are named as follows: the SR latch is called
NANDLTCH.GDF, the transparent Dlatchis called EXPLATCH.GDF, and the
synchronous D register is called EXPDFF.GDF.
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Introduction

Logic
Synthesis

MAX+PLUS software uses a combination of advanced logic synthesis
techniques and a heuristic fitter to efficiently map designs intoMAX EPLDs.
The MAX+PLUS Compiler typically synthesizes even the most complex
designs in less than five minutes.

However, certain designs are more difficult to fit. These designs contain
very complex combinatorial logic or require more macrocells than are
available in the target EPM5000-series EPLD. The MAX+PLUS Compiler
uses logic synthesis techniques specifically developed to quickly fit these
designs. In most cases, MAX+PLUS can automatically fit even these complex
designs.

Sometimes designs require subtle modifications to enable the Compiler to
perform logic synthesis and obtain a fit. This application brief discusses
some of the synthesis techniques used to fit these complex designs and
explains the most common Compiler error messages.

The MAX+PLUS Compiler includes a Balancer program, which synthesizes
designs that require too many of a certain type of resource. The Balancer is
responsible for balancing the logical resources required by a design.

If a design contains too many macrocells for the specified MAX EPLD, the
Balancer can transform buried combinatorial macrocells into expander
product terms (expanders). It also resynthesizes designs containing too
many expanders by transferring logical expressions implemented on
expanders into macrocells. Up to three expanders may be transferred into
each macrocell. By balancing resource usage, the Compiler can fit designs
that originally require too many instances of a particular logical resource. In
this manner, most complex designs are automatically fitted.
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Compiler
Messages

Fitting a
Design with
Too Many
Macrocells

If a design is too large or complex, the Compiler generates an error
message specifying the problem and, if applicable, indicating the error
location. The most common Compiler error messages relating to synthesis
and fitting of designs generally take one of the following forms:

O Design requires too many <#/#> macrocells
This message indicates that the current design contains too many
macrocells for the specified MAX EPLD. The ratio <#/#> is the ratio
of macrocells in the design to the macrocells available on the EPLD.

O Logic too complex: for {node name> [{text>]
This message indicates that an equation for a node, inits current form,
is too complex for a MAX EPLD. Logic synthesis may generate this
message while processing very complex combinatorial expressions.

O Designrequires too many <#/#> expanders for {(text>
This message indicates that the overall design is too complex and
requires too many expanders for the target MAX EPLD. The ratio
<#/#) is the ratio of expanders in the design to the available expanders.
The {text> portion of the message specifies the particular macrocell
or Logic Array Block (LAB) that requires too many expanders. This
message is typically generated by the Compilers Fitter module.

Once the MAX+PLUS Compiler generates an error message, simple design
modifications often achieve a fit. The following sections provide suggestions
on how to obtain or improve fitting results.

The MAX+PLUS Compiler generates an error message when a design
contains too many macrocells for the specified EPLD, and the Balancer has
already unsuccessfully tried to transfer enough buried macrocells onto
expanders. Thus, macrocells must be eliminated from the design. The
following steps may help reduce the number of macrocells in a design.

O Any MCELL or SOFT buffers that have been manually placed into
combinatorial logic may be eliminated.

O SOFT buffers from Altera-provided combinatorial TTL macrofunctions
may beremoved. SOFT buffers are placed in complex combinatorial
macrofunctions to partition thelogicinto multiple macrocells. Usually,
logic synthesis removes the SOF T buffers that are not required inside
these macrofunctions. However, macrocell count can sometimes be
reduced by removing one or more buffers. Table 1 lists the
macrofunctions withand without SOF T buffers. For example, the 7485
macrofunction contains four SOF T buffers. One or more buffers may
be removed, particularly if the inputs or outputs are single product
terms. The edits should be madeina copy of the macrofunction that is
in the same directory as the user’s design, not to the Altera-provided
macrofunction installed in the \MAXPLUS\MAXLIB directory.
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Table 1. Complex Combinatorial TTL Macrofunctions

Function Macrofunctions Macrofunctions
with Soft Buffers without Soft Buffers
Arithmetic Function S8FADD, NULT4, 74880, MULT2, MULT24, 7482,
7483, 74181 74183
Comparator 8MCOMP, 7485, 74518
Converter 74184, 74185
Decoder 7442, 7443, 7444, 7445,

7446, 7447, 7448, 7443,
74138, 74139, 74154
74155, 74156

Latch 74116, 74259, 74279

Multiplexer 74151, 74153, 74157,
74158, 74298

Parity Checker 74180, 74288

0 Buried registers or latches can be implemented with expanders to
reduce the macrocell count. Expanders can be cross-coupled to form a
variety of register and latching functions for use as buried logic. Figure
1showsa transparent D latch placed on cross-coupled expanders. Tips
on building registers with expanders are presented in Application Brief
76 (Using Expanders to Build Registered Logic in EP5000-Series MAX
EPLDs). Expander-based macrofunctions are also available in the
MAX+PLUS TTL MacroFunction Library.

Figure 1. Transparent D Latch Implemented with Cross-Coupled Expanders

if a design contains too many macrocells, buried register functions can be placed on cross-
coupled expanders.

If none of these techniques yields the desired fit, contact the Altera
Applications Department for assistance at 1 (800) 800-EPLD. As a last
resort, logic may have to be removed from the design to achieve a fit into
the target device, or the design may have to be partitioned into two MAX
EPLDs. Call Altera’s Applications Department for more information.
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Designing
Complex
Combinatorial
Functions
.-
rd
Placing

SOFT and
MCELL
Buffers

The MAX+PLUS Compiler generates error messages when a design’s
combinatorial logic is too complex. This complexity can result from
cascading several combinatorial macrofunctions, such as adders and
comparators, or from heavy use of XOR functions. Figure 2 shows complex
combinatorial logic caused by heavy use of the XNOR function.

To resolve Compiler errors related to complex combinatorial logic, one or
more SOFT or MCELL buffers can be inserted into a design to separate
complex combinatorial expressions. Placing a SOFT or MCELL buffer
consumes a macrocell to implementa portion of acomplex logic expression.
The complex expression is then distributed over two or more macrocells
and simplified. Thus, inserting SOFT or MCELL buffers in a design can
affect the timing of a design. However, proper placement of SOF T buffers
can significantly simplify a design, and therefore reduce the number of
expanders and the number of macrocells required by a design.

Figure 2, Complex Combinatorial Logic

This complex function results from heavy use of the XNOR function.

NPUT XNOR

INPUT

N
INPUT XNOR
INPUT
INPUT XNOR NANDS
INPUT
INPUT XNOR
S .
T
AEQBN
INPUT XNOR [
INPUT
INPUT XNOR
INPUT
WRUT XNOR
INPUT
NPUT XNOR

INPUT

The best location for a SOFT buffer may not be obvious. Although the
Compiler error message specifies an error location, the identified node
name indicates the output of the complex expression, which is usually not
the correct location for a SOF T buffer. To find the best location, the logic
feeding the node must be analyzed to determine the cause of the expression’s
complexity.

A SOF T buffer can be used to minimize the complexity of acombinatorial
expression. In Figure 3, the Compiler has flagged NODE_A as an
expression that is too complex. Since NODE _B has the same structure (and
thus the same complexity) as NODE_RA , a SOFT buffer can be inserted at
NODE_C tosimplify the complex expressions of both NODE_A and NODE_B.
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Figure 3. SOFT Buffer Minimizing Muitiple Complex Expressions

Inserting a SOFT buffer at location NODE_C reduces the complexity of the

logic for both NODE_A and NODE_B. D':’:_Pt’gm_
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~%— place buffer here

Figure 4 shows an example where the SOFT buffer is best placed at the
location NODE_D, as specified by the Compiler. The logic expression for
NODE_D is an AND-OR function feeding the Clock input of a D register.
The Clock input has a single product term dedicated to it, and thus would
use a great number of expanders to implement the logic. By placing a
SOF T buffer at NODE_D, the AND-OR function is efficiently implemented
ina macrocell, and the output of the macrocell feeds the Clock input of the
Dregister.

Figure 4. SOFT Buffer Minimizing Complex Expression that Feeds a DFF Clock Input

The control functions for flip-

flops have a single dedicated bHeoo  NANDe
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The following suggestions for placing SOFT buffers should be used to
prevent and resolve compilation problems. Not only can fitting problems
be avoided if these suggestions are followed, but often a more efficient fit
will result, allowing additional logic to be integrated into the target EPLD.
The following four steps should be taken in order:

1.

The Design Guidelines section of the MAX+PLUS Graphic Editor
manual contains basic guidelines for designing efficiently with the
MAX architecture. This section should be read before any other steps
are taken.

Complex combinatorial expressions feeding flip-flop controls and tri-
state buffers may be good locations for SOFT buffers. The Output
Enable tri-state input and the Preset, Clear, and Clock inputs to flip-
flops all have a single product term associated with them. If the
expression feeding a control input is complex or feeds multiple
locations, it may require a large number of expanders. Placinga SOF T
buffer will reduce the number of expanders used.

Complex combinatorial outputs of macrofunctions may be good
locations for SOF T buffers if they do not feed a flip-flop input or an
1/0 pin. These complex expressions may need to be isolated before
being routed into another macrofunction. Inputs to macrofunctions
may also be good locations for SOF T buffers if they are being fed by
complex expressions.

Figure 5 shows the outputs of two 7483 adders feeding an 8-bit
magnitude comparator. Both the adder and the comparator contain
complex logic, but placing SOF T buffersat NODE_1 through NODE_8
significantly reduces the complexity of the overall function.
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Figure 5, SOFT Buffers Minimizing Complex Expressions that Feed an 8-Bit Magnitude Comparator

Cascading complex combinatorial macrofunctions may sometimes require SOFT buffers. In this example, NODE_1 through
NODE_8 require SOFT buffers.

“g ~—— place buffers here
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OUTPUT
ouTPUT
OUTPUT

ALTB
AEQB
AGTB

GND

4. Complex combinatorial expressions that feed many different locations
may be good locations for SOF T buffers. If a complex expression feeds
multiple Logic Array Blocks (LABs), the logic associated with the
expression is duplicated in each LAB fed by the expression, and the
number of expanders is increased. Placing a SOFT buffer at the
complex combinatorial output reduces the number of expanders. The
Compiler’s Report File contains a list of all duplicated expanders.

Figure 6 shows a design that has 1 output in each of the 8 LABs of an
EPM5128. The design consumes 5 expanders in each LAB, a total of 40
expanders. Inserting a SOF T buffer at NODE_G, however, reduces the
number of expanders used to only 3.

The MAX+PLUS User Guide explains all Compiler error messages.
Additional help can be obtained by calling the Altera Applications
Department at 1 (800) 800-EPLD.
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Figure 6. SOFT Buffer Minimizing a Complex Expression that Feeds Multiple LABs

If a logical expression feeds muitiple LABs, it may be a good place for a SOFT buffer. In this
example, inserting a SOFT buffer at NODE_G reduces the number of expanders from 40 to 3.
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Conclusion When Compiler error messages indicate that logic synthesis or design

fitting are not possible, the designer can use a variety of methods to help
achieve a fit. By adding or removing strategic MCELL and SOFT buffers or
implementing registers and latches with expanders, complex designs can
be modified to fit into an EPM5000-series MAX EPLD.

Page 504 Altera Corporation




f A>| tl b A Optimizing Memory
= for MAX+PLUS Software

| october 1990, ver. 2 Application Brief 78 |

Introduction  Altera’s MAX+PLUS Development System contains a Compiler and a
Simulator that efficiently utilize the memory resources available in PC-
based (DOS) computer systems. Ifa system does not contain enough memory,
MAX+PLUS may issue out-of-memory error messages when implementing
large designs. A computer that contains more than 1 Mbyte of RAM may
also cause these error messages if the memory is not configured for optimum
use by MAX+PLUS. This application brief discusses the different types of
memory supported by DOS computers, how to determine the memory
configuration of a computer, and how to configure a computer to allow
even the most complex designs to be processed by MAX+PLUS.

Memory DOS-ba§ed computers may have three different types of memory:
conventional, expanded, and extended.
Types

Conventional Memory

Conventional memory consists of the 1 Mbyte of memory directly
addressable by the 80286, 80386, or 80486 microprocessor running in real
mode (also referred to as 8086-emulation mode). Figure 1 shows how DOS
allocates conventional memory.

Memory ranging from 640 Kbytes up to 1 Mbyte is used
Figure 1. Allocation of Conventional for system ROM (device handlers) and expansion board
Memory in DOS-Based Computer Systems buffers. DOS and programs that run under DOS (e.g.,

MAX+PLUS) occupy the lower 640 Kbytes of
1 Mbyte conventional memory. This area is further divided into
an operating system area and a transient program area

System ROM and (TPA).
Video Buffers

640 Kbytes The operating system area contains the memory-resident
portion of DOS and all installed device drivers specified
in the CONFIG.SY¥S file. The amount of memory this
area consumes depends on the version of DOS, the
number of disk buffers, and the cumulative size of the
installed drivers. Minimizing the size of this area will
increase the memory available to the TPA, and therefore

(Variable) to MAX+PLUS. The size of the operating system area,
when MAX+PLUS runs at peak efficiency, is typically

0 60 to 70 Kbytes.
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The TPA starts immediately above the operating system area and extends
up to the the installed RAM or the 640-Kbyte boundary, whichever is
smaller. All programs running under DOS are loaded into this area for
execution. For peak efficiency, MAX+PLUS requires 570 Kbytes of RAM
for the TPA. This area may also contain programs that run simultaneously
with MAX+PLUS. These programs, commonly referred to as background,
memory-resident, or TSR (terminate-and-stay resident) programs, occupy
memory that could otherwise be used by MAX+PLUS.

Expanded Memory

Expanded memory in 80286 /80386 /80486 DOS computers provides access
to additional memory beyond the 1 Mbyte of conventional memory. The
required configuration for MAX+PLUS includes a minimum of 1 Mbyte of
expanded memory. Anexpanded memory subsystem consists of expanded
memory hardware and a resident driver program. The hardware is either
amemory expansion board plugged into an expansion slot or RAM located
on the computer motherboard. The driver program, called the expanded
memory manager (EMM), is installed via a device directive (device =
EMM.SYS) in the CONFIG.SYS file. A specific EMM, supplied by the
expansion board manufacturer, must be used to ensure proper operation.
Figure 2 shows how the EMM makes expanded memory available to
application software.

Figure 2. Expanded Memory Mapping

The expanded memory manager maps at least four 16-Kbyte pages at any one time into a
contiguous 64-Kbyte page frame area in conventional memory.

Expanded Memory Conventional Memory
(Variable)

1 Mbyte

(Configurable
Location)

¢ 16-Kbyte Pages *

.

640 Kbytes
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Determining
Memory
Configuration

The EMM dynamically maps at least four 16-Kbyte pages of expanded
memory into a contiguous 64-Kbyte page-frame area in conventional
memory. The exact location of the page frame is user~configurable to avoid
hardware contflicts, and is typically placed in the upper 384 Kbytes of
conventional memory (system memory). Placing the page frame in the
lower 640 Kbytes will decrease the size of the TPA. Since MAX+PLUS
requires 570 Kbytes of TPA for peak efficiency, the page frame must be
placed in the upper 384 Kbytes to obtain the optimum configuration for
MAX+PLUS.

The 80286, 80386, and 80486 machines use expanded memory differently.
Memory-mapping capabilities built into the 80386 and 80486 processors
allow them to use RAM as expanded memory with noadditional hardware.
The 80286 does not have this capability, and requires expanded memory
hardware for the memory mapping function. Therefore, some extended
memory boards may not be compatible with 80286 machines. The user
should consult the board manufacturer for system compatibility information.

Extended Memory

Extended memory consists of RAM located above 1 Mbyte that can be
linearly addressed by 80286 /80386 /80486 computers running in protected
mode. DOS does not support extended memory except for ROM BIOS
routines, which allow extended memory to be used as RAM disks via the
IBM VDISK software. Since extended memory cannot be used to load and
execute programs, it also cannot be used to increase the usable memory for
MAX+PLUS. Methods for converting extended memory to expanded
memory are discussed later under the heading “Increasing Expanded
Memory for MAX+PLUS.”

The MAX+PLUS Altera Field Diagnostics (AFD) utility can determine the
memory configuration of a computer. This utility also tests Altera
programming hardware. AFD may be invoked by typing afd <Enter>
from the MAXPLUS directory. The computer’s memory configuration is
displayed, as shown in Figure 3. The following four items appear under
Memory Configquration:

O Normal refers to the amount of conventional memory installed for use
with DOS and programs under DOS.

0 Available refers to theamount of normal memory in the TPA available
to MAX+PLUS.

O Expanded refers to the amount of expanded memory available to
MAX+PLUS.

