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Macro # Description ' Cell
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C094  3-Input 3-Wide AND-OR-INVEIt. . . . . . . .ot e e e st e e e e e e 4
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C036  Toggle Enable Flip-Flop with Reset (L). . . . . . . ... i e e s e et e e e e e e 4
C037  J-K Flip-Flop with Reset and Set . . . .. ... it i i e et e e e e 5
C059  Buffered D Flip-FIop. . . . .. o i e s e e e e 2
C060  Buffered D Flip-Flop with Reset (L) and Set (L) . . . . . . oottt it e e e e e e e e e 3
C082  Gated R-S Flip-Flop and 2 Inverters. . . . .. . .ottt it e e e e e et e et e e e e 2
C087  Toggle Enable Flip-Flop with Reset (L) and Synchronous Parallel Load (L) ..................... 4
C090 D Flip-Flop with Reset (L) and 3-State Q . . . . . .. . . . it i e e e e e e e e e 4
C097  J-K Flip-Flop with 3-State Qutputs and ReSet . . . . . . .. .. ittt i e e it e e e 4
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Macro # Description
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C028  4-to-1 Multiplexer with 3-State OUIPUL. . . . . o vt ittt e et e e e e et et e et et et e
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INTRODUCTION TO MOTOROLA CMOS MACROCELL ARRAYS

The Motorola HCA6000 Series Macrocell Arrays
(MCA) consists of both 2-micron and 3-micron gate
length devices fabricated using a CMOS silicon-gate
2-layer metal technology. This technology provides
high speed performance while maintaining the high
noise immunity and low power consumption advan-

tages of CMOS. Table 1-1 summarizes the major fea-
tures of the arrays in the HCA6000 Series.

There are three basic elements that make up each
array in the HCAB000 Series: the primary cell, the in-
ternal array, and the periphery (see Figure 1-1).

Table 1-1. HCA6000 Series CMOS Macrocell Array Features

Features 2-Micron HCA6200 Series 3-Micron HCA6300 Series
HCA6248 HCA6238 HCA6225 HCA6212  HCA6206|HCA6348 HCA6324 | HCA6312| HCA6306
Primary Cells 1620 1254 810 400 216 1620 765 400 216
Equivalent Gates 4860 3762 2430 1200 648 4860 2295 1200 648
Input Only Pins 53 2 1 17 4 53 55 17 4
Bidirectional Pins 54 93 76 42 33 54 56 42 33
Vpp Pins 4 4 4 1 8 6 4 1
Vgg Pins 8 4 4 4 1 8 6 4 1
Test Pins 1 1 1 1 1 1 1 1 1
Typical Freq. (MHz) 85 85 85 85 85 70 70 70 70
Total Pins 124 104 96 68 40 124 124 68 40
- HORIZONTAL >
A
PERIPHERY
- HORIZONTAL
ROUTING
CHANNEL

VERTICAL

PERIPHERY

UARUA
UARYA

PERIPHERY

ARV
)
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ROUTING CHANNEL
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PRIMARY CELLS

Figure 1-1. Typical Layout of HCA6000 Series Macrocell Array
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The .primary cell is made of eight N-channel and
eight P-channel nondedicated transistors which share
common-sources and drains. Running through the pri-
mary cell are the appropriate Vpp and VSS power
buses. ‘This allows for easy access to the transistors
(see Figures 1-2 and 1-3). One or more primary cells
are used to build logic functions referred to.as macro-

cells or macros. These macrocells have been prede-
fined and are stored in the computer aided design
(CAD) system. A description of the macrocells is pro-
vided in Section 11. In this manual an equivalent
*gate’’ is defined as a 2-input NAND or NOR func-
tion, and three gates can be implemented in one pri-
mary cell (macro C001).

P = CHANNELS

VIAS

POLY SILICON GATES
N = CHANNELS

Figure 1-2. Actual Layout of Primary Cell
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Figure 1-3. Schematic Diagram of a Primary Cell
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As stated above, the macrocell functions are prede-
fined. This allows the designer to design with basic
logic functions and releases him from the burden of
designing VLSI circuits at the transistor level. Another
major feature of macrocells is the ability to construct
softmacros. Softmacros are combinations of macro-
cells that perform a desired function. To illustrate,
macro CO38 is a 1-bit counter which can be used to
build a 4-bit counter by stacking four CO38's togeth-
er. This helps prevent the waste that a predefined
N-bit counter could create.

The second basic element of each HCA6000 Series
Macrocell Array is the internal array. The internal ar-
ray is an X-Y matrix of primary cells arranged in col-
umns (see Figure 1-1). Two layers of metal are used
for implementing and interconnecting macros. The
first or bottom layer of metal is used to construct the
macrocell functions (these metal patterns are stored
in the CAD system and are requested by the design-
er) and for vertical routing. The second or top layer of
metal runs horizontally and interconnects each of the
macrocells. The two layers of metal are connected
through the dielectric at predefined locations called
vias. The placement and routing of the two layers of
metal and the via layer is accomplished by the CAD
autoplace and autoroute routines.

To optimize a macrocell array design, the CAD sys-
tem allows the user to predefine macrocell place-
ments as well as prioritize placement and routing for
defined critical paths. Changes may also be made af-
ter place and route by using interactive graphics on a
graphics terminal.

Due to the array structure, it is extremely difficult
to utilize 100% of the gates on an array and it is rec-
ommended that functions be designed to utilize
90-95% of the gates. At this utilization rate, the CAD
should be able to achieve 100% automatic routing.

The third basic element of the HCA6000 Series is
the periphery which provides the interface between

the internal array and the outside environment. The
periphery is made up of Vpp pads, V§S pads, input
buffer locations, and uncommitted buffer locations.
Input buffers (101X-110X) may only be used as inputs
to the internal array and may be placed at either in-
put buffer or uncommitted buffer locations on the pe-
riphery. Output buffers (YOTN, YO2N) may only be
used as outputs from the internal array and must be
placed at uncommitted buffer locations on the periph-
ery. Bidirectional buffers (BO2X-B05X) can be config-
ured as input, output or input/output buffers. Bidirec-
tional buffers must be placed at uncommitted buffer
locations on the periphery regardless of the configu-
ration used. The periphery was designed to give max-
imum flexibility to the user by providing both CMOS
and LSTTL compatible input, output and bidirectional
options.

All Motorola CMOS macrocell arrays require that
one pin be dedicated as a Test-mode pin. The Test-
mode pin greatly simplifies the task of checking para-
metric data on all of the output and bidirectional buff-
ers and enhances the overall testability of the array.
For more information on the Test-mode pin see Sec-
tion 3.

On some HCAB000 Series package sizes, two dif-
ferent options are available. Option 1 type devices al-
ways contain fewer Vpp and Vsg pins than Option O
type devices. This allows more input or bidirectional
buffer locations on Option 1 type devices. If a design
has a large number of outputs switching simulta-
neously the extra power and ground pins available on
the Option O type devices may reduce the possibility
of switching noise interfering with circuit operation.

Not all input, output, and bidirectional options are
available for each HCA6000 Series device. Motorola
is at present working to add many of these missing
options so that each array will have a complete set.
The electrical characteristics for the buffer options are
provided in Section 8.
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OPTION FLOW

The first step a customer needs to take in order to
place a design on a Motorola HCAB000 Series Macro-
cell Array is to contact the local Motorola sales office
(see the listing in the back of this manual). The sales
office can describe the basic macrocell array pricing
structure and place the customer in contact with one
of Motorola’s nationwide network of Field Application
Engineers (FAE). Then the customer, the FAE, or both
can decide on how to best partition the design to fit
into the most economical HCAB000 Series array and
package size.

Once the array and package size have been deter-
mined, the sales office can write up an option devel-
opment contract between the customer and Motorola.
This contract specifies the cost to the customer for
ten prototype devices along with the current rates for
computer time on the Motorola CAD system. The
completion of this contract is normally accomplished
when the customer receives ten prototype devices.

After an option development contract has been
signed, work may begin on the Motorola CAD system
to translate the design into working silicon (see Fig-
ure 2-1). To aid in this process, each customer is as-
signed a Motorola Option Development Engineer to
provide assistance throughout the option development
cycle. Complete documentation is also provided in the
form of a design manual and a CAD manual. The de-
sign manual contains individual data sheets for each
macrocell along with rules and guidelines for success-
fully changing the design into a netlist. The CAD
manual explains the Motorola CAD system in detail.
Each step of the CAD process is described using ex-
amples and sample computer outputs. In addition to
the CAD manual, Motorola offers a hands-on training
course covering the Motorola CAD system and design
methodology.

Designing an HCAB000 Series array using the Mo-
torola CAD system requires very little hardware. For a
minimum system all that is needed is an ASCII termi-
nal and a modem. With this setup, all necessary work
can be completed at the customers location via direct
phone link to the Western Area Computer Center
(WACC) in Phoenix, Arizona. Optional hardware
might include a graphics terminal (for physical layout
editing) and a printer.

CONVERT LOGIC TO MACROS

Y
INPUT NETLIST, COMMAND FILE,
TEST VECTORS, AND FIX FILE

\
SIMULATE FUNCTIONAL AND
AC CHARACTERISTICS USING
ESTIMATED WIRE LENGTHS
(AUTOMATICALLY GENERATED BY CAD)

Y
PERFORM AUTOPLACE
AND AUTOROUTE

Y
SIMULATE AC CHARACTERISTICS
USING ACTUAL WIRE LENGTHS

(AUTOMATICALLY GENERATED BY CAD)

Y

PERFORM FAULT GRADING
OF TEST VECTORS
(OPTIONAL)

Y

RELEASE DESIGN

Figure 2-1. Design Flow Using Motorola CAD
System Exclusively
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As an alternative to using the Motorola CAD sys-
tem, a customer may choose to use an engineering
workstation (EWS) to perform many of the same
functions (see Figure 2-2). Motorola supports selected
engineering workstation vendors by supplying both
electrical and physical design kits which contain the
following:

Electrical Design Kit
1) Component symbols for schematic capture
2) Netlisting program
3) Functional simulation models
4) AC simulation models
5) Communications software
6) Documentation

Physical Design Kit
1) Base die floorplans
2) Physical descriptions for each macrocell
3) Automatic and interactive place-and-route
4) Back annotation of actual metal lengths
5) Documentation

Using an engineering workstation, however, does
not completely free the customer from the Motorola
CAD system. At several points along the EWS design
flow the customer may elect to transfer his design
data base to WACC and finish any remaining work. In
any case, as the last step before design release, the
customer must upload his design data base to WACC
and run through a verification process. This is a very
important step because results from the Motorola
CAD system are the ones which Motorola guarantees.

Still, using an EWS to perform time intensive tasks
such as generating a netlist, generating test vectors
and initial simulation can dramatically reduce the
charges for mainframe time, especially if a customer
plans to do more than one option. Also, a design
completed on an EWS with the use of Motorola’s de-
sign kit should pass through the mainframe verifica-
tion process quickly and with few complications.

