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First introduced in Fall 1990, MACH® (Macro Array CMOS High-density) devices have set the in-
dustry standard for 15-nanosecond predictable worst-case pin-to-pin delays for devices ranging
from 900 to 3600 gates. For the first time, higher-density EE CMOS PAL®-like devices with truly
predictable speeds were widely available. FPGA and high-density customers responded enthusi-
astically, resulting in thousands of designs wins and over one million MACH devices shipped.

Based on your feedback, we are introducing the second generation of MACH devices - the
MACH 3 and 4 families. Like the first generation MACH 1 and 2 devices, these new MACH de-
vices have been the same, truly predictable pin-to-pin delays, but offer greater densities, in-
creased flexibility, and higher-pin count packages. MACH 3 and 4 family devices feature synchro-
nous or asynchronous operation, gate densities from 3500 to 10,000 gates, and 84 to 208 pins in
PLCC and PQFP packages.

In just a few short years, AMD has become a major force in CMOS PLDs, building on our #1 spot
in bipolar to become the industry leader in CMOS as well. Given the benefits of our advanced
0.65 micron double metal EE CMOS technology, we promise to continue providing the fastest
and most innovative programmable logic devices, making it even easier to get new products to
market quickly.

Gartot”

Chris Henry
Director of Marketing
Programmable Logic
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FINAL

MACH 3 and 4 Device Families

High-Density EE CMOS Programmable Logic

e

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B High-performance, high-density
electrically-erasable CMOS PLD families

B Predictable design-independent 15- and 20-ns
speeds

B High density, pin count
— 3500-10,000 PLD Gates
— 84-208 Pins
— 96-384 Registers

B Input and output switch matrices increase
ability to hold a fixed pinout

B JTAG, 5-V In-circuilt programmability on
devices with more than 84 pins

B Synchronous and asynchronous modes
available for each macrocell
— Clock generator in each PAL block for

programmable clocks, edges in either mode

— Individual clock, initialization product terms in
asynchronous mode

B Central, input, and output switch matrices
— 100% Routability

W Up to 20 product terms per function

B 96-256 configurable macrocells

— D/T/J-K/S-R Registers, latches

— Synchronous or asynchronous mode

— Programmable polarity

— Reset/preset swapping

XOR gate available

Registered/latched inputs on MACH 4 series

Extensive third-party software and programmer
support through FusionPLDS™ partners

PRODUCT SELECTOR GUIDE
PLD Max Max JTAG/
Device Pins Macrocells Gates Inputs Outputs Flip-Flops | 5V Prog Speed
MACH 3 Family
MACH355 | 144 | 96 | 3500 9% | 9% Y 15,20
MACH 4 Family
MACH435 84 128 5000 64 192 N 15, 20,
Q-25
MACH445 100 128 5000 64 192 Y 10, 12,
15, 50
MACH446 100 128 5000 64 192 Y 10, 12,
15, 20
MACH465 208 256 10,000 128 384 Y 15, 20
GENERAL DESCRIPTION

The MACH®(Macro Array CMOS High-speed/density)
family provides a new way to implement large logic
designs in a programmable logic device. AMD has
combined an innovative architecture with advanced
electrically-erasable CMOS technology to offer a device
with many times the logic capability of the industry’s
most popular existing PAL®device solutions at compa-
rable speed and cost.

The second-generation MACH devices provide approxi-
mately three times the density and register count, and

two times the amount of I/O of the original MACH 1
and 2 families. By increasing the pin count, adding
functionality, and improving routing, the MACH 3 and 4
families build upon the strength of the MACH architec-
ture without sacrificing predictable timing. ’

Their unique architecture makes these devices ideal for
replacing large amounts of TTL, PAL-device, glue, and
gate-array logic. They are the first devices to provide
such increased functionality with completely predict-
able, deterministic speed.

Publication# 17466 Rev.C Amendment/0
Issue Date: August 1994
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The MACH devices consist of PAL blocks intercon-
nected by a programmable central switch matrix
(Figure 1). Designs that consist of several intercon-
nected functional modules can be efficiently imple-
mented by placing the modules into PAL blocks.
Designs that are not as modular can also be readily
implemented since the central switch matrix provides a
very high level of connectivity between PAL blocks.

The use of input and output switch matrices allows logic
to be implemented independentof pin connections. This
allows greater flexibility when making initial pin assign-
ments for PCB layout, or when trying to maintain the
pinout through design changes. The internal arrange-
ment of resources is managed automatically by the
design software, so that the designer does not have to
be concerned with the logic implementation details.

AMD's FusionPLD program allows MACH device de-
signs to be implemented using a wide variety of popular

industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide timely, accurate, quality support. This ensures
that a designer does not have to buy a complete new set
of tools for each new device, but rather can use the tools
with which he or she is already familiar. The MACH
devices can programmed on conventional PAL device
programmers. Devices with pin counts greater than 84
have an additional 5-V programming algorithm option
that can be implemented with the devices soldered onto
the board.

MACH devices are manufactured using AMD’s state-of-
the-art advanced CMOS electrically-erasable process
for high performance and logic density. CMOS EE
technology provides 100% testability, reducing both
prototype development costs and production costs.

PAL Block PAL Block
/O Cells 'O Cells
Output Switch Output Switch
- Matrix - Matrix
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*The MACH465 has dedicated clock inputs.

17466C-1

Figure 1. MACH 3 and 4 Block Diagram
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Design Methodology

Design tools for all MACH devices are widely available
both from AMD and from third-party software vendors.
AMD provides MACHXL® software as a low-cost
baseline tool set and works with third-party vendors to
ensure broad MACH device support. MACHXL software
is based on the popular PALASM® 4 software package,
with support dedicated to the higher-density MACH 3
and 4 devices. PAL devices, MACH 1 devices, and
MACH 2 devices are supported by PALASM 4 software;
MACH 3 and 4 devices are supported by MACHXL
software. This allows designers to do MACH device
designs using the same methodology that they would
use to do any PLD or FPGA designs, whether with
MACHXL software or any of the other popular PAL
device or FPGA design packages.

Design entry can be the same as that used for PAL,
MACH 1, and MACH 2 devices. The basic logic
processing steps are the same steps that are needed to
process and minimize logic for any PAL device.
Simulation is available for verifying the correct behavior
of the device. Functional (unit-delay) simulation of
MACH devices is supported in all approved software
packages, and other options for simulating the timing
and board-level behavior of the MACH devices are
available. The end result is a JEDEC file that can be
downloaded to a programmer for device configuration.

MACH device design methodology differs somewhat
from that of a PAL device due to the automatic design
fitting procedure that the software performs. Designs
written by logic designers—whether by schematic
capture, state machine equations, Boolean equations,
or behavioral languages—are partitioned and placed
into the PAL blocks of the MACH device. While this
procedure is handled automatically by the software, the
software can also accept manual direction based upon
the user’s working knowledge of the design. The overall
device utilization provided by the fitter will vary from
design to design, but in general significantly higher

utilization can be expected from the MACH 3 and 4
families than from the MACH 1 and 2 devices due to the
additional routing resources. In addition, MACH 3 and 4
device designs with higher utilization are more likely to
retain the same pinout when design changes are made
since the output switch matrix allows a pin to be driven
by any of a number of macrocells.

AMD recommends allowing the software to decide the
best fit and pin placement automatically for the first
design iteration. This will provide the best chance of
fitting. With this approach, large designs can be
implemented incrementally, starting with low device
utilization and building up by adding logic until the
device is full. This generally means that designs are
done without any specific pinout assignments, with the
final pinout decided by the software. It is possible to
“pre-place” signals, and, given the plentiful routing
resources, pre-placement is very likely to be successful
on the MACH 3 and 4 families. However, the most
successful design fit can still be achieved by allowing
the software as much fitting flexibility as possible.

The design is partitioned and placed into the MACH
device by the software so as not to affect the perform-
ance of the design. With designs that do not fit it is
possible to make some performance tradeoffs to aid in
fitting (for example, by optimizing the flip-flop type or
passing through the device more than once), but those
tradeoffs must be specifically requested, and any
additional delays are entirely predictable.

Once an initial design fits, there may be subsequent
changes to the design. This is important if board layout
has already started based on the original pinout.
A major role of the input and output switch matrices is to
allow such changes without impacting the original
pinout. Certain design changes may make it impossible
to maintain the original pinout, but designs can easily
target 80% utilization without seriously jeopardizing the
ability to make design changes and maintain pinout.

MACH 3 and 4 Device Families 3
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SECOND GENERATION MACH DEVICES

The MACH 3 and MACH 4 families consist of several
members differentiated primarily by pin count and
number of macrocells. The MACH 3 family has one
macrocell per I/0O pin; the MACH 4 family has two
macrocells per I/O pin. In addition, the MACH 4 family
has input registers. The MACH 4 register count is
therefore three times the I/O pin count.

The devices range in pin count from 84 to 208; in
number of macrocells from 96 to 256; and in number of
registers from 96 to 384. All devices above 84 pins are
provided in space-saving PQFP packages, with JTAG
and 5-V in-circuit programmability. The 84-pin
MACH435 comes in a PLCC package, without JTAG or
5-V programming, for pin-compatibility with the
MACH130 and MACH230. Its architecture is available
with JTAG and 5-V programmability in the 100-pin
MACH445.

Functional Description

The fundamental architecture of the MACH devices
consists of multiple optimized PAL blocks intercon-
nected by a central switch matrix. The central switch
matrix allows communication between PAL blocks, and
routes inputs to the PAL blocks. Together, the PAL
blocks and central switch matrix allow the logic designer
to create large designs in a single device instead of
multiple devices.

Most pins are /O pins that can be used as inputs, output,
or bidirectional pins. There are some dedicated input
pins, but all macrocells have internal feedback, allowing
the pin to be used as an input if the macrocell signal is
not needed externally.

The key to being able to make effective use of these
devices lies in the interconnect schemes. Because of
the programmable interconnections, the product term
arrays have been decoupled from the central switch
matrix; the macrocells have been decoupled from the
product terms through the logic allocator; and the I/O
pins have been decoupled from the macrocells due to
the output switch matrix. In addition, more input routing
options are provided by the input switch matrix. These
resources provide the flexibility needed to place and
route designs efficiently.

In a MACH device, all signals incur the same delays,
regardless of routing. Performance is design-independ-
ent, and is known before the design is begun.

The PAL Blocks

The PAL blocks resemble independent PAL devices on
the chip. This provides for logic functions that need the
complete interconnect that a PAL device provides. PAL
blocks communicate with each other through the central
switch matrix. )

Each PAL block consists of:

a product-term array

a logic allocator
macrocells

an output switch matrix
1/0 cells

an input switch matrix

a plank manaratnr
a LGivlR gericiawus

The logic allocator distributes the product terms to the
macrocells, as required by each individual design. The
macrocell configures the signal largely by determining
the storage characteristics. Macrocell signals are routed
to /O cells and the I/O pins by the output switch matrix.
The 1/O cells on MACH 4 devices also allow for
registered or latched inputs. The input switch matrix
optimizes the routing of input signals into the central
switch matrix.

The clock generator uses the four global clock inputs to
generate a set of four clock signals available throughout
the PAL block. Various combinations of clock signals in
both true and complement form can be generated.

Each PAL block also contains an asynchronous reset
product term and an asynchronous preset product term
to be used for synchronous-mode macrocells. This
allows synchronous flip-flops within a single PAL block
to be initialized as a bank. Macrocells implemented in
asynchronous mode are not affected by the PAL-block
initialization.

The Central Switch Matrix

The central switch matrix takes all dedicated inputs and
signals from the input switch matrices and routes them
as needed to the PAL blocks. Feedback signals that
only return to the same PAL block still must go through
the central switch matrix. This mechanism ensures that
PAL blocks in MACH devices communicate with each
other with consistent, predictable delays.

The central switch matrix makes a MACH device more
than just several PAL devices on a single chip. It allows
the designer to think of the device not as a collection of
blocks, but as a single programmable device; the
software partitions the design into PAL blocks through
the central switch matrix so that the designer does not
have to be concerned with the internal architecture of
the device.

The Input Switch Matrix

The input switch matrix (Figure 2) optimizes routing of
inputs to the central switch matrix. Without the input
switch matrix, each input and feedback signal has only

nna wav tn antar tha cantral gwitch matriv Tha innut
One way 0 enier in€ Centrai SWIICN MailiX. +Ne INpuUt

switch matrix provides additional ways for these signals
to enter the central switch matrix.

4 MACH 3 and 4 Device Families
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From Macrocell
From 1/O Pin

To Central Switch Matrix

a. MACH 3; one per macrocell

From Input Cell

Direct

From Macrocell 1
From Macrocell 2
Registered/Latched

To Central Switch Matrix

b. MACH 4; one for every two macrocells

17466C-2

Figure 2. Input Switch Matrix

PAL Block Clock Generation

Each MACH 3 and 4 device has four clock pins that can
also be used as inputs. These pins drive a clock
generator in each PAL block (Figure 3). The clock
generator provides four clock signals that can be used

anywhere in the PAL block. These four PAL block clock
signals can consist of a large number of combinations of
the true and complement edges of the global clock
signals; Table 1 lists the possible combinations.

MACH 3 and 4 Device Families 5
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GCLKo Bl K
> ock CLKO
™ (GCLKO or GCLK)
.*.1
GeLK1 e Block CLK1
——— (GCLK1 or GCLKO)
+
GeLK2 > Block CLK2
—d ™ (GCLK2or GCLK3)
I nl
GCLKs ‘ » Block CLK3
—( (GCLK3 or GCLK2)
.*1
17466C-3
Figure 3. PAL Block Clock Generator
Table 1. PAL Block Clock Combinations
Block CLKO Block CLK1 Block CLK2 Block CLK3
GCLKO GCLK1 X X
GCLK1 GCLK1 X X
GCLKo GCLKO X X
GCLK1 GCLKO X X
X X GCLK2 GCLK3
X X GCLK3 GCLK3
X X GCLK2 GCLK2
X X GCLK3 GCLK2

This feature provides high flexibility for partitioning state
machines and dual-phase clocks. It also allows latches
to be driven with either polarity of latch enable, and in a
master-slave configuration.

Synchronous and Asynchronous
Operation

The MACH 3 and 4 families can perform synchronous or
asynchronous logic. Each individual cell can be pro-
grammed as synchronous or asynchronous, allowing
unlimited “mixing and matching” of the two logic styles.
The selection of synchronous or asynchronous mode
affects the logic allocator and the macrocell, since
product terms used for logic in the synchronous mode
are used for control functions in the asynchronous
mode.

The Product Term Array

The product-term array consists of a number of product
terms that form the basis of the logic being imple-
mented. The inputs to the AND gates come from the
central switch matrix (Table 2), and are provided in

both true and complement forms for efficient logic
implementation.

Table 2. PAL Block Inputs

Device Number of Inputs to PAL Block
MACH355 33
MACH435 33
MACH445 33
MACH446 33
MACH465 34

Because the number of product terms available for a
given logic function is not fixed, the full sum of products
is not realized in the array. The product terms drive the
logic allocator, which allocates the appropriate number
of product terms to generate the function.

The Logic Allocator

Within the logic allocator, product terms are allocated to
macrocells in “product term clusters.” The availability
and distribution of product term clusters are automati-
cally considered by the software as it places and routes

functiong within a PAl hlask Tha siza of a nraduct tarm
TUHTVUVITIO #PILHTITT QG 1T Ml VIVWUINL 1TV D14V VI Q MTVVUUL Vi

cluster has been optimized to provide high utilization of
product terms, making complex functions using many

6 MACH 3 and 4 Device Families
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product terms possible. Yetwhen few product terms are
used, there will be a minimal number of unused—or
wasted—product terms left over.

The logic allocator has two fundamental modes, de-
pending on whether the macrocell is synchronous or
asynchronous. The synchronous mode (Figure 4a) has
a basic product term cluster of four product terms; the
asynchronous mode (Figure 4b) has a basic cluster of
two product terms. Note that if the product term cluster
is routed to a different macrocell, the allocator configu-
ration is not determined by the mode of the macrocell
actually being driven. The configuration is always set by
the mode of the macrocell that the cluster will drive if not
routed away, regardless of the actual routing.

In addition, there is an extra product term that can either
join the basic cluster to give an extended cluster, or drive
the second input of an exclusive-OR gate in the signal
path. If included with the basic cluster, this provides for
up to 20 product terms on a synchronous function that
uses four extended 5-product-term clusters. A similar
asynchronous function can have up to 18 product terms.

When the extra product term is used to extend the
cluster, the value of the second XOR input can be
programmed as a 0 or a 1, giving polarity control. The
possible configurations of the logic allocator are shown
in Figures 5 and 6.

[t il S i e il il il
1 | - I
! I s < . !
) e ¢ E Logic Allocator ]
! oo 2 '
: Basic Product ! e .
' Term Cluster : '
| . - | 3
] | ° °
1 —o.:_ n I §
! | [ @ <
1 | |0 Default I ! s
! J ' : [
1 [
' Extra 0 Default I T % E :
'Productl_..-_____..___..' o EE .
: Term b = ue_ ‘g |
purt PR X ;
X . Prog. Default |
R T J
a. Synchronous Mode
[ Bttt i Bt it 3
| : co & |
. < € Logic Allocator 1
! o o .
: Basic Product ' = v .
] Term Cluster : '
1 ' — : _
[ ' b ‘ =
! oag | ‘ n I g
- o
: : e 0 Default - €
] 1 ] 8
1 1 1 !
' Extra 0 Default 1 - Ty :
] 1 c cc
. L e e EE .
. Term _J' ‘g uc_: .
1 — D" e ¢+ !
1 | |
1 I Prog. Default 1
b e e e m r e e e m m e e e e - ——-—-——m———— - - - - - J
b. Asynchronous Mode 17466C-4

Figure 4. Logic Allocator. Configuration of cluster “n” set by mode of macrocell “n”.

MACH 3 and 4 Device Families 7
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=D

a. Basic cluster with XOR

=5 >

c. Extended cluster, active low

=

b. Extended cluster, active high

= DD

d. Basic cluster routed away;
single-product-term, active high

=D

e. Extended cluster routed away

17466C-5

Figure 5. Logic Allocator Configurations: Synchronous Mode

DD

a. Basic cluster with XOR

=) o

c. Extended cluster, active low

b. Extended cluster, active high
DD

d. Basic cluster routed away;
single-product-term, active high

=D

e. Extended cluster routed away

17466C-6

Figure 6. Logic Allocator Configurations: Asynchronous Mode

Note that the configuration of the logic allocator has
absolutely no impact on the speed of the signal. All
configurations have the same delay. This means that
designers do not have to decide between optimizing
resources of speed; both can be optimized.

If not used in the cluster, the extra product term can act
in conjunction with the basic cluster to provide XOR
logic for such functions as data comparison, or it can
work with the D-type flip-flop to provide for T, J-K, and
S-Rregister operation. In addition, if the basic cluster is

8 MACH 3 and 4 Device Families
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routed to another macrocell, the extra product term is
still available for logic. In this case, the first XOR input
will be a logic 0. This circuit has the flexibility to route
product terms elsewhere without giving up the use of the
macrocell.

Product term clusters do not “wrap” around a PAL biock.
This means that the macrocells at the ends of the block
have fewer product terms available. Refer to the
individual product data sheets for details.

The Macrocell

The macrocell consists of a storage element, routing
resources, a clock multiplexer, and initialization control.
The macrocell has two fundamental modes: synchro-
nous and asynchronous (Figure 7). The mode chosen
only affects clocking and initialization in the macrocell.

Power-Up
Reset

Initialization
Product Terms

SWAP

PAL-Block _D_LX> X

Common PAL-block resource
Individual macrocell resources

i}

To Output and Input

AP AR

Switch Matrices

a. Synchronous Mode

To Output and Input

From Logic Allocator
F Block CLKO
rom
PAL-Clock Sock ORI
Generator Block CLK2
Block CLK3
Power-Up
Reset
Individual
Initialization
Product Term
From Logic
Allocator * DL
From PAL-Block Block CLKO
Clock Generator Block CLK1
Individual Clock >
Product Term

AP

AR Switch Matrices
Q

b. Asynchronous Mode

17466C-7

Figure 7. Macrocell

In either mode, a combinatorial path can be used. For
combinatorial logic, the synchronous mode will gener-
ally be used, since it provides more product terms in the

allocator.

The flip-flop can be configured as a D-type, T-type, J-K,
or S-R register or latch. The primary flip-flop configura-
tions are shown in Figure 8, although others are
possible. Flip-flop functionality is defined in Table 3.
Note that a J-K latch is unadvisable, as it will cause
oscillation if both J and K inputs are HIGH.

MACH 3 and 4 Device Families 9
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a. D-type with XOR b. D-type with programmable D polarity

1

AP AR

|
Y
r

AP AR

c. Latch with XOR d. Latch with programmable polarity

1
[11]

3 AP AR s AP AR
H i ) 1T Q b———— : D_ J Qr—
= bapEn Dl
e. T-type with programmable T polarity f. J-K with programmable J and K polarity

I

]

d. S-R with programmable S and R polarity h. Combinatorial with XOR

i. Combinatorial with programmable polarity
17466C-8

Figure 8. Primary Macrocell Configurations

10 MACH 3 and 4 Device Families
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Table 3. Register/Latch Operation

Configuration Input(s) CLK/LE* Q+
D-type Register D=X 0,1,L(M Q
D=0 Td) 0
D=1 Td) 1
T-type Register T=X 0,1,4(M Q
T=0 TW) Q
T=1 TW) Q
J-K Register J=K=X 0,1,L(M Q
J=0, K=0 ) Q
J=0, K=1 T 0
J=1, K=0 T 1
J=1, K=1 T) Q
S-R Register S=R=X 0,1,L(M Q
S=0, R=0 TH) Q
S=0, R=1 Td) 0
S=1,R=0 TW) 1
S=1, R=1 () Undefined
D-type Latch D=X 1(0) Q
D=0 o(1) 0
D=1 o(1) 1

*Polarity of CLK/LE can be programmed.

Although the macrocell shows only one input to the
register, the XOR gate in the logic allocator allows the
D-type register to emulate T, J-K, and S-R behavior. In
this case, the available product terms are divided
between J and K (or S and R). When configured as J-K,
S-R, or T-type, the extra product term must be used on
the XOR gate input for flip-flop emulation. In any register
type, the polarity of the inputs can be programmed.

The clock input to the flip-flop can select any of the four
PAL block clocks in synchronous mode, with the
additional choice of either polarity of an individual
product term clock in the asynchronous mode.

The initialization circuit depends on the mode. In
synchronous mode (Figure 9), asynchronous reset and
preset are provided, each driven by a product term
common to the entire PAL block.

Power-Up
Reset
ot -DL_):>_
Initialization
Product Terms —[D——
AP AR
DL Q

p

a. Power-Up Reset

Power-Up
Preset
PAL-Block _D\_—D—
Initialization
Product Terms —[D I
AP AR
DL Q

17466C-9
b. Power-Up Preset

Figure 9. Synchronous Mode Initialization Configurations

MACH 3 and 4 Device Families 1
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A subtle difference between MACH 1 and 2 devices and
the MACH 3 and 4 devices is that the original devices
have programmable output polarity; that is, the polarity
control comes after the flip-flop. In the new MACH 3 and
4 architecture, the flip-flop input polarity is programma-
ble. For designs that can be implemented on both the
older and newer devices, this makes no difference
except that in the older architecture, reset and preset
values are affected by polarity; in the new architecture

they are not. A reset/preset swapping feature in each
macrocell allows for reset and preset to be exchanged,
providing flexibility and design compatibility between
the old and new architectures.

In asynchronous mode (Figure 10), a single individual
product term is provided for initialization. It can be
selected to control reset or preset.

Power-Up
Reset

Individual _DL‘D_
Reset

Product Term

AP AR
D/L Q

a. Reset

Power-Up
Preset

Individual
Preset

Product Term

AP AR
D/L Q

b. Preset 17466C-10

Figure 10. Asynchronous Mode Initialization Configurations

Note that the reset/preset swapping selection feature
affects power-up reset as well. The initialization func-
tionality of the flip-flops is illustrated in Table 4.

The macrocell sends its data to the output switch matrix
and the input switch matrix. The output switch matrix
can route this data to an output if so desired. The input
switch matrix can send the signal back to the central
switch matrix as feedback.

Table 4. Asynchronous Reset/Preset Operation

AR AP CLK/LE* Q+
0 0 X See Table 3
0 1 X 1
1 0 X 0
1 1 X 0

*Transparent latch is unaffected by AR, AP.

The Output Switch Matrix

The output switch matrix allows macrocells to be
connected to any of several I/O cells within a PAL block.
This provides high flexibility in determining pinout, and
allows design changes that will not affect pinout.

