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FEATURES

o High Performance logic replacement for TTL
and 74HC or 74HCT SSI and MS! logic.

s High Speed, tpd = 25ns, and 40MHz operating
frequency.

o "Zero Power" (150 uA Standby Current).

» Twelve Macrocells with configurable 1/O archi-
tecture allowing up to 22 inputs (10 dedicated,
12 1/0) and 12 outputs.

¢ Eight configurable inputs which can implement
latch, register, or flow-through mode; synchro-
nous or asynchronous operation,

¢ Programmable product term allocation allowing
up to 16 product terms for a single Macrocell,

¢ Programmable registers providing D, T, SR or
JK flip-flops with Clear, Preset, and Clock
control.

¢ Two product terms for all Macrocell control
signals (OE, Preset, Clear and Clock).

o Dual feedback on all Macrocells for buried
register implementation and input usage.

o A+PLUS software support featuring Schematic
Capture, Netlist, Boolean Equation and State
Machine design entry. :

o Space saving 24 pin DIP, 300 mil, and 28 pin
JLCC/PLCC packages.
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GENERAL DESCRIPTION e

The Altera EP512 provides a User-Configurabie,
High-Performance solution for general purpose
logic and custom control (state machine) func-
tions. The EP512 features an enhanced PLD archi-
tecture to easily Integrate 74ALS and HC (HCT)
S5l and MSI logic. In addition, a single EP512 can
also replace multiple programmable logic devices
(22v10, 20RA10, 20010, 20R10).

The EP512 uses sum-of-products logic providing
a configurable AND-OR structure, The device can
implement combinatorial, fatched, and registered
logic functions, active high or low. The EP512
contains a total of 12 1/O Macrocells, 8 user-
configurable input structures (latch, register or
flow-through operation) and 2 inputs that can be
programmed to serve as either combinatorial
inputs or clock inputs for the input and output
register functions.

A unique feature of the EP512 is the ability to
re-allocate product terms between adjacent macro-
cells allowing a single macrocell to have 8, 12 or 16
product terms. In addition, each macrocell contains
two dedicated product terms for each control sig-
nal: Output Enable, Preset, Clear, and Asynchro-
nous Clock. Each macrocell also contains dual
feedback allowing the logic to be buried while
reserving the 1/0 pin as an additional Input.

The EP512 uses advanced CMOS EPROM cells
as logic control elements. This technology allows
the EP512 to operate In high performance applica-
tions while significantly reducing the power con-
sumption, Other advantages include: 100% generic
testing (all devices are 100% tested at the factory).
The device can be erased with ultraviolet light.
Deslgn changes are no longer costly, nor is there
a need for testing after programming.

Programming the EP512 Is accomplished with
the use of Altera's A+PLUS development software
which supports four different design entry
methods. Once the circuit has been tested, the
A+PLUS software performs automatic translation
into logical equations, Boolean minimization, and
design fitting directly into an EP512,

PRELIMINARY DATA

NOTICE: THIS IS NOT A FINAL SPECIFICATION.
SOME PARAMETRIC LIMITS ARE SUBJECT TO
CHANGE.

REV. 2.0
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Figure 1. EP512 Block

13(16)

Dlagram

INPUT/ILE >

3(4)
INPUT [~

INPUT
STRUCTURE

4(8)

INPUT [ INEUT

P!
STRUCTURE

§(6)

INPUT [>—p IN2Y

T
STRUCTURE

(7)
INPUT [D>—]

PUT
STRUCTURE

7(8)

inPUT [o—] IPY

PUT
STRUGTURE

8(9)

INPUT [T INPUT

STRUCTURE

9(10)

INPUT [—>—] INPUT

INP
STRUCTURE

Y

wCm

10{12)

INPUT [>—q INPUT

STRUCTURE

12)

INPUT/CLK [ >—

r>ooro

[ e e e et e e e e et e s e e e oy

MACROCELL 1

]
l
1o

MACROCELL 2

%d Lé-‘
£ pry
S =
= =
d &

110

-y
o
—
=
©
=

MACROGCELL 3 4-&3) o
16(20) |
MACROCELL 4 —&3 o I
i
1721 I
MACROGELL 5 ——&S 1o :
|
18(22) ]
MACROGCELL 6 —4+—&S o i
__________________ ]

MACROCELL 7

MACROCELL 8

170

MACROCELL 9

170

MACROCELL 10

1/0

MACROCELL 11

110

MACROCELL 12

5 M8 Mz Mz U3

170

T=4b-13-47

RING 1

EP512

51




B
0.
(11}

ALTERA CORP

FUNCTIONAL DESCRIPTION
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The EP512 is an Erasable Programmable Logic
Device (EPLD) which uses a CMOS EPROM tech-
nology to configure connections in a program-
mable AND logic array, The EP512's innovative
architecture allows It to Integrate many standard
TTL functions. The device also contains an en-
hanced [/0 architecture which provides advanced
functional capability for user-configurable logic.