After a customer is satisfied that his design is
working properly based on the results he has ob-
tained on WACC, he must notify Motorola in writing
of the design release. Motorola then takes the appro-
priate files from the customers WACC account and
produces ten prototype devices. These prototype de-
vices are packaged, tested using the customer test

vectors, and then shipped to the customer for evalua-

tion. After an evaluation period of four weeks the
customer can decide whether or not he wishes to
place a production order through his local Motorola
sales office.

OBTAIN WORKSTATION
DESIGN KIT

Y

CONVERT LOGIC TO MACROS

Y

PERFORM SCHEMATIC
CAPTURE

. EXIT TO MOTOROLA
. MAINFRAME

Y

GENERATE TEST VECTORS

Y

SIMULATE FUNCTIONAL AND

AC CHARACTERISTICS USING

ESTIMATED WIRE LENGTHS
(AUTOMATICALLY GENERATED BY EWS)

EXIT TO MOTOROLA
‘} ) MAINFRAME

Y

PERFORM AUTOPLACE
AND AUTOROUTE

EXIT TO MOTOROLA
MAINFRAME

Y

Y

SIMULATE AC CHARACTERISTICS
USING ACTUAL WIRE LENGTHS
(AUTOMATICALLY GENERATED BY EWS)

_ EXIT TO MOTOROLA
o MAINFRAME

Y

PERFORM FAULT GRADING
OF TEST VECTORS
(OPTIONAL)

Y

VERIFY RESULTS THROUGH
MOTOROLA MAINFRAME

Y

RELEASE DESIGN

Figure 2-2. Design Flow Using Engineering
Workstation and Motorola CAD System
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DESIGN CONSIDERATIONS

HANDLING PRECAUTIONS

The HCAB000 Series CMOS Macrocell Array
(MCA), like all MOS devices, has insulated gates that
are subject to voltage breakdown. The gate oxide on
MCA devices breaks down at a gate-source potential
of about 100 V. To guard against such a breakdown
from static discharge or other voltage transients, the
protection network shown in Figure 3-1 is used on
each input to the MCA. The input protection network
(IP) uses a polysilicon resistor in series with the input
and before the protection diodes. The purpose of the
series resistor is to slow down the rise time of static
discharge spikes and allow the protection diodes time
to turn on. The diodes, in turn, clamp the input volt-
age transient to either Vpp or Vgs. The electrostatic
discharge test circuit is shown in Figure 3-2.

VoD

D1

%150 O x50

11

Figure 3-1. Input Protection Network

MCA
INPUT
PAD  POLYSILICON

TO CIRCUIT

10 MQ 1.5kQ 10 INPUT

l § ? UNDER TEST
HIGH VOLTAGE vz

e ap
DC SOURCE = 100 oF
T ) P i Vb
o OR
GROUND

Figure 3-2. Electrostatic Discharge Test Circuit

Static damaged devices behave in various ways,
depending on the severity of the damage. The most
severely damaged inputs are the easiest to detect be-
cause the input has been completely destroyed and is
either shorted to Vpp, shorted to ground, or open-cir-
cuited. The effect is that the device no longer re-
sponds to signals present at the damaged input. Less
severe cases are more difficult to detect because they
show up as intermittent failures or as degraded per-
formance. Another effect of static damage is that the
inputs generally have increased leakage currents.

Although the input protection network does provide
a great deal of protection, CMOS MCA devices are
not immune to large static voltage discharges that
can be generated by handling. For example, static
voltages generated by a person walking across a

waxed floor have been measured in the 4-5 kV range
(depending on humidity, surface conditions, etc.).
Therefore, the following precautions should be ob-
served:

1. Do not exceed the Maximum Ratings specified in
the Electrical Characteristics (Section 8).

2. All unused device inputs should be connected to
VDD or VSS.

3. All low-impedance equipment (pulse generators,
etc.) should be connected to CMOS MCA inputs
only after the device is powered up. Similarly, this
type of equipment should be disconnected before
power is turned off.

4. A circuit board containing CMOS MCA devices is
merely an extension of the device, and the same
handling precautions apply. Contacting edge con-
nectors wired directly to CMOS MCA device in-
puts can cause damage. Plastic wrapping should
be avoided. When external connections to a PC
board are connected to an input of an CMOS
MCA device, a resistor should be used in series
with the input. This resistor helps limit accidental
damage if the PC board is removed and brought
into contact with static generating materials. The
limiting factor for the series resistor is the added
delay caused by the time constant formed by the
series resistor and input capacitance. For conve-
nience, a graph of the typical added propagation
delay is given in Figure 3-3 for a switch point of
0.5 Vpp and an input capacitance of 10 pF. Note
that the maximum input rise and fall times should
not be exceeded. For an input capacitance of 10
pF, a maximum series resistance of 30 kQ can be
used without violating the maximum input rise
and fall times. In Figure 3-4, two possible net-
works are shown using a series resistor to help
eliminate off board ESD (Electrostatic Discharge).

250

pat
>
/

< 200 %
25 150 -
323 A
S 0 ‘/,,”'
Eg »

S 50 /;"

a y.

o L2
0 10 20 30 40

SERIES RESISTANCE (k&)

Figure 3-3. Series Resistance Effects
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T0 OFF BOARD
CONNECTION R IxﬁﬁT
OR
OUTPUT

Advantage: Requires minimal board area
Disadvantage: R1 > R2 for the same level of protection, therefore

5.

rise and fall times, propogation delays, and output
drivers are severely affected.

—I_VDD

D1

TO OFF BOARD o
CONNECTION  R2 NPUT
OR
OUTPUT

— Vss

Advantage: R2 < R1 for the same level protection. Impact on ac

and dc characteristics is minimized.

Disadvantage: More board area, higher initial cost.

NOTE: These networks are useful for protecting the following:
A. digital inputs and outputs
B. analog inputs and outputs

C. 3-state outputs

D. bidirectional (I/0) ports
Figure 3-4. Networks for Minimizing ESD and Reducing CMOS Latch-up Susceptibility

All CMOS MCA devices should be stored or trans-
ported in materials that are antistatic. CMOS MCA
devices must not be inserted into conventional
plastic “‘snow’’, styrofoam, or plastic trays, but
should be left in their original container until ready
for use.

. All CMOS MCA devices should be placed on a

grounded bench surface and operators should
ground themselves prior to handling devices, since
a worker can be statically charged with respect to
the bench surface. Wrist straps in contact with
skin are strongly recommended. See Figure 3-5 for
an example of a typical work station.

= |
o /TR ——
Resistor= o s
1 Megohm

Figure 3-5. Typical Manufacturing Work Station

NOTES:

1. 1/16 inch conductive sheet stock covering bench top work area.

2. Ground Strap.

3. Wrist Strap in contact with skin.

4. Static neutralizer. (lonized air blower directed at work.) Primari-
ly for use in areas where direct grounding is impractical.

5. Room humidifier. Primarily for use in areas where the relative

humidity is less than 45%. Caution: building heating and cool-
ing systems usually dry the air causing the relative humidity in-
side of buildings to be less than outside humidity.

7.

8.

10.

11.

12.

Nylon or other static generating materials should
not come in contact with CMOS MCA devices.

If automatic handlers are being used, high levels
of static electricity may be generated by the
movement of the device, the belts, or the boards.
Reduce static build-up by using ionized air blowers
or room humidifiers. All parts of machines which
come into contact with the top, bottom, or sides
of CMOS MCA packages must be grounded to
metal or other conductive material.

. Cold chambers using CO2 for cooling should be

equipped with baffles, and the CMOS MCA
devices must be contained on or in conductive
material.

When lead-straightening or hand-soldering is nec-
essary, provide ground straps for the appartus
used and be sure that soldering ties are grounded.

The following steps should be observed during

wave solder operations:

a. The solder pot and conductive conveyer system
of the wave soldering machine must be
grounded to an earth ground.

b. The loading and unloading work benches
should have conductive tops which are ground-
ed to an earth ground.

c. Operators must comply with precautions previ-
ously explained.

d. Completed assemblies should be placed in anti-
static containers prior to being moved to subse-
quent stations.

The following steps should be observed during

board-cleaning operations:

a. Vapor degreasers and baskets must be grounded
to an earth ground.

b. Brush or spray cleaning should not be used.

c. Assemblies should be placed into the vapor de-
greaser immediately upon removal from the an-
tistatic container.
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d. Cleaned assemblies should be placed in anti-
static containers immediately after removal from
the cleaning basket.

e. High velocity air movement or application of sol-
vents and coatings should be employed only
when assembled printed circuit boards contain-
ing CMOS MCAs are grounded and a static
eliminator is directed at the board.

13. The use of static detection meters for production

line surveillance is highly recommended.

14. Equipment specifications should alert users to the
presence of CMOS devices and require familiar-
ization with this specification prior to performing
any kind of maintenance or replacement of devic-

es or modules.

15. Do not insert or remove CMOS MCA devices from
test sockets with power applied. Check all power
supplies to be used for testing devices to be cer-

tain there are no voltage transients present.

16. Double check test equipment setup for proper po-
larity of Vpp and Vss before conducting para-

metric or functional testing.

17. Do not recycle shipping rails or trays. Continuous

use causes deterioration of antistatic coating.

RECOMMENDED FOR READING:

"“Total Control of the Static in Your Business’’
Available by writing to:

3M Company

Static Control Systems

P.0O. Box 2963

Austin, Texas 78769-2963
Or by Calling:

1-800-328-1368

POWER SUPPLIES

HCAB000 Series CMOS Macrocell Arrays, like other
CMOS devices, have low power requirements and the
ability to operate over a wide range of supply volt-
ages. These two characteristics allow CMOS MCA de-

signs to be implemented using inexpensive conven-
tional power supplies, instead of switching power
supplies and power supplies with cooling fans. In ad-
dition, batteries may be used as either a primary
power source or for emergency backup.

The absolute maximum recommended power supply
voltage for HCA6000 Series MCAs is 7.0 V. Figure
3-6 offers some insight as to how this specification
was derived. In the figure, Vg is the maximum power
supply voltage and Ig is the sustaining current of the
latch-up mode. The value of Vg was chosen so that
the secondary breakdown effect may be avoided. The
low-current junction avalanche region is between 10
and 14 V at TA = 25°C.

oD A
LATCH SECONDARY
UP MODE BREAKDOWN
i
| ; LOW CURRENT
o -2 ) JUNCTION
\ AVALANCHE
i

Vs VoD

Vs=DATA SHEET MAXIMUM SUPPLY RATING

Figure 3-6. Secondary Breakdown Characteristics

In an ideal system design, a power supply should
be designed to deliver only enough current to insure
proper operation of all devices. The obvious benefit of
this type design is cost savings; an added benefit is
protection against the possibility of latch-up related
failures. This system protection can be provided by
the power supply filter and/or voltage regulator.