On MACH 3 devices, each PAL block has the same
number of macrocells as /O cells. The output switch
matrix allows the design to scramble macrocells and I/O
pins within the PAL block according to Figure 11. Each
110 cell can choose from eight macrocells; each
macrocell has a choice of eight I/0 cells.

In MACH 4 devices, each PAL block has twice as many
macrocells as 1/0O cells. The MACH 4 output switch
matrix allows for half of the macrocells to drive I/0 cells
within a PAL block, in combinations according to Figure
12. Each I/O cell can choose from eight macrocells;
each macrocell has a choice of four I/0 cells.

Specific combinations allowed for each device are
tabulated in the individual product data sheets. No
macrocell may drive more than one I/O cell.

12 MACH 3 and 4 Device Families
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Figure 11. MACH 3 Output Switch Matrix
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b. 1/0O can choose one of 8 macrocells

. MACH 4 Output Switch Matrix
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The 1/O Cell

The I/0 cell (Figure 13) simply consists of programma-
ble output enable, a feedback path, and for MACH 4
devices, a flip-flop. An individual output enable product
term is provided for each I/0 cell. The feedback signal
drives the input switch matrix.

Individual
Output Enable
Product Term

From Output
Switch Matrix

V’

-+

To Input
Switch
Matrix

- Q oL

—— Block CLKO
< —— Block CLK1

—— Block CLK2
— Block CLK3

17466C-13
*Flip-flop available on MACH 4 devices only.

Figure 13. I/O Cell

The MACH 4 1/0 cell contains a flip-flop, which provides
the capability for storing the input in a D-type register or
latch. The clock can be any of the PAL block clocks.
Both the direct and registered versions of the input are
sent to the input switch matrix. This allows for such
functions as “time-domain-multiplexed” data compari-
son, where the first data value is stored, and then the
second data value is put on the I/0 pin and compared
with the previous stored value.

Note that the flip-flop used in the MACH 4 1/O cell is
independent of the flip-flops in the macrocells. It powers
up to a logic low.

JTAG Testability Circuit

All MACH 3 and 4 devices with greater than 84 leads
have JTAG testability circuits built in. This allows
functional testing of the device through a serial scan
path that can access all critical logic nodes. Internal
registers are linked internally, allowing test data to be
shifted in and loaded directly onto test nodes, or test
node data to be captured and shifted out for verification.
In addition, these devices can be linked into a board-
level serial scan path for more complete board-level
testing.

The only device without JTAG is the MACH435, which is
pin-compatible with the 84-pin MACH130 and
MACH230. This device has preload and observability
functions. All registers on the MACH435 can be
preloaded to facilitate functional testing of complex state
machine designs. This feature allows direct loading of
arbitrary states, making it unnecessary to cycle through
long test vector sequences to reach a desired state. In
addition, transitions fromillegal states can be verified by
loading illegal states and observing proper recovery.

In addition to the control offered by preload, testing
requires observability of the internal state of the device
following a sequence of vectors. The MACH435 offers
an observability feature that allows the user to send
hidden buried register values to observable output pins.

5-V, In-Circuit Programmability and
Erasability

Because high-pin-count PQFPs have leads that are
subject to damage, 5-V, in-circuit programmability and
erasability have been provided. This allows the devices
to be soldered on the board prior to programming. Once
on the board, the device leads are immobile, and can be
programmed without damage. Because there are no
“supervoltages” (voltages above the standard TTL
range), devices that share lines on the board will not be
damaged by high voltages. Programming is enabled by
a dedicated pin; this pin is pulled high during normal
operation.

Power-Up Reset/Preset

All flip-flops power up to a known state for predictable
system initialization. The power-up value can be
programmed through the initialization swapping selec-
tion feature. The Vcc rise must be monotonic and clock
must be inactive until the reset delay time, 10 ps
maximum, has elapsed.

Security Bit

A security bit is provided on the MACH devices as a
deterrent to unauthorized copying of the array configu-
ration patterns. Once programmed, this bit defeats
readback of the programmed pattern by a device
programmer, securing proprietary designs from com-
petitors. Programming and verification are also de-
feated by the security bit. Preload and the JTAG circuitry
can be used independently of the security bit, since a
separate security bit is provided to disable these
features. The bits can only be erased in conjunction with
the array during an erase cycle.

Quality and Testability

Tha MAOLL daui £ very hi aval of bl in
The MACH devices offer a very high level of built-in

quality. The fact that the device is erasable allows direct
verification of all AC and DC parameters. In addition,
this verifies complete programmability and functionality

MACH 3 and 4 Device Families 15
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of the device to provide the highest programming yields
and post-programming functional yields in the industry.

Technology

The MACH devices are fabricated with AMD's ad-
vanced electrically-erasable floating-gate 0.65-um
CMOS technology. This provides the devices with
performance and power consumption that are un-
matched in the industry. The floating gate cells rely on
Fowler-Nordheim tunneling to charge the gate, and
have long proven their endurance and reliability.
20-year data retention is provided over operating

conditions when devices are programmed on approved
programmers.

The substrate of these devices is grounded, providing
for a more efficient circuit. In addition, this provides
substrate clamp diodes at all inputs, making them more
immune to noisy input signals. All of the MACH 3 and
MACH 4 devices have pull-up resistors on all inputs and
110 pins. While it is good design practice to tie unused
pins high, the pull-up resistors allow unused pins to float
safely.

16 MACH 3 and 4 Device Families
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Devices

DISTINCTIVE CHARACTERISTICS

B 144 Pins Iin PQFP N Up to 20 product terms per function, with XOR
B JTAG, 5-V, In-circult programmable B Flexible clocking

B IEEE 1149.1 JTAG testing capability — Four global clock pins with selectable edges
B 96 Macrocells — Asynchronous mode available for each

B 15ns tro macrocell

B 50 MHz fuax external B 6 “PAL33V16” blocks

B 102 Inputs with pull-up resistors | :_2?:; :l“?youtput switch matrices for high

W 96 Outputs W Fixed, predictable, deterministic delays

B 96 Flip-flops

GENERAL DESCRIPTION

The MACH355 is a member of AMD's high-performance
EE CMOS MACH 3 family. This device has approxi-
mately nine times the macrocell capability of the popular
PAL22V10, with significant density and functional
features that the PAL22V10 does not provide.

The MACHS355 consists of six PAL blocks intercon-
nected by a programmable central switch matrix. The
central switch matrix connects the PAL blocks to each
other and to all input pins, providing a high degree of
connectivity between the fully-connected PAL blocks.
This allows designs to be placed and routed efficiently.
Routability is further enhanced by an input switch matrix
and an output switch matrix. The input switch matrix
provides input signals with alternative paths into the
central switch matrix; the output switch matrix provides
flexibility in assigning macrocells to I/0 pins.

The MACH355 has macrocells that can be configured
as synchronous or asynchronous. This allows designers
to implement both synchronous and asynchronous logic

together on the same device. The two types of design
can be mixed in any proportion, since the selection on
each macrocell affects only that macrocell.

Up to 20 product terms per function can be assigned. It
is possible to allocate some product terms away from a
macrocell without losing the use of that macrocell for
logic generation.

The MACH355 macrocell provides either registered or
combinatorial outputs with programmable polarity. If a
registered configuration is chosen, the register can be
configured as D-type, T-type, J-K, or S-R to help reduce
the number of product terms used. The flip-flop can also
be configured as a latch. The register type decision can
be made by the designer or by the software.

All macrocells can be connected to an I/O cell through
the output switch matrix. The output switch matrix
makes it possible to make significant design changes
while minimizing the risk of pinout changes.

Publication# 17467 Rev.C Amendment/0
Issue Date: August 1994

product without notice.

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is
intended to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 17



S60/1-080/1 4 %0018 620/1-¥90/1 3 %o0i18 €90/1-8v0/I @ %2018

17467C-1

12,15

PRELIMINARY

BLOCK DIAGRAM

a AMD

Si180 O/
5 s 5
T B e
2 2
Xuiew new Xujew % Xujew
youms Indino - I\t | | % Youms Indino x youms nding |4 Q
Nt N S C]8 S No+ $
9L o (] 9l o
9l v 9l
h P [ sieooieny |
. 9L w w ol u
5 N g
3z, 10100y 91607 pue " .w m J0yeo0)y 21607 pue v W m Jojedoljy 21607 pue v
2 Aeuy 21607 aNY s S|| Aeuvoboranv s E|| feuvaboranv 3
m 86 X 99 =3 86 X 99 =3 86 X 99
& Lee 2€ e \ee See L
XUIBIN YIUMS [esjuad
v fee 7 Jee ( 7 Aee
1ee 2€ 1ze
5 § ]
£, || ‘oeo0)y 21607 pue 2 x Jlojesoy|y 21607 pue £ x Jojeo0||y 21607 pue
3E|l feuvoborany @ E|| Aeuvaborany f & 5|l feuvoboranv
D5 ¥ ] v ]
5 86 X 99 5= 86 X 99 5= 86 X 99
Q [=% Q
£ £ £
ol o] ol S
S||800J0B N | s||@o019e
T8 9l
5 I8 5 9t 5
4 © V. Y, o
A 5 oL 5
o xXulew o l]e xulew for o xulew Tor | |2
youms Inding (4] youms Indino o youms inding [0}
x E x
8 + 8 8
ot o 9 9] o
. sli@d O/1 ﬁl sleQ o/l Si80 o/l L

S10/1-00/1 v %2018 L€0/1-9LO/ 8018 Lv0/1-2€0/I O ¥2018

I13/CLK2, 14/CLK3

10/CLKO, 11/CLK1,
MACH355-15/20

18



PRELIMINARY

AMD n

CONNECTION DIAGRAM
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formed by a combination of:

MACH 355 -15 Y
1T T T T

FAMILY TYPE
MACH = Macro Array CMOS High-Speed

DEVICE NUMBER
355 = 2nd Generation, 96 Macrocells, 144 Pins

SPEED
-15 = 15 nstprp
-20 = 20 nsteD
Valid Combinations
Al .
MACH355-15 YC
MACH355-20

C
T T

|—— OPTIONAL PROCESSING
Blank = Shipped in Trays

OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

PACKAGE TYPE
Y = 144-Pin Plastic Quad Flat Pack
(PQR144)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm availabil-
ity of specific valid combinations and to check on
newly released combinations.

20 MACH355-15/20
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FUNCTIONAL DESCRIPTION

The MACH355 consists of six PAL blocks connected by
a central switch matrix. There are 96 I/O pins and 6 dedi-
cated input pins feeding the central switch matrix. These
signals are distributed to the eight PAL blocks for effi-
cient design implementation. There are 4 global clock
pins that can also be used as dedicated inputs.

All inputs and I/O pins have built-in pull-up resistors.
While it is always good design practice to tie unused
pins high, the pull-up resistors provide design security
and stability in the event that unused pins are left
disconnected.

The PAL Blocks

Each PAL block in the MACH355 (Figure 14) contains a
clock generator, a 98-product-term logic array, a logic
allocator, 16 macrocells, an output switch matrix, 16 /O
cells, and an input switch matrix. The central switch ma-
trix feeds each PAL block with 33 inputs. This makes the
PAL block look effectively like an independent
“PAL33V16".

In addition to the logic product terms, individual output
enable product terms and two PAL block initialization
product term are provided. Each I/O pin can be individu-
ally enabled. All flip-flops that are in the synchronous
mode within a PAL block are initialized together by
either of the PAL block initialization product terms.

The Central Switch Matrix and Input
Switch Matrix

The MACHB355 central switch matrix is fed by the input
switch matrices in each PAL block. Each PAL block pro-
vides 16 intemal feedback signals and 16 I/O pin signals
to the input switch matrix. Of these 32 signals, 24 de-
coded signals are provided to the central switch matrix
by the input switch matrix. The central switch matrix dis-
tributes these signals back to the PAL blocks in a very
efficient manner that provides for high performance.
The design software automatically configures the input
and central switch matrices when fitting a designinto the
device.

The Clock Generator

Each PAL block has a clock generator that can generate
four clock signals for use throughout the PAL block.

These four signals are available to all macrocells and
I/0 cells in the PAL block, whether in synchronous or
asynchronous mode. The clock generator chooses the
four signals from the eight possible signals given by the
true and complement versions of the four global clock
pin signals.

The Product-Term Array

The MACH355 product-term array consists of 80
product terms for logic use, 16 product terms for output
enable use, and two product terms for global PAL block
initialization. Each macrocell has a nominal allocation of
5 product terms for logic, although the logic allocator
allows for logic redistribution. Each I/O pin has its own
individual output enable term. The initialization product
terms provide asynchronous reset or preset to
synchronous-mode macrocells in the PAL block.

The Logic Allocator

The logic allocator in the MACH355 takes the 80 logic
product terms and allocates them to the 16 macrocells
as needed. Each macrocell can be driven by up to 20
product terms if in synchronous mode, or 18 product
terms if in asynchronous mode. When product terms are
routed away from a macrocell, itis possible to route all 5
product terms away, which precludes the use of the
macrocell for logic generation; or it is possible to route
only 4 product terms away, leaving one for simple
function generation. The design software automatically
configures the logic allocator when fitting the design into
the device.

The logic allocator also provides an exclusive-OR gate.
This gate allows generation of combinatorial exclusive-
OR logic, such as comparison or addition. It allows reg-
istered exclusive-OR functions, such as CRC
generation, to be implemented more efficiently. It also
makes in possible to emulate all flip-flop types with a
D-type flip-flop. Register type emulation is automatically
handled by the design software.

Table 5illustrates which product term clusters are avail-
able to each macrocell within a PAL block. Refer to
Figure 14 for cluster and macrocell numbers.

MACH355-15/20 21
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Table 5. Logic Allocation

Macrocell Available Clusters
Mo Co, C1,C2
M1 Co,C1,C2,C3
M2 C1,C2,C3,C4
M3 C2,C3,C4,Cs
M4 C3, C4,Cs5,C6
M5 C4,C5,C6,C7
M6 C5, C6, C7,C8
M7 C6, C7,C8,C9
M8 C7,C8,C9, C10
M9 C8, C9, C10, C11
M10 C9, C10, C11,C12
M11 C10,C11,C12,C13
Mi2° C11,C12,C13,C14
M13 C12,C13,C14,C15
M14 C13,C14,C15
M15 C14,C15

The Macrocell and Output Switch Matrix

The MACH355 has 16 macrocells, half of which can
drive I/O pins; this selection is made by the output switch
matrix. Each macrocell can drive one of four I/O cells.
The allowed combinations are shown in Table 6. Please
refer to Figure 14 for macrocell and I/O pin numbers.

Table 6. Output Switch Matrix Combinations

Macrocell Routable to /O Pins

MO, M1

M2, M3 1/00, /01, /02, 1/03, 1/04, 1/05,

M4, M5 /06, 1107

M6, M7

M8, M9

M10, M11 | YO8, /09, 1/010, /011, /012,

M12, M13 | 1/013, /014, /015

M14, M15
1/0 Pin Available Macrocells
1/00 MO, M1, M2, M3, M4, M5, M6, M7
1101 M1, M2, M3, M4, M5, M6, M7, MO
1102 M2, M3, M4, M5, M6, M7, MO, M1
/03 M3, M4, M5, M6, M7, MO, M1, M2
/04 M4, M5, M6, M7 MO, M1, M2, M3
/05 M5, M6, M7, MO, M1, M2, M3, M4
1106 M6, M7, MO, M1, M2, M3, M4, M5
/107 M7, MO, M1, M2, M3, M4, M5, M6
1/08 M8, M9, M10, M11, M12, M13, M14, M15
1/09 M9, M10, M11, M12, M13, M14, M15, M8
11010 M10, M11, M12, M13, M14, M15, M8, M9
11011 M11,M12, M13, M14, M15, M8, M3, M10
11012 M12, M13, M14, M15, M8, M9, M10, M11
11013 M13, M14, M15, M8, M9, M10, M11, M12
/1014 M14, M15, M8, M9, M10, M11, M12, M13
/015 M15, M8, M9, M10, M11, M12, M13, M14

The macrocells can be configured as registered,
latched, or combinatorial. In combination with the logic
allocator, the registered configuration can be any of the
standard flip-flop types. The macrocell provides internal
feedback whether configured with or without the flip-
flop, and whether or not the macrocell drives an I/O cell.

The flip-flop clock depends on the mode selected for
the macrocell. In synchronous mode, any of the PAL
block clocks generated by the Clock Generator can be
used. In asynchronous mode, the additional choice of
either edge of an individual product-term clock is
available.

Initialization can be handled as part of a bank of macro-
cells via the PAL block initialization terms if in synchro-
nous mode, or individually if in asynchronous mode. In
synchronous mode, one of the PAL block product terms
is available each for preset and reset. The swap function
determines which product term drives which function.
This allows initialization polarity compatibility with the
MACH 1 and 2 series. In asynchronous mode, one prod-
uct term can be used either to drive reset or preset.

The I/O Cell

The /O cell in the MACH355 consists of a three-state
buffer and an input flip-flop. The 1/O cell is driven by one
of the macrocells, as selected by the output switch
matrix. Each I/O cell can take its input from one of eight
macrocells. The three-state buffer is controlled by an in-
dividual product term. The direct I/O signal is available
to the input switch matrix, and can be used if desired.

JTAG Testing

JTAG is the commonly used acronym for the IEEE Stan-
dard 1149.1-1990. The JTAG standard defines input
and output pins, logic control functions, and instructions.
AMD has incorporated this standard into the
MACHS355 device.

The JTAG standard was developed as a means of pro-
viding both board-level and device-level testing. Details
on this feature can be found in the application note titled,
Introduction to JTAG and Five-Volt Programming with
MACH 3 and 4 Devices, at the end of this Data Book.
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Five-Volt Programming

Another benefit from the JTAG circuitry that AMD has
derived is the ability to use the JTAG port for five-volt
programming. This allows the device to be soldered to
the board before programming. Once the device is at-
tached, the delicate Plastic Quad Flat Pack, or PQFP,
leads are protected from programming and testing op-

erations that could potentially damage them. Program-

ming and verification of the device is done serially which
is ideal for on-board programming since it only requires
the use of the Test Access Port, along with the additional
ENABLE"* pin.

Details on this feature can also be found in the Introduc-
tion to JTAG and Five-Volt Programming with MACH 3
and 4 Devices application note, at the end of this

Data Book.

MACH355-15/20 23
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto +7.0V
DC Input Voltage . ........... -0.5VtoVcc +0.5V
DC Output or

/O PinVoltage ............. -0.5VtoVcc+0.5V
Static Discharge Voltage .. ............... 2001V
Latchup Current

(TA=0°Cto+75°C) .. ..oveiivinenn 200 mA

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating

inFree Air................... ... 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround . ........... +4.75Vto +5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

PRELIMINARY
Parameter
Symbol Parameter Description Test Conditions Min Typ Max | Unit
Vou Output HIGH Voltage low = =3.2 MA, Vce = Min 24 \"
Vin =V or Vi
Voo Output LOW Voltage lo. = 24 mA, Ve = Min 0.5 Vv
Vin = Viu or Vi (Note 1)
Vi Input HIGH Voitage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \'
Voltage for all Inputs (Note 2)
M Input HIGH Leakage Current Vin=5.25 V, Vcc = Max (Note 3) 10 HA
I Input LOW Leakage Current Vin =0V, Vec = Max (Note 3) -100 HA
lozn Off-State Output Leakage Vour =5.25 V, Vec = Max 10 HA
Current HIGH Vin = Viwor Vi (Note 3)
loa Off-State Output Leakage Vour =0V, Vec = Max
Current LOW Vin = Viwor Vi (Note 3) -100§ pA
Isc Output Short-Circuit Current Vour = 0.5 V, Vec = Max (Note 4) -30 -160 mA
lec Supply Current Vin= 0V, Outputs Open mA
(lour= 0 MA), Vec=5.0 V, 225
f =25 MHz, Ta = 25°C (Note 5)
CAPACITANCE (Note 6)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cn Input Capacitance Vn=2.0V Vee =5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=2.0V | f=1MHz 8 pF
Notes:

1. Total lo for one PAL block should not exceed 128 mA.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. /O pin leakage is the worst case of li. and loz (or It and lozx).

4. Not more than one output should be shorted at a time and duration of the short-circuit shouid not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
5. Measured with a 16-bit up/down counter pattern. This pattern is programmed in each PAL block and capable of being loaded,
enabled, and reset. An actual Icc value can be calculated by using the “Typical Dynamic Icc Characteristics” Chart towards the

end of this data sheet.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified

where capacitance may be affected.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

PRELIMINARY
Parameter -18 -20
Symbol | Parameter Description Min Max Min Max Unit
teo Input, I/O, or Feedback to Combinatorial Output 3 15 3 20 ns
(Note 2)
tsa Setup Time from Input, /O, or D-type 8 10 ns
Feedback to Product Term Clock T-type 9 1 ns
tHa Register Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Clock to Output (Note 2) 4 18 4 22 ns
twia . LOW 9 12 ns
Product Term, Clock Width
twHa HIGH 9 12 ns
D-type 38.5 31.2 MHz
External Feedback| 1/(tsa + tcoa)
Maximum T-type 37 30.3 MHz
Frequency D-type | 476 37 MH
fmaxa Using Product | Internal Feedback (fcnta) L =
Term Clock T-type 45.4 35.7 MHz
(Note 3)
No Feedback 1/(twia + twha) 55.6 41.7 MHz
(Note 4)
tss Setup Time from Input, I/O, or Feedback D-type 10 13 ns
to Global Clock T-type 11 14 ns
ths Register Data Hold Time Using Global Clock 0 0 ns
tcos Global Clock to Output (Note 2) 2 10 2 12 ns
twis LOW 6 8 ns
Global Clock Width
twxs HIGH 6 8 ns
D-type 50 40 MHz
External Feedback| 1/(tss + t
_ (tss +1c0s) 1o me | 476 38.5 MHz
Maximum
fmaxs Frequency | F ) D-type 66.6 50 MHz
Using Global nternal Feedback (fcnts
Clock (Note 3) T-type 62.5 47.6 MHz
No Feedback 1/(twis + twhs) 83.3 625 MHz
(Note 4)
tsLa Setup Time from Input, I/O, or Feedback to 8 10 ns
Product Term Clock
tHA Latch Data Hold Time Using Product Term Clock 8 10 ns
teoa Product Term Gate to Output (Note 2) 19 22 ns
tawa Product Term Gate Width LOW (for LOW transparent) 9 12 ns
or HIGH (for HIGH transparent)
tsLs Setup Time from Input, /O, or Feedback to Global Gate 10 13 ns
tHis Latch Data Hold Time Using Global Gate 0 0 ns
teos Gate to Output (Note 2) 1 12 ns
taws Global Gate Width LOW (for LOW transparent) 6 8 ns
or HIGH (for HIGH transparent)
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)
(continued)

PRELIMINARY
Parameter -15 -20
Symbol | Parameter Description Min Max Min Max Unit
tar Asynchronous Reset to Registered or Latched Output 20 25 ns
tarw Asynchronous Reset Width (Note 3) 15 20 ns
tarr Asynchronous Reset Recovery Time (Note 3) 15 20 ns
tap Asynchronous Preset to Registered or Latched Output 20 25 ns
tapw Asynchronous Preset Width (Note 3) 15 20 ns
tarr Asynchronous Preset Recovery Time (Note 3) 15 20 ns
tea Input, I/O, or Feedback to Output Enable (Note 2) 2 15 20 ns
ter Input, 1/O, or Feedback to Output Disable (Note 2) 2 15 20 ns
Notes:

1. See Switching Test Circuit at the end of this Data Book for test conditions.

2. Parameters measured with 32 outputs switching.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.

MACH355-15/20 (Com’l)
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TYPICAL SWITCHING CHARACTERISTICS
Vce = 5.0V, Ta = 25°C. These parameters are not tested.

20

Atos (ns) 0 —+— |
4 32 40 48 56 64
—0.5 7

-1.0 1
Number of Outputs Switching
-1.5 4

-2.0 +

17467C-4
Derating for Number of Outputs Switching
Notes:
Applies to trp, tco. Calculate as:
tderated = 132 O/P+ Atos
Datasheet numbers (t320/7 are specified at 32 outputs switching
7 ——
6 ——
5 ——
4 ——
3 -
AtpL (ns)
2 ——
1 -
0 T—=F——————
25 50 75 100 125 150 175 200
1T Load Capacitance (pF)
—2 =
17467C-5
Capacitive Load Derating
Notes:
Applies to all AC specifications and rise and fall times. Calculate as:
tderated= t35pF + AtDL

Datasheet numbers (t35pF are specified with 35 pF.
For typical rise and fall rates, use 1V/ns at 35 pF.
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TYPICAL CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec=5.0V,Ta =25°C

loL (mA)
80 T

60 T
40 T

20 T

1 Il } | [ 4 [l }
T T T T T T T

-1.0 -0.8 0.6 -0.4 -0.2 2 4 6 810
- 0 -t
-40 T

-60 +

80 + 17467C-6

Output, LOW

loH (MA)
25T

} — — F—t | Vou(V)
-3 2 -
25 4

-50 1
1
75 4

-100 4

_y_
—150 L 17467C-7

Output, HIGH

li (mA)
20T

L J i 1 } |
T T T T T T

1
-2 - 1 2 3 4 5
—$0 +

17467C-8

—100-J

Input
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TYPICAL Icc CHARACTERISTICS
Vec=5V, Ta=25°C

1
{ MACH355
-15

Icc (mA) .