O Extended refers to the amount of extended memory in the computer.

If Available is below 570 Kbytes or Expanded is below 1024 Kbytes,
MAX+PLUS may run out of memory.
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Increasing
Available
Memory for
MAX+PLUS

Figure 3. AFD Memory Configuration Screen

ALTERA Applications Engineering Diagnostics
Version 7.0 Nov 86 1989 89:17:089
Copyright (C) 1986-1989 ALTERAR Corporation

MS-DOS Version 3.38

Computer type: AT or equivalent.
BIOS release date: '18/1/90°
Memory Configuation:

Normal : 648k bytes.
fAvailable : 566k bytes.
Expanded : 2048k bytes.
Extended : 1884k bytes.

BIOS revision: 8.

MicroChannel not available.
system configuration: model: 252 sub-model: 1

Available memory for MAX+PLUS can be increased by removing all
background programs and unnecessary device drivers. Removing
background programs frees the entire TPA for use by MAX+PLUS, while
removing device drivers decreases the size of the operating system area,
thereby maximizing TPA size. The following procedure describes how to
obtain the optimum configuration for MAX+PLUS and quickly switch

between configurations:

1. Save the current configuration by copying the AUTGEXEC.BAT file to
ORIGINAL.BAT and the CONFIG.SYS file to ORIGINAL.SYS.

2. Edit AUTOEXEC.BAT and CONFIG.S¥S to remove background
programs and unneeded device drivers (EMM must not be removed).

3. Reboot the system and run AFD again to verify thatavailable memory
has increased.

4. Copy the edited AUTOEXEC.BAT to MAX.BAT and CONFIG.SYS to
MAX.SYS to save the MAX+PLUS configuration that maximizes
available memory.

5. Create a DOS batch file (SWITCH.BAT) to provide a means of

switching between the MAX+PLUS configuration and the original
configuration.

Figure 4 shows SWITCH.BAT and possible MAX.BAT and MAX.SYS
configuration files.
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Increasing
Expanded
Memory for
MAX+PLUS

Figure 4. SWITCH.BAT, MAX.BAT, and MAX.SYS

SWITCH.BAT

c:

cd \

Copy %1.bat AUTOEXEC.BAT
Copy %1.sys CONFIG.SYS

MAX BAT

Path = c:\;c:\maxplus;c:\dos;
prompt S$psg

MAX.SYS

Device = EMM.SYS AT DOBO 258 ND

Files = 20
Buffers = 28

SUWITCH.BAT is used to switchautomatically to a desired configuration. By
typing switch max {(Enter>, MAX.BAT is copied to AUTOEXEC.BAT and
MAX.SYS is copied to CONFIG.SYS. The system may then be rebooted to
load the MAX+PLUS configuration. Typing switch original <Enter>
followed by a reboot switches back to the original configuration.

Note that MAX.BAT and MAX.SYS are examples; actual files may differ.

The amount of expanded memory available to MAX+PLUS may be
increased in four ways:

O ConfigureMAX+PLUS to useall of the computer’s expanded memory.
Reconfigure extended memory to expanded memory.

O Emulate expanded memory with extended memory (80386 or 80486
only).

O Add RAM to the computer.

During installation, MAX+PLUS is set to use all expanded memory present
in the computer. The OE (Options : Expanded memory) command
described in Appendix B—MAX+PLUS Configuration File of the MAX+PLUS
User Guide displays the current expanded memory available to
MAX+PLUS. If this value differs from the expanded memory reported by
AFD, the value may be increased to make all expanded memory in the
computer available to MAX+PLUS.
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Conclusion

If the computer contains extended memory, it may be possible to reconfigure
this memory to be expanded. Some plug-in memory expansion cards or
system motherboards allow the memory to be divided between
conventional, expanded, and extended memory. Typically, the memory
on plug-in is configured via on-card dip switches or a setup program
supplied with the card. The system motherboard is usually configured
with the setup program supplied with the computer. If the computer
contains extended memory, the card or computer documentation may
provide information on configurability.

If the computer has extended memory that is not directly configurable, it
may be possible to emulate expanded memory with an appropriate device
driver. The memory-mapping capabilities of the 80386 and 80486 allow
generic device drivers to convert extended memory to expanded memory.
Two such drivers for 80386 machines are 386MAX from Qualitas, Inc. and
QEMM from Quarterdeck Office Systems. Because the interface to expanded
memory is hardware-dependent, however, generic drivers for 80286
machines are not available. The user should consult the computer
manufacturer for an appropriate device driver for an 80286 machine with
expanded memory capability on the system motherboard.

If the computer does not contain memory that can be used to provide
1 Mbyte of expanded memory, the user must add RAM in one of the
methods described in this application brief, and the associated EMM must
be installed to add expanded memory to the computer.

After increasing expanded memory, AFD should be run again to verify
that expanded memory has been installed properly. Entering the OE
(Options : Expanded memory) command and updating the amount of
memory available then gives MAX+PLUS access to any newly installed
expanded memory.

Toavoid out-of-memory messages when running MAX+PLUS, a computer,
must be configured to provide 570 Kbytes of available program memory'
and 1 Mbyte of expanded memory. Batch files, such as the ones shown in|
this application brief, allow quick loading of this configuration for operating
MAX+PLUS. If out-of-memory error messages persist, contact Altera’s
Applications Department at 1 (800) 800-EPLD for assistance.
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‘Introduction

Logic
Synthesis
Affects
Simulation

The MAX+PLUS Simulator and Waveform Editor allow designers to
graphically verify logic, both at the EPLD pins and at nodes internal to the
device. This application brief discusses a variety of methods used tosimulate
internal nodes with the MAX+PLUS software. First, it describes the four
ways of naming internal nodes. Next, it shows how to locate nodes within
state machines and combinatorial nodes. Finally, it describes how to identify
appropriate nodes and incorporate them into an input file to perform a
quick and thorough simulation.

During compilation, the advanced algorithms in MAX+PLUS minimize
logic and perform logic synthesis to fit designs into MAX architecture. This
process implements the functionality of the design, but it may eliminate
some of the original nodes that defined the circuit. Consequently, not all of
the original nodes can be simulated. The nodes that can be simulated are
deviceinputs and outputs, HCELL buffers, and all of the nodes onregisters
and latches. SOF T buffers and TRI buffers can also be simulated if they are
not eliminated during logic synthesis.

Before simulating a MAX design, it is helpful to generate a History File that
contains a list of all nodes present in the synthesized design:

1. Invoke the Simulator and load the netlist for the design.

2. Select FHC (File : History : Create) and type the name of the file.
Press <Enter> to create the History File (with the extension .HST).

3. Select CNL (Control : Node : List), type ¥, and press <Enter>. The
wildcard character (*) is used to list all nodes in the design that can be
simulated.

4. Quit the Simulator and MAX+PLUS.

5. Print the History File (HST).

|[ Altera Corporation
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Nodes That
Can Be
Simulated

Node Names
in Levels of
Hierarchy

All nodes in the History File are assigned a name and defined tobe of type
IN, 1/0, or OUT. Nodes defined as IN correspond to EPLD inputs from
device pins; they have the same node names as the pins they represent.
Nodes defined as [/O are the I/O pins on the EPLD; they have the same
names as their corresponding input, output, or bidirectional pins. Nodes
defined as OUT are internal to the device; they have nodirect pin connection.
Internal node names specify the location of a node within a design and
refer to primitives only. The section titled MAX+PLUS Primitives in the
MAX+PLUS Graphic Editor manual shows the complete list of primitives.

All primitives, except TITLE and OUTPUT, have a single output. Figure 1
shows a simple design with a single internal node fed by AND2, and lists all
nodes that can be simulated.

Figure 1. Nodes Available for Simulation

INPUT

A Voo AND2
__OUTPUT — Type | Name
B INPUT ; T

vee o | ¢

Primitive ID Node Name is :3 ouT 3
IN A
IN B

The MAX+PLUS Graphic Editor assigns a unique identification number to
every symbol in a schematic. (This ID is located at the lower left-hand
corner of the symbol.) The only internal node in Figure 1 is :3, defined as
type OUT. This node corresponds to the output of the AND primitive with
symbol ID 3.

Complex designs with multiple hierarchical levels use node names that
incorporate the hierarchical path of the node to define the location of an
internal node. Internal node names may take four forms, and the user may
use more than one of these forms for a particular internal node. However,
the History File lists each node only once using the highest-priority node
name found. The four kinds of node names, listed from highest to lowest
priority, are as follows:

Priority 1:  Probes

Priority2:  Named nodes

Priority 3:  Ports/pinstubs
Priority4:  Hierarchical pathnames

All internal nodes have hierarchical pathnames, and most may also be
specified with a port (stub) name. Nodes can be named and probes can be
assigned by the user to further simplify the process of locating and
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simulating the nodes. For an overview of internal node name syntax, see
“Hierarchical Node Names & Probes” in the Simulator Reference section of
the MAX+PLUS Simulator manual.

Figure 2 shows a hierarchical design example with two levels. The title of
each schematic file in a hierarchical design indicates which symbol it
defines. This design has four accessible internal nodes that feed the CLK,
CLRN, and D inputs to the register, and the register output.

Figure 2. Node Names in a Hierarchical Design

Symbol Name
ENABLE [y ‘
SIGNAL D'\:‘;;T TR OUTPUT REG.OUT
CLOCKT EDye 5
CLOCK2 D:/Nc";"
CLEAR l:>'vNcpcUT
File: REG_EN
Path: \REG_EN: 6 +
NOT
INPUT F REG
D e 16{>c —
CLOCKHI [>T Porv/Pinstub
Type Name Node
CLOCKLOW
Primitive ID OUT |iREG_EN:6!:16 | Register D input
OUT |'REG_EN:6!:8 |Register clock
INPUT OUT |!REG_EN:6!:15 | Register clear
CLAN O3z OUT |'REG_EN:6!:14 | Register output
Prioritv 4: All internal nodes can be identified by a hierarchical pathname, which
IOrIly 4: . . .
. . traces the path of the node through multiple levels of hierarchy with a
Hierarchical name of the following format:
Pathnames

i {<symbol name> : (symbol ID>...i: {symbol ID>

The pipe () indicates that the symbol name following it is the name of a file
ina lower level of the hierarchy. The colon (:) precedes the symbol ID, which
provides further distinction between common symbols in the same level of
hierarchy. Thus, the hierarchical pathname for the clock of the register in

‘[ Altera Corporation
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Priority 3:
Ports/
Pinstubs

Priority 2:
Named
Nodes

Figure 2 is JREG_EN:6!:8. This name defines the AND2 primitive (with
symbol ID 8) driving the CLK input, which is inside the symbol REG_EN
(with symbol ID 6). Designs with multiple levels of hierarchy follow this
pattern, with a pipe () separating each level of hierarchy.

Internal nodes connected to primitives that convert directly into “hard”
nodes (i.e., nodes that will not be eliminated by logic synthesis) use ports
as their internal node names. A port is an extension to the hierarchical
pathname that defines the specific input or output of the primitive. These
ports represent pins at a lower level of the design hierarchy. Ports consist
of a period (.) and a port name that follow a hierarchical pathname. For
example, the D input to the register in Figure 2 is IREG_EN:6!:14.D. Table 1
shows all port names associated with the register in Figure 2. A list of all
primitives with ports can be found under the heading “Primitives” in
AHDL Elements in the MAX+PLUS AHDL manual.

Table 1. Port Names for the Register Shown in Figure 2

Type Name Node
ouT :5.0E Tri-state control
ouT {REG_EN:6:14.CLK Register clock
ouT {REG_EN:6!:14.CLRN Register clear
ouT {REG_EN:6!:14.D Register D input
ouT {REG_EN:6::14.Q Register output
ouT {REG_EN:6!:15.IN MCELL input
ouT {REG_EN:6!:15.0UT MCELL output

Hierarchical pathnames can be enhanced by using named nodes. Nodes
are named in a schematic by inserting text above a node, which causes the
symbol ID to be replaced with the text. For example, the node feeding the
Clock inFigure 2 has the text CLK inserted above it. This name replaces the
symbol ID 8, changing the name of this internal node to \REG_EN:6!CLK.

Named nodes are automatically
created in AHDL Text Design Files
(TDFs) when variables are
assigned to nodes that can be

Figure 3. TDF with Named Nodes

TITLE "4-Bit Counter With A 74161";

FUNCTION : -

74161(A,B.C,D,LDn, ENP, ENT, CLRn ,CLK) simulated. Figure 3 shows part of
RETURNS (0A,0QB.QC.QD,RCO); a TDF with the variable counter

DESIGN IS 4_bit assigned toa 74161 counterin the

VARIABLE section. The default
UBDESIGN 4-bit node name of the first register’s
output is i74161:33!QA. The node
name after making the variable
assignment is ICOUNTER!QA.

VARIABLE
counter : 74161;

BEGIN
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Priority 1:
Probes

Internal node names can be fully customized with probes in a logic
schematic. Probes are entered on primitives at any level of hierarchy. The
probe automatically connects to the output of the primitive to which it is
assigned. The following steps describe how to place a probe on the
appropriate primitive to connect to the clock node of the register in
Figure 2.

1. Openthe REG_EN file.

2. Position the cursor on the AND2 symbol and type SPE (Symbol :
Probe:Enter).

3. Type a name for the probe and press <Enter>.

A pointer with the assigned probe name is attached to the primitive
output. During compilation, the probe name is put into the Simulator
Netlist File (SNF) in place of the hierarchical pathname. For example, in
Figure 2 a probe called B_INPUT placed on the NOT gate feeding the D
input to the register will produce the node name D_INPUT in the SNF, thus
eliminating all the hierarchy information for the node name.

MAX+PLUS allows the user to name internal nodes in a variety of ways.
The Simulator lists each node only once, using the simplest name for the
node. If the node has a probe attached to it, the node is listed under the
probe name. If not, the node is listed with a node name, or under a port
name if no node name exists. Finally, if no other higher-priority name
exists, the node is listed under its hierarchical pathname. Table 2 shows the
four ways of naming the D input to the register in Figure 2.

Table 2. Four Possible Names for D Input
Internal Node Name Type of Name - Description

D_INPUT Probe Probe named D_INPUT placed
on NOT

{REG_EN:6!D_INPUT Named node Node feeding D input
D_INPUT

{REG_EN:6!:14.D Port/Pinstub D input port

{REG_EN:6!:16 Hierarchy pathname | Hierarchical pathname of NOT
primitive feeding D input
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Simulating
State
Machines

Since state machines often control an entire design, simulation is especially |/
useful for debugging state machines. Four items in a state machine may
need to be simulated: inputs, decoded outputs, state register bits, and
present states.

State Machine Inputs

State machine input lines feed combinatorial logic, which, in turn, feeds
the D inputs to state register bits. However, state machine inputs can only
be simulated when they are fed by EPLD input pins or by hard nodes
within a design. To allow simulation of state machine inputs when these
inputs are fed by combinatorial logic, an MCELL buffer should be placed in
front of all inputs to a state machine. The MCELL is a hard node; therefore,
its outputs (i.e., the inputs to the state machine) can be simulated. Note,
however, that inserting an MCELL affects the timing of the state machine,
and MCELL buffers should therefore be removed after simulation. This
technique is used to verify functionality, not timing.

To make the MCELL more accessible during simulation, a probe with the
same name as the input to the state machine may be attached to the MCELL
in the Graphic Editor.

Decoded Outputs

Decoded outputs are also combinatorial, and therefore may not allow
simulation. If decoded outputs do not feed hard nodes, such as MCELL
buffers or output pins, then they cannot be simulated. As with state
machine inputs, decoded outputs may simulated if anMCELL with a probe
on it is placed after the decoded outputs.