POWER
‘ SUPPLY
i |
¢
HC4050
o ;M—/
1:-[ BATTERY BACKUP
INPUTS TO — MCA RECHARGE —— BATTERY
SYSTEM HC4049
R OUTPUTS FROM
o- —A\\\— BATTERY BACKUP
_L SYSTEM
- - —
HIGH=-TO-LOW
VOLTAGE
TRANSLATORS

Figure 3-7. Battery Backup System
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CMOS MCA devices can be used with battery or
battery backup systems. A few precautions should be
taken when designing battery operated system:

1. The recommended power supply voltage should be
observed. For battery backup systems such as the
one in Figure 3-7, the battery voltage must be at
least 3.7 V (3 V for the minimum power supply
voltage and 0.7 V to account for the voltage drop
across the series diode).

2. Inputs that might go above the battery backup volt-
age should either use a series resistor to limit the
input current to less than 25 mA or use the
MC54/74HC4050 or MC54/74HC4049 high-to-
low voltage translators.

3. Outputs that are subject to voltage levels above
VDD or below Vgs should be protected with a se-
ries resistor to limit the current to less than 25 mA
or with clamping diodes.

INPUTS

Inputs to the internal array can be made by using
either input buffers or bidirectional buffers. Input
buffers can only be used as inputs while bidirectional
buffers can be used as an input, output, or /0 buff-
er. All input buffers have input protection circuitry
(Figure 3-1) and can be configured for either TTL or
CMOS switching levels with or without pull-up or
pull-down resistors. The following design information
pertains to all CMOS MCA inputs regardless of
whether an input buffer or bidirectional buffer is
used.

All inputs, while in the recommended operating
range (VSs < Vin < Vpp) can be modeled as shown
in Figure 3-8. For input voltages in this range, diodes
D1 and D2 are modeled as resistors, representing the
reverse bias impedance of the diodes. The maximum
input current is worst case, 1 pA, when the inputs
are at Vpp or Vss, and Vpp=6 V. This model does
not apply to inputs with pull-up or pull-down resis-
tors.

VoD

R1

i

Figure 3-8. Input Model For Vgs < Vjh < VDD

10 pF

It is possible, when inputs are left open-circuited,
for the inputs to be biased at or near the typical
switchpoint, where both the P-channel and N-channel
transistors are conducting, causing excess current
drain. Due to the high gain of the input buffers (see
Figure 3-9), the device may also go into oscillation

—~ 5
©
.}
g 4
(¥}
(L]
= 3
]
o
>
52
&
3 1
3
o
> 0
o 1t 2 3 4 5

Vin INPUT VOLTAGE (VOLTS)

Figure 3-9. Typical Transfer Characteristics For
Input Buffers

from any noise in the system. Since CMOS devices
disipate the most power during switching, this oscilla-
tion can cause very large current drain and undesired
switching.

For these reasons, all unused input buffers should
be connected either to Vpp or Vgs. For applications
with inputs going to edge connectors, a 100 kQ resis-
tor to Vgs should be used, as well as a series resis-
tor for static protection and current limiting (Figure
3-10). The 100 kQ resistor will help eliminate any
static charges that might develop on the printed cir-
cuit board. See Figure 3-4 for other possible protec-
tion arrangements and Figure 3-3 for a plot of series
resistance versus added propagation delay.

R

FROM EDGE S C&/I&S

CONNECTOR DRVCE
100 k@

Figure 3-10. External Protection

For input voltages outside of the recommended op-
erating range, the CMOS MCA input is modeled as in
Figure 3-11. The resistor-diode protection network al-
lows the user greater freedom when designing a

1

D1

Figure 3-11. Input Model For Vi, > Vpp Or
Vin < Vss

150 0
—AMW
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worst case system. The device inputs are guaranteed
to withstand voltages fromVgs — 0.5VtoVpp+0.5V
and a maximum current of 25 mA. At low capacitive
loads, the output rise and fall times of output buffers
can be as low as 3 ns, producing some amount of
overshoot and undershoot. With the above input rat-
ings, however, most designs will require no special
terminations or design considerations.

Other specifications that should be noted are the
maximum input rise and fall times. Figure 3-12 shows
the oscillations that may result from exceeding the
500 ns maximum rise and fall times. The output may
oscillate because as the voltage passes through the
switching threshold region with a slow rise time, any
noise that is on the input is amplified, and passed
through the output. The oscillation may have a low
enough frequency to cause succeeding stages to
switch, giving unexpected results. If input rise or fall
times are expected to exceed 500 ns, Schmitt-trigger
devices such as the 105X, 106X, BO5N, or CO25 are
recommended.

Vin rg N
(t,= t¢ > 500 ns) A NG
Vout

Figure 3-12. Maximum Rise Time Violations

OUTPUTS

Outputs from the internal array can be made
through either output buffers or bidirectional buffers.
Output buffers can only be used as outputs while bi-
directional buffers can be used as an input, output or
1/0 buffer. Al CMOS MCA outputs are buffered to
insure consistent output voltage and current perform-
ance. All outputs have guaranteed output voltages of
VoL =0.1Vand VoH = Vpp—0.1 V for lgyt = 20 pA
(20 CMOS loads). The output drives for all CMOS
MCA output and bidirectional options are such that
10 LSTTL loads can be driven with VoL < 0.4 V
across the full temperature range.

CMOS MCA outputs are limited to externally forced
output voltages of V§g—0.5 V<Vgout<Vpp+0.5 V.
When voltages are forced outside of this range, a Sil-
icon Controlled Rectifier (SCR) formed by parasitic
transistors can be triggered, causing the device to
latch-up. For more information on this, see the expla-
nation of CMOS Latch-up in this section.

The maximum rated output current for any output
buffer is 25 mA. The output short-circuit currents of
these devices will typically exceed these limits. The
outputs can, however, be shorted for brief periods of

time for logic testing, if the maximum package power
dissipation is not violated.

For applications that require driving high capacitive
loads where fast propagation delays are needed (e.g.,
driving power MOSFETs), two or more outputs may
be externally paralleled. Paralleled outputs must be of
the same output buffer type and their inputs must
originate at the same location. :

TEST PIN

All Motorola CMOS Macrocell Arrays come with a
dedicated Test-mode pin. This pin cannot be used as
an input, output, or power supply connection. The
Test-mode pin (TST) is used in conjunction with the
Test Data (TD) and Test 3-state (T3) pins to test the
output buffers. When the Test-mode pin is activated,
all output and bidirectional buffers go into the test
mode and accept signals from TD and T3. By varying
the data on TD and T3, each possible state of the
output buffers can be checked according to the func-
tion table for the array size (see individual Base-Array
data sheets). The pin numbers for TD and T3 when
the Test-mode pin is activated are shown in the pad
to pin cross reference guides in the data sheets for
each array (Section 10).

Unlike the Test-pin, TD and T3 can be used as reg-
ular inputs when the device is not in the test mode.
There are certain restrictions, however, as to which
input buffer options can be placed at TD and T3 loca-
tions. These restrictions, along with a function table
for the test mode, are listed in the Base-Array data
sheets for each individual array size (Section 10).

The purpose of the test pin is to allow parametric
data to be checked without requiring a set of test
vectors. There are many advantages to having the
test pin built into each array including:

1. Reducing the number of required test vectors.

2. Reducing test-vector development and test
time.

3. Allowing board continuity tests to be done on
finished boards.

4. Increasing reliability and reducing cost.

5. Providing a de-bug tool.

These advantages more than offset the disadvan-
tage of having one less input or output on each array.

CMOS LATCH-UP

Latch-up will not be a problem for most designs,
but the designer should be aware of it, what causes
it, and how to prevent it.

Figure 3-13 shows the cross-section of a typical
CMOS Inverter and Figure 3-14 shows the parasitic
bipolar devices that are activated during latch-up. The
circuit formed by the parasitic transistors and resis-
tors is the basic configuration of a silicon controlled
rectifier, or SCR. In the latch-up condition, transistors
Q1 and Q2 are turned ON, each providing the base
current necessary for the other to remain in satura-
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tion, thereby latching the devices in the ON state.
Unlike a conventional SCR, where the device is
turned ON by applying a voltage to the base of the
NPN transistor, the parasitic SCR is turned ON by ap-
plying a voltage to the emitter of either transistor.
The two emitters that trigger the SCR are the same
point, the CMOS output. Therefore, to latch-up the
CMOS device, the output voltage must be greater
than Vpp+0.5 V or less than Vg5—0.5 V and have
sufficient current to trigger the SCR. The latch-up
mechanism is similar for the inputs.

Once a CMOS device is latched-up, if the supply
current is not limited, the device will be destroyed.
Ways to prevent such occurrences are listed below:

1. Insure that inputs and outputs are limited to the
maximum rated values, as follows:

—0.5<Vjh<Vpp+0.5 V (referenced to Vss)
—0.5<Vout<Vpp +0.5 V (referenced to Vss)
llinl < 25 mA

2.

If voltage transients of sufficient energy to latch-up
the device are expected on the inputs or outputs,
external protection diodes can be used to clamp
the voltage. Another method of protection is to use
a series resistor to limit the expected worst case
current to the maximum rating of 25 mA. (See Fig-
ure 3-4.)

. Sequence power supplies so that the inputs or out-

puts of MCA devices are not activated before the
supply pins are powered up (e.g., recessed edge
connectors and/or series resistors may be used in
plug-in board applications).

. Voltage regulating or filtering should be used in

board design and layout to insure that power-sup-
ply lines are free of excessive noise.

. Limit the available power supply current to the de-

vices tha are subject to latch-up conditions. This
can be accomplished with the power supply filter-
ing network or with a current-limiting regulator.

lloutl < 25 mA
METAL
PSG
OXIDE \ 1 —— [/ \ 1 — [/
) Pt) P\ / Ne/ (i \
—/7 N= P= | (g P—
N P
Figure 3-13. CMOS Inverter Cross Section
N+ O N=CHANNEL OUTPUT
N=WELL RESISTANCE N= N+
Vpp © VWA Q1
e\ s
P+ _\P- P
Vpp © Q2

P+
P=CHANNEL OUTPUT

1

VWA
P~SUBSTRATE RESISTANCE Vss

Figure 3-14. Latch-up Circuit Schematic
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TIMING CONSIDERATIONS

GENERAL CMOS CHARACTERISTICS

The basic building clock for CMOS circuits is the
complementary-pair MOS inverter shown in Figure
4-1. When the input voltage is high the N-channel
transistor (Q2) is ON and the P-channel transistor
(Q1) is OFF. The output is thus connected to Vsg
through the ON resistance of the N-channel transis-
tor. When the input is low, the opposite is true. The
P-channel transistor (Q1) is ON and the N-channel
transistor (Q2) is OFF. This connects the output to
VpD through the ON resistance of the P-channel tran-
sistor.