Frequency (MHz)

The selected “typical” pattem is a 16-bit up/down counter. This pattemn is programmed in each PAL block and is
capable of being loaded, enabled, and reset.

Actual Icc values vary with the selected pattern. An actual Icc value can be calculated using the “Typical Dynamic
lcc Characteristics” chart towards the end of this datasheet.

Maximum frequency shown uses internal feedback and a D-type register.
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TYPICAL DYNAMIC Icc CHARACTERISTICS

These parameters are not tested. Please refer to the General Information section for a discussion on the usage of

these parameters.

Parameter
Symbol Parameter Description Typ Units
icco Base static Icc 190 mA

il Incremental input current 32 HAMHZz
iB Incremental current per PAL block 30 UWAMHz
io Incremental output current 110 HA/MHz
iv Voltage dependence 38 %N
ir Temperature dependence -0.13 %I°C

TYPICAL DATA DESIGN GUIDELINES

The following parameters are provided in response to questions from designers. They are intended only as design

guidelines, and should be used with care. They are not guaranteed or tested.

Parameter Description I Typ

Units

Edge Rates (Note 1)

Rise rate 1

Vins

Fall rate 1

Vins

Skew (Note 2)

Global clock-to-output skew, same clock polarity and same output polarity 1

ns

Global clock-to-output skew, same clock polarity only

ns

Global clock-to-output skew, same output polarity only

ns

[ 38 IV V)

Global clock-to-output skew, different clock polarity and different output polarity

ns

Internal Delay Savings (Note 3)

N

Propagation delay savings

ns

Clock-to-output delay savings

ns

Ground Bounce (Note 4)

Ground bounce noise level on low output | 0.5

Notes:
1. Rise and fall rates are for unloaded outputs.

2. Skew values assume equal output loading.
3. Internal delay savings gives the typical amount of delay saved by not going through an output buffer.
4

. The ground bounce noise level should be added to the static VoL under normal load conditions as applied to a silent low

output when all other I/O pins are switching from high to low.

MACH355-15/20
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description PQFP Unit
6ic Thermal impedance, junction to case 7 °C/W
Oja Thermal impedance, junction to ambient 25 °C/W
Bjma Thermal impedance, junction to 200 Ifpm air 21 °CW
ambient with air flow 400 Ifpm air 18 CW
600 lfpm air 16 °CwW
800 Ifpm air 15 °C/W

Plastic 6jc Considerations

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, 8jc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.
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MACHA435-15/20, Q-25

High-Density EE CMOS Programmable Logic

COM’L: -15/20, Q-25

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B 84 PinsinPLCC B Up to 20 product terms per function, with XOR
W 128 Macrocells N Flexible clocking
B 15nsteo — Four global clock pins with selectable edges
B 50 MHz fuax external — Asynchronous mode available for each
B 70 Inputs with pull-up resistors macrocell
B 64 Outputs W 8 “PAL33V16” blocks o
B 192 Flip-flops ] :'2?:tu; :I“:!youtput switch matrices for hig
— 128 Macrocell flip-flops B Fixed, predictable, deterministic delays
— 64 Input flip-flops B Pin compatible with MACH130, MACH230
GENERAL DESCRIPTION

The MACH435 is amember of AMD's high-performance
EE CMOS MACH 4 family. This device has approxi-
mately twelve times the macrocell capability of the
popular PAL22V10, with significant density and func-
tional features that the PAL22V10 does not provide.

The MACHA435 consists of eight PAL blocks intercon-
nected by a programmable central switch matrix. The
central switch matrix connects the PAL blocks to each
other and to all input pins, providing a high degree of
connectivity between the fully-connected PAL blocks.
This allows designs to be placed and routed efficiently.
Routability is further enhanced by an input switch matrix
and an output switch matrix. The input switch matrix pro-
vides input signals with alternative paths into the central
switch matrix; the output switch matrix provides flexibil-
ity in assigning macrocells to /0 pins.

The MACH435 has macrocells that can be configured
as synchronous or asynchronous. This allows designers
to implement both synchronous and asynchronous logic

together on the same device. The two types of design
can be mixed in any proportion, since the selection on
each macrocell affects only that macrocell.

Up to 20 product terms per function can be assigned. It
is possible to allocate some product terms away from a
macrocell without losing the use of that macrocell for
logic generation.

The MACH435 macrocell provides either registered or
combinatorial outputs with programmable polarity. If a
registered configuration is chosen, the register can be
configured as D-type, T-type, J-K, or S-R to help reduce
the number of product terms used. The flip-flop can also
be configured as a latch. The register type decision can
be made by the designer or by the software.

All macrocells can be connected to an I/0 cell through
the output switch matrix. The output switch matrix
makes it possible to make significant design changes
while minimizing the risk of pinout changes.

Publication# 17469 Rev.D Amendment/0
Issue Date: August 1994
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CONNECTION DIAGRAM
Top View

/108
1109
11010
/011
/012
/013
/014
/015
CLKy/lo
Vee
GND
CLK4/l4
11016
11017
11018
/019
1/020
11021
11022
/023
GND

5
]
20
@
z
G5

/035 L}
11036 L}
11037 |
1/1038 U

17469D-2
Note:
Pin-compatible with MACH130, MACH230

PIN DESIGNATIONS
CLK/ Clock or Input
GND = Ground

| = Input

/0 = Input/Output
Vec = Supply Voltage
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

MACH 435 15 J C
- T T T T TT

FAMILY TYPE
MACH = Macro Array CMOS High-Speed

I— OPTIONAL PROCESSING
Blank = Standard Processing

DEVICE NUMBER

435 = 2nd Generation, 128 Macrocells, 84 Pins

435Q = 2nd Generation, 128 Macrocells, 84 Pins,
Quarter Power

OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

PACKAGE TYPE
——— J = 84-Pin Plastic Leaded
SPEED Chip Carrier (PL 084)
-15 = 15nstrD
-20 = 20 nstep
-25 = 25nstrD

Valid Combinations

Valid Combinations

MACH435-15 The Valid Combinations table lists configurations

planned to be supported in volume for this device.
MACH435-20 Jc Consult the local AMD sales office to confirm availabil-
MACH435Q-25 ity of specific valid combinations and to check on

newly released combinations.

MACH435-15/20, Q-25
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FUNCTIONAL DESCRIPTION

The MACHA435 consists of eight PAL blocks connected
by a central switch matrix. There are 64 I/O pins and 6
dedicated input pins feeding the central switch matrix.
These signals are distributed to the eight PAL blocks for
efficient design implementation. There are 4 global
clock pins that can also be used as dedicated inputs.

All inputs and I/O pins have built-in pull-up resistors.
While it is always good design practice to tie unused
pins high, the pull-up resistors provide design security
and stability inthe event that unused pins are left discon-
nected.

The PAL Blocks

Each PAL block in the MACH435 (Figure 15) contains a
clock generator, a 90-product-term logic array, a logic
allocator, 16 macrocells, an output switch matrix, 8 I/O
cells, and an input switch matrix. The central switch ma-
trix feeds each PAL block with 33 inputs. This makes the
PAL block look effectively like an independent
“PAL33V16” with 8 to 16 buried macrocells.

In addition to the logic product terms, individual output
enable product terms and two PAL block initialization
product term are provided. Each I/O pin can be individu-
ally enabled. All flip-flops that are in the synchronous
mode within a PAL block are initialized together by
either of the PAL block initialization product terms.

The Central Switch Matrix and Input
Switch Matrix

The MACH435 central switch matrix is fed by the input
switch matrices in each PAL block. Each PAL block pro-
vides 16 internal feedback signals, 8 registered input
signals, and 8 I/O pin signals to the input switch matrix.
Of these 32 signals, 24 decoded signals are provided to
the central switch matrix by the input switch matrix. The
central switch matrix distributes these signals back to
the PAL blocks in a very efficient manner that provides
for high performance. The design software automati-
cally configures the input and central switch matrices
when fitting a design into the device.

The Clock Generator

Each PAL block has a clock generator that can generate
four clock signals for use throughout the PAL block.
These four signals are available to all macrocells and
I/O cells in the PAL block, whether in synchronous or
asynchronous mode. The clock generator chooses the
four signals from the eight possible signals given by the
true and complement versions of the four global clock
pin signals.

The Product-Term Array

The MACH435 product-term array consists of 80 prod-
uct terms for logic use, eight product terms for output en-
able use, and two product terms for global PAL block
initialization. Each macrocell has a nominal allocation of
5 product terms for logic, although the logic allocator al-
lows for logic redistribution. Each I/O pin has its own in-
dividual output enable term. The initialization product
terms provide asynchronous reset or preset to synchro-
nous-mode macrocells in the PAL block.

The Logic Allocator

The logic allocator in the MACH435 takes the 80 logic
product terms and allocates them to the 16 macrocells
as needed. Each macrocell can be driven by up to 20
product terms if in synchronous mode, or 18 product
terms ifin asynchronous mode. When product terms are
routed away from a macrocell, it is possible to route all 5
product terms away, which precludes the use of the
macrocell for logic generation; or it is possible to route
only 4 product terms away, leaving one for simple func-
tion generation. The design software automatically con-
figures the logic allocator when fitting the design into the
device.

The logic allocator also provides an exclusive-OR gate.
This gate allows generation of combinatorial exclusive-
OR logic, such as comparison or addition. It allows reg-
istered exclusive-OR functions, such as CRC
generation, to be implemented more efficiently. It also
makes in possible to emulate all flip-flop types with a D-
type flip-flop. Register type emulation is automatically
handled by the design software.

Table 7 illustrates which product term clusters are avail-
able to each macrocell within a PAL block. Refer to
Figure 15 for cluster and macrocell numbers.
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Table 7. Logic Allocation

Macrocell Available Clusters
MO Co, C1,C2
M1 Co,C1,C2,C3
M2 C1,C2,C3,C4
M3 C2,C3,C4,C5
M4 C3, C4,Cs5,C6
M5 C4,C5,Cs6, C7
Mé Cs,C6,C7,C8
M7 Ce, C7,C8, C9
M8 C7,C8,C9,C10
M9 Cs, C9, C10,C11
M10 C9, C10,C11,C12
M11 C10,C11,C12,C13
Mi12 C11,C12,C13,C14
M13 C12,C13,C14,C15
M14 C13,C14,C15
Mi15 C14,C15

The Macrocell and Output Switch Matrix

The MACH435 has 16 macrocells, half of which can
drive I/O pins; this selection is made by the output switch
matrix. Each macrocell can drive one of four I/O cells.
The allowed combinations are shown in Table 8. Please
refer to Figure 15 for macrocell and I/O pin numbers.

Table 8. Output Switch Matrix Combinations

Macrocell Routable to VO Pins

MO, M1 /05, 1/06, 1107, /00

M2, M3 /06, 1/07, /OO0, /01

M4, M5 /07, /100, VO1, /02

Mé6, M7 /00, I/01, V02, 103

M8, M9 /01, 1102, /03, /04

M10, M11 | 1/O2, I/O3, /04, I/05

M12, M13 | /O8, /04, VOS5, I/106

M14, M15 | 1/O4, I/O5, 1/06, /07
VO Pin Available Macrocells
/00 MO, M1, M2, M3, M4, M5, M6, M7
/01 M2, M3, M4, M5, M6, M7, M8, M9
1102 M4, M5, M6, M7, M8, M9, M10, M11
1103 M6, M7, M8, M9, M10, M11, M12, M13
/104 M8, M9, M10, M11, M12, M13, M14, M15
1105 M10, M11, M12, M13, M14, M15, MO, M1
/06 M12, M13, M14, M15, MO, M1, M2, M3
/07 M14, M15, MO, M1, M2, M3, M4, M5

The macrocells can be configured as registered,
latched, or combinatorial. In combination with the logic
allocator, the registered configuration can be any of the
standard flip-flop types. The macrocell provides internal
feedback whether configured with or without the flip-
flop, and whether or not the macrocell drives an I/O cell.

The flip-flop clock depends on the mode selected for
the macrocell. In synchronous mode, any of the PAL
block clocks generated by the Clock Generator can be
used. In asynchronous mode, the additional choice of
either edge of an individual product-term clock is
available.

Initialization can be handled as part of a bank of macro-
cells via the PAL block initialization terms if in synchro-
nous mode, or individually if in asynchronous mode. in
synchronous mode, one of the PAL block product terms
is available each for preset and reset. The swap function
determines which product term drives which function.
This allows initialization polarity compatibility with the
MACH 1 and 2 series. In asynchronous mode, one prod-
uct term can be used either to drive reset or preset.

The /O Cell

The 1/O cell in the MACH435 consists of a three-state
buffer and an input flip-flop. The I/O cell is driven by one
of the macrocells, as selected by the output switch
matrix. Each I/O cell can take its input from one of eight
macrocells. The three-state buffer is controlled by anin-
dividual product term. The input flip-flop can be config-
ured as a register or latch. Both the direct 1/O signal
and the registered/latched signal are available to the in-
put switch matrix, and can be used simultaneously
if desired.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

RespecttoGround ............. —-0.5Vto +7.0V
DC Input Voltage ........... -0.5V toVcc +0.5V
DC Output or

I/OPinVoltage ............ -0.5V toVcc +0.5V
Static Discharge Voltage . ................ 2001V
Latchup Current (Ta=0°Cto+75°C)...... 200 mA

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

inFreeAir.............ovnil.. 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround ............ +4.75Vto +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

reliability. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Typ Max | Unit
Vou Output HIGH Voltage loH = -3.2 mA, Vcc = Min 24 \
Vin = Vi or Vi
VoL Output LOW Voltage loL = 24 mA, Vce = Min 0.5 \"
Vin = Vi or ViL (Note 1)
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 2)
[ Input HIGH Leakage Current Vin = 5.25 V, Vec = Max (Note 3) 10 A
[ Input LOW Leakage Current Vin = 0V, Veec = Max (Note 3) -100 HA
lozH Off-State Output Leakage Vour = 5.25 V, Vcc = Max 10 pA
Current HIGH Vin = Vinor Vi (Note 3)
lozu Off-State Output Leakage Vout =0V, Vce = Max -100 MA
Current LOW Vin = Vinor Vi (Note 3)
Isc Output Short-Circuit Current Vourt = 0.5 V, Vec = Max (Note 4) -30 -160 mA
lcc Supply Current Vin= 0V, Outputs Open 255 mA
(loutr=0 mA), Vec=5.0V,
f =25 MHz, Ta = 25°C (Note 5)
CAPACITANCE (Note 6)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vin=2.0V Vec =5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=20V | f=1MHz 8 pF
Notes:
1. Total lo. for one PAL block should not exceed 128 mA.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. /O pin leakage is the worst case of lj and ozt (or li+Hand lozH.
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour= 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

]

Measured with a 16-bit up/down counter pattem. This pattem is programmed in each PAL Block and capable of being loaded,

enabled, and reset. An actual Iccvalue can be calculated by using the “Typical Dynamic lccCharacteristics” Chart towards the
end of this data sheet.
6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

40
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter -15 -20
Symbol | Parameter Description Min Max Min Max Unit
teo Input, 11O, or Feedback to Combinatorial Output
(Note 2) 3 15 3 20 ns
tsa Setup Time from Input, IO, or D-type 8 10 ns
Feedback to Product Term Clock T-type 9 1 ns
tHa Register Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Clock to Output (Note 2) 4 18 4 22 ns
twia LOW 9 12 ns
Product Term, Clock Width
twHa HIGH 9 12 ns
D-type 385 31.2 MHz
External Feedback | 1/(tsa + tcoa)
Maximum T-type 37 30.3 MHz
Frequency ¥ 3 MH
fwaa | Using Product | Internal Feedback (fonta) Dype | 476 ! z
(Tﬁr;n g;ock T-type 45.4 35.7 MHz
ote
No Feedback 1/(twia + twHa) 55.6 417 MHz
(Note 4)
tss Setup Time from Input, I/0, or Feedback D-type 10 13 ns
to Global Clock T-type 11 14 ns
tHs Register Data Hold Time Using Global Clock 0 0 ns
tcos Global Clock to Output (Note 2) 2 10 2 12 ns
twis LOW 6 ns
Global Clock Width
twrs HIGH 6 8 ns
D-type 50 40 MHz
External Feedback] 1/(t: tco!
, (tss +1c0s) 1o oe | 476 385 MHz
Maximum
fmaxs Frequency Int | Feedback (foats) D-type 66.6 50 MHz
Using Global | Internal Feedback (fcnts
Clock (Note 3) T-type 62.5 47.6 MHz
No Feedback 1/(twis + twhs) 83.3 625 MHz
(Note 4)
tsta Setup Time from Input, /0, or Feedback to 8 10 ns
Product Term Clock
tHLA Latch Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Gate to Output (Note 2) 19 22 ns
towa Product Term Gate Width LOW (for LOW transparent) 9 12 ns
or HIGH (for HIGH transparent)
tsis Setup Time from Input, /O, or Feedback to Global Gate 10 13 ns
ths Latch Data Hold Time Using Global Gate 0 0 ns
tcos Gate to Output (Note 2) 11 12 ns
tows Global Gate Width LOW (for LOW transparent) 6 8 ns
or HIGH (for HIGH transparent)
teoL Input, 11O, or Feedback to Output Through
Transparent Input or Output Latch 17 22 ns
tsim Input Register Setup Time 2 2 ns
tHiR Input Register Hold Time 4 5 ns
tico Input Register Clock to Combinatorial Output 20 25 ns
MACH435-15/20 (Com’l) 41



l‘:' AMD

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)
(continued)

Parameter -15 -20
Symbol |Parameter Description Min Max Min Max Unit
tics Input Register Clock to Output Register Setup D-type 15 20 ns
T-type 16 21 ns
twicL LOW 6 8 ns
Input Register Clock Width
twicH HIGH 6 8 ns
fmaxir | Maximum Input Register Frequency l 1/(twicL + twich) 83.3 62.5 MHz
tsiL Input Latch Setup Time 2 2 ns
tHIL Input Latch Hold Time 4 5 ns
tico Input Latch Gate to Combinatorial Output 20 25 ns
tico. | Input Latch Gate to Output Through Transparent
Output Latch 22 27 ns
Setup Time from Input, I/O, or Feedback Through
tsLLa | Transparent input Latch to Product Term Output
Latch Gate 10 12 ns
ticsa | Input Latch Gate to Output Latch Setup Using
Product Term Output Latch Gate 14 19 ns
tsits | Setup Time from Input, /O, or Feedback Through
Transparent Input Latch to Global Output Latch Gate 12 16 ns
tigss Input Latch Gate to Output Latch Setup Using Global
Output Latch Gate 16 21 ns
twigL | Input Latch Gate Width LOW 6 8 ns
tro. | Input, /O, or Feedback to Output Through Transparent
Input and Output Latches 19 24 ns
tAR Asynchronous Reset to Registered or Latched Output 20 25 ns
tarw | Asynchronous Reset Width (Note 3) 15 20 ns
taARR Asynchronous Reset Recovery Time (Note 3) 15 20 ns
tap Asynchronous Preset to Registered or Latched Output 20 25 ns
tapw | Asynchronous Preset Width (Note 3) 15 20 ns
tAPR Asynchronous Preset Recovery Time (Note 3) 15 20 ns
tea Input, I/O, or Feedback to Output Enable (Note 2) 2 15 2 20 ns
tER Input, /O, or Feedback to Output Disable (Note 2) 2 15 2 20 ns
Notes:

1. See Switching Test Circuit at the end of this Data Book for test conditions.

2. Parameters measured with 32 outputs switching.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

RespecttoGround ............. —-05Vto +7.0V
DC Input Voltage . .......... -0.5V toVce +0.5V
DC Output or

I/O Pin Voltage ............ -0.5V toVcc +0.5V
Static Discharge Voltage ................. 2001V
Latchup Current

(TA=0°Cto+75°C) ........covvvevnnn.. 200 mA

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating

inFree Air...............ooviinnn 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround ............ +4.75Vto +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Typ Max | Unit
Vo Output HIGH Voltage lon =—-3.2 mA, Vcc = Min 24 \"
Vin = Vin or Vi
Vou Output LOW Voltage loL = 24 mA, Vce = Min 0.5 v
Vin = Vi or Vi (Note 1)
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 2)
[ Input HIGH Leakage Current Vin=5.25V, Vcc = Max (Note 3) 10 pA
I Input LOW Leakage Current Vin =0V, Vcc = Max (Note 3) -100 pA
lozv Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 A
Current HIGH Vin = Vinor Vi (Note 3)
loa Off-State Output Leakage Vour =0V, Vce = Max 100 A
Current LOW Vin = Vinor Vi (Note 3)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max (Note 4) -30 -160 mA
lec Supply Current Vin=0V, Outputs Open 115 mA
(lour=0mA), Vec =5.0V,
=25 MHz, Ta = 25°C, (Note 5)
CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vn=2.0V Vec =5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=20V |f=1MHz 8 pF
Notes:

1. Total lo. for one PAL block should not exceed 128 mA.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. /O pin leakage is the worst case of I and loz. (or i and lozw).

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

Measured with a 16-bit up/down counter pattern. This pattern is programmed in each PAL Block and capable of being loaded,

erased, and reset. An actual Icc value can be calculated by using the “Typical Dynamic lcc Characteristics” Chart towards the

end of the this data sheet.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

©
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter -25
Symbol | Parameter Description Min Max Unit
teo Input, I/O, or Feedback to Combinatorial Output
(Note 2) 3 25 ns
tsa Setup Time from Input, 1/O, or D-type 18 ns
Feedback to Product Term Clock T-tvpe 19 ns
tHA Register Data Hold Time Using Product Term Clock 18 ns
tcoa Product Term Clock to Output (Note 2) 4 28 ns
twia LOW 19 ns
Product Term, Clock Width -
twHa HIGH 19 ns
D-type 21.7 MH;
External Feedback| 1/(tsa + tcoa) L z
Maximum T-type 21.3 MHz
Frequency R
fwaxa | Using Product | Internal Feedback (fonta) D-type 244 MHz
(T:r:n g;ock T-type 238 MHz
ote
No Feedback 1/(twa + twHa) 26.3 MHz
(Note 4)
Iss Setup Time from Input, IO, or Feedback D-type 20 ns
to Global Clock T-type 21 ns
ths Register Data Hold Time Using Global Clock 0 ns
tcos Global Clock to Output (Note 2) 2 12 ns
t LOW 8
S Global Clock Width i
twhs HIGH 8 ns
D-type 31.3 MHz
External Feedback| 1/(tss + tcos) Tt 203
Maximum ype - MHz
fmaxs Frequency D-type 37 MHz
Using Global | Internal Feedback (fents)
Clock (Note 3) T-type 35.7 MHz
No Feedback 1/(tss + tus)
(Note 4) 50 MHz
tsLa Setup Time from Input, I/O, or Feedback to 18 ns
Product Term Clock
tha Latch Data Hold Time Using Product Term Clock 18 ns
tcoa Product Term Gate to Output (Note 2) 29 ns
towa Product Term Gate Width LOW (for LOW transparent) 19 ns
or HIGH (for HIGH transparent)
tsis Setup Time from Input, /O, or Feedback to Global Gate 20 ns
this Latch Data Hold Time Using Global Gate 0 ns
tcos Gate to Output (Note 2) 21 ns
tows Global Gate Width LOW (for LOW transparent) 8 ns
or HIGH (for HIGH transparent)
teoL Input, I/0, or Feedback to Output Through
Transparent Input or Output Latch 27 ns
tsiR input Register Setup Time 5 ns
tHiR Input Register Hold Time 5 ns
tico Input Register Clock to Combinatorial Output 30 ns
44
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

continued)
Parameter -25
Symbol | Parameter Description Min Max Unit
tics Input Register Clock to Output Register Setup D-type 25 ns
T-type 26 ns
twicL I Rei Wi Low ns
oy nput Register Clock Width iGh s
fwaxir | Maximum Input Register Frequency I 1/(twicL + twicH) 62.5 MHz
s Input Latch Setup Time 5 ns
tHL Input Latch Hold Time 5 ns
GO Input Latch Gate to Combinatorial Output 30 ns
ticoL Input Latch Gate to Output Through Transparent
Output Latch 32 ns
Setup Time from Input, /O, or Feedback Through
tsua Transparent Input Latch to Product Term Output
Latch Gate 20 ns
ticsa | input Latch Gate to Output Latch Setup Using
Product Term Output Latch Gate 24 ns
tsus Setup Time from Input, VO, or Feedback Through
Transparent Input Latch to Global Output Latch Gate 22 ns
tigss Input Latch Gate to Output Latch Setup Using Global
Output Latch Gate 26 ns
twiGL Input Latch Gate Width LOW or HIGH 8 ns
tro. | Input, VO, or Feedback to Output Through Transparent
Input and Output Latches 29 ns
AR Asynchronous Reset to Registered or Latched Output 30 ns
tARW Asynchronous Reset Width (Note 3) 25 ns
tARR Asynchronous Reset Recovery Time (Note 3) 25 ns
tap Asynchronous Preset to Registered or Latched Output 30 ns
tapw | Asynchronous Presst Width (Nots 3) 25 ns
taPR Asynchronous Preset Recovery Time (Note 3) 25 ns
tea Input, 1O, or Feedback to Output Enable (Note 2) 2 25 ns
ter Input, /O, or Feedback to Output Disable (Note 2) 2 25 ns
Notes:

B

See Switching Test Circuit at the end of this Data Book for test conditions.
Parameters measured with 32 outputs switching.