State Register Bits

State register bits are assigned names in a state machine declaration in the
VARIABLE section of an AHDL file. The syntax of this declaration is:

<{name> : MACHINE OF BITS ( (state registers> )
WITH STATES ( <(state assignments> )

The Simulator extracts the state register names from the TDF to define the
register bits. A state machine in a lower level of a hierarchical design
incorporates the state machine name into the node name to distinguish it
from state machines at the same level. Figure 4 shows a TDF with a state
machine. If this machine is loaded into the top level of a schematic design,
the state register outputs for this design are {4_STATE:n!Q@ and
14_STATE:niQ1 (where :n is the ID for the symbol representing the state
machine). ‘
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Figure 4. Text Design File with State Machine

TITLE "A Simple State Machine";
DESIGN IS 4_state;

SUBDESIGN 4_state .
<

clk, BUSL3..8]1 : INPUT;

CNT[3..81, decode : OUTPUT;
)

VARIABLE
state : MACHINE OF BITS (Q[1..81)

WITH STATES ( ONE, TWO, THREE,

FOUR );

BEGIN
state.clk = clk;
CNTL 1 = Q[ 1;

CASE (state) IS
WHEN ONE =>
state = TWO;

decode = (BUS[] == h"R");
WHEN TUWO =>

state = THREE;
WHEN THREE =>

state = FOUR;
WHEN FOUR =>

state = ONE;

decode = (BUSIL] == h"7");

END CASE;

END;

AHDL state machines provide automatic state assignments. When this
feature is used, it is more useful to monitor the state name rather than the
individual state registers. The state name can be monitored easily in the
Waveform Editor by entering waveforms for the individual state register
bits and combining them into a bus with the same name as the state
machine. The waveforms have the associated state names displayed in a
text format inside the bus. Figure 5 shows the waveforms for the TDF in

Figure 4.
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Simulating
Inaccessible
Combinatorial
Nodes

Figure 5. State Names in the Waveform Editor

Waveform Editor B

.3 ex____Hus
'RADT X I ENCDES TR

BL3..0]
i4_STATE:1i{STATE

Present States

There are three ways to set up the Waveform Editor to show the present
state of a state machine. The easiest is to use the default channel file that
automatically places the state machine bus in the Simulator Channel File
(.SCF). Another method is to enter the state machine name in an ASCII
Vector File (VEC) by entering the state machine name (including its
hierarchy information) in the Outputs Section. The third method, entering
the state machine into a Simulator Channel File, requires these steps:

1. Enter the waveforms for the state register bits individually into the
Waveform Editor, with each node corresponding to a state register bit.

2. Group the nodes together and make the group name the same as the
name of the state machine.

Whichever method is used, the appropriate state information will appear
in the Simulator Channel File after simulation.

Some combinatorial nodes cannot be directly simulated. To simulate buried
combinatorial logic, the node should be fed into an MCELL buffer, then a
probe should be placed on the MCELL and named. Next, the design should
be recompiled to generate an updated Simulator Netlist File. The MCELL
should be removed once the node is shown to be functionally correct.

Figure 6 shows a combinatorial circuit fora decoder with three enable lines
called G1, G2AN, and G2BN. To activate the outputs, all three of the enable
lines feeding the BAND3 gate must be active. To simulate the combinatorial
logic in this design, an MCELL may be placed in the circuit between the
BAND3 primitive and the NAND2 primitive. (The timing of the circuit will
change.) This technique should be used to verify functionality, not timing.
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Figure 6. Placing an MCELL for Simulation of Combinatorial Logic

NOT

INPUT
G1 VEc BAND3  pep1L NAND2
G2AN el OUTPUT
GND YON
BN INPUT

GND
NOT

INPUT - NAND:
A 12U ! Do . S outeur .
Fi ndi ng Once all nodes that can be simulated have been identified, it may be useful
to find their locations in the schematic or text file. The LNF (Line : Node:
Nodes Find) command in both the Graphic Editor and the Text Editor helps

locate nodes that have hierarchical node names:
1. Type LNF (Line : Node : Find).
2. Type theinternal node name and press <Enter>.

The schematic or file containing the node is then loaded and the node is
highlighted.

A quick way to find a node is to use the LNF (Line : Node : Find)
command within the schematic that contains the node. For example, if LNF
(Line : Node : Find) is selected while the file REG_EN is displayed, the
prompt line displays {REG_EN:6, which is the hierarchy path that leads to
the current file. Typing <End> i:8 <Enter) then highlights the AND2 gate.
If a node is identified with a probe, only the probe name must be entered.

U sing Nodes can quickly be placed into a Simulator Channel File or Vector File

for simulation. Internal nodes are added to the Outputs Section of a Vector
Internal File by importing the names from the node listin the History File. Figure 7
Nodes in shows an example of a Vector File created from a History File node list

. . with 1/0 pins and internal nodes grouped together to form buses.
Simulation
The Waveform Editor automatically creates a default Simulator Channel
File that contains the device I/O pins, internal nodes with probes, and
nodes associated with state machines. Additional nodes that need to be
simulated can be appended to this file.
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Figure 7. Creating Groups in a Vector File from an Internal Node List

=== NOBE LIST --- ---  VECTOR FILE ---
Type Name GROUP CREATE B_BUS = B3 B2 B1 BO;
IN CLOCK GROUP CREATE D_BUS = D3 D2 D1 D®;
IN DIR
IN S GROUP CREATE INT_BUS = }21MUX:9!:5
IN ba 121MUX:12!:5
IN n1 121MUX: 18! :5
IN b2 121MUX:11}:5;
IN D3
140 B8 OUTPUTS B_BUS INT_BUS;
1/0 B1
1/0 B2
1/0 B3
ouT :5
out 16
out :7
ouT :8
ouTt {21HUX: 9135
ouT 121MUX:12!:5
ouT 121MUX: 10! :5
ouT 121MUX:11::5
Conclusion The MAX+PLUS Simulator incorporates many features. With the Graphic
Editor’s probe capability and the integrated Altera Hardware Description
Language (AHDL), all nodes that can be simulated are easily identified.
Additionally, both AHDL Text Design Files and Graphic Design Files use
a parallel method to identify internal nodes, making simulation quick and
simple.
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Introduction

Two-Source
Bus
Configurations

Altera’s general-purpose (EP- and EPM5000- series) EPLDs allow internal
buses to be emulated by using logic to replace tri-state functions. A series
of simple 2-to-1 multiplexers can create buses with two sets of input
signals. 4-to-1 (and larger) multiplexers can create buses with three or
more sources. Multiplexing also saves device resources and helps to
eliminate timing and loading problems. This application brief describes
how to use multiplexers for different bus configurations and explains the
benefits of this approach.

Figure 1 shows the simplest bus configuration, a one-bit bus created by
connecting the outputs of two tri-state buffers toa single line. The function
table shows the possible states of the bus. When tri-state buffer A is
enabled, the input to that buffer (INA) appears on the bus. When tri-state
buffer B is enabled, the input to that buffer (INB) appears on the bus. If
neither buffer is enabled, the bus is in a high-impedance, or floating, state.
Note that buses are often tied high with a pull-up resistor to prevent them
from floating.

Figure 1. One-Bit Bus

Two tni-state buffers can create a simple bus.

Bus Line INA OEA INB OEB | BUSLINE
OFA X 0 X 0 Zor1
INA ] X 0 0 1 0
TR A X 0 1 1 1
oEB
0 1 X 0 0
INB 1 1 X ) 1
TRI B

Figure 2 shows two AND gates and an OR gate that emulate the tri-state
functions of Figure 1. Each AND gate has a data input (INA or INB), and a
select input (SELA or SELB) that represents the original Output Enable
control. The function table shows that the AND/OR logic exactly emulates
the original tri-state functions if one of the two outputs is always selected.
If neither output is selected, the output of the AND/OR logic is low.
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Figure 2. AND/OR Logic Emulating Tri-Stating Functions

Bus Line INA SELA INB SELB | BUSLUNE
X 0 X 0 0
X 0 0 1 0
X 0 1 1 1
0 1 X 0 0
1 1 X 0 1

The select controls are mutually exclusive, since only one input is ever
enabled onto a bus at any given time. Therefore, they can be encoded into
a single input by making SELA the common select input, and then feeding
the inverse of this signal into the previous SELB input. Figure 3 shows that
these steps transform the AND/OR logic into a typical 2-to-1 multiplexer.
The multiplexer functions in the same way as the AND /OR logic in Figure
2, except that the two select signals have been encoded into a single line.

Figure 3. Multiplexer Created with AND/OR Logic and Select Controls

Encoded select

lines transform SEL —
the AND/OR logic ~ 'NA —]
from Figure 2 into

a multiplexer.

INB

AND2 INA INB SEL | OUTPUT
OR?2 X 0 0 0
OUTPUT
NOT  anD2 X ! 0 1
0 X 1 0
1 X 1 1

Buses with
Three or
More
Sources

Additional 2-to-1 multiplexers, all controlled by a common select signal,
cancreate wider buses. One multiplexer is necessary for each bit of the bus.
For example, Figure 4 shows eight 2-to-1 multiplexers emulating a byte-
wide bus.

Larger multiplexers with multiple select inputs can emulate buses with
more than two sources, Figure 5 shows how a 4-to-1 multiplexer can create
a bus with up to four sources. Figure 5 also includes a truth table with the
proper encoding for the select inputs. This type of multiplexer can also
implement buses with two or three sources.

Additional multiplexers with shared select lines can create buses with
nearly any width. For example, five 4-to-1 multiplexers can create a 5-bit-
wide bus with two, three, or four sets of inputs.
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Figure 4. Eight 2-to-1 Figure 5. 4-to-1 Multiplexer Implementing a Bus with Up to Four Sources

Multiplexers Emulating a Byle-
Wide Bus

21 MUX

INAD
INBO
SEL. —4¢

OuTo

Muitiplexer

21 MUX

INA1

INB1 OouT1

INA2 ——

INB2 ouT2

INA3 ——

INB3 ouTa

INA4

iNB4 ouT4

INAS

INBS ouTs

INAs

INBé OouTs

INA7
INB7

AND3
INA
INB
i— OUTPUT
INC
|
IND =
SELY
NOT
SEL2 >o—o
4:1 Multiplexer
INA INB INC IND SEL2 SEL1 OUTPUT

X X X 0 0 0 0
X X X 1 0 0 1
X X 0 X 0 1 0
X X 1 X 0 1 1
X 0 X X 1 0 0
X 1 X X 1 0 1
0 X X X 1 1 0
1 X X X 1 1 1

\lm p le me nti n g For MAX+PLUS users, the. Altera Harc%ware Desc.ription Langua ge (AH]?L)
provides a quick alternative to graphic schematic entry for implementing

Bus bus functions with multiplexing. AHDL files can generate buses with
Functions nearly any number of inputs and of nearly any width.
with AHDL For example, Figure 6 shows the lines of AHDL code required to createan

eight-bit bus with three sources. The data inputsareA? to A8, B7 to B8, and
C? to C8. The two select inputs, SEL1 and SEL2, can be treated as an
encoded group in AHDL. These select lines control which set of input
signals is connected to the outputs through a series of simple IF-THEN
statements.
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Figure 6. AHDL Implementation of Eight-Bit Bus with Three Sources

SUBDESIGN BUSMUX (

AL?. .81,
BL?7..0],
Cr?..e1,

SEL[1..81: INPUT;
OUTL?..081: OUTPUT; )

BEGIN
IF (SELL]==0) THEN OUTC]=AL[]; END IF;
IF (SELL]==1) THEN OUTL1=BL1; END IF;
IF (SELL]==2) THEN OUTLJ=CL]; END IF;

END;

By adding data inputs (e.g., D[7..8]), this file can be easily modified to
create a bus with more sources. For multiplexers with more than four data
inputs, one more bit must also be added to the SEL group (e.g., SELL2..8])
for each factor-of-two increase in the number of data inputs. For example,
a seven-input multiplexer requires three select bits.

The width of the bus can be varied by changing the input and output group
widths. For example, the declaration ALS5..81 creates a 5-bit-wide set of A
inputs.

For more information on AHDL syntax, refer to Application Note 22
(Designing with AHDL).

Why Emulate  Using multiplexing to emulate tri-state functions saves macrocellsand 1/O
. pins for applications that would otherwise require a bus external to the
Tri-State EPLD. Figure 7 shows a 4-to-1 multiplexer in a single macrocell that
Functions? emulates a bus line with four sources. With conventional tri-stating
techniques, the same function requires four macrocells and 1/O pins, as
shown in Figure 8. Multiplexing saves three macrocellsand I/O pins if the
switching functions are implemented with the product terms inside the
macrocell, instead of with tri-state buffers and 1/O pins external to the

macrocell.

Figure 7. 4-to-1 Multiplexer in a Single Macrocell

Macrocell

4:1 MUX

INA
INB
INC
IND
SEL1
SEL2

> OUTPUT
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Figure 8. 4-to-1 Multiplexer Implemented with Traditional Tri-State Logic

A four-source bus that uses tri-stating requires four macrocells and I/0 pins.

External
Bus Line
Macrocell A
OEA
INA Vn OUTPUTE A
TRI
Macrocell B
OEB
NB 31,]\ WP — &
TRI
Macrocell C
OEC
INC V;l OUTPUT —c
TRI
Macrocell D
OED
IND jl\l, TPt b
TRI

Emulating tri-stated buses with logic eliminates timing hazards such as
bus contention, which occurs when two or more tri-state outputs are
simultaneously enabled onto a single bus line. This condition (usually
unintended) can cause an unpredictable logic level to propagate if multiple
buffers are driving high and low at the same time. The select controls for
simple AND/OR logic (shown in Figure 2) can both be enabled at the same
time, but the result will be a known logic level. The select controls can
never be enabled at the same time if they are encoded, as in the true
multiplexer configurations (Figure 3).

The only potential timing hazard for a multiplexer configuration is output
glitching caused by input signal skew. EPLD architecture minimizes skew
difficulties and glitching is seldom a problem in actual designs. However,
the designer must exercise care when driving edge-sensitive logic from
multiplexer outputs.

Replacing tri-stated buses with logic reduces capacitive loading limitations.
High fan-outs to traditional buses create high capacitive loads that slow
bus bandwidth. Macrocells and feedback paths in EPLDs have constant
delays, regardless of the number of signals entering the macrocell. If
control logic isimplemented with multiplexers, internal busloadingis not
a problem.
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Conclusion Although Altera’s general-purpose EP- and EPM5000-series EPLDs do not
have internal tri-state capabilities, the tri-state function can be emulated
with multiplexing. The multiplexing technique allows designers to create
buses of nearly any size in the EPLD. Multiplexing also provides the
additional benefits of saving device resources, and eliminating timing and

loading problems.
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Introduction

Architecture

Altera’s EP630 EPLD combines the industry-standard EP600-series
architecture with advanced 1.0-micron CMOS EPROM technology to
produce a high-speed (tpp = 15 ns) 24-pin EPLD. This application brief
compares the EP630 EPLD with the 22V10 device, focusing on architecture
and design support. An example thatillustrates important EP630 features
is also included. .

The EP630 EPLD and the 22V10 device have several features in common:
both are available in a 24-pin package, both generate Boolean logic
expressions with a sum-of-products array, and both process Boolean
functions through macrocells (see Figure 1).

However, the two devices differ in important ways:

O The most obvious difference is the number of macrocells offered: the
EP630 EPLD contains 16 macrocells, the 22V10 contains only 10.

O All EP630 macrocells contain a programmable flip-flop that can be
configured for D, T, JK, or SR operation, thus substantially increasing
its flexibility. In contrast, the22V10 has a fixed D flip-flop architecture.
For example, a 10-bit counter implemented in a 22V10 requires 10
product terms to generate the tenth bit, while the same counter in an
EP630 EPLD requires only a single product term for each bit when the
internal registers are configured for T flip-flop emulation.

O The EP630registers are individually configured to clock from a global
or asynchronous clock, while all of the 22V10 registers are clocked
from a single global clock source.

O The EP630 EPLD has 128 equally distributed product terms, 8 per
macrocell. In addition, individual product terms are added to the
Clear and Output Enable inputs of each EP630 macrocell, giving the
designer much greater flexibility. The 22V10 has variable product-
term distribution and contains anywhere from 8 to 16 product terms
per macrocell.

3 Maximum clock frequency for the EP630 EPLD is 83 MHz; fora CMOS
22V10, it is 80 MHz.

O AnEP630requires 90 mA current; a 22V10 requires 130 mA current.
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Figure 1. Macrocells in the EP630 EPLD and the 22V 10 Device
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Table 1 summarizes these features.

Table 1. EP630 EPLD vs. 22V10
Features EP630 22V10

Speed:

trp 15 ns 15 ns

fCNT 83 MHz 80 MHz
Macrocells 16 10
Programmable Clocks Yes No
Programmable Flip-Flops Yes No
Zero Power Yes No

The EP630 architecture provides greater register density and flexibility
than the 22V10, allowing more logic to be incorporated. For example,

Figure 2 shows a programmable frequency divider, acommon application
for PLDs.

Figure 2. Programmable Frequency Divider

vee

CLEAR [O—
INP

CLOCK [D>—
INP

FREQ DIVIDER

FREQDIV_

NOT

AND2

FREQ DIVIDER

|
MULTIPLEXER

OR2
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The EP630
Solution

This frequency divider accepts a frequency, divides it by powers of two
(21, 22, 23,...), then produces a selected output frequency based upon
frequency-select inputs. Frequency division is accomplished by three
cascaded frequency dividers, each receivinga clock from either an input or
the previous frequency divider. The divider frequencies are connected to
two 74157 multiplexers, each of which routes a selected clock—defined by
the select address (A,B,C)—to its output. Finally, a single frequency is
chosen by the 2-to-1 multiplexer, which is implemented with gates.