Figure 1 shows the EP512 Block Diagram.
Externally, the EP512 provides 10 dedicated inputs
and 12 1/0 pins programmed for input, output, or
bi-directional operation. The device contains 12
macrogcells which can be independently configured.

Flgure 2 shows an EP512 Macrocell. The internal
architecture uses a sum-of-products (AND-OR)
structure. Inputs to the programmable AND array
come from the true and complement forms of the
10 dedicated Inputs, 12 macrocell feedback signals
and 12 1/0 pins. Each EP512 Macrocell contains 16
product terms. Eight product terms are dedicated
to control signals (OE, CLK, Preset and Clear),
while eight product terms are used for the general
data array. Each EP512 product term represents a
68 Input AND gate.
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At the intersection point between an AND array
input and a product term is an EPROM contro! cell.
In the erased state, all cell connections are made.
This means both the true and complement of all
array inputs are connected to each product term.
During the programming process, selected con-
nections are opened. Therefore, any product term
may be connected to the true or complement of
any array input signal. When both the true and
complement of an array Input signal are left con-
nected, a logical false results on the output of the
AND gate. If both the true and complement of any
array Input signal are programmed open, then a
logical “don’t care” results for that input. if all 68
inputs for a given product term are programmed
open, then a logical true results on the output of
the corresponding AND gate.

The EP512 contains 10 dedicated inputs, 8 data
inputs and 2 programmable system clock inputs
(ILE and CLK). {LE (pin 13) provides synchronous
clocking to the input structures while CLK (pin 1)
provides synchronous clocking to the macrocell
registers. These system clocks are connected
directly from the EP512 external pins. When using
these system clocks, ILE is negative edge triggered
(data transitions occur on the falling edge of ILE)

Figure 2, Loglc Array Macrocell
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and CLK Is positive edge triggered (data transitions
occur on the rising edge of CLK). ILE and CLK
may also be used as general purpose Inputs.

For asynchronous clocking of the input struc-
ture, the clock signal s derived from a dedicated
product term (see Figure 3). For asynchronous
clocking of the macrocell registers, the clock
signal is derived from two dedicated product terms
(see Figure 2), Each Input structure and macrocell
register Is individually configurable allowing a
mixture of synchronous and asynchronous clock-
ing on both the input structures and the macrocell
registers.

INPUT STRUCTURE :

Figure 3 shows a functional block diagram of the
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asynchronous clocking, a dedicated product term
Is available and provides clocking for the Asynch-
ronous Register and Asynchronous Latch modes.
The ILE Select Mux, shown In Figure 3, determines
whether the input clocking will be provided by the
dedicated ILE Input (synchronous mode) or the
dedicated Product term (asynchronous mode).
Table 1 shows the Input Structure Function Table
using the ILE (pin 13) input for control. Note, when
using synchronous clocks (ILE), the input register
is negative edge triggered. Positive edge triggered
operation can be achieved by using the ILE
product term (asynchronous mods) for clocking
control. Flow through input operation can be
achieved by connecting the Flow Through Select

Mux to Ve (see Figure 3), T=thlp=)3 -7

input structure of the EP512, The EP512 contains 8 TABLE 1 EP512 INPUT FUNCTIONS
programmable input structures that may be indiv- Inout ILE D a
idually configured as one of the following: nput Type
—8ynchronous D-type register Latch H H H
~—Asynchronous D-type register Latch H L L
—8ynchronous input latch Latch L X Qn
—Asynchronous input latch Register { H H
—Flow through latch Register { L L
The dedicated ILE input (pin 13) serves as a Flow-Through X H H
synchronous clock for both synchronous input Flow-Through X L L
latch and synchronous Input register modes. For
Figure 3, Input Structure
INPUT
FLOW REGISTER SiecT hE DUGT
THROUGH LATCH TERM LOGIC
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N
@ REG/LATCH
SELECT
e o—
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PRODUCT TERM ALLOCATION

The EP512 supports Product Term Allocation,
allowing unused product terms from one macrocell
to be placed into another macrocell. In the EP512,
this allocation is done between adjacent macro-
cells in groups of 4 product terms. Thus, each
macrocell has two adjacent macrocells to share
product terms. The EP512 macrocells are grouped
into two “rings” (Ring 1 and Ring 2) with 6 macro-
cells per ring. Table 2 shows the structure of the
two rings and defines each macrocell's adjacent
partners, By using Product Term Allocation, each
macrocell can implement logic requiring up to 16
product terms.