These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.
This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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TYPICAL SWITCHING CHARACTERISTICS
Vee =5.0 V, Ta = 25°C. These parameters are not tested.

20—
1.5+
1.0 1

05T

Atos (ns) 0

05T

-1.07T
Number of Outputs Switching

-1.5 1

-2.0 -+

17469D-4
Derating for Number of Outputs Switching
Notes:
Applies to trp, tco. Calculate as:
tderated = 132 O/P+ Atos
Datasheet numbers (t320/7 are specified at 32 outputs switching
7 ——
6 ——
51
4 ~—
3 4
AtpL (ns)
2 -
1 -
0 b —————
25 50 75 100 125 150 175 200
T Load Capacitance (pF)
-2 4
17469D-5
Capacitive Load Derating
Notes:
Applies to all AC specifications and rise and fall times. Calculate as:
tderated= t35pF + AtDL

Datasheet numbers (t35pF are specified with 35 pF.
For typical rise and fall rates, use 1V/ns at 35 pF.
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TYPICAL CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS

Vec=5.0V, Ta =25°C
loL (mA)

80 T
60 +
40 +

20 T

1 } 1 ! 1

-1.0 -0.8 -0.6 04 0.2 2 4

o-—

-40 +

-0 +

-80 —

Output, LOW

17469D-6
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25 T

L L] L] L) L)
3 2 -1
25 4

-50 4
-75 4
~100 -
_?_
—fs0 L

Output, HIGH

17469D-7

li (mA)
20T

L)
-1
-0+

T

1 —
L]
1

Input

1 v (v
5 1(V)

17469D-8
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TYPICAL Icc CHARACTERISTICS
Vcc=5V, Ta=25°C
325 —
300 —
275 —
250 —
225 —
200 —
175 —
Icc (mA)
150

MACH435Q
-25

125

100

75

50 —

25 —

/| MACH435

-15

10 20

Frequency (MHz)

70

The selected “typical” pattern is a 16-bit up/down counter. This pattern is programmed in each PAL block and is

capable of being loaded, enabled, and reset.

Actual Icc values vary with the selected pattemn. An actual Icc value can be calculated using the “Typical Dynamic

Icc Characteristics” chart towards the end of this datasheet.
Maximum frequency shown uses intemal feedback and a D-type register.
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TYPICAL DYNAMIC Icc CHARACTERISTICS

These parameters are not tested. Please refer to the General Information section for a discussion on the usage of
these parameters.

Parameter
Symbol Parameter Description Typ Unit
Icco Base static Icc = mA
| @ 90

il Incremental input current 32 HA/MHz
iB Incremental current per PAL block 30 nA/MHz
io Incremental output current 110 HA/MHz
iv Voltage dependence 38 %/
iT Temperature dependence -0.13 %/°C

TYPICAL DATA DESIGN GUIDELINES

The following parameters are provided in response to questions from designers. They are intended only as design
guidelines, and should be used with care. They are not guaranteed or tested.

Parameter Description ] Typ ] Unit
Edge Rates (Note 1)

Rise rate 1 Vins
Fall rate 1 Vins
Skew (Note 2)

Global clock-to-output skew, same clock polarity and same output polarity 1 ns
Global clock-to-output skew, same clock polarity only 2 ns
Global clock-to-output skew, same output polarity only 2 ns
Global clock-to-output skew, different clock polarity and different output polarity 3 ns
Internal Delay Savings (Note 3)

Propagation delay savings 2 ns
Clock-to-output delay savings 3 ns
Ground Bounce (Note 4)

Ground bounce noise level on low output I 0.5 ] \'

Notes:
1. Rise and fall rates are for unloaded outputs.

2. Skew values assume equal output loading.
3. Internal delay savings gives the typical amount of delay saved by not going through an output buffer.
4.

The ground bounce noise level should be added to the static VoL under normal load conditions as applied to a silent low
output when all other I/O pins are switching from high to low.
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ

Symbol Parameter Description PLCC Unit
Bjc Themal impedance, junction to case 5 °C/W

Oja Thermal impedance, junction to ambient 20 °C/W

Bjma Thermal impedance, junction to ambient with air flow 200 Ifpm air 17 °C/W
400 ifpm air 14 °CwW

600 Ifpm air 12 °C/W

800 lfpm air 10 °C/W

Plastic 6jc Considerations

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, 6jc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.
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MACH445-15/20

High-Density EE CMOS Programmable Logic

I

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
100-pin version of the MACH435 in PQFP
5V, in-circuit programmable

JTAG, IEEE 1149.1 JTAG testing capability
128 macrocells

15 ns tro

50 MHz fmax external

70 inputs with pull-up resistors

64 outputs

192 flip-flops

— 128 macrocell flip-flops

— 64 input flip-flops

H Up to 20 product terms per function, with XOR
H Flexible clocking
— Four global clock pins with selectable edges

— Asynchronous mode available for each
macrocell

B 8 “PAL33V16” blocks

N Input and output switch matrices for high
routability

B Fixed, predictable, deterministic delays
B JEDEC-file compatible with MACH435
B Zero-hold-time input register option

GENERAL DESCRIPTION

The MACH445 is amember of AMD's high-performance
EE CMOS MACH 4 family. This device has approxi-
mately twelve times the macrocell capability of the
popular PAL22V10, with significant density and func-
tional features that the PAL22V10 does not provide. Itis
architecturally identical to the MACH435, with the
addition of JTAG and 5-V programmability capabilities.

The MACHA445 consists of eight PAL blocks intercon-
nected by a programmable central switch matrix. The
central switch matrix connects the PAL blocks to each
other and to all input pins, providing a high degree of
connectivity between the fully-connected PAL blocks.
This allows designs to be placed and routed efficiently.
Routability is further enhanced by an input switch matrix
and an output switch matrix. The input switch matrix
provides input signals with alternative paths into the
central switch matrix; the output switch matrix provides
flexibility in assigning macrocells to I/O pins.

The MACH445 has macrocells that can be configured
as synchronous or asynchronous. This allows designers

to implement both synchronous and asynchronous logic
together on the same device. The two types of design
can be mixed in any proportion, since the selection on
each macrocell affects only that macrocell.

Up to 20 product terms per function can be assigned. It
is possible to allocate some product terms away from a
macrocell without losing the use of that macrocell for
logic generation.

The MACH445 macrocell provides either registered or
combinatorial outputs with programmable polarity. If a
registered configuration is chosen, the register can be
configured as D-type, T-type, J-K, or S-R to help reduce
the number of product terms used. The flip-flop can also
be configured as a latch. The register type decision can
be made by the designer or by the software.

All macrocells can be connected to an I/O cell through
the output switch matrix. The output switch matrix
makes it possible to make significant design changes
while minimizing the risk of pinout changes.

Publication# 17468 Rev.D Amendment/0
Issue Date: August 1994
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CONNECTION DIAGRAM MACH445 (MACH435)
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

MACH 445 -15 Y C
—_— 3N

—_—— ——

FAMILY TYPE I-— OPTIONAL PROCESSING
MACH = Macro Array CMOS High-Speed Blank = Shipped in Trays
DEVICE NUMBER OPERATING CONDITIONS
445 = 2nd Generation, 128 Macrocells, 100 Pins C = Commercial (0°C to +75°C)
———— PACKAGE TYPE
SPEED Y = 100-Pin Plastic Quad Flat Pack
-15 = 15nstep (PQR100)
-20 = 20 nstpp
Valid Combinations Valid Combinations
_ The Valid Combinations table lists configurations
MACH445-15 YC planned to be supported in volume for this device.
MACH445-20 Consult the local AMD sales office to confirm availabil-

ity of specific valid combinations and to check on
newly released combinations.
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FUNCTIONAL DESCRIPTION

The MACHA445 consists of eight PAL blocks connected
by a central switch matrix. There are 64 1/0 pins and 6
dedicated input pins feeding the central switch matrix.
These signals are distributed to the eight PAL blocks for
efficient design implementation. There are 4 global
clock pins that can also be used as dedicated inputs.
All inputs and I/0O pins have built-in pull-up resistors.
While it is always good design practice to tie unused
pins high, the pull-up resistors provide design security
and stability in the event that unused pins are left
disconnected.

The PAL Blocks

Each PAL block in the MACH445 (Figure 16) contains a
clock generator, a 90-product-term logic array, a logic
allocator, 16 macrocells, an output switch matrix, 8 I/O
cells, and an input switch matrix. The central switch ma-
trix feeds each PAL block with 33 inputs. This makes the
PAL block look effectively like an independent
“PAL33V16” with 8 to 16 buried macrocells.

In addition to the logic product terms, individual output
enable product terms and two PAL block initialization
product term are provided. Each I/0 pin can be individu-
ally enabled. All flip-flops that are in the synchronous
mode within a PAL block are initialized together by
either of the PAL block initialization product terms.

The Central Switch Matrix and Input
Switch Matrix

The MACH445 central switch matrix is fed by the input
switch matrices in each PAL block. Each PAL block pro-
vides 16 internal feedback signals, 8 registered input
signals, and 8 I/O pin signals to the input switch matrix.
Of these 32 signals, 24 decoded signals are provided to
the central switch matrix by the input switch matrix. The
central switch matrix distributes these signals back to
the PAL blocks in a very efficient manner that provides
for high performance. The design software automati-
cally configures the input and central switch matrices
when fitting a design into the device.

The Clock Generator

Each PAL block has a clock generator that can generate
four clock signals for use throughout the PAL block.

These four signals are available to all macrocells and
I/O cells in the PAL block, whether in synchronous or
asynchronous mode. The clock generator chooses the
four signals from the eight possible signals given by the
true and complement versions of the four global clock
pin signals.

The Product-Term Array

The MACH445 product-term array consists of 80
product terms for logic use, eight product terms for
output enable use, and two product terms for global PAL
block initialization. Each macrocell has a nominal
allocation of 5 product terms for logic, although the logic
allocator allows for logic redistribution. Each /O pin has
its own individual output enable term. The initialization
product terms provide asynchronous reset or preset to
synchronous-mode macrocells in the PAL block.

The Logic Allocator

The logic allocator in the MACH445 takes the 80 logic
product terms and allocates them to the 16 macrocells
as needed. Each macrocell can be driven by up to 20
product terms if in synchronous mode, or 18 product
terms if in asynchronous mode. When product terms are
routed away from a macrocell, itis possible to route all 5
product terms away, which precludes the use of the
macrocell for logic generation; or it is possible to route
only 4 product terms away, leaving one for simple
function generation. The design software automatically
configures the logic allocator when fitting the design into
the device.

The logic allocator also provides an exclusive-OR gate.
This gate allows generation of combinatorial exclusive-
OR logic, such as comparison or addition. It allows reg-
istered exclusive-OR functions, such as CRC
generation, to be implemented more efficiently. It also
makes in possible to emulate all flip-flop types with a
D-type flip-flop. Register type emulation is automatically
handled by the design software.

Table 9 illustrates which product term clusters are avail-
able to each macrocell within a PAL block. Refer to
Figure 16 for cluster and macrocell numbers.
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Table 9. Logic Allocation

Macrocell Available Clusters
MO Co, C1,C2
M1 Co,C1,C2,C3
M2 C1,C2,C3,C4
M3 C2,C3,C4,C5
M4 C3,C4,C5,C8
M5 C4,Cs5,C6,C7
M6 Cs5,C6,C7,C8
M7 Ce6, C7,C8, C9
M8 C7,C8,C9, C10
M9 C8, C9, C10, C11
M10 C9, C10,C11,C12
M11 C10,C11,C12,C13
M12 C11,C12,C13,C14
M13 C12,C13,C14,C15
M14 C13,C14,C15
M15 C14,C15

The Macrocell and Output Switch Matrix

The MACH445 has 16 macrocells, half of which can
drive I/O pins; this selection is made by the output switch
matrix. Each macrocell can drive one of four I/O cells.
The allowed combinations are shown in Table 10.
Please refer to Figure 16 for macrocell and /O pin
numbers.

Table 10. Output Switch Matrix Combinations

Macrocell Routable to I/O Pins

MO, M1 1/05, 1108, 1/07, /00

M2, M3 1106, 1/107, 1/00, 1/01

M4, M5 1107, 1/00, /01, 1102

M6, M7 /00, 1/01, 1102, /03

M8, M9 /01, /02, /03, 1/104

M10, M11 | 1/O2, /03, I/04, /05

M12, M13 | I1/O3, I/04, I/05, 1/06

M14, M15 | 1/O4, I/05, /086, I1/07

1/O Pin Available Macrocells

1/00 MO, M1, M2, M3, M4, M5, M6, M7

1/01 M2, M3, M4, M5, M6, M7, M8, M9

1102 M4, M5, M6, M7, M8, M9, M10, M11
/03 M6, M7, M8, M9, M10, M11, M12, M13
/104 M8, M9, M10, M11, M12, M13, M14, M15
/05 M10, M11, M12, M13, M14, M15, MO, M1
/06 M12, M13, M14, M15, MO, M1, M2, M3
1107 M14, M15, MO, M1, M2, M3, M4, M5

The macrocells can be configured as registered,
latched, or combinatorial. In combination with the logic
allocator, the registered configuration can be any of the
standard flip-flop types. The macrocell provides internal
feedback whether configured with or without the flip-
flop, and whether or not the macrocell drives an I/O cell.

The flip-flop clock depends on the mode selected for
the macrocell. In synchronous mode, any of the PAL
block clocks generated by the Clock Generator can be
used. In asynchronous mode, the additional choice of
either edge of an individual product-term clock is
available.

Initialization can be handled as part of a bank of macro-
cells via the PAL block initialization terms if in synchro-
nous mode, or individually if in asynchronous mode. In
synchronous mode, one of the PAL block product terms
is available each for preset and reset. The swap function
determines which product term drives which function.
This allows initialization polarity compatibility with the
MACH 1 and 2 series. In asynchronous mode, one prod-
uct term can be used either to drive reset or preset.

The /O Cell

The 1/O cell in the MACH445 consists of a three-state
buffer and an input flip-flop. The I/O cell is driven by one
of the macrocells, as selected by the output switch
matrix. Each I/O cell can take its input from one of eight
macrocells. The three-state buffer is controlled by an in-
dividual product term. The input flip-flop can be config-
ured as a register or latch. Both the direct I/O signal
and the registered/latched signal are available to the in-
put switch matrix, and can be used simultaneously
if desired.

JTAG Testing

JTAG is the commonly used acronym for the IEEE Stan-
dard 1149.1-1990. The JTAG standard defines input
and output pins, logic control functions, and instructions.
AMD has incorporated this standard into the
MACH445 device.

The JTAG standard was developed as a means of pro-
viding both board-level and device-level testing. Details
on this feature can be found in the application note titled,
Introduction to JTAG and Five-Volt Programming with
MACH 3 and 4 Devices at the end of this databook.
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Five-Volt Programming

Another benefit from the JTAG circuitry that AMD has
derived is the ability to use the JTAG port for five-volt
programming. This allows the device to be soldered to
the board before programming. Once the device is at-
tached, the delicate Plastic Quad Flat Pack, or PQFP,

laade ara nratantad fram meameammins and tactins An
ICAUS aic prulcLicu imoii proygrainininy aiu iestiiy Vp-

erations that could potentially damage them. Program-
ming and verification of the device is done serially which
is ideal for on-board programming since it only requires
the use of the Test Access Port, along with the additional
ENABLE* pin.

Details on this feature can also be found in the Introduc-
tion to JTAG and Five-Volt Programming with MACH 3
and 4 Devices application note at the end of this
databook.

Zero-Hold-Time Input Register

The MACHA445 device has a zero-hold time (ZHT) fuse.
This fuse controls the time delay associated with loading
data into all /O cell registers and latches in the
MACH445 device.

When programmed, the ZHT fuse increases the data
path setup delays to input storage elements, matching
equivalent delays in the clock path. When the fuse is
erased, the setup time to the input storage element is
minimized and the device timing is compatible with the
MACH435 device.

This feature facilitates doing worst-case designs for
which data is loaded from sources which have low (or
zero) minimum output propagation delays from clock
edges. See the MACHXL™ Software User’s Guide for
more details.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto +7.0V
DCinputVoltage . .......... -0.5V toVcc +0.5V
DC Output or

/OPinVoltage ............ -0.5V toVcc+0.5V
Static Discharge Voltage ................. 2001V
Latchup Current

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating

inFreeAir....................... 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround ............ +4.75Vto +5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute

(Ta = 0°C to +75°C)

reliability. Programming conditions may differ.

Maximum Ratings for extended periods may affect device

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Typ Max | Unit
Vou Output HIGH Voltage lon = -3.2 mA, Ve = Min 24 "
Vin = Vb or ViL
Vou Output LOW Voltage loL =24 mA, Vce = Min 0.5 v
Vin = Vi or Vi (Note 1)
Vv Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 2)
] Input HIGH Leakage Current Vin=5.25 V, Vec = Max (Note 3) 10 HA
e Input LOW Leakage Current Vin =0V, Vcc = Max (Note 3) -100 HA
loz Off-State Output Leakage Vour=5.25 V, Vcc= Max 10 nA
Current HIGH Vin = Vinor Vi (Note 3)
loz Off-State Output Leakage Vout =0V, Vcc = Max -100 HA
Current LOW Vin = Vinor Vi (Note 3)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 4) -30 -160 mA
lec Supply Current Vin= 0V, Outputs Open 255 mA
(lour= 0 mA), Vec=5.0V,
f =25 MHz Ta = 25°C (Note 5)
CAPACITANCE (Note 6)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vin=2.0V Vee =5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=2.0V | f=1MHz 8 pF
Notes:
1. Total lo. for one PAL block should not exceed 128 mA.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. /O pin leakage is the worst case of I and loz. (or I and lozw).
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
5. Measured with a 16-bit up/down counter pattermn. This pattern is programmed in each PAL block and capable of being loaded,

enabled, and reset. An actual Icc value can be calculated by using the “Typical Dynamic Icc Characteristics” Chart towards the
end of this data sheet.
6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter -15 -20
Symbol |Parameter Description Min Max Min Max Unit
teo Input, I/O, or Feedback to Combinatorial Output 3 15 3 20 ns
(Note 2)
tsa Setup Time from Input, VO, or D-type 8 10 ns
Faadhank tn Pradiint Tarm Clack - -~ 4
FOCUDACR 10 FTOULEL 1ol LAveR T-type 9 i1 ns
tHa Register Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Clock to Output (Note 2) 4 18 4 22 ns
twia LOW 9 12 ns
Product Term, Clock Width
twHA HIGH 9 12 ns
D-type 38.5 31.2 MHz
Extemnal Feedback | 1/(tsa + tcoa)
Maximum T-type 37 30.3 MHz
Frequency D-ype | 47.6 37 MHz
fmaxa Using Product | Internal Feedback (fcna) L
Term Clock T-type 45.4 35.7 MHz
(Note 3)
No Feedback 1/(twea + twHa) 55.6 417 MHz
(Note 4)
tss Setup Time from Input, I/O, or Feedback D-type 10 13 ns
to Global Clock T-type 11 14 ns
tHs Register Data Hold Time Using Global Clock 0 ns
tcos Global Clock to Output (Note 2) 2 10 12 ns
twis Low ns
Global Clock Width
twhs HIGH 8 ns
D-type 50 40 MHz
External Feedback] 1/(t s
, (tss +toos) e | 476 385 MHz
Maximum
fmaxs Frequency D-type 66.6 50 MHz
Using Global | Internal Feedback (fcns)
Clock (Note 3) T-type 62.5 47.6 MHz
No Feedback 1/(twLs + twhs) 83.3 62.5 MHz
(Note 4)
tsta Setup Time from Input, I/O, or Feedback to 8 10 ns
Product Term Clock
tHLa Latch Data Hold Time Using Product Term Clock 8 10 ns
taoa Product Term Gate to Output (Note 2) 19 22 ns
tawa Product Term Gate Width LOW (for LOW transparent) 9 12 ns
or HIGH (for HIGH transparent)
tsis Setup Time from Input, I/O, or Feedback to Global Gate 10 13 ns
tHLs Latch Data Hold Time Using Global Gate 0 0 ns
tcos Gate to Output (Note 2) 1 12 ns
taws Global Gate Width LOW (for LOW transparent) 6 8 ns
or HIGH (for HIGH transparent)
tico Input Register Clock to Combinatorial Output 20 25 ns
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

(continued)
Parameter -15 -20
Symbol | Parameter Description Min Max Min Max Unit
tics Input Register Clock to Output Register Setup D-type 15 20 ns
T-type 16 21 ns
twict LOW 6 8 ns
Input Register Clock Width
twich HIGH 6 8 ns
fmaxin Maximum Input Register Frequency | 1/(twicw. + twick) 83.3 62.5 MHz
tico Input Latch Gate to Combinatorial Output 20 25 ns
tiaoL Input Latch Gate to Output Through Transparent 22 27 ns
Output Latch
ticsa Input Latch Gate to Output Latch Setup Using 14 19 ns
Product Term Output Latch Gate
tiass Input Latch Gate to Output Latch Setup Using Global 16 21 ns
Output Latch Gate
twigL Input Latch Gate Width LOW 6 8 ns
tar Asynchronous Reset to Registered or Latched Output 20 25 ns
tarw Asynchronous Reset Width (Note 3) 15 20 ns
tarr Asynchronous Reset Recovery Time (Note 3) 15 20 ns
tap Asynchronous Preset to Registered or Latched Output 20 25 ns
tarw Asynchronous Preset Width (Note 3) 15 20 ns
tarr Asynchronous Preset Recovery Time (Note 3) 15 20 ns
tea Input, /O, or Feedback to Output Enable (Note 2) 15 20 ns
ter Input, I/0, or Feedback to Output Disable (Note 2) 15 20 ns
Input Register with Standard-Hold-Time Option
teoL Input, IO, or Feedback to Output Through 17 22 ns
Transparent Input Latch
tsir Input Register Setup Time 2 2 ns
tHir Input Register Hold Time 4 5 ns
tsiL Input Latch Setup Time 2 2 ns
thi Input Latch Hold Time 4 5 ns
tsua Setup Time from Input, I/O, or Feedback Through 10 12 ns
Transparent Input Latch to Product Term Output Gate
tsus Setup Time from Input, I/O, or Feedback Through 12 16 ns
Transparent Input Latch to Output Gate
troLL Input, I/0, or Feedback to Output Through Transparent 19 24 ns
Input and Output Latches
MACH445-15/20 (Com’l) 61
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)
(continued)

Parameter -15 -20
Symbol | Parameter Description Min I Max Min I Max Unit
Input Register with Zero-Hold-Time Option
teod! Input, I/0, or Feedback to Output Through 23 30 ns
Transparent Input Latch
tsi' Input Register Setup Time 6 8 ns
trr! Input Register Hold Time 0 0 ns
tsi Input Latch Setup Time 6 8 ns
thn Input Latch Hold Time 0 0 ns
tsuia’ Setup Time from Input, I/0, or Feedback Through 16 20 ns
Transparent Input Latch to Product Term Output Gate
tsuLs' Setup Time from Input, I/O, or Feedback Through 18 24 ns
Transparent Input Latch to Output Gate
teou! Input, I/0, or Feedback to Output Through Transparent 25 32 ns
Input and Output Latches

Notes:
1. See Switching Test Circuit at the end of this Data Book for test conditions.
2. Parameters measured with 32 outputs switching.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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TYPICAL SWITCHING CHARACTERISTICS
Veec = 5.0V, Ta = 25°C. These parameters are not tested.
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TYPICAL CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec=5.0V, Ta =25°C
loL (mA)
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TYPICAL Icc CHARACTERISTICS
Vee=5V, Ta=25°C

Icc (mA)
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300 — L
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200
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L I S R EE RN R E L L
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Frequency (MHz)

The selected “typical” pattem is a 16-bit up/down counter. This pattern is programmed in each PAL block and is
capable of being loaded, enabled, and reset.