The EP630 is a better choice than the 22V10, both for hardware
implementation and for software design entry.

As Figure 3 shows, the EP630 EPLD easily integrates the programmable
frequency divider into a single device to produce the selected frequency
FDIV. On the other hand, the 22V10 device is not well suited to this
application. Since it contains only 10 macrocells, two 22V10 devices are
needed to implement the 12-bit counter. Device A must function as a 10-bit
counter; its outputs Q@ to @9 must supply part of the input to device B.
Device B is clocked by Q9 forming a ripple counter to create the two most
significant bits of the 12-bit counter function. Frequency-select inputs to
device B control the clock output muiltiplexer that ultimately produces the
selected frequency, FDIV.

Figure 3. EPB630vs. 22V10 as Programmable Frequency Divider

CLK CLK p
CLR CLR
A FOIV 22V10 {2000
B A
C
D
Solution 1
Q9
Ly ,
et —
A— 22VI0 L FDIV
B — B
C
D—

The logic design for the EP630 EPLD is entered, compiled, verified, and
programmed with the Altera Programmable Logic User System (A+PLUS).
Design entry is simple with LogiCaps schematic capture. LogiCaps provides
access to over 100 Altera-supplied TTL macrofunctions (see Figure 2),
which speed up design entry for designs such as this programmable
frequency divider, allowing the designer to enter and connect the
appropriate TTL macrofunctions. The Altera Design Processor provides
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Conclusion

algorithms that automatically fit the programmable frequency divider into
the EP630, and produces a standard JEDEC file to program the device.
During compilation, A+PLUS automatically performs logic reduction,
configures the data paths within the macrocells, and chooses the best flip-
flop configuration (D, T, JK, or SR). The result is a working design produced
quickly and efficiently.

The 22V10 design, on the other hand, is entered with Texas Instruments’
Prologic PLD compiler (shown in Figure 4). Since Prologic is a text-based
entry language, each counter and multiplexer must be expressed as a
separate Boolean function. This is a time consuming, error-prone task.

Together, the EP630 EPLD and A+PLUS software offer the ideal solution
for implementing a programmable frequency divider in a single device.

Figure 4, Frequency Divider File Created with Prologic (Part 1 of 4)

Listing 1: Device A

title ¢ Device: PAL22V18
Application: 12 Bit Programmable Frequency Divider: Device A

Source: Designer Name 989 )
include pP22v10: /% specify that target device is PAL22V18 =/
define CLX = pinl : /% define input pins w/
define CLR = pin2
define Q@ = pini4 : /% define ocutput pins */
define Q1 = pini5 :
define Q2 = pinil6 :
define Q3 = pin1? ;
define Q4 = pini8 :
define Q5 = pin19 :
define Q6 = pin2@ :
define Q7 = pin23 :
define Q8 = pin22 :
define Q9 = pin21 :

/% define equations to implement lower 1B bits of counter %/

Q8.4 = ! (QB.q) & !CLR ;
Q1.d = ('08.q & Q1.q | Q8.9 & Q1.9) & !CLR ;
Q2.d = ('08.q & Q2.q ! 'Q1.q & Q2.9 | QB.q & Q1.9 & !'Q2.9) & !CIR ;

Q3.d = (108.9 & Q3.q
i '01.q & 03.q
i !02.q & Q3.9
!} 0B.q & Q1.9 & Q2.9 & !'03.9) & !CLR ;

04.d = (108.q & 04.
i 101.q & 04,
i 102.q & 04.
i 103.q & 04.
1 08.q & Q1.9 & Q2.9 & Q3.9 & 1Q4.q) & !CLR ;

WA a8 W2
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Figure 4. Frequency Divider File Created with Prologic (Part 2 of 4)

05.d = (108.q & Q5.9
191.9 & Q5.9
102.q & Q5.q
193.9 & QS.q
104.q & Q5.9
08.q & Q1.q & Q2.9 & 03.q & Q4.9 & 105.q) & ICLR ;

06.d =

Q7.4 =

Q8.d =

Q9.

d

n

(1Q8.q & Q6.9
101.q & Q6.9
Q2.9 & 06.4q
Q4.9 & Q6.9
103.9 & Q6.9
Q5.9 & Q6.9
Q9.9 & Q1.9 & Q2.9 & Q3.9 & Q4.9 & Q5.9 & 1Q6.9) & !CLR ;

(108.q & Q7.9
Q1.9 & Q7.9
102.9 & Q7.9
103.4 & Q7.9
Q4.9 & Q7.9
105.9 & Q7.9
106.9 & Q7.9
Q8.9 & Q1.9 & Q2.9 & Q3.9 & Q4.9 & Q5.9 & Q6.9 & 'Q7.9) & !CLR ;

(108.q & Q8.9
Q1.9 & Q8.9
102.q & Q8.4q
104.q & Q8.9
103.q & 08.q
105.q & 08.q
106.q9 & 98.9q
1Q7.q & G8.q

QB.q 8 Q1.9 & 02.9 & Q3.q & Q4.9 & Q5.9 & Q6.9 & Q7.9 & 108.9) &

!CLR ;

(108.q

'Q1.q
102.9
104.9q
103.q
195.q
106.q9
1Q?2.q
198.9q
1Q8.q

LN R R RN N NN

Q9.4q
Q9.q
Q9.q
Q9.9
Q9.9
Q9.9
Q9.9
Q9.q
Q9.9
Q1.9 & Q2.4 & Q3.9 & Q4.9 & Q5.9 & 06.9 & Q7.4 & Q8.9 &

'09.q) 8 !CLR ;

/7% permanently enable all counter outputs »/

Q8.0e = 1; Ql.oce = 1; Q2.0e = 1; Q3.0e = 1; Q4.0e = 1;
Q5.0e = 1; Q6.0e = 1; Q7.0e = 1; Q8.0e =1;  Q%.0e = 1;
/% define outputs as active high =/

Q8 = q; Q1 = q; Q2 = q; a3 = q; Q4 = q;

as = q; Q6 = q; Q7?7 = q; Q8 = q; Q9 = q;
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Figure 4. Frequency Divider File Created with Prologic (Part 3 of 4)

/% define some test vectors to verify that counter is working properly */

test_vectors { /« CLX CLR Q3 Q2 Q1 Qe “/
pint pin2 Pini? pinl6 pinlS pini4;
c 1 L L L L ; /wRESET»/
c 1 L L L L ; /%RESET%/
[ -] L L L H ;3 /% 1 Wy
c [} L L H L ; /w2 W/
c -} L L H H i /% 3 =/
c 8 L H L L ;o /% 4w/
c 8 L H L H ; /% 5 w/
c ] L H H L ;3 /% 6w/
€ ] L H H H 3 /% 2wy
c ] H L L L ; /% 8 w/
c 8 H L L H ;. /% 9wy
c 8 H L H L 3 /% 18 =/
c ] H L H H ;o /% 11 =y
[ ] H H L L 3 /% 12 W/
c ] H H L H ; /% 13 %/
c 8 H H H L ;o /% 14 wy
c ] H H H H i /% 15 %/
c ] L L L L i /% B W
c 1 L L L L ;  /%RESETw/

Listing 2: Device B

title { Device: PAL22Vi0G

Application: 12 Bit Programmable Frequency Divider: Device B
2MSB and Multiplexing Control
Source: 9/89

include p22v18; /% specify that target device is PAL22V1B »/

define CLK = pinl ; /% clock input is from Q9 on device A u/

define CLR = pin2 ; /% clear goes to pin 2 on both devices L 74

define A = pind ; /% select inputs for multiplexing outputs »/

define B = ping ; /% Select Input Q Output u/

define C = pinS ; /n ABCD = 8 divided by 2 124

define D = pinb ; I4] 1 4 “/

/% 2 8 ..etc w/
define Q8 = pin? ; /% define counter inputs from device A “/
define Q1 = ping8 ;
define Q2 = pin9g ;
define Q3 = pinid ;
define Q4 = pini1 ;
define Q5 = pin13 ;
define Q6 = pinid ;
define Q? = pini$ ;
define Q8 = pini6 ;
define Q9 = pin1? ;
define Q10 = pini19 ; /% define 2 MSB of 12 bit counter »/
define Q11 = pin28 ;
define FDIV = pini8 ; /% divided output »/

7% define equations to implement 2 MSP of counter »/
Q18.d4 = 1(Q18.q) & !CLR ;

Q11.d = (1018.q & Qil1.q ! Q1B.q & Q11.4) & !CIR ;
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Figure 4, Frequency Divider File Created with Prologic (Part 4 of 4)

7% define equations to control rmultiplexing of outputs »/

FDIV = Q@ & 'A & !B & !IC & 1D
| QF & 'R & 'B & !IC & D
i Q2 & A & !'» & C & 1D
{ Q3 & 'A & !B & C & D
! Q4 & A & B3 & IC & 1D
l 05 & 'A & B & !IC & D
1 96 & 'A & B & C & D
i Q? & 'A & B & C & D
! 8 & A & !B & !C & D
{ 9 & A & B & C & D
| Q18.q & A & B & C & D /% ".q"uwas used on terms «/
i Q11.q9 & A & 'B & C & D /% are internal feedbacks »/

/% permanently enable all outputs »/
Q18.0e = 1; Qil.ce = 1; FBIV.oe = 1;

/% define outputs as active high %/
Q108 = q; Q11 = q;
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Introduction

EPM5064
Overview

A Direct Memory Access (DMA) controller can increase the performance
of a peripheral subsystem by coordinating data transfer between peripheral
and subsystem memory. A DMA controller is useful when a design requires
data transfer rates that are too fast for a microprocessor. DMA can be used
by a disk-drive controller to quickly transfer large blocks of data, by high-
speed serial subsystems to maintain communications link bitrates, and by
dedicated graphics processors that update images stored within video
memory.

DMA controllers can be implemented in several ways. Standard off-the-
shelf DMA controllers are available (e.g., Am9517A /8237A), providing a
single-chip, application-specific solution. However, these controllers may
be unsuitable due to speed, power consumption, or protocol requirements.
For example, the Am9517A transfers data at 2.5 Mbytes per second and
requires a specific set of control commands, whichis normally notavailable
with standard DMA controllers.

If higher performance or custom functions are required, a DMA controller
can be implemented with discrete TTL components (e.g., the 7400 series).
This approach supports custom DMA protocols and tailored performance,
but has a number of drawbacks: TTL logic consumes high power, requires
a large amount of PC board space, and the high component count and
power dissipation reduces overall system reliability.

Erasable Programmable Logic Devices (EPLDs) offer the ideal solution,
integrating the advantages of the standard off-the-shelf DMA controller
with the higher performance and flexibility of the TTL approach. This
application brief illustrates how a DMA controller implemented in an
Altera EPM5064 EPLD achieves data transfer rates of up to 20 megawords
per second between peripheral and subsystem memory.

The EPM5064 is a user-configurable, high-performance, high-density MAX
EPLD. It offers a fast 25-ns input-to-output combinatorial delay and
50-MHz 16-bit counter frequencies. This EPLD is offered in 44-pin
windowed ceramic and plastic J-lead chip carrier packages that have
8 dedicated inputs and 28 bidirectional I/O pins. Commercial, industrial,
and military temperature-range versions are available.

The EPM5064 contains 64 macrocells, each with a register that can be
programmed for D, T, JK, SR, or flow-through latch operation, or bypassed

entirely for purely combinatorial functions. All macrocell registers also
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include asynchronous Clear and Preset controls. The macrocells are grouped
into 4 Logic Array Blocks (LABs), each containing 16 macrocells and 32
expander product terms. Expander product terms are freely allocatable
product terms that can be used and shared by any macrocell in the LAB.

A Programmable Interconnect Array (PIA) routes signals between the
various LABs. The PIA, which is fed by the 28 1/O pins and 64 macrocell
feedbacks, provides the resources necessary to ensure 100% signal
routability. A fixed interconnect delay across the PIA eliminates skew and
provides consistent, predictable performance. For more information on
device architecture, refer to the EPM5016 to EPM5192: High-Speed, High-
Density MAX EPLDs Data Sheet in this data book.

Figure 1 shows a DMA controller that supports the Microprocessor Unit
(MPU), a peripheral, and the memory block of a peripheral subsystem.

Figure 1. Sample Peripheral Subsystem with an EPM5064 DMA Controller
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Figure 2 shows the timing associated with the DMA control signals. A
custom-designed DMA controller in an EPM5064 can improve performance
of the peripheral subsystem by providing faster data transfers than are
possible with the MPU alone. Using a DMA controller also frees the MPU
to perform other tasks.
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Figure 2. Generic DMA Timing
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To start the DMA process, the MPU must first select and initialize the
DMA controller; then it must write the starting and ending addresses and
the control information to the controller. The control data indicates whether
the transfer addresses should be incremented or decremented.

After initialization, the peripheral starts the DMA transfer by asserting the
DMARQ (DMA request) input to the controller. DMARD (DMA read),
another input from the peripheral, indicates the direction of the DMA
transfer. When DMARD is high, the current DMA cycle is a memory-read
cycle; when it is low, it is a memory-write cycle.

After DMARQ and DMARD are asserted, the DMA controller asserts the BR
(bus request) input to the MPU . The MPU then drives BG (bus grant) high
and releases control of the buses. The DMA controller asserts DMACK
(DMA acknowledge) to inform the peripheral that it controls the buses,
and the DMA cycle can begin.
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To perform the DMA transfer, the control and address buses must transfer
data between peripheral and subsystem memory. DS (data strobe) is a
control bus signal, driven by the DMA controller, that strobes the data
between the peripheral and subsystem memory during the DMA transfer.
The DMA controller simultaneously drives MEMRD (memory read) with
the same logic level as DMARD and the address bus with the desired
memory address. MEMRD indicates whether a transfer is a read (MHEMRD
high) or write (MEMRD low) operation.

On each clock cycle during the DMA transfer, the peripheral writes a new
data word on the bus or reads a data word off the bus until all data words
havebeen transferred. On every rising edge of DS, the DMA controller drives
a new address, thus transferring a single data word. This process is called
the “burst” mode of DMA transfer.

After the transfer is complete, the DMA controller bus signals are tri-
stated, and bus control is returned to the MPU. The controller negates BR
to inform the MPU that it is finished with the bus. Simultaneously, the
address (A[11..83), DS, and MEMRD signals are tri-stated. When the MPU
regains bus control, it resumes execution from its previous state.

The DMA controller subsystem is implemented with an EPM5064 EPLD
and an external 74LS373 byte-wide address latch. This configuration
supportsa 20-bit address bus; wider buses can be supported with additional
external address latches. The 74LS373 latches the upper 8 bits of the DMA
transfer address from the subsystem data bus, while the lower 12 bits are
generated by the EPM5064. The lower 12 bits allow DMA transfers of up to
4 K words without processor intervention. The EPM5064 controls the
external address latch from the LDHIGH (load high-order address) and
ENLTCH (enable address latch) signals. LDHIGH loads the upper address
bits from the data bus into the address latch. ENLTCH enables the latch to
drive its contents onto the address bus.

Figure 3 shows the functional block diagram of the EPM5064 as a DMA
controller. The design consists of three basic blocks: a bus interface unit
(BUS_INT), a DMA control state machine (DMA_SM), and an address
generator (ADDR_GEN). Both BUS_INT and ADDR_GEN are hierarchical and
contain other lower-level functions.

MAX+PLUS, Altera’s software development tool for MAX EPLDs, supports
hierarchical design entry. MAX+PLUS allows designs to be entered as
schematics with the Graphic Editor or as text files with the Text Editor and
Altera Hardware Description Language (AHDL). The MAX+PLUS package
also includes a powerful compiler and timing simulator to provide a
complete CAE system for the most complex designs. The EPM5064 DMA
controller design, created in MAX+PLUS, consists of Graphic Design Files
(GDFs) and Text Design Files (TDFs). For example, BUS_INT and
ADDR_GEN are GDFs, while BMA_SMis a TDF.
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Figure 3. DMA Controller Block Diagram
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Figure 4 shows BUS_INT, the portion of the design that implements the
bus interface unit. The decoder, shown in the upper left corner of the
figure, uses MPU signals to control data flow within the design. The
74244B, which is the functional equivalent of a TTL 74244 octal buffer, isan
1/O buffer that supports the bidirectional data bus DATAL?..8]. The
input/control registers receive all inputs from the data bus; the output/
status registers store information to be read onto the data bus. REG_SEL
selects data from one of the two output/status registers to appear at the
1/0 buffer. Together, the resources in this design support the following
operations:

O Initialization of the EPM5064 DMA controller
O Writeand Read operations

Initialization

The subsystem MPU communicates with the bus interface unit to select
and initialize the EPM5064. The MPU must first address the DMA controller
by driving /CS (chip select) low. A write operation is started when AB and
R/MU select one of the input/control registers and WS (write strobe) is
asserted. For example, when A8 is zero, R/W is zero, and WS has a rising
edge, the eight bits of the data bus are written into input/control
Register 1.
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Figure 4. Bus Interface Unit Diagram
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Table 1 shows the bus interface decoding scheme for the MPU signals.