For example, if Macrocell 4 requires 16 product
terms, Altera's A+PLUS Design Software will allo-
cate four product terms from Macrocell 3 and four
product terms from Macrocell 5 to give Macrocell
4 a total of 16 product terms. Macrocells 3 and 5
each have four product terms remaining which
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may be kept or used by other macrocells. This
example is illustrated in Figure 4, Even if a macro-
cell has allocated all of its product terms to adja-
cent macrocells, its register and associated control
functions are still usable. In this case the input to
the /O register is tied to GND (VCC if the invert
select EPROM bit is programmed). For example,
the register preset and clear may used to imple-
ment an asynchronous S-R latch,

I/0 ARCHITECTURE

The EP512 Input/Output Architecture provides
each macrocell with over 50 possible I/O config-
urations. Each I/O can be individually configured
for combinatorial or registered output, with pro-
grammable output polarity. Four different types of
registers (D, T, JK, SR), can be implemented into
every I/0 without any additional logic require-
ments. Each macrocell contains two dedicated
product terms (see Figure 2) for every control

Figure 4. Product Term Allocation Example
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TABLE 2 PRODUCT TERM ALLOCATION
Ring 1 Ring 2

Current] Next |[PreviousiCurrent] Next [Previous

Macro-| Macro- | Macro- |Macro- | Macro- | Macro-
cell cell cell cell cell cell
1 2 6 7 8 12
2 3 1 8 9 7
3 4 2 9 10 8
4 5 3 10 11 9
5 6 4 11 12 10
6 1 [ 12 7 1

function (Asynchronous Preset, Asynchronous
Clear, Asynchronous Clock, and Output Enable).

Each macrocell register may be individually
configured to function in either a synchronous or
asynchronous clock mode. Synchronous clacking
Is provided by the dedicated clock pin (pin 1) while
asynchronous clocking is provided by the two
dedicated asynchronous clock product terms (see
Figure 1),

Product Term Allocation is contralled by Altera's
A+PLUS Deslgn Software and implemented using
the Product Term Allocation Control Muxes shown
In Figure 2, The product terms are ORed together
to generate the logic signal for the Macrocell
Combinatorial output or Macrocell Register input.
This scheme allows a more efficient utilization of
product terms and greater flexibility in design
architecture.

Output polarity is controlled by the Invert Select
EPROM bit. This feature allows active high or
active low output and also permits DeMorgan's
inversion for Improved minimization of logic,

OUTPUT/FEEDBACK s¢=sipss +-- v

Every macrocell in the EP512 has Dual Feedback.
This architectural feature enables the designer to
use the macrocell for buried logic and also use the
macrocell's I/O pin as a dedicated input, Increasing
design flexibility. Dual Feedback Is implemented in
the EP512 by providing a feedback path from both
the input pin and the macrocell register (see Figure
2). These paths are separated by the tri-state buffer
controlled by the Output Enable control signal.
When the tri-state buffer is disabled (Output
Enable grounded), the register uses the internal
feedback path, while allowing the second feedback
path to function as a dedicated input path. This
second feedback path allows the 170 pin to con-
nect directly into the logic array.

In the erased state, the 1/0 is configured for
combinatorial active low output with input (pin)
feedback,

4DESIGN SECURITY 7 siriowigeii e
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_FUNCTIONAL TESTING |

The EP512 is fully functionally tested and guar-
anteed through complete testing of each program-
mable EPROM bit and all internal logic elements
thus ensuring 100% programming yield. As a
result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable
nature of the EP512 allows test program patterns
to be used and then erased. This facility to use
application-independent, general purpose tests is
called generic testing and is unique for EPLDs
among user-defined LS| logic devices,

T-po13 -4 ]

Figure 5. AC Test Conditions
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Power supply transients can affect AC measure-
ments, simuitaneous transitions of multiple outputs
should be avoided for accurate measurement, Do
not attempt to perform threshold tests under AC
conditions. Large amplitude, fast ground current
transients normally occur as the device outputs
discharge the load capacitances, These transients
flowing through the parasitic inductance between
the device ground pin and the test systern ground
can create significant reductions in observable
input nolse immunity.

The EP512 contains a programmable design
security feature that controls the access to the
data programmed into the device, If this program-
mable feature is used, a proprietary design imple-
mented in the device cannot be copied nor
retrieved. This enables a high level of design
protection, since programmed data within EPROM
cells Is invisible, The bit that controls this function,
along with all other program data, may be reset
simply by erasing the device.