Actual lcc values vary with the selected pattem. An actual Icc value can be calculated using the “Typical Dynamic
lcc Characteristics” chart towards the end of this datasheet.

Maximum frequency shown uses internal feedback and a D-type register.
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TYPICAL DYNAMIC Icc CHARACTERISTICS
These parameters are not tested. Please refer to the General Information section for a discussion on the usage of
these parameters.

Parameter
Symbol Parameter Description Typ Unit
Icco Base static lcc 225 mA
i Incremental input current 32 HA/MHz
iB Incremental current per PAL block 30 pA/MHz
io Incremental output current 110 HA/MHz
iv Voltage dependence 38 %N
it Temperature dependence -0.13 %/°C

TYPICAL DATA DESIGN GUIDELINES

The following parameters are provided in response to questions from designers. They are intended only as design
guidelines, and should be used with care. They are not guaranteed or tested.

Parameter Description Typ Unit
Edge Rates (Note 1)

Rise rate 1 V/ns
Fall rate 1 V/ns
Skew (Note 2)

Global clock-to-output skew, same clock polarity and same output polarity 1 ns
Global clock-to-output skew, same clock polarity only 2 ns
Global clock-to-output skew, same output polarity only 2 ns
Global clock-to-output skew, different clock polarity and different output polarity 3 ns
Internal Delay Savings (Note 3)

Propagation delay savings 2 ns
Clock-to-output delay savings 3 ns
Ground Bounce (Note 4)

Ground bounce noise level on low output I 0.5 l \4

Notes:
1. Rise and fall rates are for unloaded outputs.

2. Skew values assume equal output loading.
3. Internal delay savings gives the typical amount of delay saved by not going through an output buffer.
4.

The ground bounce noise level should be added to the static VoL under normal load conditions as applied to a silent low
output when all other I/O pins are switching from high to low.
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description PQFP Unit
6ic Thermal impedance, junction to case 5 °C/W
Oja Thermai impedance, junction to ambient 38 *C/iW
6jma Thermal impedance, junction to 200 Ifpm air 32 °CW
ambient with air flow 400 lfpm air 28 °C/W
600 lfpm air 26 °C/W
800 Ifpm air 24 °C/W

Plastic 6jc Considerations

The data listed for plastic 6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 8jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, 8jc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.

MACH445-15/20 67



u AMD

68 MACH 3 and 4 Device Families



ADVANCE INFORMATION

MACH446-10/12/15/20

High-Density EE CMOS Programmable Logic

COM'L: -10/12/15/20

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B 100-pin version of the MACH435 in PQFP B Up to 20 product terms per function, with XOR
B 5V, in-circuit programmable B Flexible clocking
B JTAG, IEEE 1149.1 JTAG testing capability — Four global clock pins with selectable edges
B 128 macrocells — Asynchronous mode available for each
B 15nsteo macrocell
B 50 MHz fuaxexternal B 8 “PAL33V16” blocks
H Input and output switch matrices for high

B 70 Bus-Friendly™ inputs routabllity ,
W 64 outputs B Fixed, predictable, deterministic delays
W 192 flip-flops ® JEDEC-file compatible with MACH435

— 128 macrocell fiip-flops W Zero-hold-time input register option

— 64 input flip-flops B Programmable power-down mode
GENERAL DESCRIPTION

The MACH446 is a member of AMD's high-performance
EE CMOS MACH 4 family. This device has approxi-
mately twelve times the macrocell capability of the
popular PAL22V10, with significant density and func-
tional features thatthe PAL22V10 does not provide. Itis
architecturally identical to the MACH445, with the
addition of bus-friendly inputs and programmable
power-down mode.

The MACH446 consists of eight PAL blocks intercon-
nected by a programmable central switch matrix. The
central switch matrix connects the PAL blocks to each
other and to all input pins, providing a high degree of
connectivity between the fully-connected PAL blocks.
This allows designs to be placed and routed efficiently.
Routability is further enhanced by an input switch matrix
and an output switch matrix. The input switch matrix
provides input signals with alternative paths into the
central switch matrix; the output switch matrix provides
flexibility in assigning macrocells to I/0 pins.

The MACH446 has macrocells that can be configured
as synchronous or asynchronous. This allows designers

to implement both synchronous and asynchronous logic
together on the same device. The two types of design
can be mixed in any proportion, since the selection on
each macrocell affects only that macrocell.

Up to 20 product terms per function can be assigned. It
is possible to allocate some product terms away from a
macrocell without losing the use of that macrocell for
logic generation.

The MACH446 macrocell provides either registered or
combinatorial outputs with programmable polarity. If a
registered configuration is chosen, the register can be
configured as D-type, T-type, J-K, or S-R to help reduce
the number of product terms used. The flip-flop can also
be configured as a latch. The register type decision can
be made by the designer or by the software.

All macrocells can be connected to an I/O cell through
the output switch matrix. The output switch matrix
makes it possible to make significant design changes
while minimizing the risk of pinout changes.

Publication# 19405 Rev.A Amendment/0
Issue Date: August 1994
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MACH465-15/20

COM’L: -15/20

High-Density EE CMOS Programmable Logic

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
208 pins In PQFP

JTAG, 5-V, in-circuit programmable
IEEE 1149.1 JTAG testing capability
256 macrocells

15 ns teo

50 MHz fuax external

146 Inputs with pull-up resistors
128 Outputs

384 flip-tiops

— 256 Macrocell flip-flops

— 128 Input flip-flops

H Up to 20 product terms per function, with XOR
B Flexible clocking
— Four global clock pins with selectable edges

— Asynchronous mode available for each
macrocell

B 16 “PAL34V16” blocks

N Input and output switch matrices for high
routabllity

B Fixed, predictable, deterministic delays
B Zero-hold-time input register option

GENERAL DESCRIPTION

The MACH465 is a member of AMD’s high-performance
EE CMOS MACH 4 family. This device has approxi-
mately 25 times the macrocell capability of the popular
PAL22V10, with significant density and functional
features that the PAL22V10 does not provide.

The MACHA465 consists of 16 PAL blocks intercon-
nected by a programmabile central switch matrix. The
central switch matrix connects the PAL blocks to each
other and to all input pins, providing a high degree of
connectivity between the fully-connected PAL blocks.
This allows designs to be placed and routed efficiently.
Routability is further enhanced by an input switch matrix
and an output switch matrix. The input switch matrix pro-
vides input signals with alternative paths into the central
switch matrix; the output switch matrix provides flexibil-
ity in assigning macrocells to I/O pins.

The MACH465 has macrocells that can be configured
as synchronous or asynchronous. This allows designers
to implement both synchronous and asynchronous logic

together on the same device. The two types of design
can be mixed in any proportion, since the selection on
each macrocell affects only that macrocell.

Up to 20 product terms per function can be assigned. It
is possible to allocate some product terms away from a
macrocell without losing the use of that macrocell for
logic generation.

The MACH465 macrocell provides either registered or
combinatorial outputs with programmable polarity. If a
registered configuration is chosen, the register can be
configured as D-type, T-type, J-K, or S-R to help reduce
the number of product terms used. The flip-flop can also
be configured as a latch. The register type decision can
be made by the designer or by the software.

All macrocells can be connected to an /O cell through
the output switch matrix. The output switch matrix
makes it possible to make significant design changes
while minimizing the risk of pinout changes.
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CONNECTION DIAGRAM
Top View
PQFP
Block B Block A Block P Block O
[ T T | [ 1 T 1
$833355285508508828. . 888 8838 88000055000 3500005008

2858833 B3IBYSBRRRRLINNEREBL 88388285
oo —] | AREARENREEAEERIE TR ERIEIND THELE | S
. o |2 5| F— 100
wie L— |3 154 | —] zﬂv —_
o] wre |+ 18 = om0
x| weC—] |s 2| =3 o @
] i C—] |6 Yoy [ — m':
O worC—] |7 | B3 Wi §.
@ war—]|e w| B
w2 ] 9 18| /3 z:: z
Y vozs — | 10 Wl — ol _|
vee — | v ue| = yec
ano C— | 12 us| =3 N0
[ vo2¢ C—] 13 w| =3 wim T
[a] vozs C—o | 14 13| == o2 o]
X voe — | 1s 12 —J o101 Qo
8| worc— | w| B o0 8
o vwsc—] | 10| =3 wvoes ol
w2 — |18 1| = vose <
L o= | | B o
" —— |2 wr| = wvoes |
R —— |21 18| B=3 m
Br—] |2 15| B==3 Gno
GNO ] | 23 1| B3 vec
vee ———] 24 133 =3 vce
vee —o | 25 132] =21 aNnD
GNO C— | 26 v B ano
GNO C—] | 27 10| E==3 vee
vee C— |28 129 =3 v
vee T— |2 28| B3 amo
a0 C— | % 27| = 1o
— W 3 12 /=3
v — |2 125] B woss
w B ] | 12¢| B3 vOs4
x| vwauT—— |n 12| B voes o]
8 VoI C—] | 3s 12| =3 voe2 8
K- vox%s C—1 | 3 121 == vosr =
[+ vosr C— | a7 120 B=3 yos0 -
voss C—7 |38 19| = yoss
— v C—] |» 18| == yoes
ano C— | % "l E—= ano T
— vec s— ne| E=3 yee
voeo C— | @ us| E—3 woer M
wl wal—|a | B3 e
oo C—] |« 13| =3 yogs @
E vous T—] | e | 2 1% S
vou C—] |4 | =3 yos =
o vouis T—] | & 10| E= o x
voss T 48 109 —J 081
- oo ] ;g 18] == om0
—_— | ol B emee
ano T | %2 05| f—3 6N
BI83583 898388 88RANRNCRRERS sNB388588 8552388588 85882
eeg g ce R QONRYRRRRR
R R F 44 H R R 1 104 1 1 i - R
| |1 J | ] 1 ]
Block G Block H Block | Block J
17470C-2

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

110 = Input/Output
Vce = Supply Voltage
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

MACH 465 15 Y C

FAMILY TYPE OPTIONAL PROCESSING
MACH = Macro Array CMOS High-Speed Blank = Shipped in Trays
DEVICE NUMBER OPERATING CONDITIONS
465 = 2nd Generation, 256 Macrocells, 208 Pins C = Commercial (0°C to +75°C)
PACKAGE TYPE
SPEED Y = 208-Pin Plastic Quad Flat Pack
-15 = 15nstrD (PQR208)
-20 = 20 nstpD
Valid Combinations Valid Combinations
_ The Valid Combinations table lists configurations
MACHA65-15 YC planned to be supported in volume for this device.
MACH465-20 Consult the local AMD sales office to confirm availabil-

ity of specific valid combinations and to check on
newly released combinations.
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FUNCTIONAL DESCRIPTION

The MACH465 consists of sixteen PAL blocks con-
nected by a central switch matrix. There are 128 I/O pins
and 14 dedicated input pins feeding the central switch
matrix. These signals are distributed to the sixteen PAL
blocks for efficient design implementation. There are
alsc 4 global clock pins.

All inputs and I/O pins have built-in pull-up resistors.
While it is always good design practice to tie unused
pins high, the pull-up resistors provide design security
and stability in the event that unused pins are left
disconnected.

The PAL Blocks

Each PAL block in the MACH465 (Figure 17) contains a
clock generator, a 90-product-term logic array, a logic
allocator, 16 macrocells, an output switch matrix, 8 I/O
cells, and an input switch matrix. The central switch ma-
trix feeds each PAL block with 34 inputs. This makes the
PAL block look effectively like an independent
“PAL34V16".

In addition to the logic product terms, individual output
enable product terms and two PAL block initialization
product term are provided. Each I/O pin can be individu-
ally enabled. All flip-flops that are in the synchronous
mode within a PAL block are initialized together by
either of the PAL block initialization product terms.

The Central Switch Matrix and Input
Switch Matrix

The MACH465 central switch matrix is fed by the input
switch matrices in each PAL block. Each PAL block pro-
vides 16 internal feedback signals, 8 registered input
signals, and 8 I/O pin signals to the input switch matrix.
Of these 32 signals, 24 decoded signals are provided to
the central switch matrix by the input switch matrix. The
central switch matrix distributes these signals back to
the PAL blocks in a very efficient manner that provides
for high performance. The design software automati-
cally configures the input and central switch matrices
when fitting a design into the device.

The Clock Generator

Each PAL block has a clock generator that can generate
four clock signals for use throughout the PAL block.

These four signals are available to all macrocells and
I/0 cells in the PAL block, whether in synchronous or
asynchronous mode. The clock generator chooses the
four signals from the eight possible signals given by the
true and complement versions of the four global clock
pin signals.

The Product-Term Array

The MACH465 product-term array consists of 80
product terms for logic use, eight product terms for
output enable use, and two product terms for global PAL
block initialization. Each macrocell has a nominal
allocation of 5§ product terms for logic, although the logic
allocator allows for logic redistribution. Each I/O pin has
its own individual output enable term. The initialization
product terms provide asynchronous reset or preset to
synchronous-mode macrocells in the PAL block.

The Logic Allocator

The logic allocator in the MACH465 takes the 80 logic
product terms and allocates them to the 16 macrocells
as needed. Each macrocell can be driven by up to 20
product terms if in synchronous mode, or 18 product
terms ifin asynchronous mode. When product terms are
routed away from a macrocell, it is possible to route all 5
product terms away, which precludes the use of the
macrocell for logic generation; or it is possible to route
only 4 product terms away, leaving one for simple
function generation. The design software automatically
configures the logic allocator when fitting the design into
the device.

The logic allocator also provides an exclusive-OR gate.
This gate allows generation of combinatorial exclusive-
OR logic, such as comparison or addition. It allows reg-
istered exclusive-OR functions, such as CRC
generation, to be implemented more efficiently. It also
makes in possible to emulate all flip-flop types with a
D-type flip-flop. Register type emulation is automatically
handled by the design software.

Table 11 illustrates which product term clusters are
available to each macrocell within a PAL block. Refer to
Figure 17 for cluster and macrocell numbers.
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Table 11. Logic Allocation

Macrocell Available Clusters
Mo Co, C1,C2
M1 Co, C1,C2,C3
M2 C1,C2,C3,C4
M3 C2,C3,C4,C5
M4 C3,C4,C5,C6
M5 C4,Cs5, C6, C7
Mé Cs,C6,C7,C8
M7 Cs6,C7,C8,C9
M8 C7,C8, C9,C10
M9 C8, C9, C10,C11
M10 C9, C10,C11,C12
M11 C10,C11,C12,C13
M12 C11,C12,C13,C14
M13 C12,C13,C14,C15
M14 C13,C14,C15
M15 C14,C15

The Macrocell and Output Switch Matrix

The MACH465 has 16 macrocells, half of which can
drive I/O pins; this selection is made by the output switch
matrix. Each macrocell can drive one of four I/O cells.
The allowed combinations are shown in Table 12.
Please refer to Figure 17 for macrocell and I/O pin
numbers.

Table 12. Output Switch Matrix Combinations

Macrocell Routable to VO Pins

MO, M1 /05, 1/086, 1/107, /00

M2, M3 1/086, 1/07, 1/00, /01

M4, M5 /07, 1100, /01, /02

M6, M7 /00, 1101, /02, /03

M8, M9 1101, 1102, /03, /04

M10, M11 | /02, I/03, I/0O4, /05

M12, M13 | 1/O8, I/04, I/O5, /06

M14, M15 | 1/O4, I/O5, 1/O6, I/07
/O Pin Available Macrocells
1/00 MO, M1, M2, M3, M4, M5, M6, M7
/101 M2, M3, M4, M5, M6, M7, M8, M9
1102 M4, M5, M6, M7, M8, M9, M10, M11
/03 M6, M7, M8, M9, M10, M11, M12, M13
/04 M8, M9, M10, M11, M12, M13, M14, M15
/105 M10, M11, M12, M13, M14, M15, MO, M1
/06 M12, M13, M14, M15, M0, M1, M2, M3
/07 M14, M15, M0, M1, M2, M3, M4, M5

The macrocells can be configured as registered,
latched, or combinatorial. In combination with the logic
allocator, the registered configuration can be any of the
standard flip-flop types. The macrocell provides internal
feedback whether configured with or without the flip-
flop, and whether or not the macrocell drives an I/0 cell.

The flip-flop clock depends on the mode selected for
the macrocell. In synchronous mode, any of the PAL
block clocks generated by the Clock Generator can be
used. In asynchronous mode, the additional choice of
either edge of an individual product-term clock is
available.

Initialization can be handled as part of a bank of macro-
cells via the PAL block initialization terms if in synchro-
nous mode, or individually if in asynchronous mode. In
synchronous mode, one of the PAL block product terms
is available each for preset and reset. The swap function
determines which product term drives which function.
This allows initialization polarity compatibility with the
MACH 1 and 2 series. In asynchronous mode, one prod-
uct term can be used either to drive reset or preset.

The I/O Cell

The 1/O cell in the MACH465 consists of a three-state
buffer and an input flip-flop. The I/O cell is driven by one
of the macrocells, as selected by the output switch
matrix. Each I/O cell can take its input from one of eight
macrocells. The three-state buffer is controlled by an in-
dividual product term. The direct I/O signal is available
to the input switch matrix, and can be used if desired.

JTAG Testing

JTAG is the commonly used acronym for the |IEEE
Standard 1149.1-1990. The JTAG standard defines
and output pins, logic control functions, andinstructions.
AMD has incorporated this standard into the
MACH465 device.

The JTAG standard was developed as a means of pro-
viding both board-level and device-level testing. Details
on this feature can be found in the application note titled,
Introduction to JTAG and Five-Volt Programming with
MACH 3 and 4 Devices, at the end of this Data Book.
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Five-Volt Programming

Another benefit from the JTAG circuitry that AMD has
derived is the ability to use the JTAG port for five-volt
programming. This allows the device to be soldered to
the board before programming. Once the device is at-
tached, the delicate Plastic Quad Flat Pack, or PQFP,

leads are protected from programming and testing op-
erations that could potentially damage them. Program-
ming and verification of the device is done serially which
is ideal for on-board programming since it only requires
the use of the Test Access Port, along with the additional
ENABLE* pin.

Details on this feature can also be found in the Introduc-
tion to JTAG and Five-Volt Programming with MACH 3
and 4 Devices application note, at the end of this
Data Book.

Zero-Hold-Time Input Register

The MACH465 device has a zero-hold time (ZHT) fuse.
This fuse controls the time delay associated with loading
data into all /O cell registers and latches in the
MACH465 device.

path setup delays to input storage elements, matching
equivalent delays in the clock path. When the fuse is
erased, the setup time to the input storage element is
minimized.

This feature facilitates doing worst-case designs for
which data is loaded from sources which have low (or
zero) minimum output propagation delays from clock
edges. See the MACHXL™ Software User’s Guide for
more details.

MACH465-15/20 4
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

RespecttoGround ............. -0.5Vto+7.0V
DClinputVoltage ............ -0.5Vto Vcc +0.5V
DC Output or

/OPinVoltage ............. —0.5Vto Vcc +0.5V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Cto+75°C) . ........cvevnnn.. 200 mA

OPERATING RANGES

Commercial (C) Devices
Temperature (Ta) Operating

inFreeAir..............c.ouuen. 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround ............ +4.75Vto +5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

P Y
Parameter
Symbol Parameter Description Test Conditions Min Typ Max | Unit
Vou Output HIGH Voltage low ==3.2 mA, Vce = Min 24 \
Vin = Vi or Vi
Vo Output LOW Voltage lo. = 24 mA, Vce = Min 0.5 v
Vin = Vi or Vi (Note 1)
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 2)
™ Input HIGH Leakage Current Vin=5.25 V, Vcc = Max (Note 3) 10 HA
'S Input LOW Leakage Current Vin=0V, Vcc = Max (Note 3) -100 pnA
loan Off-State Output Leakage Vour = 5.25 V, Vec = Max
Current HIGH Vin = Vior Vi (Note 3) -100 ] pA
loa Off-State Output Leakage Vour =0V, Vcc = Max WA
Current LOW Vin = Viwor V. (Note 3) 10
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max (Note 4) -30 -160 mA
lec Supply Current Vin= 0V, Outputs Open mA
(lour=0mA), Vec=5.0 V,
f =25 MHz Ta = 25°C (Note 5)
CAPACITANCE (Note 6)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cn Input Capacitance Vn=20V Vec=5.0V, Ta=25°C, 6 pF
Cour Output Capacitance Vour=2.0V | f=1MHz 8 pF
Notes:

1. Total lo. for one PAL block should not exceed 128 mA.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. /O pin leakage is the worst case of I and loz. (or I and loz).

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

5. Measured with a 16-bit up/down counter pattern. This pattemn is programmed in each PAL block and capable of being loaded,

enabled, and reset. An actual Icc value can be calculated by using the “Typical Dynamic Icc
Characteristics” Chart towards the end of this data sheet.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

MACH465-15/20 (Com’l)
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

PRELIMINARY
Parameter -15 -20
Symbol |Parameter Description Min Max Min Max Unit
teo Input, I/O, or Feedback to Combinatorial Output 3 15 3 20 ns
(Note 2)
tsa Setup Time from Input, /O, or D-type 8 10 ns
Feedback to Product Term Clock T-type 9 11 ns
tHa Register Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Clock to Output (Note 2) 4 18 4 22 ns
twea Low 9 12 ns
Product Term, Clock Width
twHA HIGH 9 12 ns
D-type 38.5 31.2 MHz
External Feedback | 1/(tsa + tcoa)
Maximum T-type 37 30.3 MHz
Frequency D-type | 47.6 37 MH.
fwaxa | Using Product | Internal Feedback (fonta) P z
Term Clock T-type 45.4 35.7 ' MHz
(Note 3)
No Feedback 1/(twia + twHa) 55.6 a1.7 MHz
(Note 4)
tss Setup Time from Input, I/O, or Feedback D-type 10 13 ns
to Global Clock T-type 1 14 ns
tHs Register Data Hold Time Using Global Clock 0 ns
tcos Global Clock to Output (Note 2) 2 10 2 12 ns
twes Low 6 8 ns
Global Clock Width
twHs HIGH 6 ns
D-type 50 40 MHz
External Feedback] 1/(t t
) eedback] 1/(tss +1cos) T T 476 385 MHz
Maximum
fmaxs Frequency D-type 66.6 50 MHz
Using Global | Internal Feedback (fonts)
Clock (Note 3) T-type 62.5 47.6 MHz
No Feedback 1/(twes + tWHS) 83.3 62.5 MHz
(Note 4)
tsta Setup Time from Input, I/O, or Feedback to 8 10 ns
Product Term Clock
tHLA Latch Data Hold Time Using Product Term Clock 8 10 ns
tcoa Product Term Gate to Output (Note 2) 19 22 ns
tawa Product Term Gate Width LOW (for LOW transparent) 9 12 ns
or HIGH (for HIGH transparent)
tsLs Setup Time from Input, I/O, or Feedback to Global Gate 10 13 ns
tHLs Latch Data Hold Time Using Global Gate 0 0 ns
teos Gate to Output (Note 2) 11 12 ns
taws Global Gate Width LOW (for LOW transparent) 6 8 ns
or HIGH (for HIGH transparent)
tico Input Register Clock to Combinatorial Output 20 25 ns
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

(continued)
PRELIMINARY
Parameter -15 -20
Symbol |Parameter Description Min Max Min Max Unit
tics Input Register Clock to Output Register Setup D-type 15 20 ns
T-type 16 21 ns
twicL Low 6 8 ns
Input Register Clock Width
twic HIGH 6 8 ns
fwaxin | Maximum Input Register Frequency | 1/(twio. + twicr) 83.3 62.5 MHz
tico Input Latch Gate to Combinatorial Output 20 25 ns
ticoL Input Latch Gate to Output Through Transparent 22 27 ns
Output Latch
ticsa Input Latch Gate to Output Latch Setup Using 14 19 ns
Product Term Output Latch Gate
tiass Input Latch Gate to Output Latch Setup Using Global 16 21 ns
Output Latch Gate
twicL Input Latch Gate Width LOW 6 8 ns
tar Asynchronous Reset to Registered or Latched Output 20 25 ns
tarw Asynchronous Reset Width (Note 3) 15 20 ns
tarr Asynchronous Reset Recovery Time (Note 3) 15 20 ns
tar Asynchronous Preset to Registered or Latched Output 20 25 ns
tapw Asynchronous Preset Width (Note 3) 15 20 ns
tarr Asynchronous Preset Recovery Time (Note 3) 15 20 ns
tea Input, IO, or Feedback to Output Enable (Note 2) 15 2 20 ns
ter Input, I/O, or Feedback to Output Disable (Note 2) 15 2 20 ns
Input Register with Standard-Hold-Time Option
teoL Input, /O, or Feedback to Output Through 17 22 ns
Transparent Input Latch
tsir Input Register Setup Time 2 2 ns
tHiR Input Register Hold Time 4 5 ns
tsi Input Latch Setup Time 2 2 ns
tHiL Input Latch Hold Time 4 5 ns
tsLia Setup Time from Input, I/0, or Feedback Through 10 12 ns
Transparent Input Latch to Product Term Output Gate
tsus Setup Time from Input, I/O, or Feedback Through 12 16 ns
Transparent Input Latch to Output Gate
teoLL Input, I/O, or Feedback to Output Through Transparent 19 24 ns
Input and Output Latches
MACH465-15/20 (Com’l) 81
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)
(continued)

PRELIMINARY
Parameter -15 -20
Symbol | Parameter Description Min Max Min Max Unit
Input Register with Zero-Hold-Time Option
teol' Input, IO, or Feedback to Output Through 23 30 ns
Transparent Input Latch
tsig' Input Register Setup Time 6 8 ns
tHiR! Input Register Hold Time 0 0 ns
toi! Input Latch Setup Time 6 8 ns
(T Input Latch Hold Time 0 0 ns
tsiia’ Setup Time from Input, 1/O, or Feedback Through 16 20 ns
Transparent Input Latch to Product Term Output Gate
tsiis' Setup Time from Input, /O, or Feedback Through 18 24 ns
Transparent Input Latch to Output Gate
teovd! Input, I/O, or Feedback to Output Through Transparent 25 32 ns
Input and Output Latches

Notes:
1. See Switching Test Circuit at the end of this Data Book for test conditions.
2. Parameters measured with 32 outputs switching.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. This parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation.
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TYPICAL SWITCHING CHARACTERISTICS
Vce =5.0 V, Ta = 25°C. These parameters are not tested.