VoD
Q1
P
A —{>o— B A B
Q2
N
Vss

Figure 4-1. Basic CMOS Inverter

A VoD
>

Q1 Q2
—]:L gi==g

]

o C
Q3

—
t—— N

Ao

Q4
r+———¢ N
B 0—¢ —e
A —
s e

Figure 4-2 shows how the inverter is connected to
form the NAND and NOR logic functions. Considering
the NOR function, the gates of Q1 and Q3 are tied
together to form input A of the basic inverter. The
gates of Q2 and Q4 form input B. Transistor Q2 acts
as a series resistance which is either extremely high
or low, depending upon the gate voltage on the in-
verter formed by Q1 and Q3. Likewise Q1 acts as a
series resistance in the second inverter. The output of
the circuit is at Vpp only when both Q1 and Q2 are
ON. This occurs only if both inputs A and B are at
Vgs. Thus, the output is a logic "*1°" only when both
inputs are logic “0’", and a logic ‘'O’" otherwise,
which is the NOR function.

The CMOS NOR gate can be converted to a NAND
gate by interchanging the P- and N-channel devices,
and turning the circuit upside down (Figure 4-2).
Transistors Q3 and Q4 must be ON for the output to
be in the logic '0O’" condition. More inputs can be
added to make 3- and 4-input gates by adding com-
plementary pairs (Figure 4-3).

A VoD
Q1
AO b
H———¢P
'_.._._
Q2
Bo [
P
'—

Yvss

Figure 4-2. Implementation of 2-input NAND and 2-input NOR Gates using CMOS Technology.
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"o "5_]
Bo :]
co :

Do

Y vss

=
D—

Figure 4-3. Implementation of 4-input NAND
PROPAGATION DELAY

The switching speed of a CMOS gate is determined
by the time required for the load capacitance to be
charged or discharged through the resistance of the
ON transistor(s). Each input buffer, macrocell, and
output buffer has a data sheet which contains the
propagation delay for a specified reference load. This

6o l:l
co |:

o
-5

; Vss

A
o
CD
and 4-input NOR Gates using CMOS Technology.

reference load (Cref) is equal to 1 pF for input buff-
ers and macros and 50 pF for output buffers. The
propagation delay at the specified reference load is
stated for both maximum and minimum conditions as
defined in Table 4-1.

Table 4-1. Definition of Minimum and Maximum Simulation Conditions

Minimum Specification Maximum Specifications
Factor Conditions . Conditions
e, | Macrocots | Sutest | ot | wacroote | Dl

HCA6200 Series

2-Micron HCMOS
CL 1 pF 1 pF 50 pF 1 pF 1 pF 50 pF
!I[:r?wf Rise C.IMI.?_S==5 L:S 0.6 ns 0.6 ns %Mrfi TSGnr;s 3ns 3ns
_I‘[:squet Fall C.lMT?_s::‘ L:s 0.6 ns 0.6 ns C.IMT?_S==6?]:s 3ns 3ns
VbD 55V 45V
TA —40°C +85°C
Processing BEST WORST

HCA6300 Series

3-Micron HCMOS
CL 1 pF 1 pF 50 pF 1 pF 1 pF 50 pF
Ir!put Fall CMOS = 5ns 1ns 1ns CMOS =5ns 5 ns 5ns
Time TTL=1ns TTL =6 ns
VpD 55V 45V
TA —40°C +85°C
Processing BEST WORST
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DRIVE COEFFICIENTS (K Values)

Each propagation delay listed on every macrocell
data sheet has an associated K value. The K value is
calculated as shown below:

_ADelay tP(CL=A)"®(CL=B) (gq 4-1)

where:

CL = Load capacitance (pF)

tP(CL=A) = Propagation delay with
capacitive load A (ns)

tP(C =B) = Propagation delay with
capacitive load B (ns)

A = Capacitance (pF)

B = Capacitance (pF)

K, therefore, is simply the change in propagation
delay that occurs due to a change in the load capaci-
tance. The K values listed on each individual data
sheet have been calculated with A=2 pF, B=1 pF for
input buffers and macrocells, A=100 pF, B=50 pF
for output buffers, and A=50 pF, B=15 pF for input
clock buffers. These K values are specified at
Vpp=5.5 V (minimum conditions) and Vpp=4.5 V
(maximum conditions).

When macrocells are paralleled, the output drive is
increased and the load capacitance charge/discharge
time is reduced. This occurs because the ON resist-
ance of the transistors in each of the macrocells (see
CMOS characteristics section) is also paralleled. To
account for the resulting reduction in propagation de-
lay, the K value for paralleled macrocells is calculated

as shown below:
1
Kp={-)K
= (7)
where:

Kp = New K value for paralleled macrocells (ns/pF)
n = Number of macrocells in parallel
K = K value of a single macrocell (ns/pF)

(Eq. 4-2)

CAPACITIVE LOAD (CL)

The propagation delay for any input buffer, macro-
cell, or output buffer is dependent upon the load ca-
pacitance (CL) that the buffer or macrocell must
drive. Load capacitance can come from the capaci-
tance of the inputs that the output is driving, the
metal that connects the output to the input(s) being
driven, and, in some cases, output capacitance of
other macrocells. Load capacitance is calculated from
the formula shown below:

CL=C +CINT+CZ (Eq. 4-3)
where:

CL = Total load capacitance (pF)

C| = Input capacitance (pF)

CINT = Metal interconnect capacitance (pF)

Cz = 3-State output capacitance (pF)

Input capacitance (C|) for HCA6000 Series MCAs is
measured with the Input Unit Load (IUL) factor. An
IUL of 1.0 is equal to 0.21 pF for 3-micron devices
and 0.17 pF for 2-micron devices and represents the
capacitance associated with one P-channel and N-
channel transistor pair such as is found in a basic
CMOS inverter (CO08). The input capacitance of in-
puts with higher IUL factors can be found by multi-
plying the IUL factor by 0.21 pF for 3-micron devices
or 0.17 pF for 2-micron devices (e.g. an IUL of 8 on
a 3-micron device is equal to 1.68 pF). To illustrate,
suppose that the circuit shown in Figure 4-4 were to
be placed on an HCAB6300 macrocell array. The input
capacitance that output A must drive would be calcu-
lated as follows:

IUL of CO04 = 1 (Eq. 4-4)
IUL of COO7 = 2
IUL of CO59 = 1
“TotallUL =4

C| = (4) (0.21 pF) = 0.84 pF

coot €004

€059

D
Q__.
—P

—

Figure 4-4. Schematic Diagram Showing Several
Macrocells and Associated Interconnect Metal
The amount of capacitance per mil of interconnect
metal is shown below:

HCA6200 HCA6300

Cm1 = 0.00442 pF/mil 0.00675 pF/mil
Cm2 = 0.00445 pF/mil 0.00450 pF/mil
CAVG = 0.00443 pF/mil 0.00580 pF/mil

where:

Cm1 = Capacitance of layer one metal.

Cm2 = Capacitance of layer two metal.

CAVG = Average capacitance of both layers of metal.

Actual metal interconnect lengths on an MCA are
not known until after place and route has been com-
pleted. For design purposes, the length of intercon-
nect metal can be estimated before place and route
by counting the number of inputs and outputs that
are to be connected together and multiplying this
number by the typical metal length for the array be-

MOTOROLA HCA6000DM/AD



ing used. Each ‘input and output is referred to as a
connection (conn) and the interconnect metal is re-
ferred to as a net. Typical metal lengths per connec-
tion (LT) for each array are shown below:

HCAB6348 40 mils/conn HCA6248 30 mils/conn
HCA6324 = 27 mils/conn HCA6225 18 mils/conn
HCA6312 22 mils/conn HCA6212 16.5 mils/conn
HCA6306 16 mils/conn HCA6206 12 mils/conn

The capacitance of the metal interconnect (C|NT)
can be calculated by multiplying CAvG by the esti-
mated metal interconnect length. For example, if the
circuit shown in Figure 4-4 were to be placed on an
HCA6348 array, the capacitance due to the metal
connecting output A to inputs B, C, and D would be
estimated as follows:

CINT = (CAVG) (LT) (N) (Eq. 4-5)

where:
N = Number of inputs and outputs
(conn) connected by net.
LT = Typical metal length (mils) per
connection for the array being used.
CINT = (0.00580 pF / mil) (40 mils/conn) (4 conn)
= 0.928 (pF)

The output capacitance of other macrocells needs
to be taken into consideration only when 3-state bus
structures are being used. An example of a 3-state
bus is shown in Figure 4-5. In a 3-state bus, only one
macrocell is active at any given time and all others
are in the high-impedance state. The outputs of the
macrocells in the high-impedance state have an out-
put capacitance (0.26 pF for 3-micron devices and
0.166 pF for 2-micron devices) which the active mac-
rocell must drive in addition to C| and CyNT. The for-
mula for calculating the output capacitance (Cz) of a
3-state bus configuration is shown below:

Cz=(n—1)(x) (Eq. 4-6)
where:

Cz = Total capacitance of 3-state outputs (pF)

n = Number of 3-state outputs connected together

x = Qutput capacitance of single 3-state output (pF)

If the 3-state bus structure shown in Figure 4-5
were to be placed on an HCA6300 macrocell array,
Cz would be calculated as follows:

Cz=(-1)(x)
= (4 — 1) (0.26 pF)
= 0.78 pF

7

co10

,

€010 ©
_ 70 INPUT(S) OF
1 ™ NEXT MACROCELL

2

Co10

7

Co10

Figure 4-5. Example of 3-state Bus Configuration

PROPAGATION DELAY CALCULATIONS

As previously stated, the propagation delays for in-
put buffers, macrocells, and output buffers are given
for a specified reference load on each data sheet. To
calculate the propagation delay for other loads, the
following formula is used:

tp (XtoY) = tp(CL=Cref) T K(CL — Cref)
where:

tp(X to Y) = Total propagation delay

from input X to output Y (ns)
tp(C=Cref) = Propagation delay with Cref
as load (given on individual
data sheets) (ns)
K = K value for propagation delay
in question (given on individual
data sheets) (ns/pF)
CL = Load capacitance (pF)
=C + CINT + CZ
Cref = Reference load (pF)
= 50 pF for output buffers
= 15 pF for input clock buffers
1 pF for input buffers and macrocells

(Eq. 4-7)

Simple Macrocell Output

Find the total worst case tpHL from A to Y for the
C030 connected as shown in Figure 4-6. The circuit
is to be placed on an HCA6312 macrocell array.
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This circuit is to be placed on an HCA6324 macrocell

array.
€030 {@' Note: When calculating the propagation delays for
macrocells in parallel, O pF must be used as Cyef in-
—A stead of 1 pF. This is because the propagation delay
— B Y through paralleled macrocells with a C_.=1 pF de-
—¢ pends on how many macrocells are paralleled. The
— 0 < P - propagation delay through paralleled macrocells with
— £ N BO4N = a CL=0 pF, never changes and is unaffected by the
number of macrocells placed in parallel. Therefore,
__Ij the formula for finding the tp H from A to B would
. L . become:
Figure 4-6. Example Circuit for Calculating the tPLH (A to B) = tPLH (@ C| = O pF) + Kp (CL — O pF)