Table 1. Bus Interface Decoding Scheme

RS | WS [ /CS | R'W | A0 Action
I L L H H Read output/status register 1
I L L H L Read output/status register 2
L I L L H Write input/control register 1
L I L L L Write input/control register 2
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Write Operation

After selecting the proper register and asserting WS, the MPU writes the
least significant byte of the starting address, AL?..8], into input/control
Register 1. Then AL11..8] and the MPU control signals ACTIVE (DMA
active), LDSTART (load starting address), BNUP (down up), and RST
(reset) are written into input/control Register 2. ACTIVE and LDSTART, the
inputsignals to the state machine, indicate that the starting address is tobe
transferred to the ADDR_GEN block. The DNUP signal specifies whether the
DMA address will be decremented (DNUP high) or incremented (DNUP
low). RST, the final MPU signal, reverts the DMA control state machine to
the initial state.

Read Operation

During the DMA process, the MPU may read either of the output/status
registers for the current DMA address or DMA controller status. The least
significant byte of the DMA address, stored in output/status Register 1, is
fed by the ADBR_GEN block. Output/status Register 2 receives the most
significant nibble, A[11..8], and the status signal, ERR (error). The ERR
signal, which comes from the DMA control state machine, indicates an
error condition duringa DMA cycle. The REG_SEL function selects which
output/status register feeds the I /O buffer. The I/O buffer is controlled by
RS (read strobe) and provides the tri-stating necessary to ensure proper
bidirectional operation.

Figure 5 shows the state diagram of DMAC_SM, the DMA control state
machine. The state machine consists of five states: INIT, LOAD, START,
TRANSFER, and ERROR. The state machine design file entered with AHDL,
DMAC_SM, is shown in Figure 6. AHDL supports Boolean equations, truth
tables, IF-THEN statements, and CASE statement constructs, that facilitate
state machine design. DMAC_SM.TDF uses an IF-THEN statements to
describe the state transitions.

INIT

DMAC_SM is in the INIT state at power-up. While in this state, the MPU
enables the DMA controller. After the ACTIVE and LDSTART inputs are
asserted, the machine proceeds to the LOAD state.

LOAD

When the LOAD state is entered, LDCTR (load counter) drives the starting
address into ADDR_CNT. The MPU deasserts LDSTART after it has written
the ending address to the DMA controller. The peripheral then activates
DMARQ. When LDSTART is low and DMARQ is high, the machine enters the
START state. DMARQ must remain asserted until the transfer is complete.
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Figure 5. DMA Control State Diagram
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Figure 6. DMA_SM.TDF (Part 1 0f 2)
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Figure 6. DMA_SM.TDF (Part 2 of 2)

VARIABLE

SYSCLK :NODE; % declare system clock %

% define machine cycle with 4 state bits q[3..8]1 %

cycle :MACHINE
OF BITS ( q[3..81)

WITH STATES (INIT = Baees”,

LOAD = Beeea1i",

START = Bieaa“,

TRANSFER = B1t1@a",

ERROR = BBB18" );

BEGIN

SYSCLK = SCLK(CLOCK); % use system clock %
cycle.CLK = SYSCLK; % state machine clock %
cycle.RESET = RST; % state machine reset %
BR = q3; % use state bits as outputs %
DMACK = q2; % outputs of state machine %
ERR = q1;
LDCTR = q0;

% define state tramsitions %

CASE cycle IS
WHEN INIT =>
IF (ACTIVE & LDSTART) THEN cycle=LOAD;
END IF;

WHEN LOAD =>
IF ('ACTIVE) THEN cycle=INIT;
ELSIF (DMARQ & 'LDSTART) THEN cycle=START;
END IF;

WHEN START =>
IF (!DMARQ) THEN cycle=ERROR;
ELSIF (BG) THEN cycle=TRANSFER;
END IF;

WHEN TRANSFER =>
IF (TC) THEN cycle=INIT;
ELSIF (!'DMARQ) THEN cycle=ERROR:;
END IF;

WHEN ERROR =>
IF (RST) THEN cycle=INIT;
END IF;

END CASE;
END;
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START

In the START state, DMAC_SM outputs BR to acquire control of the
subsystem buses from the MPU. The MPU then sends BG to the state
machine in response to BR. If the peripheral deasserts BMARQ while in this
state, the machine makes a transition to the ERROR state. Otherwise,
DMAC_SM proceeds to the TRANSFER state when BG goes high.

TRANSFER

DMACK is asserted in the TRANSFER state, indicating that the ADDR_GEN
block will begin generating the DMA transfer addresses. The state machine
is reset after receiving the TC (terminal count) signal from ADDR_GEN. If
DMARQ is deasserted before TC is true, DHAC_SM again enters the ERROR
state. This condition may occur, for example, if a system power failure
disrupts the DMA process.

ERROR

The ERROR state occurs when a DMARQ low input is received in the START
or TRANSFER state. The RST input of the machine must be asserted to
clear the error condition. The state machine then returns to the INIT state.

Figure 7 shows the schematic block diagram of ADDR_GEN, which
contains three lower-level functions: ADDR_CNT, END_COMP, and
OUT_BUF. ADDR_CNT is a loadable counter that generates the lower 12
bits of the DMA transfer addresses. END_COMP compares the current
address with the ending address and terminates the DMA transfer when
the last address is reached. OUT_BUF enables the current DMA transfer
address onto the address bus.

The address range is determined by the starting and ending addresses
read from the MPU. Depending on the system convention, the addresses
may be generated in increasing or decreasing order. With 12 bits, variable
address ranges up to 4 K words are achievable. When the last address has
been reached, the state machine is reset and the DMA controller may be
initialized for a new DMA transfer.

Control Signals

LDCTR, DMACK, and DNUP are control inputs from the DMA control state
machine. When LDCTR is asserted and CLK has a rising edge, the 12-bit
starting address is loaded into ADDR_CNT. The ADDR_CNT counter begins
counting when LDCTR is deasserted and DMACK is asserted. BNUP is from
the bus interface unit AND determines the count direction. When DNUP is
high, the currentaddress is incremented; when DNUP is low, theaddress is
decremented.
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Figure 7. ADDR_GEN
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Output Signals

MEMRD, ENLTCH, DS, and TC are outputs of ADDR_GEN. The MEMRD
signal, which indicates the direction of DMA transfer, is driven onto the
control bus when DMA begins. ENLTCH enables the external latch driving
the high-order address onto the address bus. DS provides the gating signal
that the peripheral uses to strobe the next valid address. During a DMA
transfer, DS follows the subsystem clock; otherwise, it is tri-stated. When
the required addresses have been generated, the TC signal becomes active,
signifying that the DMA transfer is complete.
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Figure 8 shows the critical timing parameters for the DMA controller:
tpkav (DMACK to first valid address), tyyaz (last address valid to next
address valid), tyyay (address valid to next address valid), tegay (clock to
address valid), and tayps (address valid to data strobe). The associated
table lists parameter values. The speed at which the EPM5064 can generate
successive addresses is shown by tyyay. This parameter determines the
maximum clock rate at which the DMA controller can operate (20 MHz).

Figure 8. Critical Timing Diagram tokav ¥
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Critical Timing Parameters

Symbol Parameter EPM5064
t okav DMACK to first address valid 28 ns
tavaz Last address valid to bus tri-state 33ns
t avav Address valid to next address valid 50 ns
tckav Clock to address valid 15ns
tAvDs. Address valid to data strobe 12ns

Conclusion

The EPM5064 is a generic EPLD that can implement complete peripheral
interfaces. The integration density, power, speed, and flexibility of the
EPM5064 make it an excellent choice for a peripheral subsystem DMA
controller. The DMA controller described in this application brief can
transfer data at 20 megawords per second. The design fits in a single
EPM5064 EPLD, requiring about 1/2 square inch of board space.

The design files for this EPM5064 DMA controller are available from the
Altera Applications Department. Call 1 (800) 800-EPLD for information.
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Introduction

rEP1 830
Overview

The performance levels and integration densities required by
microprocessor-based systems push the limits of today’s technology.
Advances in processing technology, architecture, and circuit techniques
have allowed microprocessor manufacturers to create devices that operate
faster than 50 MHz. As aresult, designers are challenged to create subsystem
logic that keeps pace with these high-performance processors, and to
achieve higher levels of logic integration in increasingly specialized systems.
The development of high-performance, high-density Erasable
Programmable Logic Devices (EPLDs) introduced a convenient and efficient
approach to overcome many of these problems. Designers can now use
these fast, dense EPLDs to customize peripheral support logic for high-
performance microprocessor-based systems.

Designers must first design a suitable memory configuration to match the
system processor. When choosing memory, they must consider integration
densities, speed, and cost. Static RAMs (SRAMs) offer very high speeds,
butare expensive, especially at higher densities. On the other hand, dynamic
RAMs (DRAMs) offer high integration densities at lower cost, but sacrifice
speed and require refresh logic. Therefore, most designers use SRAMs for
high-speed functions, such as caching, and DRAMs for main-system
memory.

When using DRAMs, a designer must address the complex issues of
refresh and mode control. Standard DRAM controllers often restrict memory
configurations and may result in a poor design solution. However, high-
density programmable logic offers the flexibility of a custom controller,
often resulting in a denser and more cost-effective method of controlling
DRAMs.

In this application brief, Altera’s EP1830 EPLD serves asa DRAM controller
in a 68030-based system. It generates the appropriate RAS (Row Address
Strobe) and CAS (Column Address Strobe) signals, multiplexes the
addresses, and refreshes the DRAM banks. This application brief also
describes the Altera Programmable Logic User System (A+PLUS) CAE
tools that are used to create the design and fit it into an EP1830 EPLD.

Altera’s EP1830 EPLD is a high-performance pin- and JEDEC-compatible
version of the EP1810 device. It offers enhanced performance with internal
counter frequencies of up to 50 MHz, and input-to-output combinatorial
delays of 20 ns. A single EP1830 EPLD is equivalent to over 7 standard 20-
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pin PAL devices. Itis available in 68-pin windowed ceramic J-lead JLCC)
and windowed ceramic Pin Grid Array (PGA) package configurations, as
well as in a lower-cost, 68-pin one-time-programmable (OTP) plastic ]-lead
(PLCC) package.

Figure 1 shows a block diagram of the EP1830 EPLD. It has 16 dedicated
input pins; 48 I/O pins that can be programmed for input, output, or
bidirectional operation; and 48 macrocells that can be individually
programmed for combinatorial or registered operation. Each macrocell
has a programmable-AND/ fixed-OR structure that implements logic with
up to 8 product terms. The AND/OR function feeds a programmable
inverter that can be used to create either active-low or active-high signals
or, to reduce logic, using De Morgan’s Inversion. The output of the
programmable inverter feeds into the macrocell register, which can be
programmed for D, T, JK, or SR operation, or bypassed entirely for
combinatorial operation. A programmable clocking structure allows
clocking from a dedicated Clock pin or product term and can be
programmed on a macrocell-by-macrocell basis. Each macrocell also hasa
dedicated product term that asynchronously clears the macrocell register.
For more information on EP1830 architecture and timing, see the EP1800-
Series EPLDs Data Sheet in this data book.

Logicis implemented in EP1830 EPLDs with Altera’s A+PLUS Development
System. A+PLUS is an advanced CAE system that offers multiple design
entry methods, including schematic capture, Boolean equation, state
machine, truth table, and netlist design entry. The Altera Design Processor
(ADP) features advanced minimization techniques and automatic design
fitting and generates an industry-standard JEDEC file for device
programming. A+PLUS also includes a Functional Simulator (FSIM) for
design verification that supports table and waveform outputs. The EPLD
can be programmed in minutes at the designer’s desktop to create custom
working silicon.

These development tools and the flexible EP1830 architecture support
rapid designand debug cycles, allowing a design to go from conception to
working silicon in a single day. In addition, extensive third-party support
exists for design entry, design processing, and device programming,.

DRAM devices provide a cost- and space-efficient solution to high-density
memory system design. However, DRAMs require control circuitry to
properly interface to microprocessor systems. Each memory location in a
DRAM device has an associated row and column address. The devices are
addressed with multiplexed row and column address pins, which are
internally routed to the row and column decoders for each location. ;w
Although these devices have fewer pins and require less space, external
logic is required to multiplex the system address lines. h
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Figure 1. EP1830 Block Diagram
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68030 DRAM
Subsystem

Addressing DRAM through multiplexed address pins requires two steps:

1. The row address is placed at the DRAM address pins and /RAS is
asserted, latching the row address of the desired memory location.

2. Thecolumnaddress is placed on the DRAM address pinsand /CAS is
asserted, latching the column address of the desired memory location.

The slash character (/) indicates that the signals are active-low. The
memory location with the latched row and column addresses can then be
written to or read from. When the /RAS and /CAS pins of the DRAM are
deasserted, the memory transfer is completed.

Logic is required to control the memory transfer and refresh cycles in
DRAM designs. The EP1830 design described in this application briei
implements the logic necessary to control the multiplexing of the row,
column, and refresh addresses; to generate the /RAS and /CAS signals; and
to initiate the required refresh cycles. Each location must be periodically
refreshed toensure memory integrity. The RAS-only refresh method, whict
is used for this application, places a refresh address on the DRAM addres:
pins and asserts /RAS.

Figure 2 shows a block diagram of a 68030-20-based DRAM subsystem
The microprocessor accesses memory with a programmable DRAM
controller implemented with an EP1830 EPLD. The subsystem contain:
8 MBytes of DRAM. A 32-bit bus transceiver controls the direction of the
data bus, and an octal bus driver buffers the DRAM control signals.

Figure 2, 68030-20-Based DRAM Subsystem
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DRAM

Configuration

Sixty-four Toshiba TC511001AP 1-Mbyte DRAMs provide the memory in
this system. The organization of the DRAM devices on the 32-bit bus of the
68030 microprocessor is shown in Figure 3. The memory is broken into
2 rows and 4 columns, requiring 2 /RAS and 4 /CAS signals for control.
Each row and column location has 8 DRAM devices, each providing
1 Mbyte of DRAM. The DRAM controller generates /RAS and /CAS
signals to address individual DRAM locations. One memory-transfer
operation can address 1, 2, 3, or 4 bytes of information by selecting the
appropriate number of columns.

Figure 3. DRAM Memory Organization
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DRAM DRAM is accessed when the microprocessor issues a memory request or
. when the DRAM controller initiates a refresh operation. Both operations
Dpe ration are controlled by the DRAM controller implemented with the EP1830. The

DRAM controller provides the DRAM and the 68030 with the following
signals.

Microprocessor-Initiated Memory Transfer Cycle

The 68030 initiates a memory request by placinga DRAM address on the
address bus AL31..81 and asserting /AS (Address Strobe). The size of the
data transfer is indicated by the SIZ1 and SI1Z@ control signals. The
decoded signals are shown in Table 1.
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|
Table 1. Data Transfer Size \
Siz1 Siz0 Transfer Size (Bits)
L H 8
H L 16
H H 24
L L 32

The DRAM controller responds to the memory request by placing the row
address on the DRAM address lines A[9..8]; then the appropriate rowJ
address strobe /RASx is asserted. Next, the column address is placed on
the same address lines, and from up four /CASx column address strobes
are generated. The DRAM controller indicates that the DRAM access is
completed by asserting one or both of the data select acknowledge signals
(#DSACK1 and /DSACK®). These signals also indicate the width of the
data port being accessed. The decoded signals are shown in Table 2.

Table 2. Port Width
/DSACK1 /DSACKOQ Accessed Port Width (in bits)
H H Insert Wait States
H L 8
L H 16
L L 32

Because this DRAM subsystem has a 32-bit port, the DRAM controller can
drive /DSACK1 and /DSACK® with a common signal, /DSACK. The
microprocessor deasserts /AS to indicate that the memory transfer is
complete. The DRAM controller then deasserts /RAS, /CAS, and /DSACK.
The timing for this memory access operation is shown in Figure 4.