201
1.51
10T

051

Atos (ns) 0 —— i
8 1 32 40 48 56 64
05T

-1.0 1T

Number of Outputs Switching
-154

-2.0 -

17470C-4
Derating for Number of Outputs Switching

Notes:
Applies to trp, tco. Calculate as:
lderated = 132 O/P + Alos
Datasheet numbers (t32 o/p) are specified at 32 outputs switching

Atoi (ns)

0 T —————
25 50 75 100 125 150 175 200
-1 +

Load Capacitance (pF)

-2 -
17470C-5

Capacitive Load Derating

Notes:
Applies to all AC specifications and rise and fall times. Calculate as:

lderated = 135 pF + AtDL
Datasheet numbers (t35 pF) are specified with 35 pF.
For typical rise and fall rates, use 1V/ns at 35 pF.
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TYPICAL CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec=5.0V, Ta =25°C
loL (mA)
80 T
60 T
w0 T

20 T
————t ———— o)

-1.0 0.8 06 -0.4 0.2 2 4 .6 .8 1.0
20 T+

—40 +

-60 T

-80 =

Output, LOW 17470C-6

loH (mA)
25T

=75 4

-100 -

_74_
-150 L 17470C-7

Output, HIGH

li (mA)
20T
L 1
-2 —1I 1 2

-

— vV
5

[AR
»

80 1
17470C-8

_1 00 =+

Input
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TYPICAL Icc CHARACTERISTICS
Vee=5V, Ta=25°C
325 —
300 —
275 —
250 —
225 —

200 —

b Data to be supplied
175 — in Final Data Sheet

Icc (mA) J
150 —

125 —
100 —
75 =

50 -J

25

0 ! I ! ] ! | ' | ! I ' | ! 1
0 10 20 30 40 50 60 70

Frequency (MHz)

The selected “typical” pattern is a 16-bit up/down counter. This pattern is programmed in each PAL block and is
capable of being loaded, enabled, and reset.

Actual Icc values vary with the selected pattem. An actual Icc value can be calculated using the “Typical Dynamic
lcc Characteristics” chart towards the end of this datasheet.

Maximum frequency shown uses internal feedback and a D-type register.

MACH465-15/20 85



nAMD PRELIMINARY
TYPICAL DYNAMIC Icc CHARACTERISTICS

These parameters are not tested. Please refer to the General Information section in the latest MACH 3 and 4
Data Book for a discussion on the usage of these parameters.

Parameter
Symbol Parameter Description Typ Units
icco Base static Icc TBD mA

il Incremental input current 32 nA/MHz
iB Incremental current per PAL block 30 HA/MHz
io Incremental output current 110 HA/MHz
v Voltage dependence 38 %V
iT Temperature dependence -0.13 %/°C

TYPICAL DATA DESIGN GUIDELINES

The following parameters are provided in response to questions from designers. They are intended only as design
guidelines, and should be used with care. They are not guaranteed or tested.

Parameter Description l Typ l Units
Edge Rates (Note 1)

Rise rate 1 Vins
Fall rate 1 Vins
Skew (Note 2)

Global clock-to-output skew, same clock polarity and same output polarity 1 ns
Global clock-to-output skew, same clock polarity only 2 ns
Global clock-to-output skew, same output polarity only 2 ns
Global clock-to-output skew, different clock polarity and different output polarity 3 ns
Internal Delay Savings (Note 3)

Propagation delay savings 2 ns
Clock-to-output delay savings 3 ns
Ground Bounce (Note 4)

Ground bounce noise level on low output I 0.5 i \4

Notes:
1. Rise and fall rates are for unloaded outputs.

2. Skew values assume equal output loading.
3. Internal delay savings gives the typical amount of delay saved by not going through an output buffer.
4.

The ground bounce noise level should be added to the static VoL under normal load conditions as applied to a silent low
output when all other /O pins are switching from high to low.
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TYPICAL THERMAL GUIDELINES
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description PQFP Unit
Ojc Thermal impedance, junction to case TBD °C/W
Oja Thermal impedance, junction to ambient TBD °C/W
Bjma Thermal impedance, junction to 200 Ifpm air T8D °C/W
ambient with air flow 400 lfpm air 180 °C/W
600 lfpm air TBD °C/W
800 Ifpm air TBD °C/W

Plastic 6jc Considerations

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.
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SWITCHING WAVEFORMS
Input, VO, or
Feedback VT
tPD
Combinatorial
Output VT
14128-010B
Combinatorial Output
) )
Input, 11O, Input, /O, or
3, Feed- A\ Feedback vr
back
ts tH tsL | tHL
Clock vt Gate y, K VT
tco tPOL L tco
Registered Latched
Output i Out __ | vr
14128-011B 14128-012B
Registered Output Latched Output
tWH
Clock Gate VT
two taws
12015-011A 14128-014A
Clock Width Gate Width
Registered
9 Input A Registered X VT
Input
tsIR tHIR
Input
Register VT Input
Clock Register VT
tico Clock
. . ->
Combmgbc:;s: VT Output tics
Register VT
14128-0028 Clock 14128-0038
Registered Input Input Register to Output Register Setup
Notes:
1. Vr=15V.

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns—4 ns typical.
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SWITCHING WAVEFORMS

e

Ftsik | tHiL?
Gate y, K VT
POL

t tico
Combinatorial
Output __ | vr

14051G-21

Latched Input

_ 22 tPOLL
atc el: 22
)

&

b
>

)

G w)—Cgﬁ
" ;" \_éé égf

Latched Input and Output

1. Vr=15V.
2. Input pulse amplitude 0 V to 3.0 V.
3. Input rise and fall times 2 ns—4 ns typical.
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SWITCHING WAVEFORMS
tWICH
Input
. vr Latch vr
Gate
twicL twiGL
14128-003B 14128-018A
Input Register Clock Width Input Latch Gate Width
tARW tAPw —|
Input, VO, or Input, 1/O, }/
Feedback A or Feedback RVT
AR tap
Registered Registered
Output vr Output VT
tARR tAPR
Clock VT Clock VT
14128-005B 14128-006B
Asynchronous Reset Asynchronous Preset
Input, /O, or
Feedback i
teR tEA
\\ X Vo - 0.5v/77
Outputs VT
P [T Vo+osv\\
14128-019A
Output Disable/Enable
Notes:
1. Vr=15V.

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns—4 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHtoL
May Will be
Change Changing
fromLtoH fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5
} S
% R1
Output O l €@ Test Point
iﬂz I )
e - 12350-019A
Commercial Moasured
Specification S$1 CL R: Rz Output Value
tep, tco Closed 15V
tea Z — H: Open 35 pF 15V
Z - L: Closed 300 Q 390 Q
ter H —Z: Open 5 pF H—->2Z:Vou-05V
L - Z: Closed L—-2Z:VoL+05V
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fuax PARAMETERS

The parameter fmax is the maximum clock rate at which
the device is guaranteed to operate. Because the flexi-
bility inherent in programmable logic devices offers a
choice of clocked flip-flop designs, fmax is specified for
three types of synchronous designs.

The first type of design is a state machine with feedback
signals sent off-chip. This external feedback could go
back to the device inputs, or to a second device in a
multi-chip state machine. The slowest path defining the
period is the sum of the clock-to-output time and the in-
put setup time for the external signals (ts + tco). The re-
ciprocal, fmax, is the maximum frequency with external
feedback or in conjunction with an equivalent speed de-
vice. This fmax is designated “fmax external.”

The second type of design is a single-chip state ma-
chine with internal feedback only. In this case, flip-flop
inputs are defined by the device inputs and flip-flop out-
puts. Under these conditions, the period is limited by the
internal delay from the flip-flop outputs through the inter-
nal feedback and logic to the flip-flop inputs. This fuax is
designated “fmax internal”. A simple internal counter is a
good example of this type of design; therefore, this pa-
rameter is sometimes called “fent.”

The third type of design is a simple data path applica-
tion. In this case, input data is presented to the flip-flop
and clocked through; no feedback is employed. Under
these conditions, the period is limited by the sum of the
data setup time and the data hold time (ts + tn). How-
ever, a lower limit for the period of each fmax type is the
minimum clock period (twH + twi). Usually, this minimum

neriod determines the neriod for tha third fuaay
Penog gelermings InNe perigt 10r tne NG TMAX,

OUK

designated “fmax no feedback.”

For devices with input registers, one additional fmax pa-
rameter is specified: fmaxir. Because this involves no
feedback, it is calculated the same way as fmax no feed-
back. The minimum period will be limited either by the
sum of the setup and hold times (tsir + tHiR) or the sum of
the clock widths (twicL + twicH). The clock widths are nor-
mally the limiting parameters, so that fmaxir is specified
as 1/(twict + twicH). Note that if both input and output
registers are use in the same path, the overall frequency
will be limited by tics.

All frequencies except fmax internal are calculated from
other measured AC parameters. fmax internal is meas-
ured directly.

fmax No Feedback; 1/(ts + tH) or 1/(twH + twL)

CLK CLK
Fm s e ——— q r— "] |
| | :
Vv SECOND \4
’ ( CHIP) | ———JI—>
LOGIC |juufped REGISTER } I LOGIC |uumaped REGISTER i
| | | |
I l | | Il |
| —l | | -I |
iy NS, < b e e ———— ]
I‘—- tg _+— tco _+— ts —.|
fmax External; 1/(ts + tco) fmax Internal (fcNT)

CLK CLK
Fr———————————————— ] r—————fp———————————— bl
| { ! !

\4 \%4

| | | |
+> LOGIC |l REGISTER —I—-—» ﬂl—’ REGISTER »| LOGIC —}—»

| | | |

| | | |

| | | |

e — e o U ——— 4
— g ———
i e [ I tSIR | tHR |

fMAXIR ; 1/(tSIR + tHIR) or 1/(twiCL + twiCH)
12350-0238
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APPROXIMATING ACTUAL APPLICATION
SUPPLY CURRENT

Introduction

The approach shown below will allow you to estimate
the current consumption for your application. It does re-
quire some work, but the variation in current between
appiications can be significant, and any simpie attempts
at defining consumption for a “typical” application will be
meaningless.

Parameters and Formulas

Dynamic operation is also important, especially on large
devices like this that have many signals. However, using
simple lcc vs Frequency curves is difficult, since there is
great variation in behavior between a few outputs
switching and all outputs switching. In addition, real-life
devices have outputs that switch at different
frequencies, making it difficult to assess an actual
frequency for the device as a whole. Breaking the
current down into its components gives a much more
accurate result than trying to define a “typical” pattern.

The following formula gives you a way to approximate
the actual supply current that your application will
require. It is not necessary to go through all of the
calculations if you do not desire to. Each component is
independent, and only those components you are
concerned with need be calculated.

Note that the concept of frequency used below is a little
different from that normally discussed with PLDs: it
generally does not refer to the clock frequency. The
frequency of each individual signal must be considered,
since in most designs, the different signals operate at
widely differing frequencies. In many cases, a signal is
not even periodic. In that case, an approximation as to
the “average” frequency should be made.

There are six new parameters that are used in this for-
mula. Values for the parameters for each product are
given at the end of each individual data sheet. Note that
they are typical numbers, and are not tested. The new
parameters are:

lcco  The base static lcc at 25°C and 5.0 V Vcg, in

mA.

] The incremental current for a single input
switching, but not driving logic, in pyA/MHz.

iB Theincremental current for each PAL block that
an input or feedback signal drives, in uA/MHz.

io The incremental current for a single output

switching an unloaded output, but not driving
feedback logic, in pA/MHz.

iv The current change due to changes in Vcc, in
%IV.
iT The change in current due to changes in

temperature, in %/°C.

The following components of the total current are
considered:

The basic DC current, lcco

The AC components for the inputs
The AC components for the outputs
Vcc derating

Temperature derating

The output load

Calculating the AC Components

The AC components are a result of inputs and outputs
switching.

Contribution of Inputs

The incremental current due to a switching input or
buried feedback signal x can be calculated as:

irx = (ir+ NpxiB) fix
where
iix is the total incremental current for input x

Nsx is the number of PAL blocks that input x
drives

ficis the average frequency of input x (not the
clock frequency)

The number of blocks driven by an input, also known as
the block fanout, can be determined from the MACH
Report generated by the MACH Fitter after the design
has been successfully fit. The fanout for each individual
input is in the “Blocks” column on the far right of the
“Signals—Tabular Information” table. Each block that
the input drives is listed here. Note that with some
devices you may see blocks in this list that you would not
expect from the logic equations and signal placement.
This is a normal part of the fitting process, and does not
affect the logic in any way, but should be accounted for
in the current calculation.

The current is calculated for each switching input and
buried feedback signal; the results for each input should
be summed to give the total incremental current due to
switching inputs:

inputs & buried

irr = 2 I1x

X

A short-cut calculation is also possible if you can -
determine an “average” frequency that you can apply to
allinputs, and if you can tolerate less accuracy than that
given by the calculation above. Given such a single
average frequency fa, you can estimate the input
contribution to current with the calculation

irr= (Nrij+ Nrarip)

B y
18} L2

where

Niis the number of inputs used
Nrsr is the total block fanout
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The total block fanout is listed in the MACH Report that
the AMD Fitter generates, just before the “Signals—
Tabular Information” table. It is simply the sum of all the
fanouts of the individual inputs.

An example of the part of the report that gives fanout
information is shown below.

Inthis example, Nrrsis 40 for the short-cut calculation. If
input contributions are to be considered individually,
then Ng for inputs COUNT and LOAD is 2, since both in-

puts drive blocks A and B. So out of the total fanout of 40,
COUNT and LOAD account for 4.

Contribution of Outputs
The incremental current for an output yis calculated as

iOy = iOny
where
ioy is the incremental current for output y

foy is the average frequency at which output y
is switching (not the clock frequency)

This is calculated for each switching output; the results
for each output should be summed to give the total in-
cremental current due to switching outputs:

outputs
lor = 2 oy
y
The total AC current under nominal conditions (5.0 V
\/an DEON AR L lInaAd) ic than
vCC, €0 v, OUTMIT Ivau) 15 uici

Icen = Icco+ irr + lor

Derating for Vcc

The current will change with applied Vcc. To estimate
the current at a given applied Vcc (Va), calculate the

following:
Iccv = Icen [1 + iv (Va—=5.0V)]
where
Icevis the total dynamic current derated only for
Vee

Wiring Completion: 100% -> ( 0 nc)
|> INFORMATION F058 - Total Block Fanout (All Signals) *: 40 -~
***Sjgnals - Tabular Information
Signal # P/N # (Loc) Type Logic # PT Blocks
CLK1 1 35 I 5 clock pin
COUNT 2 13 I 2 input .AB -
LOAD 3 10 I O input .AB -~
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Derating for Temperature

To estimate the current at an applied temperature Ta,
calculate the following:

Icer = Icen [1 + ir (Ta — 25°C) ]

Icct is the total current derated only for tem-
perature

Iccvr is the total current derated for both Vcc
and temperature

Note that ir will be a negative number, since current
increases as temperature decreases.

Calculating the Load Current

A load may have both capacitive and resistive portions,
both of which draw current.

Capacitive Load Contribution

The dynamic current of a purely capacitive output load
on an output w can be calculated as:

iciw = CLwVswEfow
where
icLw is the incremental current due to the ca-
pacitive load on output w

Cuw is the amount of capacitance on output w
Vsw is the voltage swing of output w

fow is the average frequency at which output w
is switching (not the clock frequency)

Resistive Load Contribution

If there is a resistive component to the load, then there
will be a current component that can be calculated as
follows for an output w with a single resistor:

. Vo
1riw = Kpew 7,
w

where
inLw is the current due to the resistive load on
output w
Kocwis the average duty cycle for output wbeing
HIGH in the case of a resistor to ground, or
LOW in the case of a resistor to Vcc
Vois Von in the case of a resistor to ground, or
VoL in the case of a resistor to Vcc
Rw is the value of the terminating resistor on
output w

If there is a resistor network with Thévenin equivalent
resistance Reqgand voltage Veq, then the current can be
calculated as:

Kpch (Vou = Veq) + (1 — Kpcu) (Veq — Vor)
Req

IRLw =

where
Kbocwis the average duty cycle for output w be-
ing HIGH

The total current due to the load is then

outputs

z iciw + IRLw

w

irr =

Load currents can be derated for temperature, but the
behavior of the load with temperature may not be
available.

Summary

To getthe best approximation of supply current, two fun-
damental components mustbe added: currentdrawn by
the chip, and current drawn by the load. The former is a
combination of static current and dynamic current from
inputs and outputs switching. The latter is a function of
the voltage swing and the kind of load. The sum of the
two should give a reasonable idea of the actual supply
current requirements for your application.
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ENDURANCE CHARACTERISTICS

The MACH 3 and MACH 4 families are manufactured used in bipolar parts. As a result, the device can be
using AMD’s advanced Electrically Erasable process. erased and reprogrammed, a feature which allows
This technology uses an EE cell to replace the fuse link 100% testing at the factory.

Endurance Characteristics

Parameter
Symbeol Parameter Description Min Units Test Conditions

10 Years Max Storage

Temperature
toR Min Pattern Data Retention Time 20 Years Max Operating
Temperature
N Min Reprogramming Cycles 100 Cycles Normal Programming
Conditions
INPUT/OUTPUT EQUIVALENT SCHEMATICS
Vce —— Vce

>50 kQ [

ESD Program/Verify
Protection Circuitry

Input

Vce Vce

>50 kQ

Preload Feedback
= Circuitry Input

Output

12197-013A
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POWER-UP RESET

The MACH devices have been designed with the capa-
bility to reset during system power-up. Following power-
up, all flip-flops will be reset to LOW. The output state
will depend on the logic polarity. This feature provides
extra flexibility to the designer and is especially valuable

in simplifying state

manhina initializatinn A timina dia
C naliniinie iniianZauli

mi -
e Sy Uiy Uiad

gram and parameter table are shown below. Due to the
synchronous operation of the power-up reset and the

wide range of ways Vcc can rise to its steady state, two
conditions are required to insure a valid power-up reset.
These conditions are:

1. The Vcc rise must be monotonic.

2. Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Descriptions Max Unit
tePR Power-Up Reset Time 10 us
ts Input or Feedback Setup Time See
Switching
twi Clock Width LOW Characteristics
4V Vee
Power
I ter
Registered / / ( X
Output 7
e ts
Clock \\k
twi
12350-024A

Power-Up Reset Waveform
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DEVELOPMENT SYSTEMS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD catalog.

D7500 Karlsruhe 21 Germany

MANUFACTURER SOFTWARE DEVELOPMENT SYSTEMS
Advanced Micro Devices, Inc. M§gzigg x} g
P.O. Box 3453, MS 1028 ® : .
: MAC :
Sunnyvale, CA 94088-3543 HXL™ Software MACH445: V1.3
(800) 222-9323 or (408) 732-2400 MACH465: V1.3
Advanced Micro Devices, Inc. MACH355: V6.1
P.O. Box 3453, MS 1028 Design Center/AMD MACH435: V6.0
Sunnyvale, CA 94088-3543 Software MACH445: V6.1
(800) 222-9323 or (408) 732-2400 MACH465: V6.1
Advanced Micro Devices, Inc. MACH355: In Development
P.O. Box 3453, MS 1028 AMD-ABEL Software MACH435: V5.0
Sunnyvale, CA 94088-3543 Data /O MACH Fitters MACH445: In Development
(800) 222-9323 or (408) 732-2400 MACH465: In Development
Advanced Micro Devices, Inc. MACH355: In Development
P.O. Box 3453, MS 1028 PROdtsazz\I:Per/AMD MACH435: In Development
Sunnyvale, CA 94088-3543 PROSYNthesis! Aar% Softw MACH445: In Development
(800) 222-9323 or (408) 732-2400 ynthesis oftware MACH465: In Development
Cadence Design Systems ComposerPIC™ Designer MACH355: Now
555 River Oaks Pkwy (Requires MACH Fitter) MACH435: V3.2
San Jose, CA 95134 Verilog, LeapFrog, RapidSim Simulators MACH445: V3.3
(408) 943-1234 (Models also available from Logic Modeling) MACH465: V3.3
Capilano Cpmputing ) MACH355: Future
960 Quaysu:!e Dr., Suite 406 MacABEL™ Software MACH435: V5.0
New Westminster, B.C. ‘(Requires SmartPart MACH Fitter) MACH445: Future
Canada V3M 6G2 MACH465: Future
(800) 444-9064 or (604) 552-6200
CINA, Inc. MACH35S: Future
P.O. Box 4872 " MACH435: V2.0
AN ntCA
Mountain View, CA 94040 SmartCAT Circuit Analyzer MACH445: Future
(415) 940-1723 MACH465: Future
Data I/O Corporation ABEL™.5 Software MACH355: Future
10525 Willows Road N.E. - 1 :
P.O. Box 97046 (Requires MACH Fitter) MACH435: Now
MACH445: In Development
Redmond, WA 98073-9746 s - MACH465- In Devel t
(800) 332-8246 or (206) 881-6444 ynario™ Software + In Developmen
iNt GmbH MACH355: Future
Busenstrasse 6 . MACH435: V2.60
D-8033 Martinsried, Munich, Germany PLDSim 90 MACH445: Future
(89) 857-6667 MACH465: Future
'Dsa?r:::r\sﬁngH - MACH355: In Development
. LOG/iC™ Software MACH435: Now

Germany: 0721/75 10 87 (Requires MACH Fitter) MACH445: In Development
U.S.: (510) 531-8553 MACH465: In Development
Logic Modeling

19500 NW Gibbs Dr. MACH355: Future

P.O. Box 310 ® | MACH435: Now

Beaverton, OR 97075 SmartModef™ Library MACH445: Now

(503) 6906900 MACH465: In Development
Logical Devices, Inc. MACH355: In Development
692 S. Military Trail ™ MACH435: V4.4

Deerfield Beach, FL 33442 CUPL™ Software MACH445: In Development
(800) 331-7766 or (305) 428-6868 MACH465: In Development
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DEVELOPMENT SYSTEMS (subject to change) (continued)

MANUFACTURER SOFTWARE DEVELOPMENT SYSTEMS
Mentor Graphics Corp. PLDSynthesis™ MACH355: Now
8005 S.W. Boeckman Rd. (Requires MACH Fitter) MACH435: Vv8.2-5
Wilsonville, OR 97070-7777 QuickSim Simulator MACH445: Now
(800) 547-3000 or (503) 685-7000 (Models also available from Logic Modeling) MACH465: Now
MicroSim Corp. MACH355: V6.1
20 Fairbanks Design Center Software MACH435: V6.0
Irvine, CA 92718 (Requires MACH Fitter) MACH445: V6.1
(714) 770-3022 MACH465: V6.1
MINC Incorporated MACH355: Now
6755 Earl Drive, Suite 200 PLDesigner™-XL Software MACH435: V3.3
Colorado Springs, CO 80918 (Requires MACH Fitter) MACH445: V3.3
(800) 755-FPGA or (719) 590-1155 MACH465: V3.3
OrCAD Programmable Logic Design Tools 386+ MACH355: Future
3175 N.W. Aloclek Dr. Schematic Design Tool 386+ MACH435: In Development
Hillsboro, OR 97124 MACH445: Future
(503) 690-9881 Digital Simulation Tools MACH465: Future
SUSIE-CAD MACH355: In Development
10000 Nevada Highway, Suite 201 ™ MACH435: V1.4
Boulder City, NV 89005 SUSIE™ Simulator MACH445: In Development
(702) 293-2271 MACH465: In Development
Teradyne EDA . . MACH355: Future
321 Harrison Ave. MultiSIM Interactive Simulator MACH435: In Development
Boston, MA 02118 MACHA445: Future
(800) 777-2432 or (617) 422-2793 MACH465: Future
Viewlogic Systems, Inc. . ViewPLD or PROPLD ) :
293 B?ston y,;s,_,st Road West (Requires PROSIim Simulator MACH Fitter) mgg:igg ;\r‘\w[l)evelopment
Mariboro, MA 01752 ViewSim Simulator MACH445: In Development
(800) 442-4660 or (508) 480-0881 (Models for VlevyS|m also available MACH465: In Development
from Logic Modeling)
MANUFACTURER TEST GENERATION SYSTEM
?g;g:nNﬁzﬂwarse Ir;:.‘ 51 MACH355: Future
Nas-hua sts 02’40é3 ulte ATGEN™ Test Generation Software m:g::ig rugglelopmenl
(603) 891-1995 MACH465: Future
igl: sgnmstt’r:sse 6 MACH355: Future
D-8033 Martinsried, Munich, Germany PLDCheck 90 s, p2.60
(87) 857-6667 MACH465: Future

Advanced Micro Devices is not responsible for any information relating to the products of third parties. The inclusion of such information is not a representation nor

an endorsement by AMD of these products.
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" APPROVED PROGRAMMERS (subject to change)
For more information on the products listed below, please consult the AMD FusionPLD catalog.