Propagation Delay of a Macrocell.
tPLH (@ C =0 pF) = tPLH (C__ = 1 pF) + K(0 — 1 pF)

tPHL(Ato Y) = tPHL (@ CL = 1 pF) + K (CL — 1 pF) = ‘1";‘33 *+2.2ns/pF (=1 pF)
= l1.o0ns
Ci = [(2) (UL of COO1) + IUL of BO4N] (0.21 pF) Ci = [(5) (IUL of CO60)] (0.21 pF)
= [(2) (1) + (8)]1 (0.21 pF) = [(5) (1)1 (0.21 pF)
= [101 (0.21 pF) = 1.05pF
=2.1pF CINT = (CAvG) (LT) (N)
= (0.0058 pF) (27 mils/conn) (9 conn)
CINT = CAVG (LT) (N) =1.41pF
= (0.0058 pF/mil) (22 mils/conn) ( 4 conn)
= 0.5610pF CL=C +CNT + CZ
= 1.05pF + 1.41 pF + O pF
CL =C+CNT+Cz = 2.46 pF
=2.1pF + 0.510 pF + O pF ;
= 2.61pF Kp — (i) K
tPHL (AtoY) = 24.8 ns + 3.6 ns/pF (2.61 pF — 1 pF) 1
=248ns+5.79ns = (“) (2~2 "S/PF)
=30.59ns = 0.55 ns/pF

Paralleled Macrocells
Find the total worst case tpLH for the four tPLH (AtoB) = 1.8 ns + 0.55 ns/pF (2.46 pF — O pF)
C008 macrocells connected as shown in Figure 4-7. =3.15ns

€008
> sB SB SB S8 S8
008 060 C060 €060 C060 €060
— CK QBjo— —{>CK QBfo— —]>CK QBjo— —I>CK QBj— —]>CK QB |—

e i Al el Al

Figure 4-7. Example Circuit for Calculating Propagation Delay of Paralleled Macrocells.
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A simplified formula for calculating the propagation

delay of parallel macrocells is shown below:
tP (parallel) = (tP (@ C|_ = 1 pF) — K) + Kp(CL)

3-State Bus

Find the total worst case tpHL from A to B for the
3-state bus configuration shown in Figure 4-8. Only
one COO09 is driving the CO04 at any given time. The
3-state bus is to be placed on an HCA6306 array.

C009

i
A —
C004

Figure 4-8. Example Circuit for Calculating the
Propagation Delay of a 3-state Bus.

tPHL (Ato B) = tPHL (@ C_ = 1 pF) + K(CL — 1 pF)

C| = (UL of C0O04) (0.21 pF)
= 1(0.21 pF)
=0.21pF

CINT = (CAvVG) (LT) (N)
= (0.0058 pF/mil) (16 mils/conn) (6 conn)
= 0.556 pF

Cz=(n-1)(X)
= (5 —1)(0.26 pF) = 1.04 pF

CL=C+ CINT + C2z
= 0.21 pF + 0.556 pF + 1.04 pF
= 1.80 pF

tPHL (AtoB) = 7.4 ns + 3.8 ns/pF (1.80 pF — 1 pF)
= 7.4ns + 3.04ns
= 10.4ns

Output Buffer

Find the total worst case tppH from A to the Bond-
ing Pad (BP) for the bidirectional buffer BO2N shown
in Figure 4-9. The load capacitance is 125 pF.

Figure 4-9. Example Circuit for Calculating
Propagation Delay of an Output Buffer.

tPLH (A to BP) = tPLH (@ C| = 50 pF) + K(CL — 50 pF)
= 16.4ns + 0.144 ns/pF (125 — 50 pF)
=16.4ns + 10.8ns
=27.2ns

Dependent Outputs

Calculation of propagation delay for some macro-
cells is complicated by the fact that one output is de-
pendent upon another output. An example of this is
the CO03 macrocell shown in Figure 4-10.

g VoD VbD
—| L

—IS ‘ O C

l“““ QVDD

AO :
o0

Il—d—-{)
Bo ._“l
Yv
= S
c
B D
Vss

Figure 4-10. Dependent Output Macrocell

The propagation delay from either of the inputs to
the D output depends on the loading that is present
on the C output. This means that to find the propaga-
tion delay from A or B to D, two calculations must be
made—one for A or B to C and one for C to D. To
make these calculations easier, the data sheets for
devices with dependent outputs have a separate spec-
ification for the dependent invertor stage (see Table
4-2).
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SWITCHING CHARACTERISTICS*

(CL=1 pF on all outputs)

HCA6200 Series HCAG6300 Series
‘ 2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
— Typ — — Typ —
K** | Limit K** | Limit | K** | Limit K** | Limit
tPLH Propagation Delay, A, Bto C 04| 08 18| 18] 34 02| 06 |24 24| 5.2 ns
tPHL (Figure 1) 08| 14 |29| 46| 54 |06 | 12 |34 35| 66
tPLH Propagation Delay, A, Bto D 0.6 22 | 56| 25 | 104 ]| 0.6 24 (6.7 3.0 |12.8]| ns
tPHL (Figure 1) 04|18 |40| 18| 74 |04 | 18 |52] 22 [ 102
tPLH Propagation Delay, C to D 06 ) 06 [20| 25| 3.7 |06 | 08 |3.3] 30| 6.2 ns
tPHL (Figure 2) 04|08 |14] 18] 26 |04 08 |28]22] 50

*See Section 4 for minimum, typical, and maximum conditions.

* *tp(total) =tp(CL="1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.
Table 4-2. Switching Characteristics for CO03.

For example, if the circuit shown in Figure 4-11
were to be placed on an HCAB306, the first step in
finding the worst case tpHL from B to D would be to
find the tpLH from B to C. Output C, in this case, is
not connected so it has O pF as a load capacitance.

€001

1 -

C003

N/C=NO CONNECTION

Figure 4-11. Example Circuit for Calculating the
Propagation Delay of a Macrocell with a
Dependent Output.

tPLH (Bto C) = tPLH (@ C = 1 pF) + K(CL — 1 pF)
=5.2ns + 2.4 ns/pF(0 pF — 1 pF)
=5.2ns - 2.4ns
=2.8ns
Next, the tpHL delay from C to D is calculated

Ci = [(2) (IUL OF C001)] (0.21 pF)
=[(2)(1)] (0.21 pF)
= 0.42 pF

CINT = (CAvG) (LT) (N)
= (0.0058 pF /mil) (16 mils /conn) (3 conn)
= 0.278 pF

CL=C +CNTt+C2z
= 0.42 pF + 0.278 pF + O pF
= 0.698 pF

tPHL (Cto D) = tPHL (@ C|_ = 1 pF) + K(CL — 1 pF)
= bns + 2.2 ns/pF (0.698 pF — 1 pF)
=5ns —0.302ns
=4.69ns

The total delay is then the sum of the B to C and the
C to D delays:

tPHL (BtoD) = 2.8 ns + 4.69 ns
= 7.49ns

VARIATIONS IN PROPAGATION DELAYS

Temperature

In general, a 10°C increase in junction temperature
causes a 3% increase in propagation delay. Junction
temperature can be calculated from:

Ty =Ta + (64A) (PD) (Eq. 4-8)
where:

Ty = Junction Temperature (°C)

TA = Ambient Temperature (°C)

04A = Thermal Resistance Junction-to-Ambient (°C /W)

Pp = Power Dissipation of Array (W)

The data provided in Table 4-3 is given not as a
guarantee, but as a design aid. The numbers supplied
are typical values.

Table 4-3. 0ja Values

Number of o
Package Pins 0JA (°C/W)
Plastic 16 146/95
(Alloy 42 / copper lead) 28 112/74
40 95/42
Ceramic DIP 28 51
40 50
Side Brazed DIP 28 50
40 40
PCC(copper lead) 28 88
LCC 28 75
68 35
84 35
PGA 28 36
68 35
124 30

MOTOROLA HCA6000DM/AD
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Voltage : : discharge the load capacitance. Table 4-5 shows
Variations in propagation delay due to changes in how the propagation delay changes as the number
the power supply voltage can be calculated utilizing of inputs increases for NAND gates.

the graph shown in Figure 4-12. Table 4-5. Propagation Delays for NAND
' Gates with 2, 3, 4 and 5 Inputs.

= 20 Macrocell tpHL* tpLH*
o ) .
gg 2-Input NAND (C001) 6.0ns  46ns
g2 3-Input NAND (C002) 10.4 ns 5.2ns
<2 4-Input NAND (CO17) 13.2ns 5.4ns
<= 5-Input NAND (C057) 16.6 ns 11.4ns
g '3 o \\ *Worst Case 3-micron numbers ’
3‘8 C. Duplicate logic to increase drive. Parallel mva'cro-
g ﬁ - cells to increase the drive of an output with a high
2 load capacitance as shown in Figure 4-13. This
§ = technique can also be applied to decrease the
*‘,g propagation delay of a speed-critical path as
é shown in Figure 4-14.
- 0
3.0 4.0 5.0 6.0 A —— C EANOUT = 6
Vpp POWER SUPPLY VOLTAGE (VOLTS) B
Figure 4-12. Normalized Plot of A CraNOUT=6
Propagation Delay Versus Vpp B -
MINIMIZING PROPAGATION DELAYS BEFORE AFTER
To keep propagation delays to a minimum, several Figure 4-13. Duplicating Logic to

design practices should be followed:

- . Increase the Output Drive
A. Keep the fanout for each device as low as possi-

ble. As fanout increases, the load capacitance the 001
driving device must charge or discharge increases. A €004
Table 4-4 shows how propagation delay changes B }ﬂ SPEED-
as fanout increases for a 2-input NAND (CO01) CRITICAL
and a 2-input NOR (C004). 008
Table 4-4. Propagation Delays for >¢
C001 and C004 with Various Fanouts. NOT
Each Fanout Input has an IUL = 1. €001 SPEED-
CRITICAL
Fanout C001 Cco004 BEFORE ]
tPLH* tpHL* tpLH* tPHL*
1 3.8ns 4.8ns 6.5 ns 3.7ns €001
2 4.8ns 6.4ns 8.5ns 4.6ns A €004
3 5.9ns 8.0ns 10.5ns 5.5ns 8 :)0——:D()7 SPEED~-
4 7.0ns 9.6 ns 12.6ns 6.4ns CRITICAL
5 8.0ns 11.1ns 14.6ns 7.2ns
6 9.1ns 12.7ns | 16.6ns | 8.1ns €008
7 10.1 ns 14.3ns 18.6 ns 9.0ns €001 >c
8 11.2ns 15.9ns 20.7 ns 9.9ns L NOT
*Worst Case 3-micron numbers } Cco01 EEIETE(?;L
B. Use gates with as few inputs as possible. As the AFTER |

number of inputs increases, the number of transis-
tors in series also increases (see Figure 4-3). This
makes the ON resistance between the output and
Vpp (for NOR gates) or Vgs (for NAND gates)
higher and increases the time needed to charge or

Figure 4-14. Duplicating Logic to Decrease
Propagation Delay of Speed Critical Path

MOTOROLA HCA6000DM/AD
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The macrocells which may be paralleled are listed
below:

COo01 C002 C003
Coo4 C005 Coo06
Ccoo7 Co08 C009
Co10 co17 Co19
C020 Cco22 C025

To insure proper operation, paralleled macrocells
must be of the same type and their inputs must
originate at the same location. Also, the gain in
speed from paralleling macrocells should more than
offset the loss in speed that occurs due to the in-
creased fanout of the macrocell that is driving the
duplicate logic. Figure 4-15 shows an example of
how propagation delay changes as additional mac-

C008

A — C
B —

€008

1
“Si

€008

e - - - -

rocells are placed in parallel. In Figure 4-15, note
that there is an optimum number of parallel macro-
cells for a minimum propagation delay.