EP512
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The EP512 contains a programmable option to
control the automatic power down feature that
enables the low standby power mode of the device.
This option is controlled by a TURBO-BIT which
can be set using A+PLUS, When the TURBO-BIT
is programmed (Turbo = ON), the low standby
power mode (lcc1) is disabled, This renders the
circult less sensitive to Vce noise transierits which
can be created by the power-up/power-down cycle
when operating in the low power mode. The typ-
ical lce vs frequency data for both Turbo and
Non-Turbo (low power) mode is shown in each
EPLD data sheet. All AC values are tested with the
TURBO-BIT programmed. If the design requires
low power operation then the TURBO-BIT should
be disabled (Turbo = OFF). When operating in this
mode, some AC parameters are subject to In-
crease. Values given in the AC specifications
section under “Non-Turbo Adder” must be added
to the respective AC parameter to determine
worst-case timing.
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ABSOLUTE MAXIMUM RATINGS :

Note: See Design Recommendétions
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COMMERCIAL
OPERATING RANGE

T #1341

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vee Supply voltage =2.0 70 v
Vep Programming supply voltage ,owéﬁ‘o’ﬁso'}g“&, -20 13.5 \
Vi DG INPUT voltage -20 70 v
TMAX 0C Vec or GND current ~150 150 mA
lour DC OUTPUT current, per pin -25 25 mA
Pp Power disslpation 750 mW
Tsta Storage temperature No bias -65 +150 °C
TaMs Ambient temperature Under bias -85 +135 °C
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Voo Supply Voltage 4.75 5,25 v
Vi INPUT voltage 0 Voo v
Vo QUTPUT voltage 0 Veo v
Ta Operating temperature For Commercial 0 70 °G
Ta INPUT rise time note (8) 100 ns
T INPUT fall time note (8) 100 ns
DC OPERATING CHARACTERISTICS -
(Voo = 5V 8%, Ty = 0°C for Commercial) ,
Note (1)
$YMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Viy ] HIGH level input voltage 20 Ve + 0.3 v
ViL LOW level input voltage -0.3 0.8 v
Vou HIGH level TTL output voltage ] Iy = -4mA DC 24 v
Vou HIGH level CMOS output voltage loy = -2mA DC 3.84 v
VoL LOW level TTL output voltage foL. = 4mA DC 0.45 \
] Input leakage current Vi = Veg or GND -10 +10 LA
loz 3-state output off-state current Vo = Veg or GND ~10 +10 A
Vi = Vee or GND
Iect Vec supply current (standby) No load 150 A
note (7)
Vi = Voo or GND
leez Ve supply current (non-turbo) - No foad, f = 1.0 MHz 50 mA
note (6)
V1= Vee or GND
lees Vee supply current (turbo) No load, = 1.k0 MHz 100 mA
note (6)
ACITANCE %<7 s odm i fbroiisinn
ote
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Ciy Input Capacitance { Z"{E l?l\ll-lz 20 pF
Cour Qutput Capacitance f"?%mﬂ‘{z 20 pF
Coik Clock Pin Capacitance f !”{g l?isz 2 pF

57
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AC CHARACTERISTICS
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{Vgo = 5V £5%, Ta = 0°C to 70°C for Commercial)

B 0595372 0001125 1

EP512-25, EP512-30, EP512-35
=46 -13-41

NON-TURBD
EP512-25 EP512-30 EP512-35 ADDER
8YMBOL PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MIN | MAX | note (5] { UNITS
rD1 Input to non-registered output 25 30 35 10 ns
| tpo2 1/0 Input fo non-registered output Cy = 50pF 25 30 35 10 ns
tp2x Input or [/0 input to output enable 25 30 35 10 ns
texz Input or 170 Input fo output disable ?]‘o;e S(g;: % 30 % 10 ns
foLn Asynchronous output clear time Cy = 50pF 25 30 35 10 ns
{SET Asynchronoys output preset time 25 30 35 10 ns
SYNCHRONOUS CLOCK MODE
NON-TURBO
EPH12-26 EP512-30 EP§12-35 ADDER
8YMBOL PARAMETER CONDITIONS MH | MAX | MIN | MAX | MIN | MAX nofe (5] | URITS
1MAxX MaxImum frequency note (9) 50 40 40 0 MHz
tsu Input or 1/0 Input setup time 20 25 25 10 ns
iy Input or 1/0 Input hold time 0 0 0 0 ns
teH Clock high time 10 125 12.5 10 ns
feL Clock low time 10 12.6 12,5 10 ns
fco1 Clock fo output delay 15 20 20 10 ns
Minimum clock perfod (register
foNT output feedback to register 30 35 40 10 ns
Input—Internal path)
fowr | [hremal maximum hequency note §) | 3 2 % 0 | M
NON-TURBD
EP512-25 EP512-30 EP512-35 ADDER
8YMROL PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MIN | MAX note (5) | UNITS
fimax (hldladg;l)lum Input frequency ) 3 285 0 MHz
fisu {nput reglster setup time 5 5 5 0 ns
tiH Input hold time § 5 5 0 ns
icH Input clock high time 10 125 125 10 ns
ficL Input clock low time 10 12.5 12.6 10 ns
fi1co1 Input ¢clock to output 30 35 40 10 ns
tice Input clock period 2 ) s | w0 |ons
1101 Input latch to output note (6) 35 40 40 10 ns
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EP512:25, EP512:30, EPG1235 19
A
1T}