MANUFACTURER

PROGRAMMER CONFIGURATION

Advin Systems, Inc.
1050-L East Duane Ave.
Sunnyvale, CA 94086
(408) 243-7000

Pilot U84
MACH435: V10.75

BP Microsystems

100 N. Post Oak Rd.

Houston, TX 77055-7237

(800) 225-2102 or (713) 688-4600

BP1200
MACH435: V2.21C
MACH445: V2.34C

Data I/O Corporation

10525 Willows Road N.E.

P.O. Box 97046

Redmond, WA 98073-9746
(800) 332-8246 or (206) 881-6444

UniSite™ Model 3900 AutoSite
MACH435: V4.4 MACH435: V2.2 MACH435: V2.2
MACH445: V4.6

Logical Devices Inc./Digelec

692 S. Military Trail

Deerfield Beach, FL 33442

(800) 331-7766 or (305) 428-6868

ALLPRO™-88
MACHA435: V2.3 with Adapter only

SMS North America, Inc.

16522 NE 135th Place

Redmond, WA 98052

(800) 722-4122

or

SMs

Im Grund 15

D-7988 Vangen Im Allgau, Germany
07522-5018

Sprint/Expert
MACH435: V 1/93

Stag Microsystems Inc.

1600 Wyatt Dr. Suite 3

Santa Clara, CA 95054

(408) 988-1118

or

Stag House

Martinfield, Welwyn Garden City
Herfordshire UK AL7 1JT
707-332148

Stag Quazar
MACH435: V10.75

System General

510 S. Park Victoria Dr.
Milpitas, CA 95035
(408) 263-6667

or
3F, No. 1, Alley 8, Lane 45
Bao Shing Rd., Shin Diau
Taipei, Taiwan
.2-917-3005

Turpro-1
MACH435: V1.68G
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PROGRAMMER SOCKET ADAPTERS (subject to change)

MANUFACTURER PART NUMBER

EDI Corporation

P.O. Box 366

Patterson, CA 95363 Contact Manufacturer
(209) 892-3270

Emulation Technology

2344 Walsh Ave., Bldg. F MACH435: (84-Pin to 28-Pin)
Santa Clara, CA 95051 PLCC: AS-84-28-01P-6
(408) 982-0660

Logical Systems Corp.

P.O. Box 6184 MACH435: (84-Pin to 28-Pin)
Syracuse, NY 13217-6184 PLCC: PA MACH 84

(315) 478-0722

Procon Technologies, Inc. MACH435: (84-Pin to 28-Pin)
1333 Lawrence Expwy, Suite 207 PLCC: 325-084-1221-028A
Santa Clara, CA 95051

{408) 246-4456
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Design Tool Support for
MACH 3 and 4 Devices

e\

Advanced
Micro
Devices

Customers have described the ideal programmable
logic design environment as one that supports several
different design entry methods, has an easy to use
interface, tightly integrates schematic entry and timing
simulation, and offers state of the art technology such as
multiple device partitioning across different types of
programmable logic devices. Others feel that the ideal
programmable design environment should interface
tightly to PCB layout and mixed digital and analog
simulation tools, and be architecture independent, while
still other customers feel the ideal design tool should
support devices from many different programmable
logic vendors.

The trouble is that everyone's picture of the ideal
programmable logic design environment is different.
That's why AMD offers its customers a choice of
software and programming tools for designing with
MACH devices. With MACH devices, customers have a
choice of design environments:

B Support for universal design tools customers
already own: MACH device fitters and libraries are
available from Cadence, Data I/O, Logical Devices,
Logic Modeling, Mentor, MicroSim, Minc, OrCAD,
SUSIE-CAD, Synopsys, and Viewlogic for PC-
based and workstation environments. These add-on
MACH device Fitters and libraries are available at
little or no additional cost from the design tool
vendor.

In addition, add-on MACH device Fitters for Data
1/0’s ABEL software are also available from AMD
and its distributors.

B AMD-only versions of popular third-party design
tools: Through AMD and its resellers, customers
can purchase AMD-only versions of popular Data
110, MicroSim, and Viewlogic. These systems offer
complete start-to-finish third-party support for
MACH in a single integrated environment. These
AMD-only versions also allow customers who are
considering upgrading their design tools a chance to
get started with higher-end tools at a lower cost.

Later on, the customer can upgrade to a full universal
version of these tools through the tool vendor at a
reduced cost.

B AMD-developed MACHXL software for very low-
cost, text-based design environments.

Each of these scenarios are discussed in the sections
that follow.

Support for Universal Design
Environments

AMD’s MACH devices are supported by AMD
FusionPLDS™ partners, a select group of leading
third-party design tool vendors with proven track
records. Actual development work with these vendors
begins far in advance of AMD’s introduction of new
devices. Each FusionPLD partner adheres to AMD’s
strict quality and certification requirements. The end
resultis timely support of new AMD MACH deviceson a
large number of platforms.

Support for MACH devices is at no or little additional
cost for customers currently using Cadence, Data I/O,
Logical Devices, Mentor, MicroSim, Minc, OrCAD,
SUSIE-CAD, Synopsys, and Viewlogic tools to design
with AMD PAL devices. Most AMD PAL customers find
that an add-on Fitter and MACH device libraries is all
thatis required to get started designing with AMD MACH
devices.

Designing with MACH devices is almost as easy as
designing with AMD PAL devices. Customers begin
their design using traditional design entry methods—
Boolean equations, schematic capture, state machine
syntax, VHDL, Verilog, or a design tool's HDL—and
move through logic synthesis before functionally simu-
lating their design to verify the logic. Once a designer
completes the design phase, they move on to the
implementation phase where the design tool's logic
compiler will partition the logic. An add-on MACH Fitter
available from the third-party tool vendor performs the
placement and routing steps completely within the
native third-party design tool environment.

Publication# 17573 Rev.C Amendment/0
Issue Date: August 1994
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Design

Implementation

Verification

Boolean Equations
JEDEC

Functional Simulation without Timing
Partitioning

Device implementation:
Fitting, Placement and Routing

JEDEC File

Proprietary HDL

o

MACH dovice

General MACH design flow for third-party design environments

Once the design has been implemented in a MACH
device, the designer can verify its operation with the
design tool's timing simulator and waveform analysis
tools.

Note that Cadence, Mentor, MicroSim, Synopsys and
Viewlogic customers who have not used these tools for
PAL device designs before may also need to acquire a
logic compiler for logic synthesis and minimization.
These customers should verify that they have the
appropriate programmable logic compiler either by
running a PAL device through their system or by
contacting their design tool account representative:

Cadence: PIC-Designer software

Mentor: PLD Synthesis |l software

MicroSim: PLSyn software

Synopsys: Minc PLDesigner-XL software
Viewlogic PRO Series: PROPLD software
Viewlogic WorkView or PowerView: ViewPLD
software

MACH device Fitters for these environments can be
obtained directly from the third party tool vendor.
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ABEL

Design
Phase
Implementation |
Phase '
Device implementation:
Fitting, Placement and Routing [}
JEDEC File
Data I/0O MACH Fitters

Devices Supported MACH110, 120, 130, 210, 215, 220, 230, and 435 devices

Design Entry ABEL-5 for PC-DOS required

AMD Ordering Part Number PLDSW/AMDABELB1322

Add-on MACH Fitters for Data I/0 ABEL software
version 5.0 or above are available from AMD and its
distributors as well as Data I/0. MACH Fitters for ABEL
software integrate tightly into the customer’s existing
ABEL-5 design environment, providing a transparent
link between ABEL design descriptions and MACH-
specific device Fitters. Everything a customer needs to
design with MACH devices is right there in the Data I/O
environment. Customers develop their designs using
ABEL syntax, then compile and functionally simulate the

designbefore choosing the SmartPart MACH Fitter from
the menu. The MACH Fitter will automatically place and
route the device and create the JEDEC file.
Recommended System Configuration

W ABEL-5 for PC-DOS already installed

B 640 Kbyte conventional memory,
2-4 Mbyte extended memory

B 4 Mbyte additional disk space
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AMD-only Versions of Third-Party Tools

AMD and its distributors resell AMD-only versions of
popular third-party design tools from MicroSim, Data
1/0, and Viewlogic. These resale arrangements allow
AMD to offer its customers state-of-the-art desktop-
based design tools at affordable prices. All these
third-party tools are AMD-certified, so designers can be
confident of their resulting pinouts and JEDEC files.
Most also include one year of free device updates for
new MACH devices and maintenance. All these AMD-
only third-party design tools can also be upgraded to full
universal versions supporting other device manufactur-
ers through the third-party tool vendor at a substantial
discount.

Each of these AMD-only third-party software
products— MicroSim’s Design Center/AMD, Data I/O’s

AMD-ABEL, and Viewlogic's PROdeveloper/AMD—are
discussed below.

Design Center/AMD tools are developed by MicroSim,
the creator of PSpice. Design Center/AMD software of-
fers customers device-independent high-performance
logic synthesis carefully integrated with interactive
schematic capture and min-max timing simulation. The
Design Center/AMD system is available in two ver-
sions—a Standard version without timing simulation
and a graphical editor for inputting test vectors, and an
Advanced version with timing simulation and the graphi-
cal stimulus editor. An Evaluation version, supporting
only the MACH210 device permits customers to evalu-
ate the Design Center/AMD software and the MACH
device architecture.

Design Center/AMD Software

Standard Advanced Evaluation
Devices Supported All PAL and MACH All PAL and MACH MACH210
devices devices only

Design Entry

Schematic capture X X X

Symbol editor X X X

Boolean equations X X X

State machines X X X

Hierarchical design X X X

Mixed schematic and language X X X
Design Processing

Design rule checks X X X

Logic synthesis and fitting X X X

User-defined device selection

criteria and automated X X X

device selection

Single device partitioning X X X

Multiple Device Partitioning option option N/A

JEDEC generation X X X

Backannotation of pinouts X X X
Design Verification

Functional simulation X X X

Timing simulation N/A X X

Waveform viewer X X X

Waveform editing text graphical & text graphical & text

Interactive cross probing

from schematic X X X
AMD Ordering Part Number

\sgmgm;“’p'e Device PLDSW/DCSTDB1322 PLDSW/DCADVB1322 PLDSW/DCEVALB1322

\l/’va;trrt}t?g?\:gge Device PLDSW/DCSTDMB1322 PLDSW/DCADVMB1322 N/A
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Recommended System Configuration
386- or 486-based PC

8 Mbyte memory

20 Mbyte disk space

MS-DOS 3.0 or later

Microsqﬂ Windows 3.1 or later

(386 enhanced mode)

H 1.44 Mbyte 3.5” floppy disk drive

Multiple-device partitioning, an option to Design
Center/AMD Standard and Advanced products, can be
used to partition large designs across different types of
programmable logic devices and retarget existing
designs. If adesign does not fitinto a single device, such
as a MACHA435, this add-on option will split the design
and implement it in more than one device, such as a
MACH435 and a PALCE22V10. Because the customer

controls the device selection constraints and priorities
such as frequency, the type of device, maximum
propagation delay, power, temperature, technology, the
number of pins and the number of devices, the resulting
implementation is always under their control. Design
Center/AMD software will present the ten top solutions
meeting the customer’s constraints and priorities before
generating JEDEC files for the solution the customer
chooses.

AMD-ABEL software, based on Data 1/O’s popular
ABEL-5 software, supports both AMD PAL and MACH
devices and includes MACH device Fitters. AMD-ABEL
is ideal for customers who are just beginning to work
with AMD MACH devices or who are looking to upgrade
their existing tools. It includes everything needed to get
new customers designing with AMD PAL or MACH
devices in a familiar PC-based environment.

AMD-ABEL
Devices Supported All PAL and MACH#10, 120, 130,
210, 215, 220, 230, and 435 devices
Design Entry
Boolean equations X
State machines X

VHDL

available from Data /0

Design Processing

Design rule checks X
Logic synthesis and fitting X
User-defined device selection criteria and X
automated device selection
Single device partitioning X
JEDEC generation X
Back annotation of pinouts X
Design Verification
Functional simulation X
Waveform viewer X
Waveform editing ~ text
AMD Ordering Part Number PLDSW/AMDABELB1322
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Recommended System Configuration
W 386- or 486-based PC

B 640 Kbyte conventional memory,
2-4 Mbyte extended memory

20 Mbyte disk space

MS-DOS 5.0 or higher

1.44 Mbyte 3.5” floppy disk drive
Parallel port for key

Mouse optional

Note: AMD-ABEL is not a Windows program, but
may be used from a DOS application window.

For customers who already have ABEL-5 software, the
Data IO MACH Fitters are also available separately

from AMD and its distributors. See the previous section
for more information.

Viewlogic’'s PROdeveloper/AMD software supports
AMD PAL and MACH devices. Based on Viewlogic's
desktop PRO Series software, PROdeveloper/AMD
includes schematic and Boolean equation design entry,
logic synthesis, functional and timing simulation, MACH
Fitters, and waveform analysis. PROsynthesis/AMD, a
VHDL design entry and simulation add-on for
PROdeveloper/AMD, generates optimized MACH de-
signs from behavioral, register transfer level, and
structural VHDL descriptions. More information will be
available on both products in late 1994.
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AMD-Developed MACHXL Software supports the density and flexibility of MACH devices in a

AMD'’s MACHXL software is a menu-driven entry-level low-cost, PC-based design environment.
tool for designing with AMD MACH devices. Based on The MACHXL software design flow is shown below:
AMD’s PALASM 4 software, MACHXL software fully

Design

Device implementation
Fitting, Placement and Routing

New designs begin with Boolean equation entry, by sis and optimization, and can functionally simulate
importing a PALASM 4 file, or by disassembling a before implementing their design.
JEDEC file. Customers have control over logic synthe-

MACHXL
Devices Supported All MACH 3 and 4 devices.
MACH 1 and 2 device support late 1994.

Design Entry

Boolean equations X

PALASM 4 design files X
Design Processing

Design rule checks X

Logic synthesis and fitting X

Single device partitioning X

JEDEC generation X

Back annotation of pinouts X
Design Verification

Functional simulation X

Waveform viewer X

Waveform editing text
AMD Ordering Part Number AMPLDSW/MXLB1322

For a more complete description, see the MACHXL software manual or an AMD sales person.
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PHYSICAL DIMENSIONS*

PL 084 84-Pin PlasticLeaded ChipCarriers ................cviiriiiieinnan.n. 114
PQR100 100-Pin PlasticQuad FIat Pack . ............vuiinniineineennennnnns 115
PQR144 144-PinPlasticQuad FlatPack .. ...ttt s, 116
PQR208 208-Pin PlasticQuad FIat Pack .. ............ooitneniiiiienenennns 117
113
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PHYSICAL DIMENSIONS*
PL 084
84-Pin Plastic Leaded Chip Carrier (measured in inches)
062
1.185 042 ™ o83 [*T
1195 1.150 056 "] —
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1156 [] B
- 013
O ] N 021
N
oo g T
-007 -
028wl 050 REF : o 990 o
e— 155 — =l SEATINGPLANE  16.038.5Q
) PL 068
DA78
TOP VIEW SIDE VIEW 6-28-94 a6

“For reference only. BSC is an ANSI standard for Basic Space Centering.
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PHYSICAL DIMENSIONS*
PQR100
100-Pin Plastic Quad Flat Pack; Trimmed and Formed (measured in millimeters)
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*For reference only. BSC is an ANSI standard for Basic Space Centering.
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PHYSICAL DIMENSIONS*
? 24?;;14Plastic Quad Flat Pack; Trimmed and Formed (measured in millimeters)
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*For reference only. BSC is an ANS| standard for Basic Space Centering.
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PHYSICAL DIMENSIONS*
PQR208
208-Pin Plastic Quad Flat Pack; Trimmed and Formed (measured in millimeters)
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*For reference only. BSC is an ANSI standard for Basic Space Centering.
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Introduction to JTAG and Five-Volt
Programming with MACH® 3 and 4 Devices

Application Note

I

Advanced
Micro
Devices

Certain members of the second-generation, high-performance, high-density, MACH devices contain
features that require a formal introduction: JTAG testing capabilities and five-volt programming. Any
MACH device with more than 84 pins will contain the JTAG and programming enhancements. These
devices presently include the MACH445, the MACH355, and the MACH465.

The purpose of this application note is to provide the user with the basic knowledge required to
understand the topics of JTAG and five-volt, on-board programming. A listing of AMD and third-party
support tools is also included. Descriptions of the associated AMD MACHXL™ programming
software files are found in the AMD MACHPRO™ software manual. An additional application
note containing advanced system-level reconfiguration techniques is available for more

exolic applications.

A BRIEF HISTORY OF JTAG

JTAG is the commonly used acronym for the IEEE
Standard 1149.1-1990. The concept for this standard
was proposed by a group of European companies
known as the Joint European Test Action Group, or
JETAG, in 1985. A year later, this group was expanded
to include companies from North America and the name
was changed to Joint Test Action Group, or JTAG. This
group developed a standard so that circuit connectivity
could be checked using a boundary-scan register ap-
proach. This standard was adopted by the Institute of
Electrical and Electronics Engineers, or IEEE, in 1990.
An amendment, Supplement “A”, was passed in 1993
and included corrections, clarifications, and additions to
the original standard.

Before the standard for boundary scan was developed,
many companies were implementing their own serial or
parallel scan testing methods. The JTAG standard was
developed as a means of providing both board-level and
device-level testing. The JTAG standard defines input
and output pins, logic control functions, and instructions.
To use JTAG for testing, all that is required is a four- or
five-wire interface to accommodate a serial data stream
and the software to drive that interface. JTAG allows ac-
cess and control of each node of each JTAG-compatible
integrated circuit, or IC, in order to test board connec-
tions as well as board functionality.

There are a number of benefits associated with the
JTAG approach. As IC manufacturers reduce the size
and increase the complexity of their devices, testing be-
comes more difficult with conventional methods. Printed
Circuit Board, or PCB, traces have decreased in width
by a factor of ten and IC package pin sizes have de-
creased by a factor of eight, increasing the probability of
damage to the leads during conventional testing with
bulky test probes. The internal array of Boundary-Scan
Cells, or BSCs, become a virtual “bed-of-nails”

multi-point test set-up which makes it possible to test
PCB connections and circuit logic functionality
independently. The structured approach of JTAG
enables the research and development testing to be
easily transferred to manufacturing on conventional
bed-of-nails testers.

JTAG Boundary — Scan Architecture

Figure 1 illustrates an example of a device containing
JTAG circuitry. The core logic remains intact, but a
separate boundary scan control circuit is added to per-
formthe JTAG functions. The five JTAG pins are used to
access the state machine, instruction register, and data
registers. These five pins are known as the Test Access
Port, or TAP. The TMS and TCK pins drive the state-ma-
chine-based TAP controller. A boundary-scan cell is
paired with every important node in the device. These
nodes include all inputs, all outputs, and enable control
lines. The ENABLE" pin is a dedicated non-JTAG pro-
gramming pin that is utilized by AMD to program a
MACH device.

Input Pins Output Pins
TDI TDO
™S Boundary Scan | 4 by yRgT*
TCK + FENABLE'
Boundary-Scan Cell (BSC
u i ell( ) 18935A-1

Figure 1. Boundary-Scan Architecture

Publication# 18935 Rev.A Amendment/0
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The five JTAG pins and associated functions are de-
fined in Table 1. The ENABLE" programming pin is in-
cluded in the definitions, but is not considered part of the
JTAG TAP. Details on programming appear later in this
application note. The TRST* and ENABLE" pins are ac-
tive LOW inputs as denoted by the asterisk.

Table 1. TAP Pin Descriptions
TCK (Test Clock)

This pin controls the state
machine and data transfer
operations

Selects the boundary scan test
mode, which controls the state
machine test operations

TMS (Test Mode Select)

Receives serial instruction
codes and data on the rising
edge of the TCK signal

TDI (Test Data Input)

Shifts serial output data on the
falling edge of the TCK signal

Optional JTAG pin used to
reset the state machine

Non-JTAG pin used for
programming MACH devices

TDO (Test Data Output)

TRST* (Test Reset)

ENABLE* (Program)

JTAG TAP Controller

All implementations of JTAG are required to contain
three key elements for the TAP controller. These ele-
ments include the state machine, the instruction register
and the data registers. The synchronous finite state ma-
chine controls the function of the various JTAG regis-
ters. The state machine determines whether the device
isinreset mode, receiving an instruction, receiving data,

or idling. The state machine, as illustrated in Figure 2, is
completely controlled by the TCK, TMS, and TRST*
pins. The value of TMS on the edge of TCK is located
next to each transition in Figure 2.

The TAP controller shifts and updates the individual
JTAG registers. The data enters on the TDI pin and exits
through the TDO pin. After the data is shifted into place,
the TAP controller updates the register to make the data
cuirent. As stated earlier, there are boundary-scan cells
on all of the inputs into the core logic and on all of the
outputs from the core logic. The TAP controller manipu-
lates both the input and the output BSCs. This allows the
capability to drive inputs and capture outputs or vice
versa. The pause states are included so that the shifting
of data can be temporarily stopped.

When power is applied to the device, the TAP controller
is forced into the Test Logic Reset state and the
IDCODE register is initialized. Note that from any state
position in the state machine, five consecutive ones on
the TMS pin will reset the logic without the use of the op-
tional TRST* pin. If standard four-pin JTAG is desired,
tie the TRST* pin high. To disable the JTAG circuitry en-
tirely, tie the TRST* pin low.

The second required element is an instruction register,
or IR, which holds the instruction word. The instruction
word length in a MACH device is six bits. The instruction
decoder interprets the instruction word held in the IR.
The instruction in the instruction register dictates which
JTAG register acts as the data register being shifted
and updated.

Test Logic Reset

0
QI‘ Run Tesv/Idle Hrﬁl Select DR Scan |—1—¥{ Select IR Scan ILF

oy oy
! Capture DR I ! Capture IR I
oy 3 oy
Shift DR 'P Shift IR @
1y 1y
Extt DR | Exitt R -

oy of
I Pause DR ‘a I Pause IR

)

1y

1y

01 Eieor | | Y] Exer ]
1 1y 1}
! K UpdateDR | | UpdatelR |
0 T
0

1 or 0 are values of TMS at each transition

18935A-2

Figure 2. TAP Controller State Machine
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The third element is the data registers, or DR, which
could be the boundary-scan register, the IDCODE regis-
ter, the USERCODE register, the row register, the col-
umn register, or the bypass register, depending on the
individual instruction.