DRAM Controller-Initiated Refresh Cycle

Each address location in a DRAM device must be refreshed (within a
period of time specified by the DRAM manufacturer) to ensure data
integrity. When a refresh cycleis required, the DRAM controller places the
refresh address on AL8..8]1 and asserts all /RASx signals, refreshing all
address locations with a row address equal to the refresh address. (Only 9
of the 10 address lines are needed for refresh cycles because each DRAM
device contains 512 rows.) After the /RASx lines have been asserted for at
least the specified minimum time, they are deasserted. This RAS-only
refresh cycle is the method used by the DRAM controller in this application
brief. The timing for the refresh operation is shown in Figure 4.
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Figure 4. Memory Transfer Cycle and DRAM Refresh Cycle

Memory Transfer Cycle
Clock ] | ] l 1 [ L
Al31..0] X
ms .\ VA
S1Z[1..0] X X
DRAM(9..0] X Row Address ~ X Column Address X'
/RASX \ S

/CASX \ /
/DSACK \ /

DRAM Refresh Cycle
Clock [ 1 I [ 1 | L
DRAMJ8..0] X ‘Refresh Address X
/RASX \ /-
ICASX
/DSACK

The DRAM controller generates all signals necessary to control these
operations. If a memory and refresh request are received at the same time,
the refresh operation is given priority. If a refresh request is received
during a memory cycle, the cycle is completed before the refresh operation
is finished. The EP1830 EPLD can integrate the entire DRAM controller
while operating at the speeds of the microprocessor and DRAM devices. m

DRAM Figure 5 shows a block diagram of the DRAM controller, implemented in
the EP1830 with four functional blocks: the RAS/CAS generator (state
Controller machine), the refresh timer, the refresh address counter, and the address

multiplexer. Each function is designed separately, and the symbols are
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Figure 5. 8-Mbyte DRAM Controller

ADDR(21..2)

Address Muttiplexer
T 2

o

el
)

System Add

Clock

IAS
sIZ]1..0]

Reset

Refresh Timer

DRAM Address [9..0]

ADDR{22,1,0)

=  MDSACK

-8 /RAS|1.0]

JCAS[3..0}

automatically generated by the A+PLUS software. The operation of each
functional block is described here.

RAS/CAS Generator

The RAS/CAS generator is a state machine that generates the DMA
controller’s /RAS, 7CAS, and /DSACK signals (Figure 6). The generator
uses the State Machine File (SMF) format that integrates control logic in
Altera’s EP-series EPLDs. This state machine has 18 states and 9 state bits.
The value of the state bits for each state is shown in the States Subsection of
the design. The States Subsection is followed by the Transitions Subsection,
which defines state machine transitions with IF-THEN statements.

Figure 6. RAS/CAS Generator State Machine Fife (Part 1 of 3)
PART: MACRO

INPUTS:
A22 A1 A8
SI21 slze
AS
CLK
RQREF

OUTPUTS:
RAS1 RASB RAS
CAS3 CAS2 CAS1 CAse

DSACK REF “

\

NETWORK: f
RASB = CONF(RASA,) i

RAS1 CONF(RAS1,)
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Figure 6. RAS/CAS Generator State Machine File (Part 2 of 3)

EQUATIONS:
RASA’
RAS1’

(RAS & A22°') + REF’;
(RAS & A22 ) + REF’;

MACHINE: memory
CLOCK: CLK

STATES: [ CASB CAS1 CAS2 CAS3 RAS DSACK REF Q1
BEGIN 4 2
IDLE L
RASxB [
RASx1 [
RASx2 L
RASx3 4
RASxCBx1 L
RASxCBx2 1
RASxCBx3 [
RASxCBx4 [
RASxC1x1 L
RASxC1x2 L
RASxC1ix4 L
RASxC2x1 4
RASxC2x2 [
RASxC3x1 [
REF8 C
[

a
1
1
1
1
1
e
]
8
8
1
1
1
1
1
1
1
REF1 1

a
1
8
a
1
1
1
1
1
1
1
1
1
1
1
1
1
1

e e = OO SO0 =
e DD =D e e ek e e e (@
0D (D D b e (D R b e b e b e e (D
[-N-N. NN N N.-N.-N.-N-N-N-N-N-N.N.CEN.
- OO0 =g
(0 (D mt b pub b Pub Pud b foh (b b (b b ek e b (D
Ot‘v—nn»ui—n—n—nnnub—ahﬂg
bd ol bt bt bk d e bl bt d bl e bt bt b bt b b

BEGIN: IDLE

IDLE:
IF RQREF THEN REF@
IF AS & A1’ & AB’ THEN RASxD@
IF AS & A1’ & AB THEN RASx1
IF AS & A1 & AB’ THEN RASx2
IF AS & A1 & AB THEN RASx3
IDLE

RASxB:
IF SIZ1’ & SI1Z8 THEN RASxCBx1
IF SIZ1 & S$1ZB8’ THEN RASxCBx2
IF SIZ1 & SIZ@ THEN RASxCBx3
RASxCBx4

RASx1:
IF SIZ1’ & SIZA THEN RASxCixi
IF SIZ1 & SIZB@ THEN RASxC1x2
RASxC1x4

RASx2:
IF S121° & SI28 THEN RASxC2x1
RASxC2x2

RASX3:
RASxC3x1

RASxCBx1: IF AS THEN IDLE
RASxCBx1

RASxCBx2: IF AS THEN IDLE
RASxCOx2

|| Altera Corporation Page 555 ]




DRAM Controller with the EP1830 EPLD Application Briet 85 |

Figure 6. RAS/CAS Generator State Machine File (Part 3 of 3)

RASxCBx3: IF AS THEN IDLE

RASxCBx3
RASxCAx4: IF AS THEN IDLE
RASxCBx4
RASxCixi: IF AS THEN IDLE
RASxC1ix1
RASxC1x2: IF AS THEN IDLE
RASxC1x2
RASxC1ix4: IF AS THEN IDLE
RASxC1x4
RASxC2x1: IF AS THEN IDLE
RASxC2x1
RASxC2x2: IF AS THEN IDLE
RASxC2x2

RASxC3x1: IF AS THEN IDLE
RASxC3x1

REF@: REF1
REF1: IDLE

END$

Figure 7 shows a state transition diagram for this state machine. The state
machine powers up in the state BEGIN, i.e., with all registers low. During
the first clock transition, the machine goes to the IDLE state.

When a memory request is initiated (i.e., /AS goes low), the starting
column of the memory transfer is determined from the value of the two
least significant address lines, A1 and AB. The row of the transfer is
determined from A22, the most significant address line. The machine goes
to RASxn, where n represents the beginning column and is the decimal
representation of AL1..81. The RAS state bit is asserted during this state.
RAS is further decoded with A22 to assert /RAS1 if A22 is high, or /RASA
if A22 is low.

The next clock cycle determines the size of the transfer from the $121 and
$12@ssignals. The machine makes a transition to state RASxCnxm, where n
is the beginning column and m indicates the number of bytes requested
(n +mis never > 4). The RAS signal remains asserted during this cycle. The
/CAS signals asserted are based on the starting column and the size of the
transfer. # DSACK is also asserted during this cycle, indicating that the data
is valid. Once /AS is deasserted, the state machine goes back to the IDLE
state.

When the refresh timer sends a refresh request, the state machine goes
from IDLE to REF®. The /RAS1 and /RASMA signals are asserted to refresh
both rows of the memory configuration. During the next clock cycle, the
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Figure 7. RAS/CAS Generator State Diagram
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state machine goes to state REF1, while /RAS® and /RAS1 remain
asserted. This state ensures the 90-ns minimum RAS period during the RAS-
only refresh cycle. The machine then goes to the IDLE state at the next clock
cycle, and the /RASx signals are deasserted. The state bits QB8 and Q1 are
used to distinguish states with otherwise equivalent state values.

Refresh Timer

Figure 8 shows the refresh timer. Each of the DRAM devices described in
this application brief has 512 rows that must be refreshed at least once
every 8 ms. Since each request refreshes one row, a request must be issued
once every 15.6 us (8 ms/512 rows). With a clock frequency of 20 MHz, a
refresh request should be issued every 312 clock cycles (15.6 psx 20 MHz).
The refresh timer is a free-running counter that counts from 0 to 311 and
back to 0. Two signals are generated when a refresh is required: the first is
an unlatched signal that is true whenever the counter is at 311; the second
sets a latch that represents a refresh request to the RAS/CAS generator
whenever the counter is at 311. The latch is cleared when the RAS/CAS
generator acknowledges the request with the REF state bit.
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Figure 8. Refresh Timer
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Refresh Address Counter

The refresh address counter increments through the 512 rows that need to
be refreshed. It is a 9-bit up-counter with Enable. The counter is enabled by
the refresh timer when a refresh is required. Each refresh cycle refreshes
the row address equal to the value of the counter. See Figure 9.

Figure 9. Refresh Address Counter
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Conclusion

Address Multiplexer

The address multiplexer decodes the state of the RAS/CAS generator state
bits to determine the address for the DRAM devices. During the IDLE and
RASxn states, the row address (AC21..121) is selected. During the RASnCxm
states, the column address (A[11..20) is selected. During the REF® and REF1
states, the refresh address from the refresh address counter is selected.

Top-Level Schematic

The four separate designs are integrated in the schematic (see Figure 10).
A+PLUS allows text- and schematic-based designs to be combined into a
single design, enabling the user to represent each major function of the
design in the most intuitive form. The design is then processed by the
Altera Design Processor (ADP) and simulated with the A+PLUS Functional
Simulator (FSIM). Thus, the entire process of entering, processing, verifying,
and programming a design is completed with Altera’s A+PLUS
Development System.

The EP1830 EPLD is ideal for integrating custom subsystem functions or
other PLD devices, including the custom DRAM controller described in
this application brief. The DRAM controller application only requires a
clock speed of 20 MHz, although the EP1830is capable of running counters
at50 MHz. Together with A+PLUS design tools, the EP1830 effectively and

- quickly reduces board space, lowers power, and increases system reliability.
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Figure 10. DRAM Controller Schematic
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|

Introduction

Modem Number:
(408) 249-1100
[\

-ogging On

“ile
Jploading

Altera provides an Electronic Bulletin Board Service (BBS) for continuous
access to up-to-date EPLD and development tool information, electronic
application notes and briefs, data sheet updates, customer newsletters,
and useful utility programs. The BBS also supports file transfers to and
from the Altera Applications Engineering Department. Owners of A+PLUS
and MAX+PLUS software may refer to their user manuals for detailed
information on using the BBS.

The telephone number for the BBS is (408) 249-1100. To connect to the BBS
via modem, the following equipment and configuration are required:

[ Baud rate of 1200 or 2400
O Bell Standard 212A or compatible modem
O Data format: 8 data bits, 1 stop bit, no parity

The following file transfer protocols are supported:

3 Xmodem (Checksum) O Ymodem-G (1IK-Xmodem-G)
0 Xmodem-CRC (CRC) 3 ASCII (Non-Binary)
O Ymodem (1IK-Xmodem) @O Kermit

After the BBS connection has been established, the user may choose between
graphic (for EGA or VGA displays) or non-graphic display mode. The user
is then prompted for his or her name; a new user may also choose a
password. Each name and password are recorded for future log-ons.

A series of screens appears automatically: the Altera News screen, the
Personal Mail screen, and the Settings screen. The Main Menu, from which
all functions are accessed, appears next. The most commonly used functions
are:Flile Directories, U)pload a File and D)ownload a File. On-line help is
available with the H)elp Functions command. The Flile Directories
command displays a list of directories containing files that can be
downloaded. (Uploaded files are stored in a private directory.)

TheFile Upload serviceis available for uploading files that require analysis
or correction by an Altera Applications Engineer. All files thatare uploaded
to the Altera BBS are automatically stored in a private directory. When a
file is uploaded, the file description should include the name of the Altera
Applications Engineer who has been asked to examine the file.
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[ Electronic Bulletin Board Service

File
Downloading

Files may be copied from the following six directories:
1. From-Altera File Directory

This directory is a general directory for downloading files from Altera
Applications, for example, after a problem or question has been analyzed.

2. Engineering Application Briefs |

This directory contains Electronic Application Briefs (EABs) and Notes
(EAN’s), which provide up-to-date information on using Altera EPLDs
effectively.

3. Engineering Application Utilities

This directory contains Electronic Application Utilities (EAUs) that
complement Altera software and aid EPLD design. Three commonly used
utilities are described below. A full description of all available utilities is
given in Application Brief 73 (Software Utility Programs) in this data book.

PLD2EQN  The PLD2EQN utility converts common PAL/GAL/PLA
JEDEC files to Altera Hardware Description Language (AHDL) files that
are compatible with the MAX+PLUS software. This utility can also produce
an Altera Design File (ADF) that is compatible with A+PLUS software.

JEDSUM  The JEDSUM utility calculates the EPROM data checksum,
file transmission checksum, and the number of programmed architecture
bits contained in an EPLD JEDEC file.

AVEC The AVEC utility adds functional test vectors to EP-series EPLLC
JEDEC files. AVEC translates the table output files generated by the
A+PLUS Functional Simulator’s functional vectors. Third-party
programmers (e.g., Data I/O 29B and UniSite 40 machines) have built-ir
hardware drivers that can apply these vectors to a programmed EPLD.

4. Altera Customer Newsletters

This directory contains Altera newsletters that provide current news or
EPLDs and development tools, and “Question and Answer” pages tha:
answer many common questions asked by Altera customers.

5& 6. A+PLUS and MAX+PLUS Macrofunction Exchange Libraries

|
These directories are used to publicly exchange A+PLUS and MAX+PLUS'
macrofunctions. Customers may download any macrofunctions in this
directory. Macrofunctions that have been uploaded to be shared witt
other users are also placed here by the system operator (“Sysop”).
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Orderin g Figure 1 shows how an EPLD part number is constructed. Forinformation
‘ on specific package, grade, and speed combinations, refer to individual
EPLDs EPLD data sheets or the Product Selection Guide in this data book, or

telephone the Altera Marketing Department at (408) 984-2800.

MIL-STD-883-compliant product specifications are provided in Military
Product Drawings (MPDs) that are available on request from Altera
Marketing. These MPDs should be used for the preparation of Source
Control Drawings (SCDs).

Figure 1. EPLD Package Ordering Codes
| EP 610 D M 8338

r—l*

FAMILY SIGNATURE ~——J SPEED GRADE
EP: General-purpose “classic” EPLD See Product Selection Guide or individual EPLD data
L family sheets in this data book for speed/product
EPS: SAM and STG EPLD families relationships (e.g., -1, -2, -30, -45, or blank)
£EPB:  Micro Channel EPLD family
EPM:  MAX EPLD family MILITARY PROCESSING
: 883B  Processed to MIL-STD-883, current revision
JEVICE TYPE 883BX Processed to MIL-STD-883, curent revision
zP: 310, 320, 330, 600, 610, 630, 610A, 883B-1 Processed to MIL-STD-883, curent revision
910, 1800, 1810, 1830 B Fully compliant with deviation to MIL-STD-883,

ZPS: 448, 464 ' current revision (consult Altera on specific
ZPB: 2001, 2002A deviations)
ZPM: 5016, 5032, 5064, 5128, 5130, 5192 5962 DESC Standard Military Drawing (SMD)
SACKAGE TYPE OPERATING TEMPERATURE
J): Windowed ceramic dual in-line (CerDIP) C: Commercial (0° C to +70° C)
2:  One-time-programmable plastic dual in-line (PDIP) I:  Industrial/Automotive (—40° C to +85° C)
J: Windowed ceramic J-lead chip carrier (JLCC) M: Military {-55° C to +125° C)
.. One-time-programmable plastic J-lead chip carrier (PLCC)
3 Windowed ceramic pin-grid array (PGA)
3. One-time-programmable plastic small-outline integrated
. cireuit (SOIC)
2:  One-time-programmable plastic quad flat pack (PQFP)
N: Windowed ceramic quad flat pack (WQFP)
ixamples:

EP1810GI-40 EP1810 in a windowed ceramic pin-grid array package, industrial temperature range,

-40 speed grade (tpp; = 40 ns).

EPM5032DM883B  EPM5032 in a windowed ceramic dual in-line package, MIL-STD-883B-qualified. 1 1

- EPS448LC-25 EPS448 in a plastic J-lead chip carrier package, commercial temperature range, -25
speed grade (fyax = 25 MHz).
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Ordering
Software &
Hardware

Altera development systems, software, and hardware should be ordered
by the designations given in the Product Selection Guide in this data book.
Table 1lists the part numbers for programmingadapters. Refer toindividual
data sheets in this data book for detailed information on software and

hardware products.
Table 1. EPLD Adapler Support | |
EPLD Package Part Number :
EP330 DIP PLED330
J-Lead PLEJ330
SOIC PLES330
EP600/610 DIP PLED610
J-Lead PLEJ610
EP600/610/630/6 10A DIP PLEDG630
J-lead PLEJ630
SoIC PLES630
EP900/910 DiP PLEDS10
J-lead PLEJ910
EP1800/1810 J-lead PLEJ1810
PGA PLEG1810
EP1800/1810/1830 J-lead PLEJ1830
PGA PLEG 1830
EPS448 DIP PLED448
J-lead PLEJ448
EPM5016 DIP PLEDS016
J-lead PLEJSO16
SOIC PLES5016
EPM5032 DIP PLEDS5032
J-lead PLEJS5032
SOIC PLES5032
EPM5064 J-lead PLEJ5064
EPMS5128 J-lead PLEJ5128
PGA PLEG5128
EPM5130 PGA PLEG5130
QFP PLEQ5130
EPM5192 J-lead PLEJ5192
PGA PLEG5192
QFP PLEQ5192
EPB2001 J-lead PLEJ2001
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Intr ion This data sheet provides package outlines for all Altera EPLDs. Table 1
troductio shows the type of packages, lead materials, and lead finishes available.