T-#6-13 -4

lined data.

Note: The recommended erase procedure for this device Is to expose it

to a standard UV lamp for a minimum of one hour.

NUN-TURBO
) EP512-26 EP512-30 EP512-35 ADDER
SYMBOL PARAMETER CONDITIONS MIK [ MAX | MIN | MAX | MIN | MAX note (5) | UNITS
Maximum frequency
'AMAX, 1/{tact *+ tack) note (9) 20 16.5 16.5 0 MHz
1asu Input or 1/0 input setup time Z 10 10 10 ns
tAH Input or 1/0 Input hold time 23 27 30 10 ns
tACH Clack high time 25 3 30 10 ns
tasL Clock low time 25 30 30 10 ns
faco1 Clock to cutput delay 35 45 50 10 ns
Minimum clock period (register
tacNT output feedback to register 65 65 70 10 ns
Input—Internal path)
Infernal maximum frequency
fACNT (1tacam) 18 15 14.2 0 MHz
NON-TURBO
EP512-26 EP512-30 EP512-35 ADDER
SYMBOL PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MIN_| MAX nole (5) | UNITS
TAIMAX Max. freq. Input reg. 20 165 18.5 0 MHz
[T Input setup to asynch clk. 0 0 0 10 ns
tAIH Input hold after asynch clk, 23 26 3 10 ns
tAICH Asynch input high time 25 30 30 10 ns
TAICL Asynch Input low time 25 30 30 10 ns
tA1c01 Asynch input clk, to output 48 55 60 10 ns
tAILO Asynch Input fatch to output 53 60 65 10 ns
INPUT-CLOCK-TO-MACROCELL-CLOCK A.C. CHARACTERISTICS
NON-TURBD
- EP512-25 EP512-30 EP512-35 ADDER
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX note (5) UNITS
tiLke Synchronous ILE
Synchranous Macrocell CLK 2% 0 3% 0 ns
Synchronous ILE
Asynchronous Magrocell CLK 5 8 10 L ns
Asynchronous ILE
Sylymhronous Macrocell CLK 48 5 65 10 ns
Asynchronous ILE
Asynchronous Macrocell CLK 2 50 10 ns
Notes: - _
;. gypicall \{allljeg au'a ﬂ;r Ta= 25'°c,' V%c =5V 1 500 GRADE AVAILABILITY
- vample tasted only for an output change of 500mV, Commerclal EP512-25  EP512-30
3. Minlmum DC input is ~0.3V, During fransitions, the Inputs may o o .
undershoot to 2.0V for periods less than 20ns. (0°C t0 70°C) EPS12-35
4. Gapacitance measured at 25°C, Sample fested only. Clock pin
capacitance for dedicated clock inputs only, Pin 1 (high voltage pin
during programming), has capacitance of 50pF max,
5., See TURBO-BIT™, page 56.
6. Moasured with device programmed as a 12 bit counter.
7. EPLD automatically goes Into standby mod if logic transitions do
not occur when in non-turbo mode (approximately 100ns after fast
{ransition). This feature may not he avalfable on Initial production
units. Check factory for status,
8. Clock g, i = 100ns.
9. The fuax values shown represent the highest frequency for pipe-
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Figure 8, Switching Waveforms
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Switching Waveforms (Continued) /= 171é ~/3-Y 1 %
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Switching Waveforms (Continued)
ASYNCHRONOUS CLOCK MODE (INPUT STRUCTURE)
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NOTES: t AND t; < 6ns
fee. and tey MEASURED AT 0.3V AND 2.7V
ALL OTHER TIMING AT 1.5V
INPUT VOLTAGE LEVELS AT OV AND 3V