The registers illustrated in Figure 3 are part of the JTAG
circuitry, with the exception of the row and column regis-
ters. The MACH device instruction register, as defined
earlier, holds the six-bit instruction words. The Bound-
ary-Scan Register is a term for the sum of all of the
BSCs, so the size of this register varies with the size of
the device. The IDCODE register is an optional register
that contains a 32-bit word with three components: the
manufacturer identification, the device identification,
and the revision number. The USERCODE register is a
user-specified, 32-bitword. The bypass register is a sin-
gle shift register stage which provides a serial path
between the TDI and TDO pins.

Instruction Register

Boundary-Scan Register

IDCODE Register
TDI USERCODE Register TDO
N Bypass Register L.
“:\I Row Register ]—","

Ly .

*{" ColumnRegister  }*

18935A-3

Figure 3. JTAG Instruction and Data Registers

The row and column registers implemented by AMD are
not actually part of the JTAG standard but have been in-
cluded here for educational purposes. The row register
contains the row address when programming or verify-
ing the device. The column register contains the column
data during programming or verification.

JTAG Testing Procedure

The actual JTAG testing procedure will not be ad-
dressed in this application note. The purpose of this note
is to introduce the concept of JTAG and the various
components that comprise the feature. AMD does not
directly support JTAG testing, however, there are a
number of third-party vendors that specialize in JTAG
testing hardware and software packages. These ven-
dors include bed-of-nails manufactures such as Gen-
Rad and Teradyne, as well as exclusive JTAG testers
manufactured by Texas Instruments and Corelis. A list-
ing of presently available JTAG support contacts is pro-

o Al

vided at the end of this document.
FIVE-VOLT PROGRAMMING

Another benefit from the JTAG circuitry that AMD has
derived is the ability to use the JTAG TAP for five-volt

programming. This allows the device to be soldered to
the board before programming. Once the device is
attached, the delicate Plastic Quad Flat Pack, or PQFP,
leads are protected from programming and testing op-
erations that could potentially damage them. Program-
ming and verification of the device is done serially which
is ideal for on-board programming since it only
requires the use of the TAP, along with the additional
ENABLE® pin.

The ENABLE" pin is used for extra programming secu-
rity. If desired, the ENABLE" pin can be connected to
ground, and the device programmed with only the TAP.

If TRST* is not used in the system, it too, can be
removed by connecting it to Vcc.

Programming is the process where MACH devices are

' loaded with a pattern defined in a JEDEC file obtained

from MACHXL software or third-party software. Pro-
gramming the MACH device after it has been placed on
a circuit board is a relatively simple task. Programming
is accomplished by initially placing the device into pro-
gramming mode, using the MACHPRO programming
software provided by AMD through MACHXL or third-
party software. The device is initially bulk erased and the
JEDEC file is then loaded. After the data is transferred
into the device, the PROGRAM instruction is loaded and
the ENABLE® pin is pulsed to complete the program-
ming sequence. Further programming details can be
found in the additional advanced application note.

On-Board Programming Options

Since the MACHPRO software performs these steps
automatically, the following programming options are
published for educational purposes.

The configuration file, which is also known as the chain
file, defines the MACH device scan path. The file con-
tains the information concerning which JEDEC file is to
be placed into which device, the state which the outputs
should be placed, and whether the security fuses should
be programmed. The configuration file is discussed in
detail in the MACHPRO software manual.

The state of the I/Os during programming can be con-
trolled by preloading the boundary-scan cells at the I/Os
into a known state or by disabling the Output Enable for
each I/O giving the I/Os a high-impedance output. This
preload value is obtained from the configuration file.

There are two optional security bits for the MACH
devices. The first one is the program and verify security
bit. Once this bit has been programmed, all of the
programming and verification options are disabled until
the device is erased. Programming the second bit also
prohibits the option to preload and observe the
macrocell registers of the device. This allows the user to
protect proprietary patterns and designs.

Introduction to JTAG and Five-Volt Programming with MACH 3 and 4 Devices 121



n AMD

Program verification of a MACH device involves reading
back the programmed pattern and comparing it with the
original JEDEC file. The AMD method of program verifi-
cation performed on the MACH devices permits the
verification of only one device at a time.

Accidental Programming or Erasure
Protection

Itis virtually impossible to program or erase a MACH de-
vice inadvertently. The following conditions must be met
before programming actually takes place:

B The device must be in the password-protected
program mode

M The programming or bulk erase instruction must be
in the instruction register

B The ENABLE* pin must be low

If the above conditions are not met, the programming
circuitry cannot be activated. Even if the device is in pro-
gram mode with a programming instruction in the regis-
ter, an internal pull-up resistor on the ENABLE" pin
prevents any accidental pulses from occurring.

To ensure that the AMD ten year device data retention
guarantee applies, the following programming condi-
tions should be observed:

B 100 program/erase cycle limit should not be
exceeded

B Programming should not be done above 35°C
ambient

These devices cannot be reprogrammed instantane-
ously or “on the fly” if the ambient temperature is too
high. The system ambient temperature should be
cooled until at least 35°C ambient before in-system pro-
gramming is initiated.

Programming Multiple MACH Devices

There will often be more than one JTAG-compatible
MACH device in a circuit and these devices will be con-
nected to form a scan path. The simplest scan path is
when all JTAG-compatible devices have their TMS,
TCK and TRST* pins connected in parallel. The TDI
and TDO pins are connected serially, where the TDO of
one device is connected to the TDI of the next device.
The ENABLE* pins may be connected in parallel or re-
main separate for individual MACH device program-
ming access. More complex scan paths could involve
multiple TDI and TDO paths or multiple TMS paths. Mul-
tiple device programming does notimply multiple device
verification since verification is performed one device at
a time. The user specifies which devices in the scan
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program them.

Figure 4 illustrates a map of the scan path which con-
tains each device and its position in the chain. Any de-

vice in a scan path which has not been selected for
programming must be bypassed for the entire program-
ming and program verification cycle. This is done by
loading the appropriate instruction into the device any
time new instructions are loaded. Additionally, the by-
pass register must be taken into account any time data
is being shifted through the path.

TDI TDO
18935A-4

Figure 4. JTAG Scan-Path Map

The order in which program and program verification is
completed is from the first device in the scan path to the
last device in the chain.

Programming Hardware

The hardware interface for supporting both the JTAG
and five-volt programming features requires six pins for
the TAP and ENABLE" pins. Additional pins to accom-
modate power and ground, as well as specialized func-
tions such as in-circuit reconfigurability and multiple
scan path configurations, may be desirable.

A parallel printer port of any IBM-compatible Personal
Computer, or PC, is sufficient to interface with the target
board containing the MACH devices. AMD supplies a
cable thatcould be used to adequately program and test
the MACH devices.

Some PC systems have software keys connected to the
parallel port. Please remove these keys before using the
supplied software.

The AMD cable contains the five required interface sig-
nals, plus the ENABLE" signal for programming and a
ZCTL signal for advanced in-circuit configuration appli-
cations. If in-circuit reconfigurability is not required,
ZCTL should be tied to ground. There is also a Vcc pin
and two ground connections for signal integrity.

The target board cable connector is a 10 (5x2) pin fe-
male connector. The connector chosen by AMD is
manufactured by Dupont and their connector number is
71602-010. The suggested targetboard male connector
is Dupont number 71918-110 which is a 10-pin header

with latches that allow for a quick disconnect. Figure 5
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illustrates the cable header connector pinout locations.
There is a locator key opposite of pin 5 for safety
purposes.

21 4 6 8 | 10

1 3 5 7 9

J

Pin1 - TCK Pin2 - ZCTL

Pin3 - TMS Pin4 - GND

Pin5 - TDI Pin 6 - Vcc

Pin7 - TDO Pin 8 - GND

Pin9 - TRST* Pin 10 - ENABLE*

18935A-5
Figure 5. Board Header Cable Connector
Pin Locations

The pin locations of the board header were chosen to
minimize crosstalk between the wires in the ribbon ca-
ble. This header-pin configuration is supported by AMD,
but individual applications may require an alternate
header-pin arrangement. The AMD cable is six feet in
length. If the distance from the user's computer to the
target application is more than six feet, proper cable de-
sign rules should be followed in order to reliably program
the MACH devices.

The connector for the computer end of the cable is a
standard DB-25 male connector. The connections are il-
lustrated in Figure 6.
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Pin1 - TRST* (STROBEB) Pin2 - TCK (D)

Pin3 - TDI(D1) Pin4 - TMS (D2)

Pin 11 - TDO (PRINTER_BUSY) Pin 12 - Vcc (PE)

Pin 17 - ENABLE* (ACT_SELB) Pin 23 - GND

Pin 24 - GND Pin 25 - ZCTL (GND)
18935A-6

Figure 6. Computer Port Cable Connector
Pin Locations

A third-party programmer could also provide program-
ming support for the MACH devices. The programmer
also uses the AMD cable which plugs into a 28-pin
socket on the programmer instead of the PC parallel
port. An assortment of programmer manufacturers are
listed at the end of this document.

There are a number of additional programming scenar-
ios that could also be considered. Programming prac-

tices used while protyping could vary significantly from
final production methods. A number of bed-of-nails test-
er vendors, including GenRad and Teradyne, support
MACH device programming. Contactindividual vendors
listed at the end of this application note for more
information.

Software Support Tools

AMD’'s MACHXL software includes support for pro-
gramming MACH devices. This software is an easy to
use tool that supports the design entry, fitting, and simu-
lation of MACH device applications. Once the design
has been completed, it may be downloaded to the
MACH device through the programming operation.

The five-volt programming software in MACHXL soft-
ware supports multiple MACH devices and allows the
user to combine AMD MACH devices with other JTAG
devices in a chain. A listing of third-party software sup-
port appears at the end of this note. The FusionPLDSM
Catalog contains a complete list of available third-party
software support.

Programming Procedure Overview

This section provides an overview of a typical program-
ming procedure using the MACHPRO software. This as-
sumes thatthe MACH devices are already placed on the
board and are linked in a serial chain with the other
JTAG devices. Additional details of the programming

" process are available in the MACHXL software docu-

mentation as well as in the advanced application note.

Initially, the JEDEC files for the MACH devices to be
programmed are generated using MACHXL or other
third-party tools. Next, a serial chain description file,
listing the JTAG devices in the chain and the actions to
be performed on each device, is written. Then, the target
board is connected to a power supply and the JTAG pro-
gramming cable is attached to both the PC parallel port
and the board. Finally, after the target board supply is
switched on, the MACHPRO software with the associ-
ated chain file is used to program the MACH devices.

Please refer to the MACHPRO software manual for
more information on writing a chain description file.

Boundary Scan Description Language
File

The Boundary Scan Description Language, or BSDL,
file describes the pinout of an IC. The file also describes
the instruction codes and layout of the boundary-scan
cells. The file does not describe the JTAG scan path.
The MACHXL software creates the BSDL file from the
JEDEC file.

The BSDL file declares TAP pin locations, instruction
codes, register length/structure, device ID code, and
whether there is a TRST* pin. To test a JTAG board, a
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collection of all of the BSDL files for the JTAG ICs is re-

i > Software
quired along with a netlist describing how these ICs are Development
connected. Manufacturer System
Additional information on BSDL files may be obtained Qdovag%idsyé? Devices MACHXL
from the Suggested Reading section. Sunn yvale. CA 94086

0) 222-9
SUGGESTED READING (800) 222-9323
Data /O ABELS5
IEEE Standard 1149.1-1990 10525 Willows Road N.E
P.O. Box 97046
IEEE Standard 1149.1-1990 Supplement A Redmond. WA 98073-9746

. n (800) 332-8246 or
The Boundary-Scan Handbook by Kenneth Parker (206) 881-6444
Meeting the Challenge of Boundary Scan by GenRad MINC Incorporated PLDesigner

A . 6755 Earl Drive, Suite 200
Preliminary JTAG and/9r Programming Colorado Springs, CO 80918
Support for MACH Devices (719) 590-1155
Bed-of-Nails
Manufacturer Tester Tools Programmer
GenRad Model 2272 Manutacturer Support
300 Baker Avenue BP Microsystems BP1200
Concord, MA 01742 1000 N. Post Rd.
508-369-4400 Houston, TX 77055-7237
Teradyne Victory Software (800) 225-2102 or
179 Lincoln Street (713)688-4600
Boston, MA o
6:’;-:22-3567 Data /O UniSite
- 10525 Wiilows Road N.E Model 3900

Hewlett Packard 3070 Series P.O. Box 97046 AutoSite
Loveland, CO 80539 Redmond, WA 98073-9746

(800) 332-8246 or
Manufacturer JTAG Analyzer (206) 881-6444
Corelis SCANIO/280 System General Turpro-1
12607 Hidden Creek Way SCANTEST Software 510 S. Park Victoria Dr.
Suite H Milpitas, CA 95035
Cerritos, CA 90701 (408) 263-6667
310-926-6727
Texas Instruments Asset
P.O. Box 869305
Plano, TX 75086
214-575-6396
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INTRODUCTION

This application note serves as a guideline for using the
JTAG interface on selected MACH 3 and 4 devices to
perform in-circuit programming via a microcontroller. Al-
though this application note will concentrate on an in-cir-
cuit programming example with an AMD Am29240™
RISC microcontroller, the information contained within
can be extended to other such applications.

An additional application note entitled Introduction to
JTAG and Five-Volt Programming with MACH 3 and 4
Devices is available to provide the basic knowledge
required to understand the topics of JTAG and five-volt,
on-board programming.

System Configuration

The parallel port of a standard PC was chosen as the in-
itial tool to interface with the JTAG port for programming
control. The ubiquitous availability of PCs provide a uni-
versal development environment for the MACH 3 and 4
devices that support JTAG.

The standard parallel port on a PC is composed of two
register addresses in the I/O space of the PC. The two
ports are the data port and the control port. The control
port consists of two signals; Control which writes to the
address and Status which reads to the address.

The six JTAG lines were placed on the parallel port in
the following manner. TMS, TCLK and TDI are positive
true, output only lines and thus were chosen to be puton
the data port. As a convenience for the programmer, the
data port is a positive true interface. TRST* and
ENABLE" are negative true, output only lines and thus
were chosen to be put on the control port. Besides being
anegative true interface, the control portis always reset
to a known value on power-up. TRST* and ENABLE*
were selected to be Strobe and Printer Initiate signals
respectively.

The only input needed is for TDO, which was selected
as input on the Status Register bit D7, the Printer
Busy bit.

The interfacing PAL® device, that is used for in-circuit
programming, was developed to mimic the parallel port,
except that only the bits needed were implemented.
This allows the entire control to be putinone PAL device
for simplicity, cost, and board space considerations.
The example design uses a PALCE22V10 to implement
the in-circuit programmability interface for the 29240

microprocessor. The design file for the 22V10 is in-
cluded in Appendix A.

Interfacing PAL Device

The PALCE22V10 contained in the file JTAG.V10 has
been designed to look like a standard microprocessor
peripheral using a Chip Select (CS), /O Read (RD), /0
Write (WR) and A0. The 22V10 is composed of two sec-
tions, one to support the data port and the other to sup-
port the control and status port. The A1 bitis used in the
Am29240. A higher order chip select (PIACSO) is pro-
vided with A23—-A0. This allows the chip select to occupy
16 megabytes of address space. A1 is used in the equa-
tions so the MACH device can be accessed independ-
ent of the JTAG controller.

In the Am29240, the two registers (normally byte ori-
ented) are configured on word (32 bit) boundaries for
both the Am29240 hardware and the C software. There-
fore, the AO bit in the JTAG.V10 design is connected to
the Am29240 address bit A2, and A1 in the 22V10 is
connected to A3 of the Am29240.

The PALCE22V10 has only one clock input (pin 1) which
can be used to clock any of the macrocelis within the
PALCE22V10. However, two registers in the design
require different clocks. To solve this problem, the clock
pin is used to clock the data register and the control reg-
ister is implemented as transparent latches arranged in
a master/slave configuration. The equation WR_CLK is
used to generate the clock for the data register andis ex-
ternally looped back to pin 1. The equation for WR_CLK
is simply the chip select ANDED with I/0 write at the cor-
rect address. DO, D1 and D2 are then registered into
TDI, TCLK and TMS respectively. This is the same bit
order that is used in the PC printer port configuration.
These outputs are controlled by the term TRI_DISABLE
whichinturnis controlled by the parallel port cable. If the
cable is plugged in then the outputs of the PALCE22V10
are disabled to prevent output contention. This arrange-
ment can even be used in a manufacturing system for
both development as well as in field updates.

The TRST* signal is generated from areset input as well
as the master latch called TRST_LAT. The input pin
RESET will not only reset all the registers and latches
but will also enable TRST* on the interface to reset the
JTAG state machine in the selected MACH 3 or 4
device. In the design file, the latch equations are sur-
rounded by MINIMIZE_OFF and MINIMIZE_ON. This is
done because of the cross terms in the latch equations
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that are necessary to hold the output stable as the latch
enable term goes false.

The slave latches are controlled only by chip select (CS)
so any activity with the interfacing PAL device will hold
TRST* and ENABLE" stable.

The remainder of the PALCE22V10 design is very
straight forward in its implementation and can be
followed in the design file.

System Dependent Source Code

The software written for the Am29240 interface consists
of a group of low level drivers written in pseudo ANSI C
for the 29K™ family and is included in Appendix B.
These drivers are the only ones that change from sys-
tem to system. If a different interface was chosen for the
JTAG port, these drivers are all that is needed to be re-
written for the target system. These drivers are written
so that they can directly interface to the C compiler for
the 29K family and adhere to the 29K calling convention.

Please contact your local sales office for details on a
supplement entited MACHPRO™ Downloading Soft-
ware: C Source Code which contains the C source code
for AMD's MACHPRO programming software.
MACHPRO uses the JTAG circuitry on selected MACH
devices to program and verify the devices via the PC
parallel port. The required drivers listed below need to
be integrated with the existing MACHPRO software so
that programming may now be performed via a
microcontrolier.

Required Drivers

Listed below are all of the low level drivers necessary to
implement in-circuit programming with the selected
JTAG compatible MACH devices. An effort was made to
keep the drivers simple and easy to embed for the user.

B _JTAG_reset_interface()

This routine is called at the beginning of the main
program and establishes the JTAG interface to a
known state.

This state is:
ENABLE* FALSE (Logic High)
TRST* FALSE (Logic High)
™S FALSE (Logic Low)
TCLK TRUE (Logic High)
TDI FALSE (Logic Low)

B _JTAG_reset()

This routine will pulse the TRST* pin for a reset
pulse

B _JTAG_pgm_pulse(pulse_width)

This routine will pulse the ENABLE" pin for the
duration of the input variable pulse_width in
milliseconds. For the 29K there is a system call to
the Host Interface ( HIF ) that will return a clock
with a resolution of 1 millisecond. So this routine
will set the ENABLE* pin true and then call the
clock routine once to establish a starting time and
then it will loop calling the clock routine again until
the correct time has elapsed. It will then set the
ENABLE" pin false and return.

m _JTAG_pgm_set(value)

This routine will set the ENABLE* pin to the value
specified in the D3 bit position of the input variable.

® _JTAG_shif(TDI_value, TMS_value)

This routine will shift out one bit on to the TDI line
and at the end will read the TDO input and return
this value. The routine will first set TCLK low, TDI
to the value specified in the TDI_value variable
and TMS to the value specified in the TMS_value
variable. Then the TCLK pin will be set high and
then set low and the D7 bit will be read and right
justified in the return register.

® _setup()

This routine simply sets up the PIA port of the
Am29240 for 3 clock cycle wait state operation.
This is also compatible with the Am29200™.
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APPENDIX A

PALASM® Design Files

;PALASM Design Description

T T T T e Declaration Segment ------
TITLE JTAG CONTROL PAL FOR MACH 3XX AND MACH4XX PAL FAMILY
PATTERN JTAG.V10

REVISION A

AUTHOR DAVID STOENNER
COMPANY ADVANCED MICRO DEVICES

DATE 06/21/93

CHIP _jtag PAL22V10

PIN 1 CLK

PIN 2 /Cs

PIN 3 /RD

PIN 4 /WR

PIN 5 A0

PIN 6 Al

PIN 7 DO

PIN 8 D1

PIN 9 D2

PIN 10 D3

PIN 11 /RESET

PIN 12 GND

PIN 13 /TRI_DISABLE
PIN 14 D7

PIN 15 /PRM_EN
PIN 16 TRST_LAT
PIN 17 PRM_EN_LAT
PIN 18 /TRST

PIN 19 TDO

PIN 20 TDI

PIN 21 TMS

PIN 22 TCLK

PIN 23 /WR_CLK
PIN 24 vCcC

NODE 1 GLOBAL
Dtttk bt Boolean Equation Segment
EQUATIONS

GLOBAL.RSTF = RESET

MINIMIZE OFF
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TRST = RESET

+ + +

PRM EN =

TRST_LAT*/CS*/RESET
TRST*TRST_LAT*/RESET
TRST*CS*/RESET

PRM_EN_LAT*/CS*/RESET

+ PRM_EN*PRM_EN_LAT
+ PRM_EN*CS*/RESET

TRST_LAT =

PRM_EN_LAT

MINIMIZE_ON

CS*WR*AQ*DO* /Al*/RESET
TRST_LAT*/ (CS*WR*AO*/Al) */RESET
TRST_LAT*D0*/RESET

CS*WR*AQ0* /A1*D3*/RESET
+ PRM_EN_LAT*/ (CS*WR*AQ0*/Al) */RESET
+ PRM_EN_LAT*D3*/RESET

WR_CLK = CS*WR*/AQ*/Al*/RESET

; NOTE PIN 23 ( WR_CLK ) IS EXTERNALLY CONNECTED TO PIN 1 ( CLK ) FOR

; THE CLOCKED REGISTER.

TDI := DO
TCLK := D1
TMS := D2
D7 = TDO

D7.TRST = CS*RD*/Al*A0*/RESET

TRST.TRST =
TDI.TRST =
TCLK.TRST =

PRM_EN.TRST

/

/TRI_DISABLE*/RESET
TRI_DISABLE*/RESET

/TRI_DISABLE*/RESET

= /TRI_DISABLE*/RESET
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Low Level Drivers

i

pragma On(Pointers_compatible with_ints);

volatile int *Data_Reg ;

volatile int *Command_Reg ;
volatile int *Status_Reg ;
volatile int *PIA Control;

#define TRST 0x1
#define PGM_EN 0x8
#define TDI 0x1
#define TCLK 0x2
#define TMS 0x4

extern clock();
void JTAG_reset_interface()

/* We will give the interface a reset pulse and then do 5 TCLK with TMS
= 1 which will reset the state machine to reset if the reset pulse
did not work. It will then leave the interface with the command
register = 0 and the data register = tclk = 0 tdi = 0 and tms = 1. */

*Command_Reg = TRST;
*Command Reg = 0;
*Data_Reg = TMS;
*Data_Reg = TMS | TCLK;
*Data_Reg = TMS;
*Data_Reg = TMS | TCLK;
*Data_Reg = TMS;
*Data_Reg = TMS | TCLK;
*Data_Reg = TMS;
*Data_Reg = TMS | TCLK;
*Data_Reg = TMS;
*Data_Reg = TMS | TCLK;
*Data_Reg = TMS;

return;
}
void JTAG_reset ()

{

I

TRST;
0;

*Command_Reg
*Command_Reg

I

return;
}
void JTAG_pgm pulse (w)

Advanced In-circuit Programming Guidelines for MACH 3 and 4 Devices 129



a AMD

int w;

int start;

/* Now that the program enable is on we will start the timeout in
milliseconds for the pulse width. A system call to clock ( HIF
service call 273 ) will return the time in milliseconds in gr96,

we will just do a compare to the pulse width value and loop till the

time has passed. */

start = clock();
*Command_Reg = PGM_EN;

/* now do another system clock call and start the timeout loop */

while (clock () -start < w){;}
*Command_Reg=0;

return;
}
void JTAG_pgm set (in)
int in;
{
*Command_Reg = (in & 0x1)<<3;

return;

int JTAG_shift (tdi, tms)

int tms,tdi;

int temp;

temp = ( tms & 1 ) << 2 | ( tdi & 1 );
*Data_Reg = temp;

*Data_Reg = temp | TCLK;

*Data_Reg = temp;

return(( *Status_Reg & 0x80 ) >> 7 );

}

void setup()

/* This routine sets up the PIA controller on the 292XX microcontroller

to the needed values. For any race conditions we will set the IO
extend bit and make the interface 3 wait states so that both the

29200 and 29240 behave identical. This port is at 0x80000020. We will

only affect PIACSO so we will leave the other set up as is. */

Data_Reg = 0x90000000;

Command_Reg = 0x50000004;
Status_Reg = 0x90000004;
PIA Control = 0x80000020;

*PIA Control = ( *PIA Control & Ox00ffffff ) | 0x83<<24;

return;
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