D. Use the CO07 inverting buffer instead of the CO08

inverter when driving high capacitive loads. The
CO007 has twice the drive capability of the CO08.

. Use large, pre-defined macrocells to implement

functions instead of building the functions from
smaller macrocells. Large macrocells keep the
amount of metal interconnect needed for a func-
tion to a minimum, and therefore reduce propaga-
tion delays.

. Use macrocell pre-placement and critical net defini-

tion capabilities of the CAD software before auto-
matic placement and routing of the array in areas
where timing delays are critical.

20
18
z 16 tPHL FROM A T0 D
z 14 ,4/
= 12 /‘/ v
-
8 19 7 ]
=z N //
2 3 .~ tPLH FROM A TO C 4
< ”
2 6N
(@)
NP
2 tPHL FROM C TO D {
0 L1
1 2 3 4 5 6 7 8 9 10 11

NUMBER OF GATES IN PARALLEL

Figure 4-15. Changes in Propagation Delay Due to Paralleling Macrocells
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POWER-CONSUMPTION

The amount of power consumed by a CMOS mac-
rocell array is dependent upon the frequencies and
load capacitances of the design. Because these fac-
tors vary greatly, it is impossible to derive a simple
rule of thumb for estimating power consumption in
macrocell arrays.

An approximation to the power consumption for
any design may be calculated by using the following
equation.

P = Dynamic Power Consumption

+ Static (Quiescent) Power Consumption  (Eq. 5-1)
n
P= VDDZZ (CLi) fi + lQVDD

i=1
where:
P is the total power consumption.
VDD is the power-supply voltage.
n is the number of input buffers, internal macro-

cells, and output buffers in the design.

is the load capacitance on the output of an in-
dividual input buffer, macrocell, or output buff-
er. CL is calculated as described in Section 4.

f is the switching frequency at the output of the
individual input buffer, macrocell, or output
buffer.

is the total quiescent current flowing through
the array, including the current from CMOS in-
put buffers with pullup or pulldown resistors
and TTL input buffers (see Section 8).

CL

The summation indicates that accurate power-con-
sumption approximations are made by considering
each element (input buffer, macrocell, and output
buffer) of the design individually. Less accurate ap-
proximations can be derived by considering only the
elements that have high switching frequencies or high
load capacitance.

Keep in mind that equation 5-1 only gives an ap-
proximation to the actual power that an array will dis-
sipate. No consideration is given to the capacitance
and switching frequency of internal nodes which may
be present within a macrocell. The power consumed
by internal nodes may increase the dynamic power
consumption by 15 to 25 percent.

In equation 5-1, ideal square-wave input signals are
assumed, but the equation is adequate for input rise
and fall times up to approximately 200 ns.

EXAMPLE

This example shows the method for using equation
5-1 to calculate the power consumption of the simple
circuit of Figure 5-1. Table 5-1 ccntains the dynamic
power-consumption calculation. An example of the
calculation of the numbers found in the C{_ column of
Table 5-1 is shown below (for an explanation of C
and other examples, see Section 4). It is assumed
that this circuit is to be placed on an HCA6348 array
and that all output buffers are driving a 50 pF exter-
nal load.

CL=C;+ CINT + CZ
where: C|=Input Capacitance (pF)

C|NT = Interconnect Capacitance (pF)
Cz = 3-State Capacitance (pF)

For the Q output of CO60:

C)=(IUL of YOIN) (0.21 pF)
=(8)(0.21 pF)
=1.68 pF

CINT=(CAVG) (LT) (N)
=(0.0058 pF/mil) (40 mils/conn) (2 conn)
=0.46 pF

Cz=0pF
CL=1.68pF + 0.46 pF + OpF = 2.14 pF
For the QB output of CO60:

Ci=[IUL of CO60 (D Input) +
IUL of C034 (CK input)] (0.21 pF)
=(1+ 1)(0.21 pF)
=0.42 pF

CINT=(CAVG) (LT) (N)
=(0.0058 pF/mil) (40 mils/conn) (3 conn)

=0.69 pF
Cz =0pF
CL =0.42pF+ 0.69pF + OpF = 1.11pF
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Table 5-1. Dynamic Power Consumption

Macrocell Macrocell ((p:l|=-) f Vpp2 PpYN
Number Type CL=C| + CINT (MHz) (V2) (mW)
102U Input CL=0.21 + 0.46=0.67 10 25 0.168
Buffer
C060 Q:CL=1.68 + 0.46=2.14
QB: CL.=0.42 + 0.69=1.11 5 25 0.406
Total= 3.25
C034 Q:CL=1.68 + 0.46=2.14
B:CL=0.42 + 0.69= 1.11 2.5 25 0.203
Internal —
Array Total=3.25
C035 Q:CL=1.68 + 0.46=2.14
B:CL=0.42 + 0.69=1.11 1.25 25 0.102
Total = 3.25
C059 Q:CL=1.68 + 0.46=2.14
B: CL.=0.21 + 0.46=0.67 0.625 25 0.044
Total= 2.81
YO1N External Load=50.0 5 25 6.250
YO1N Output ‘ External Load=50.0 2.5 25 3.125
YOIN Buffer External Load =50.0 1.25 25 1.562
YO1N External Load =50.0 0.625 25 0.781

Approximate Dynamic Power Consumption=12.64 mW

The quiescent power consumption of the same cir-
cuit is calculated by using the Ipp data from the Elec-
trica! Characteristics table in Section 8. Ipp for a
package is typically 0.075 mA, with a maximum of
1.00 mA. Current from pull-up, pull-down, and TTL
input buffers must also be considered. For the circuit
in Figure 5-1, an extra 0.030 mA (maximum) must be
added for each of the input buffers having a pull-up
device (102U). Using the maximum numbers:

Static Power Consumption =[1.00 mA + 2 (0.03 mA)] X 5V
=5.30 mW

The total power consumption of the circuit is:
P = P (Dynamic) + P (Quiescent)

12.64 mW + 5.30 mW

17.94 mW

The circuit requires 13 cells, which is equivalent to
39 gates. If this circuit were duplicated enough times
to fill an HCA6348 array (123 times, assuming the
availability of enough pins), the total power consump-
tion would be:

P4800 = (123 X 12.64 mW) + (5V) [1.00 mA +
(123 X 2) (0.03 mA)]
= (1554.7 mW) + (41.90 mW)
= 1596.6 mW

The typcial amount of power that can be dissipated
by the macrocell array packages varies from about
1.5 W for the 16-pin plastic DIP to about 4.0 W for
the 124-PGA (at an ambient temperature of 25°C).
Thus, as demonstrated above, CMOS macrocell ar-
rays will rarely generate enough power to require ex-
ternal cooling.
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CELL COUNTS

Before any design can be placed on an HCA6000
Series Macrocell Array (MCA), a cell count must be
performed. A cell count is the process of converting a
design into macrocells from the Motorola CMOS mac-
rocell library and, by doing so, determining the num-
ber of primary cells that the design will need. With
this information a designer can select the HCA6000
Series array and package that will best suit the re-
quirements of the design.

Before starting the process of changing a design’s
logic elements into CMOS macrocells, there are sev-
eral points that should be taken into consideration be-
cause they may necessitate partial redesigns:

PACKAGE PREFERENCE

For any given design, there may be certain pack-
ages that are preferred over others. Because of this,
each HCAB000 Series MCA is offered in a wide vari-
ety of package and pinout options. If packaging is of
critical concern, however, a check should be made to
be sure there is a match between package preference
and package offering. This can be done by referring
to Section 12 which contains package and pinout in-
formation for each array in the HCA6000 Series.

TEST PIN

All HCAB000 Series MCAs contain one Test-mode
pin. The purpose of the Test-mode pin is to allow
parameteric data to be checked without requiring a
set of test vectors. The Test-mode pin must be in-
cluded in the total pin count of all designs. For more
information on the Test-mode pin see Section 3.

MEMORY

At the present time Motorola does not offer any
type of RAM or ROM memory on HCAB000 Series

INPUT

BUFFERS

[} }
A
| I
] 1
1 ]
| 1
] [}
[} ]
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| 1
B —L 1 >c
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MCAs. Any design that includes such memory will
have to be altered so that the memory is not placed
on the MCA.

OPERATING TEMPERATURE

The HCAB000 Series MCAs are intended to be
used in the commercial temperature range (—40°C to
+85°C). This will be expanded in the future to in-
clude military temperatures (—55°C to + 125°C).

POWER SUPPLY

In order for HCAB000 Series MCAs to operate cor-
rectly, the power supply must be between 3 V and
6 V dc. Designs calling for supply voltages higher or
lower than this may have to be modified.

ANALOG

At present, analog elements cannot be placed on
HCAB000 Series MCAs.

After a design has been checked to see that it does
not violate any of the above restrictions, a list of all
logic functions and the number of times each logic
function occurs in the design should be made. When
making this list there is no need to count any input
or output buffers that the design may have. All in-
puts and outputs on HCAB000 Series MCAs are
made through buffers (input, output or bidirectional)
chosen by the user. Therefore, there is no need to
duplicate these buffers with additional macrocells in
the internal array. For example, if the design shown
in Figure 6-1 was to be placed on an HCA6000 Se-
ries MCA, the logic function list would look like this:

3 Inverters

2 R-S Latches

4 2-Input NAND Gates
4 2-Input NOR Gates

OUTPUT
BUFFERS
1 |
) | |> |
S Q ; ; w
| 1
R QP [ |
1 !
X
: 1 |: |
1 1
| 1
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Basen
| 1
S Q i !
_ 1 |
ap | ST
1

Figure 6-1. Circuit to be Built Using HCA6000 Series Macrocells
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Once each of the logic functions has been identi-
fied and counted, a macrocell to implement each func-
tion is found by referring to Section 11. This process
is very similar to designing with TTL components. The
difference is that instead of using the parts in a TTL
data book to perform the needed logic functions,
macrocells from the macrocell library are used. Each
of these macrocells is fully characterized and de-
scribed in Section 11. For Figure 6-1, the macrocells
shown in Table 6-1 could be used.