Table 1. EPLD Packages

Package Type Package | Lead Lead Finish
Code | Material
Ceramic dual in-line D Alloy 42 | Solder dip over tin flash (Military)
Matte tin plate

Plastic dual in-line
Ceramic J-lead

Plastic J-lead

Ceramic pin-grid array
Plastic small-outline IC
Ceramic quad flat pack
Plastic quad flat pack

Copper |Solder dip (60/40)
Alloy 42 |Solder dip (60/40)
Copper |Solder plate (60/40)
Alloy 42 | Gold over nickel plate
Copper |Solder plate (60/40)
Alloy 42 |Matte tin plate
Copper |Solder plate (60/40)

Ols|{0|®f(r|-|T

Package outlines are listed here in ascending size order. The dimensions
shown are nominal with a tolerance of +0.020 in. (0.51 mm) unless
otherwise indicated. Maximum lead coplanarity is 0.004 in. (0.10 mm).

20-Pin Ceramic Dual In-Line Package (CerDIP)

For military-qualified product, see case outline D-8 in Appendix C of MIL-M-38510.
1ininlisiaSsinliasinl]

wiNpow {20 T 400

\RO 20

1
| R D N N e e

008
MIN ] I" 960 [*~ MAX
840 220
210 200
470 I“—’I
T fﬂ
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008
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.100 020 065 o8 -395
Bsc 016 050 365

Altera Corporation Page 569 |




I EPLD Package Outlines Data SheetJ
20-Pin Plastic Dual In-Line Package (PDIP) %%
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EPLD Package Outlines |
24-Pin Ceramic Dual In- lonooonoooon
Line Package (CerDIP) WiNDow =
12f ¢~
For military-qualified o0s [1- - - D HEEEEE 060
product, see case outline MIN.™"] 1.260 ™~ MAX
D-9 in Appendix C of 1240 20
MIL-M-38510. 210 0
170 r—’l
354 :{:SEATING
o PLANE %1%
~ ~f~- 145 %G‘L J
:100 020 065 25 25
Bsc 016 050 %5
24-Pin Plastic DIP 055
045
020
o o
e ﬁ 325
PIN 1 o | -
1240 ' an 270
.140 .245
r L -
145 3
2 i _{ seatine
125 —-f—f—? PLANE l %:_ -
- | e f
020 100 .020 135
MIN Bsc e 125 380
310
'4-Pin Plastic Small-Outline IC (SOIC)
568 |
614
HHHHHEHHHHHHBEH
291
209
N EEEEEEEEELELD
= j=5°TYP 093
oar & F 104
WT—
L} seaine
——l L T PLANE
004
014 .050 012
Ty TYe

019

Altera Corporation




| EPLD Package Outlines

Data Sheet
28_P"" cem'nic DIP WINDOW gaf'l ooonooonoOonn 7

150X 250 =300

1 1| | #°

yllgguguuugguguaaguun 060

vy l" 1460 = MAX

28-Pin Plastic DIP 085
045

2l ;

N o I s O e e O o I s I e s O o B o W e W o O s W

1

o0 ~ 295
™ 1345 ~170 210
140 s
) £ —
% 14 seamine
iy R .
008
- e f
020 100 020 138
MIN BSC 016 A28 . 2330
310
28-Pin Plastic Small-Outline IC (SOIC)
697
KZE)
_f_ HABBHEHBHBHBR
=291
T
N EEEEEEEEEEEEL EY
419
o . 013 x45°
o —- Ls TYP %‘1 e
m?_’ 10° TYP
-t e Nkoene
013 .050 012 050
20 TP

LPage 572

Altera Corporation |}

1



Data Sheet EPLD Package Outlines |

28-Pin Ceramic J-Lead Chip Carrier (JLCC)

For military-qualified product, see case outline in Attera Military Product Drawing 02D-00194. SEE
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28-Pin Plastic J-Lead Chip Carrier (PLCC)
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Data Sheet

40-Pin Ceramic Dual In-Line Package (CerDIP)

For military-qualified product, see case outline D-5 in Appendix C of MIL-M-38510.
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| Data Sheet EPLD Package Outlines |
|

44-Pin Ceramic J-Lead Chip Carrier (JLCC) For military-qualified produdt, see case outline
J-11 in Appendix C of MIL-M-38510.
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68-Pin Ceramic J-Lead Chip Carrier (JLCC)

For military-qualified product, see case outline C-J2 in Appendix C of MIL-M-38510. sex
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68-Pin Plastic J-Lead Chip Carrier (PLCC)
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\8-Pin Ceramic Pin-Grid Array (PGA)

For military-qualified product, see case outline in Altera Military Product Drawing 02D-00205.
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84-Pin Ceramic J-Lead Chip Carrier (JLCC) Rl
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EPLD Package Outlines

'84-Pin Plastic J-Lead Chip Carrier (PLCC)
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4-Pin Ceramic Pin-Grid Array (PGA)
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100-Pin Ceramic Pin-Grid Array (PGA)
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100-Pin Plastic Quad Flat Pack (PQFP) s
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A I:I = D A Thermal Resistance
| october 1990, ver. 1 Data Sheet |
Introduction Table 1 gives thermal resistance data for Altera EPLDs. All thermal

characteristics are measured using the Temperature Sensitive Parameter
(TSP) test method described in MIL-STD-883C, Method 1012.1. Thermal
resistance values were measured with the package soldered intoa PC board
(excluding 24-pin CerDIP and PDIP, which were socket-mounted), at 25 °C
ambient temperature with no backplane or heat sink, and are accurate to
+5°C/W.
Table 1. Thermal Resistance
Number of Pins Package 0,34 (° C/W) 6,c (° C/W)
20 CerDIP 62 17
PDIP 65 14
PLCC 103 27
SoIC 90 25
24 CerDIP 64 8
PDIP 64 1
SOiC 92 25
28 CerDIP 52 24
PDIP 62 40
JLCC 72 16
PLCC 85 27
SOIC 90 25
40 CerDIP 40 7
PDIP 46 19
44 JLCC 68 16
. PLCC 49 14
68 JLCC 47 7
PLCC 41 15
PGA 43 5
84 JLCC 24 6
PLCC 38 15
PGA 18 5
100 WQFP 30 8
PQFP 48 13
PGA 16 4
Note: The formula for determining 8jx is 8x = (Ty — TA)/PD, where Ty = die junction
temperature; T, = ambient temperature; and PD = power being dissipated in the device causing
a temperature rise at the die junction. Ty is determined by characterizing the relationship
between the forward-biased voltage and temperature of the isolation diode between the power
and ground pins of the IC.
Page 582 Altera Corporation |1
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f AN Ij 'E DJA Selecting Sockets for

J-Lead Packages

| October 1990, ver. 3

Application Brief 46 |

Introduction

Mechanical
ponsiderations

EPLDs solve many of the problems designers face today. They offer low
costs, low power, high reliability, and most importantly, highintegration
density. Altera offers windowed ceramic and plastic J-lead chip carrier
(JLCC/PLCC) versions of many EPLDs to further reduce the “real estate”
demands of a system. These small packages are generally intended for
surface mounting. This application brief discusses the following topics:

Types of sockets available for J-lead EPLDs

Criteria for selecting burn-in or production sockets

Carrier boards for use with wire-wrap panels and J-lead packages
Results of Altera’s evaluation of 68-pin production sockets for use
with windowed ceramic J-lead EPLDs

agoQa

Despite recent advances, the acceptance of surface-mounting technology
has been slow, although considerable research and use have proved its
feasibility. Most industrial applications still use traditional through-hole
soldering. Surface-mount assembly places unique demands on the
development and manufacturing processes: it requires different CAD
symbols for PC board layout, different test and reliability procedures for
buried vias within PC boards, and a different soldering process for
production (vapor phase versus wave solder). Bonding EPLDs to a PC
board also removes the possibility of convenient erasure and
reprogramming, which are particularly important during development.

A popular compromise that preserves the advantages of J-lead packages
without the complications of surface mounting is to socket the J-lead
EPLD. Conventional mounting techniques can then be used, either by hole
soldering to a PC board or by mounting ina socketed carrier board for wire
wrap.

There are two distinct types of sockets: burn-in and production sockets.
Burn-in sockets are zero-insertion-force sockets. Since they will not deform
the device’s leads, they are the preferred carrier for an EPLD during the
prototyping phase of a design. Older-model burn-in sockets had the
disadvantage of being significantly larger than production sockets; newer
burn-in sockets are now available with dimensions similar to those of
production sockets. Using a burn-in socket during prototyping is the best
way to prolong the life of a windowed ceramic EPLD.

Altera Corporation
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Selecting Sockets for J-Lead Packages Application Brief 46 |

Socket
Evaluation

Once a design enters the production phase, cost becomes a major concern.
Low-cost production sockets, designed to hold a device permanently and
securely, are widely available. Obviously, they must exert a reasonable
force on the leads to prevent the device from popping out. After several
insertions, this force can deform the leads, and eventually the leads can
short out or fail to make contact, making the EPLD unusable. Therefore,
Altera strongly recommends using a burn-in socket during the design and
development phases.

Production sockets must be chosen carefully. If the EPLD needs to be
removed many times for reprogramming, low-insertion-force sockets that
will not significantly deform the device pins for as many as ten insertions
are preferable. For high-stress environments (e.g., G-forces, thermal shock,
humidity), sockets with high insertion forces and optional retention clips
are available. To further reduce the possibility of deforming device pins,
most manufacturers of high-quality sockets include a stand-off inside the
socket that prevents a device from being forced too far into a socket and
becoming bent.

Altera has tested several production sockets for use with 68-pin windowed
ceramic J-lead EPLDs. Each socket underwent three tests:

1. The change in the gap between the corner pins of each device was
measured before and after each of 10 insertions.

2. Each pin of the socket was wired in series and tested for open or short
circuits lasting longer than 10 ps. This opens-and-shorts test was
performed while the socket was attached to a vibration block. The
amplitude of vibration was 3.0 mm peak-to-peak at a frequency that
varied from 10 Hz to 55 Hz to 10 Hz, in 1-min. cycles for 2 hours. The
ambient temperature was 70° C for this test. The vibration test was
performed on all three axes at a temperature of 70° C.

3. Theactual point of contact between the socket pin and the device lead
was photographed to determine the direction of the forces between
them and the amount of surface contact.

Of the seven sockets tested, only four passed; three sockets failed the.
opens-and-shorts test. Table 1 shows a ranked list of the sockets that|

passed. Ranking was determined primarily by each socket’s ability to\’ff‘1
maintain the EPLD’s pin integrity after multiple device insertions. For
more information about these socket tests, call Altera Applications

Engineering at 1 (800) 800-EPLD.

| Page 584

Altera Corporation |




|| Application Brief 46

Selecting Sockets for J-Lead Packages |

Table 1. Summary of 68-Pin Production Socket Analysis
Vendor and Part Number Comments

Augat Inc. Least pin deformation. Contact force has a
PCS-068A-1 downward component. No retainer clip option.
ITT/Cannon Corporation Low pin deformation. Contact force has a
LCS-68-2 downward component. Has a retainer clip option.
3M/Textool Corporation Moderate pin deformation. Contact force is lateral.
2-0068-06234-070-038-077 | Has a retainer clip option.
AMP, Inc. Moderate pin deformation. Contact force has a
821574-1 downward component. No retainer clip option.

Vendors may provide additional information about their products, suchas
material selection, prevention of solder ingress during wave soldering, or
lead shape. Altera recommends qualifying sockets, just as with other
components, before committing to a particular vendor.

Table 2 shows the contact distance for Altera EPLDs. These measurements
should be used to select a socket (preferably with internal stand-offs) for

use with Altera EPLDs.

Table 2. EPLD Contact Distances

EPLD (1) Pin Count | Contact Distance {mils)
Minimum Maximum

EPB2001J, EPM5192J 84 1180 1200
EPB2001L, EPM5192L 84 1185 1195
EP1810J, EP1830J, EPM5128J 68 985 995
EP1810L, EP1830L, EPM5128L 68 985 995
EP910J, EPM5064J 44 685 695
EP910L, EPMS064L 44 685 695
EP610J, EP630J, EP610AJ 28 485 495
EPM5032J, EPS448J
EP610L, EP630L, EP610AL 28 485 495
EPM5032L, EPB2002AL, EPS448L
EP330L, EPM5016L 20 385 395

Note:

(1) ] = Ceramic J-lead chip carrier (JLCC); L = Plastic J-lead chip carrier (PLCC).

| Altera Corporation
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Packaging Wire-wrap applications require a through-hole mount compatible with
. the J-lead package. The sockets specified do not typically mechanically
Optlons for conform to most wire-wrap panels. Wire-wrap cards have machine
Wi re_wrap receptacles in rows with 100-mil spacing between receptacles and 300-mil
. . spacing between rows.
Applications

Carrier boards provide an effective way to bridge the gap. Mounting a
socket to a carrier board provides the convenience of wire wrap with only
a small real estate penalty. Some carrier boards have signal routing with
shorter paths or 45-degree bends to minimize signal reflection.

Manufacturers Table3listscorporate offices of several socketand adapter manufacturers.
Contact the appropriate vendor for additional information.

Table 3. Manufacturers

Company Product Telephone Number
AMP, Inc. Production Sockets (800) 522-6752
Augat, Inc. (800) 999-9863
ITT/Cannon Corporation (714) 757-8221
3M/Textool Corporation (800) 225-5373
3M/Textool Corporation Testand Bum-In (800) 225-5373
AMP, Inc. Sockets (800) 552-6752
Emulation Technology, Inc. (408) 982-0660
Emulation Technology, Inc. |Carrier Boards and {408) 982-0660

Wire Wrap Adapters

Information in this application brief is based on information provided to Altera by
various vendors, and is believed to be accurate. Altera assumes no liability for the
use of third-party products mentioned in this publication.
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Alte ra U S CALIFORNIA MASSACHUSETTS
LAl {(CORPORATE HEADQUARTERS) Altera Corporation
Altera Corporation 945 Concord Street

Sales Offices

Altera
international
Sales Offices

2610 Orchard Parkway
San Jose, CA 95134-2020
TEL: (408) 984-2800
FAX: (408) 248-7097

SOUTHERN CALIFORNIA
Altera Corporation

17100 Gillette Avenue
Irvine, CA 92714

TEL: (714) 474-9616
FAX: (714) 474-7355

GEORGIA

Altera Corporation

1080 Holcomb Bridge Road
Bldg. 100, Suite 300
Roswell, GA 30076

TEL: (404) 594-7621

FAX: (404) 998-9830

ILLINOIS

Altera Corporation

200 W. Higgins Road
Suite 322

Schaumburg, It 60195
TEL: (708) 310-8522
FAX: (708) 310-0909

Framingham, MA 01701
TEL: (508) 626-0181
FAX: (508) 879-0698

NEW JERSEY

Altera Corporation

981 U.S. Highway 22
Suite 2000
Bridgewater, NJ 08807
TEL: (908) 526-9400
FAX: (908) 526-5471

TEXAS
ALTERA

CORPORATION

Signature Place
14785 Preston Road

Suite 550

Dalias, TX 75240
TEL: (214) 233-1491
FAX: (214) 233-1493

UNITED STATES

(CORPORATE HEADQUARTERS)
Altera Corporation

2610 Orchard Parkway

San Jose, CA 95134-2020

USA

TEL: (408) 984-2800

TLX: 888496

FAX: (408) 248-7097

BELGIUM

(EUROPEAN HEADQUARTERS)
Altera Europe

25, Avenue Beaulieu

1160 Bruxelles

Belgium

TEL: (32) 2-660.20.77

TLX: (886) 27087901(AVVALB)
FAX: (32) 2-660 52 25

FRANCE

Altera France
72-78 Grande Rue
92310 Sévres

France
TEL: (33)
FAX: (33)

1.45.34.3787
1.45.34.0109

GERMANY

Altera GmbH

Ismaninger StraBe 21
8000 Miinchen 80

West Germany

TEL: (49) 89/413.00.6-14
TLX: (841) 5213250
FAX: (49) 89/470.62.84
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[Sales Offices, Distributors & Representatives ]

Alt JAPAN UNITED KINGDOM
tera Japan K.K. tera
era Altera Japan K K Altera UK
. Ichikawa Gakugeidai Building 21 Broadway
International 2nd Floor Maidenhead, Berkshire
. 12-8 Takaban 3-chome England SL6 1JK

Sales Offices Meguro-ku, Tokyo 152 TEL: (44) 628-32516

. Japan TLX: (851) 34016389 (TIME G)
(continued) TEL: (03) 716-2241 FAX: (44) 628-770892

FAX: (03) 716-7924

North American Avance Electronics
Distributors Anthem

Future Electronics (Canada only)
Pioneer-Standard Electronics
Pioneer Technologies Group
Lex Electronics

Semad (Canada only)

Wyle Laboratories

U S S I ALABAMA CALIFORNIA (continued)
2. vales Montgomery Marketing, Inc. QuadRep Southern, Inc.
» 1910 Sparkman Drive 4 Jenner Street, Suite 120
Representatives runsviie, AL 35816 Ivine, CA 92718
(205) 830-0498 (714) 727-4222
ARIZONA QuadRep Southern, Inc.
Tusar 7585 Ronson Road, Suite 100
6016 E. Larkspur San Diego, CA 92111
Scottsdale, AZ 85254 (619) 560-8330
(602) 998-3688
COLORADO
ARKANSAS Lange Sales, Inc.
Technical Marketing, Inc. 1500 W. Canal Court, Bidg. A, Suite 100
3320 Wiley Post Road Littleton, CO 80120
Carrollton, TX 75006 (303) 795-3600
(214) 387-3601
CONNECTICUT
CALIFORNIA Technology Sales, Inc.
Exis, Inc. 237 Hall Avenue
11223 Welty Lane Wallingford, CT 06492
Aubum, CA 95603 (203) 269-8853
(916) 885-3062
DELAWARE
Exis, Inc. BGR Associates
2860 Zanker Road, Suite 108 Evesham Commons
San Jose, CA 95134 525 Route 73, Ste.100
(408) 433-3947 Mariton, NJ 08053
(609) 983-1020

QuadRep Southern, Inc.