Table 6-1. Information Obtained from Data Sheets
of Macrocells That Could Be Used to Build the
Circuit Shown in Figure 6-1

Logic Primary Cells Numb.er of
Macrocell . Functions
Function Per Macrocell
Per Macrocell

C008 Inverter 1 4
C013 R-S Latch 1 1
2-Input NOR 1
C001 2-Input NAND 1 3
Co04 2-Input NOR 1 3

In this example each macrocell takes up one pri-
mary cell (some require two or more). Notice, howev-
er, that the number of functions per macrocell varies
between one and four (e.g. each CO08 contains four
inverters, each COO1 contains three 2-Input NAND
gates, each CO13 contains one R-S Latch and one
2-Input NOR, etc.). With this information the number
of primary cells that will be needed for the design
can be calculated as shown in Table 6-2.

An important point is illustrated by this example.
Just as it is not possible to place only part of a TTL
package on a circuit board, it is not possible to place
a fraction of a macrocell on an array. The design
shown in Figure 6-1 requires four 2-lnput NAND
gates. Each COO1 macrocell contains three 2-Input
NAND gates and takes up one primary cell. Since
four 2-lnput NAND gates are needed, two COO1s
must be used for a total of six gates contained in two
primary cells. The extra two gates in the second

CO01 can either be used in additional circuitry or left
uncommitted. This also applies to the unused inverter
in the CO08.

A question may also arise as to why only one C004
(which contains three 2-Input NOR gates) is used
when four NOR gates are needed. The answer is due
to the use of the two CO13s. Each C013 contains
one R-S Latch and one 2-Input NOR gate. Since two
C013s are needed for the R-S Latches, and because
it is not possible to place just the R-S Latch portion
of the CO13 on the array, the NOR gate that comes
with each latch is used as part of the four that are
needed for the design. By using the NOR gate in
each of the CO13s, the number of NOR gates needed
for the design is reduced to two. Thus, only one
C004 is needed.

In some instances, there will be a macrocell that
completely performs a function that is needed in a
design. For example, in Figure 6-1 the following func-
tions were required:

Inverter

R-S Latch
2-Input NAND
2-Input NOR

In each of these cases a macrocell was found that
performed the exact function needed. At other times
a logic function required in a design may not exactly
match one of the macrocells being offered. In such
situations it is possible to build the needed function
from the available macrocells by breaking the func-
tion down into its basic components. For example, a
design might call for a 1-of-16 decoder with active
low outputs. By referencing Section 11 it can be seen
that there is no macrocell that performs this specific
function. Such a function can, however, be construct-
ed using various macrocells. A 1-of-16 decoder could
be made as shown in Figure 6-2.

Another example is shown in Figure 6-3. In this
case, a 4-bit D-type register with 3-state outputs
(LS173) is built from elements found in the macrocell
library.

Table 6-2. Cell Count for Circuit Shown in Figure 6-1

Function Number Of . . .
. . . Macrocell To Primary Cells Functions Per Primary Cells
Requlr.ed Functions R.e quired Implement Function Per Macrocell Macrocell Required
By Design By Design
Inverter 3 C008 1 4 Inverters 1
R-S Latch 2 C0o13 1 1 R-S Latch 2
1 2-Input NOR

2-Input NAND 4 C001 1 3 2-Input NAND 2
2-Input NOR 4 C004 1 3 2-Input NOR 1%

*Only one Primary cell is needed because a NOR gate from CO13 can be used.

TOTAL PRIMARY CELLS = 6
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Figure 6-2. 1-of-16 Decoder with Active Low Outputs Built
Using 2 Macrocells (C033, C001) and 18 Primary Cells

After each logic function on a design has been con-
verted into its equivalent macrocell or built using a
combination of macrocells, the total number of mac-
rocells needed for the design will be known. Then,
with the primary cell information provided on each
macrocell data sheet, the total number of primary
cells can be calculated as shown in Table 6-2.

The last step is to total all of the inputs and outputs
on the design (plus one for the Test-mode pin) and
match both the total primary cells and the total |/0

count to an array size and package. This can be done
by referring to Section 10, which contains package,
pinout, and primary cell information for each array in
the HCAB000 series. At this point the number of
equivalent gates in a design may also be found by
multiplying the number of primary cells by three. This
is due to the fact that a ‘‘gate’”’ for HCA6000 Series
MCAs is considered to be a 2-Input NAND, and three
2-Input NAND gates can be placed in one primary
cell.
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DESIGNING FOR TESTABILITY
CONTROLLABILITY

As the circuits being designed and implemented in
silicon become larger, the problem of testing the cir-
cuits becomes greater. For VLS| semicustom circuits,
testability must be a consideration from the beginning
of the design. Better testability increases circuit per-
formance and reliability, while it decreases cost and
development time.

This section suggests to the macrocell array design-
er some techniques that should be used to insure
testability. The techniques involve the basic concepts
of observability and controllability:

Observability connotes the ability of the designer to
monitor critical internal nodes of the circuit by bring-
ing them out to pins.

Controllability connotes the ability of the designer
to place the internal nodes of the circuit into known
states, from which all future states may be predicted.

Whatever test strategy is to be used, implement it
early in the design cycle and stick to it. The Motorola
macrocell library includes macrocells that support par-
ticular test strategies (for example, the CO84 macro-
cell supports the LSSD technique).

MACROCELL ARRAY CIRCUIT-DESIGN
TECHNIQUES

OBSERVABILITY

1. Design using dedicated test pins to monitor crit-
ical nodes of the circuit. If no dedicated test pins
can be made available, it may be possible to re-
place some output buffers with bidirectional buff-
ers and use the newly created inputs as test in-
puts. The same method may be used with input
buffers to create test outputs. Also, output pins
may be multiplexed between normal circuit func-
tioning and test-circuit functioning.

2. As a last resort, when the above methods can not
be used, it may be possible, to use the normal
circuit inputs for testing. This is done by using in-
put logic combinations that will not occur under
normal circuit operation and internally decoding
them as test modes.

3. Use test pins to exercise the I/ O buffers indepen-
dently of the internal logic. Note that the testing
of 1/0 buffers is already provided for on Motor-
ola’s Macrocell Arrays, with the Test-mode, Test
Data, and Test 3-state pins.

1.

Design using dedicated test logic to provide and
control such functions as reset, three-state output
enable, preset, data-bus enable, or other means
of initializing and controlling the states of the log-
ic.

Do not design flip flops, registers, latches, and

counters to which there is no access for preset-

ting or initialization.

Partition large circuits into smaller, more manage-

able circuits that will allow the use of control and

test logic.

Design using synchronous logic. Asynchronous

designs can exhibit race conditions that vary as

IC processing varies and that may not appear on

CAD simulations. Do not allow any unclocked

feedback paths, such as those found in ring oscil-

lators.

Design so that the circuit does not depend upon

internal propagation delays for timing. Such de-

lays will be unreliable, and race-condition prob-
lems may arise:

A. Avoid race conditions to macrocells (such as
between data and clock, set and clock, reset
and clock, preset and clock, or preset data
and preset enable).

B. Avoid using internal gate delays to create
pulses. Specified minimum pulse widths are
in the 20- to 30-nanosecond range, but typi-
cal minimum pulse widths vary widely as a
function of processing.

C. When using more than one clock, design for
worst-case skewing between clocks (approxi-
mately 30 nanoseconds).

Avoid having large fanouts on edge-sensitive mac-
rocell inputs. A large fanout causes slow rise and
fall times, which may result in oscillations, circuit
timing problems, or excessive current draw. The
maximum rise and fall times that should be seen
by the inputs of any macrocell is 500 nanosec-
onds.
Design so that three-state macrocells do not re-
main in the high-impedance state for an indefinite
period of time. This will prevent the macrocell,
and subsequent macrocells that are driven by the
three-state macrocell, from drawing current un-
necessarily.

Use several pairs of power-supply (Vpp and VsS)

pins, especially in designs with high 1/0 counts.

Typically one pair of power-supply pins is needed

for every sixteen outputs that could change state

at the same time.
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SIMULATION AND TEST-PROGRAM
TECHNIQUES

OBSERVABILITY

1.

During functional and ac simulation, observe sev-
eral internal nodes, to insure that the circuit is
functioning as desired.

Keep in mind that Motorola’s functional and ac
simulators use, at the designer’s option, either
worst-case conditions (Vpp= 4.5 V, tempera-
ture= 85°C, ty=tf= 5 ns, worst-case processing)
or best-case conditions (Vpp=5.5 V, tempera-
ture= —40°C, ty=tf= 1 ns, best-case process-
ing).

CONTROLLABILITY

1.

To avoid long counting sequences during simula-
tion and testing, design counters so that they are
broken up, with each section separately preset-
table. This allows simulation and test steps (vec-
tors) to be used for simulation and testing; not
for counting.

Because the Motorola CAD simulator used in the

macrocell array design process is a functional

simulator, rise and fall times are not simulated
and violations will not be discovered. However,
the impact on propagation delays caused by met-
al-interconnect lengths and fanout is simulated.

This simulation may be done both before and af-

ter the macrocells are placed and routed on the

array. ,

One important simulation function is to insure

that the device can be tested by Motorola’s wa-

fer-probe and final-test equipment.

Race conditions may exist not only because of

design flaws, but also because of IC tester limita-

tions. Ideally, a test system would simultaneously
apply all input test vectors and later compare cir-
cuit outputs with simulation results. Actually, IC
testers for macrocell arrays can have more than

20 nanoseconds of skew between needle points

(bonding pads) at wafer probe. For this reason, a

circuit that simulates properly and is designed for

proper flip-flop setup and hold times can fail at
wafer probe or final test.

Designers should be aware of the possibility of

tester race conditions and should define test vec-

tors accordingly:

A. When specifying timing relations, try to allow
enough margin to take into account the possi-
ble skew of the tester.

B. When using more than one clock, design for
worst-case skewing between clocks.

C. To avoid skewing problems, do not change
any input signal to a clocked macrocell on the
active clock edge.

D. The IRACE and TEST (AC simulation options
available on the Motorola CAD system can
help identify potential race conditions in the
test vector (SPATTERN) file.

The Motorola CAD simulator does not check for

minimum pulse-width violations. Make sure that

the timing specifications for all macrocells are
met.

Guidelines for creating test vectors:

A. Simulation (and test) vectors may be different
from the input sequence of the actual system
application.

B. Initialize all storage elements at the beginning
of the simulation (and test) sequences.

C. Do not clock a macrocell and change the data
on the same vector.

D. Do not clock macrocells or change data on
the vector after a reset or enable signal is re-
moved. There may not have been sufficient
recovery time, and the new data may not get
clocked in. Unpredictable simulation results
may occur.

Use the Motorola simulator to help indentify and

correct potential problems with test vectors. After

the test vector file (SPATTERN or ACPATT) is
complete, and the circuit has been successfully
simulated:

A. run the simulation again using the IRACE and
the TEST (AC options.

B. add delays to selected input signals by using
the $DELAY or $ACDELAY statements in the
FIX file, and run the simulation again.