28720 Roadside Drive, Suite 227
Agoura, CA 91301

(818) 597-0222
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DISTRICT OF COLUMBIA
Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

(301) 995-1900

FLORIDA

EIR, inc.

1057 Maitland Center Commons
Maitland, FL 32751

(407) 660-9600

GEORGIA

Montgomery Marketing, Inc.

3000 Northwoods Pkwy., Suite 110
Norcross, GA 30071

(404) 447-6124

IDAHO

Lange Sales, Inc.

5440 Franklin St., Suite 110
Boise, ID 83705

(208) 345-8207

Westerberg & Associates, Inc.
12505 NE Bel-Red Road, Suite 112
Bellevue, WA 98005

(206) 453-8881

ILLINOIS

AEM, inc.

11520 St. Charles Rock Road, Suite 131
Bridgeton, MO 63044

(314) 298-9900

Oasis Sales Corporation
1101 Tonne Road

Elk Grove Village, IL. 60007
(708) 640-1850

INDIANA

Electro Reps, Inc.

7240 Shadeland Station, Suite 275
Indianapoiis, IN 46256

(317) 842-7202

IOWA

AEM, Inc.

4001 Shady Oak Drive
Marion, IA 52302
(319) 377-1129

KANSAS

AEM, Inc.

8859 Long Street
Lenexa, KS 65215
(913) 888-0022

KENTUCKY

Electro Reps, Inc.

7240 Shadeland Station, Suite 275
Indianapolis, IN 46256

(317) 842-7202

LOUISIANA

Technical Marketing, Inc.
2901 Wilcrest Drive, Suite 139
Houston, TX 77042

(713) 783-4497

MAINE

Technology Sales, inc.
332 Second Avenue
Waltham, MA 02154
(617) 890-5700

MARYLAND

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

(301) 995-1900

MASSACHUSETTS
Technology Sales, Inc.
332 Second Avenue
Waltham, MA 02154
(617) 890-5700

MICHIGAN

Rathsburg Associates, Inc.
34605 Twelve Mile Road
Farmington Hills, Ml 48331
(313) 489-1500

MINNESOTA

Cahill, Schmitz & Cahill, inc.
315 N. Pierce

St. Paul, MN 55104

(612) 646-7217

MISSISSIPPI

Montgomery Marketing, Inc.

3000 Northwoods Parkway, Suite 110
Norcross, GA 30071

(404) 447-6124

MISSOURI

AEM, Inc.

11520 St. Charles Rock Road, Suite 131
Bridgeton, MO 63044

(314) 298-9900

MONTANA

Lange Sales, Inc.

1500 W. Canal Court, Bldg. A, Suite 100
Littleton, CO 80120

(303) 795-3600

NEBRASKA

AEM, Inc.

4001 Shady Oak Drive
Marion, IA 52302
(319) 377-1129

NEVADA

Exis, Inc.

2860 Zanker Road, Suite 108
San Jose, CA 95134
(408) 433-3947
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U S Sal es NEVADA (continued) OHIO
aNde Tusar The Lyons Corporation
. 6016 E. Larkspur 4812 Frederick Road, Suite 101
Representatives scotisdae, Az ss254 Dayton, OH 45414
. (602) 998-3688 (513) 278-0714
(continued)
NEW HAMPSHIRE The Lyons Corporation
Technology Sales, Inc. 4615 W Streetsboro Road
332 Second Avenue Richfield, OH 44286
Waltham, MA 02154 (216) 659-9224
(617) 890-5700
The Lyons Corporation
NEW JERSEY 248 N. State Street
BGR Associates Westerville, OH 43081
Evesham Commons (614) 895-1447
525 Route 73, Suite100
Marlton, NJ 08053 OKLAHOMA
{609) 983-1020 Technical Marketing, Inc.
3320 Wiley Post Road
ERA, Inc. Carroliton, TX 75006
354 Veterans Memorial Highway (214) 387-3601
Commack, NY 11725
(516) 543-0510 OREGON
Westerberg & Associates, Inc.
NEW MEXICO 7165 SW Fir Loop
Nelco Electronix Portland, OR 97223
3240 C Juan Tabo Bivd. NE (503) 620-1931
Albuquerque, NM 87111
(505) 293-1399 PENNSYLVANIA
BGR Associates
NEW YORK Evesham Commons
ERA, Inc. (New York Metro) 525 Route 73, Suite100
354 Veterans Memorial Highway Marlton, NJ 08053
Commack, NY 11725 (609) 983-1020
{516) 543-0510
The Lyons Corporation
Technology Sales, Inc. 4812 Frederick Rd., Ste. 101
205 N. McKinley Avenue Dayton, OH 45414
Endicott, NY 13760 (513) 278-0714
(607) 257-7070
PUERTO RICO
Technology Sales, Inc. Technology Sales, Inc.
470 Perinton Hills Office Park Edificio Rali 219
Fairport, NY 14450 San German, PR 00753
(716) 223-7500 (809) 892-4745
Technology Sales, Inc. RHODE ISLAND
145 Oakwood Lane Technology Sales, Inc.
Ithaca, NY 14850 332 Second Avenue
(607) 273-1188 Waltham, MA 02154
(617) 890-5700
NORTH CAROLINA
Montgomery Marketing, inc. SOUTH CAROLINA
P.O. Box 520 Montgomery Marketing, Inc.
Cary, NC 27512 1200 Trinity Road
(919) 467-6319 Raleigh, NC 27607
(919) 851-0010
Montgomery Marketing, inc.
1200 Trinity Road SOUTH DAKOTA
Raleigh, NC 27607 Canhill, Schmitz & Cahill, Inc.
(919) 851-0010 315 N. Pierce
St. Paul, MN 55104
NORTH DAKOTA (612) 646-7217
Cahill, Schmitz & Cahill, Inc.
315 N. Pierce
St. Paul, MN 55104
(612) 646-7217
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Canadian Sales
Representatives

International
Distributors

TENNESSEE

Montgomery Marketing, Inc.
1910 Sparkman Drive
Huntsville, AL 35816

(205) 830-0498

TEXAS

Technical Marketing, Inc.
3320 Wiley Post Road
Carroliton, TX 75006
(214) 387-3601

Technical Marketing, Inc.
2901 Wilcrest Drive, Suite 139
Houston, TX 77042

(713) 783-4497

Technical Marketing, Inc.

1315 Sam Bass Circle, Suite B-3
Round Rock, TX 78681

(512) 244 2991

UTAH

Lange Sales, Inc.

1864 S. State, Suite 295
Salt Lake City, UT 84115
(801) 487-0843

VERMONT
Technology Sales, Inc.
332 Second Avenue
Waltham, MA 02154
(617) 890-5700

VIRGINIA

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

(301) 995-1900

WASHINGTON

Westerberg & Associates, Inc.
12505 NE Bel-Red Road, Suite 112
Bellevue, WA 98005

(206) 453-8881

WEST VIRGINIA

Robert Electronic Sales

5525 Twin Knolls Road, Suite 325
Columbia, MD 21045

(301) 995-1900

WISCONSIN

Cahill, Schmitz & Cabhiil, inc.
315 N. Pierce

St. Paul, MN 55104

(612) 646-7217

Oasis Sales Corporation
1305 N. Barker Road
Brookfield, WI 53005
(414) 782-6660

WYOMING

Lange Sales, Inc.

1500 W. Canal Court, Bidg. A, Suite 100
Littieton, CO 80120

(303) 795-3600

BRITISH COLUMBIA
Kaytronics :
#102-4585 Canada Way
Burnaby, BC V5G 4L6
Canada

(604) 294-2000

ONTARIO

Kaytronics

331 Bowes Road, Unit 1
Concord, Ontario L4K 1J2
Canada

ONTARIO (continued)
Kaytronics

300 March Road, Suite 603
Kanata, Ontario K2K 2E2
Canada

(613) 564-0080

QUEBEC

Kaytronics

5800 Thimens Boulevard

Ville St. Laurent, Quebec H4S 1S5
Canada

(416) 669-2262 (514) 745-5800
ARGENTINA AUSTRALIA

YEL S.R.L. Veltek

Virrey Cevallos 143 22 Harker St.

Piso 8, Of. 41 Burwood, Victoria 3125
1077 Buenos Aires Australia

Argentina TEL: (61) 3-808-7511

TEL: (54) 1-40-1025/2525
(54) 1-45-7140/7163
(54) 1-46-2211

TLX: (390) 18605 (YEL AR)

FAX: (54) 1-45-2551

FAX: (61) 3-808-5473
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: AUSTRIA HONG KONG
International Hitonik RTI Industries
- . St.-Veit-Gasse 51 A19, 10/F, Proficient ind. Centre
Distributors 1130 Wien 6 Wang Kwun Road
. Austria Kowloon
(continued) TEL: (43) 222-824-199 Hong Kong
TLX: (847) 134404 (HIT) TEL: (852) 3-7957421
FAX: (43) 222-828-557-285 FAX: (852) 3-7957839
BELGIUM INDIA
D&D Electronics Capricorn Systems International
Vile Olympiadelaan 93 No. 3306, First Floor
2020 Antwerpen 10th ‘A’ Main Road
Belgium 33rd Cross, 4th Block
TEL: (32) 3-827-7934 Jayanagar, Bangalore 560 011
TLX: (846) 73121 (DDELEC BU) India
FAX: (32) 3-828-7254 TEL: (91) 812-640661
TLX: (953) 08458162 (SRIS IN)
BRAZIL FAX: (91) 812-643608
Uniao Digital COM E REP
Rua Texas No. 622-Brookiin Capricorn Systems International
S&o Paulo SP CEP 04551 1340 Tully Road, Suite 308
Brazil San Jose, CA 95122
TEL: {55) 11 533-0967 USA
(55) 11 611-1256 TEL: (408) 294-2833
TLX: (391) 11-37230 (BRVC) TLX: 714997729 (CAPCNUI)
FAX: (55) 11 533-6780 FAX: (408) 294-0355
DENMARK ISRAEL
E.V. Johanssen Elektronik A/S Vectronics Ltd.
Titangade 15 60 Medinat Hayehudim Street
2200 Koebenhavn N P.O. Box 2024
Denmark Herzlia B 46120
TEL: (45) 31.83.90.22 Israel
TLX: (855) 16522 (EVICAS DK) TEL: (972) 52-556-070
FAX: (45) 31.83.92.22 TLX: (922) 342579 (VECO IL)
FAX: (972) 52-556-508
FINLAND
Yleiselektroniikka Oy Active Technologies
P.O. Box 73 147-16 181st Street
Luomannotko 6 Jamaica, NY 11413
02201 Espoo USA
Finland TEL: (718) 244-0909
TEL: (358) 0-452-1622 FAX: (718) 244-0912
TLX: (857) 123212 (YLEOY SF)
FAX: (358) 0-452-3337 ITALY
Inter-Rep S.pA.
FRANCE Via Orbetello 98
Tekelec Airtronic SA 10148 Torino
Cité des Bruyéres ltaty
Rue Carle Vernet TEL: (39) 11/29191
92310 Sévres TLX: (843) 221422 (IRTO i)
France FAX: (39) 11/2165915
TEL: (33) 1.45.34.75.35
TLX: (842) 204552 (TKLEC A F) JAPAN |
FAX: (33) 1.45.07.21.91 Japan Macnics Corporation
Hakusan High-Tech Park H
GERMANY 807 Hakusan-Cho, Midori-Ku "
Electronic 2000 Yokohama 226
Vertriebs-AG Japan
Stahigruberring 12 TEL: (81) 45-939-6140
8000 Minchen 82 FAX: (81) 45-939-6141
West Germany
TEL: (49) 89/42001-0
TLX: (841) 522561 (ELEC D)
FAX: (49) 89/42001-209
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JAPAN (continued)

Paltek Corporation

3-8-18 Yoga

Setagaya-Ku

Tokyo 158

Japan

TEL: (81) 3-707-5455

TLX: (781) 02425205 (PALTEK J)
FAX: (81) 3-707-5338

KOREA

MJL Korea, Ltd.
Samwhan Camus Bldg.
17-3 Youido-Dong
Yeungdeungpo-Ku
Seoul 150-010

Korea

TEL: (82) 2-784-8000
TLX: (787) 28907 (MJL)
FAX: (82) 2-784-4644

MJL Corporation - USA
622 Rosedale Road
Princeton, NJ 08540

USA

TEL: (609) 683-1700
TLX: 843457 (MJL MORV)
FAX: (609) 683-7447 .

LATIN AMERICA

Intectra

2629 Terminal Boulevard
Mountain View, CA 94043

USA

TEL: (415) 967-8818

TLX: 345545 (INTECTRA MNTV)
FAX: (415) 967-8836

NETHERLANDS
Koning en Hartman

1 Energieweg

2627 AP Delft
Netherlands

TEL: (31) 15 609906
TLX: 38250 (KOHA NL)
FAX: (31) 15619194

NORWAY

Eltron A/S

Aslakveien 20 F

0753 Oslo 7

Norway

TEL: (47) 2-500650

TLX: (856) 77144 (ELTRO N)
FAX: (47) 2-502777

SINGAPORE

Impact Sound PTE

65 Upper Paya Lebar Road 03-01
Guang Ming Ind. Bldg., 1953
Singapore

TEL: (65) 2914953, (65) 2817244
TLX: (786) 39142 (IMPACT RS)
FAX: (65) 2812786

SINGAPORE (continued)
QuadRep Marketing (S) Pte Ltd
5611 North Bridge Road
#02-10 Eng Cheong Tower
Singapore 0719

TEL: (65) 2949998

FAX: (65) 2911213

SPAIN

Selco

Paseo de la Habana, 190
28036 Madrid

Spain

TEL: (34) 1-326-4213

TLX: (831) 45458 (EPAR E)
FAX: (34) 1-259-2284

SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39
7th Floor

16493 Kista

Sweden

TEL: (46) 8.703.46.30
FAX: (46) 8.703.98.45

SWITZERLAND

Stolz AG

TafernstraBe 15

5405 Baden-Dattwil
Switzerland

TEL: (41) 56.84.90.00

TLX: (845) 825088 (SAG CH)
FAX: (41) 56.83.19.63

TAIWAN

Galaxy Far East Corp.

8F-6 390, Sec. 1

Fu Hsing S. Road

Taipei

Taiwan

TEL: (886) 2-7057266

TLX: (785) 26110 (GALAXYER)
FAX: (886) 2-7087901

UNITED KINGDOM

Ambar Cascom Ltd.

Rabans Close

Aylesbury, Bucks HP19 3RS
England

TEL: (44) 296 434141

TLX: (851) 837427 (AMBAR G)
FAX: (44) 296 29670

Thame Components Ltd.
Thame Park Road

Thame, Oxfordshire 0X9 3UQ
England

TEL: (44) 844 261188

TLX: (851) 837917 (MEMEC G)
FAX: (44) 844 261681
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