If the results of the simulations are different,
the above suggestions have been violated and
the resulting problems must be corrected.

Within the Motorola simulator it is possible to ini-
tialize any or all storage elements in the design by
using the $SET or $RESET commands in the
SPATTERN file. IC testers do not have this auto-
matic initialization capability. In actual operation,
when powered up, the storage elements can be in
either a set or a reset state, and this power-up
state can change from circuit to circuit. A simula-
tion test pattern that depends upon initialized
storage elements will almost certainly fail actual
test at wafer probe or final test.

Initialization should be accomplished by signals on

the Set or Reset inputs, or by clocking in known

data. Do not use simulation initialization com-
mands in the final SPATTERN or ACPATT files.

MOTOROLA HCAB000DM/AD

7-4



8. Do not design using flip-flops that self-initialize;

or otherwise have the circuit provide the logic
necessary to put the output into a desired state.
Problems arise because the simulator is not able
to do the same initialization procedure. The simu-
lator will show an output of “*X"° (for undeter-
mined), which will continue to propagate indefi-
nitely.
Although the Motorola simulator $SET and $RE-
SET commands appear to solve the problem, it is
difficult to insure that circuit self-initialization and
simulator self-initialization will occur at the same
time. Thus, simulation outputs may not agree
with later final-test resulits.

SCAN-PATH DESIGN

This test method, which includes Level-Sensitive
Scan Design (LSSD), consists of converting a sequen-
tial circuit to an entirely combinational one. This is
accomplished by combining all the flip-flops to form a
shift register, so that test data can be shifted into
each flip-flop and then clocked data shifted out of the
shift register.

The advantages of this method are that test-pattern
generation is much simpler for combinational logic
than it is for sequential logic. Also, fault coverage can
easily approach 100% of the detectable faults. The
disadvantages include an increase in silicon area, an
increase in the test time because of the repeated
shifting of data in and out of the circuit, and some
decrease in performance due to the additional circuitry.
The result, however, is a testable and reliable circuit.

The Motorola Macrocell library includes macrocells
that have been designed especially for Scan-Path De-
sign circuits:

Macrocells Used For Increased Testability
CO035 Multiplexed D Flip-Flop with Reset
C084 LSSD Shift Register Latch
C700 Dual LSSD L2 Latch
C701 LSSD L1 Latch with ANDed D Inputs
C702 LSSD Dual-Port L1 Latch
C703 LSSD R-S L1 Latch

For implementation examples, refer to the individual
data sheets. A general testing methodology is given
below, excerpted from Reference 1:

STEP 1: Place the device in the Scan-Path mode,
with the flip-flops or other storage elements recon-
figured into a shift register. Test the status and op-
eration of each storage element using a Scan-Data

In input, a Scan-Data Out output, and a System
Clock. Suitable tests for a scan-path register are as
follows:

a) Flush Test: In this test, all storage elements are
initialized to O and a single 1 is clocked
through from the Scan-Data In input to the
Scan-Data Out output using the System Clock.
The procedure can be repeated with a single O
flushed through a background of 1's. This se-
quence checks the ability of each storage ele-
ment to assume both a O state and a 1 state.

b) Shift Test: In this test, the sequence
00110011... is shifted through the register.
This sequence exercises each storage element
through all combinations of present state and
future state.

STEP 2: Determine a set of tests for the combina-
tional logic, assuming:
a) total control of all inputs (primary and from the
storage elements);
b) direct observability of all outputs (primary and
to the storage elements).

STEP 3: Apply each test using the following se-
quence:

a) Select the Scan-Path mode. Preload the stor-
age elements with test input values and estab-
lish additional test input values on the primary
inputs.

b) Select the Normal-Operation mode. The steady
state output response of the combinational log-
ic can now be clocked into the storage ele-
ments.

c) Return to the Scan-Path mode and clock out
the contents of the storage elements. Compare
these values, plus the values directly observ-
able on the primary outputs, with the expected
fault-free response.

REFERENCES

The following books and articles provide more in-
formation on designing for testability.

1) Bennetts, R. G., Design of Testable Logic Struc-
tures, Addison-Wesley, 1984.

2) Eichelberger, E. B., and Williams, T. W., “A
Logic Design Structure for LSI Testability,”" Journal
of Design Automation and Fault-Tolerant Comput-
ing, vol. 2, no. 2, May 1978, pp. 165-178.

3) Williams, T. W., et al, “‘Design for Testability - A
Survey,”’ IEEE Transactions on Computers, January
1983, Vol. C31, No. 1.
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ELECTRICAL CHARACTERISTICS FOR THE HCA6000 SERIES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

25°C —-40to +85°C
Symbol Parameter Test Conditions VDD . Guaranteed Unit
Typical Limi
imit
VIH Minimum High-Level Input Voltage, Vout=0.1VorVpp— 0.1V | 45 24 3.15 \
CMOS Input lloutl = 20 pA 55 29 385
Minimum High-Level Input Voltage, Vout =0.1VorVpp - 0.1V | 45 1.6 2.0
TTL Input lloutl = 20 pA 55 16 20
VL Maximum Low-Level Input Voltage, Vout=0.1VorVpp - 0.1V | 45 1.8 1.35 \
CMOS Input lloutl = 20 pA 55 22 165
Maximum Low-Level Input Voltage, Vout =0.1VorVpp - 0.1V | 45 1.2 0.8
TTL Input lloutl = 20 pA 55 12 08
VOH Minimum High-Level Output Voltage | Vinh = V|H or V|L 4.5 4.499 4.4 \
lout = ~20 pA 55 | 5.499 5.4
Vin = VIHor V|L 4.5 4.0 3.70
|0ut = —4.0mA
VoL Maximum Low-Level Output Voltage | Vin = V|H.or V|L 4.5 0.001 0.1 \%
lout = 20 pA 5.5 0.001 0.1
Vin = VJHor V|L 4.5 0.20 0.40
lout = 4.0 mA
lin Maximum Input Leakage Current, Vin = VDD orVss 5.5 +0.00001 +1.0 pA
No Pull Resistor
Maximum Input Current, Vin = Vss 4.5 — —25
Pull-Up Resistor 55 — _30
Maximum Input Current, Vin = VDD 4.5 — 70
Pull-Down Resistor 55 _ 80
loz Maximum Output Leakage Current, Output = High Impedance 5.5 +0.05 +5 RA
Three-State Output Vout = VDD or Vss :
Maximum Output Leakage Current, Output = High Impedance 5.5 +0.05 +5
Open Drain Output Vout = VDD
IDD Maximum Quiescent Supply Current, | Vin = Vpp or V§s 5.5 75 1000 pA
No Pull-Up or Pull-Down Resistor lout = O pA
CMOS Inputs
Maximum Additional Quiescent pA
Supply Current:
IDD Add Per Pull-Up Resistor Input Vin = Vss 5.5 — 30
Iss Add Per Pull-Down Resistor Input Vin = VDD 5.5 — 80
IDD Add Per TTL Input Vin = 0.8Vor2.0V 5.5 — 400
Cin Maximum Input Capacitance — — 10 pF
Cout Maximum Output Capacitance Output = High Impedance — — 15 pF
Ciyjo Maximum |/ O Capacitance Configured as Input — — 20 pF
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit This device contains circuitry to
VDD DC Supply Voltage —-0.51t07.0 v protect the inputs against damage
- due to high static voltages or electric
Vin. Vout DC Input, Output Voltage —0.5t0Vpp 0.5 v fields; however, it is advised that nor-
| DC Current Drain Per Pin, 25 mA mal precautions be taken to avoid ap-
Any Input or Output plication of any voltage higher than
I DC Current Drain 50 mA maximum rated voltages to this high
Vce and GND Pins impedance circuit. For proper opera-
3 tion it is recommended that Vj, and
Tstg Storage Temperature 65to +150 C Vout be constrained to the range
TL Lead Temperature 300 °C Vss<(Vin or Vout)<VDD.
(10 second soldering) Unused inputs must always be tied
to an appropriate logic voltage level
RECOMMENDED OPERATING CONDITIONS (e.g., either Vgg or Vpp).
Symbol Parameter Min Max Unit
VDD DC Supply Voltage 3.0 6.0 \
Vin. Vout Input Voltage, Output Voltage 0.0 VDD \%
TA Operating Temperature —-40.0 +85.0 °C
tr, tf Rise and Fall Times — 500 ns
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DEFINITIONS OF SPECIFICATIONS

CURRENT

Positive current is defined as conventional current
flow into a device. Negative current is defined as con-
ventional current flow out of a device.

IDD Quiescent Positive Supply Current
The amount of current flowing into the
VDD pin(s) of a macrocell array with no in-
ternal nodes switching state. This includes
current from inputs with pull-up resistors
and/or TTL inputs.

lin Input Leakage Current
The leakage current flowing into or out of
an input under specified conditions.

loz 3-State Output Leakage Current
The leakage current flowing into or out of
a 3-state output in the high impedance
state under specified conditions.

Iss Quiescent Negative Supply Current
The amount of current flowing out of the
Vgs pin(s) of a macrocell array with no in-
ternal nodes switching state. This includes
any current from inputs with pull-down re-
sistors.

VOLTAGE
All voltages are referenced to ground (VsSg).

VDD Positive Power Supply Voltage.

VIH Input HIGH Voltage
The minimum voltage that represents a
logic HIGH at an input.

ViL Input LOW Voltage
The maximum voltage that represents a
logic LOW at an input.

VOH Output HIGH Voltage
The minimum voltage at an output termi-
nal for the specified output current.

VoL Output LOW Voltage
The maximum voltage at an output termi-
nal for the specified output current.

Vss Negative Power Supply Voltage.

CAPACITANCE

Cin

Ci

Ci/o

CL

CINT

Cout

Cz

Input Capacitance of Input Buffers
The amount of capacitance associated with
the input of an input buffer.

Input Capacitance of Internal

Macrocells

The amount of capacitance associated with
the input of an internal array macrocell.

Input Capacitance of Bidirectional
Buffers

The amount of capacitance associated with
the input of a bidirectional buffer when us-
ing it as an input.

Load Capacitance
The amount of capacitance an output must
charge and discharge.

Interconnect Capacitance
The amount of capacitance associated with
metal used to connect internal macrocells.

Output Capacitance of Output Buffers
The amount of capacitance associated with
the output of an output buffer or a bidirec-
tional buffer being used as an output,
while in high-impedance state.

Output Capacitance of Internal 3-State
Macrocelis

The amount of capacitance associated with
the output of an internal macrocell in high
impedance state.

AC SWITCHING PARAMETERS AND
WAVEFORMS

tPLH

tPHL

Propagation Delay LOW-TO-HIGH
The time delay from an input signal to the
LOW-TO-HIGH transition of an output sig-
nal (see Figures 9-1 through 9-4).

Propagation Delay HIGH-TO-LOW

The time delay from an input signal to the
HIGH-TO-LOW transition of an output sig-
nal (see Figures 9-1 through 9-4).
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— VoD
Vin
Vss

Vout

Figure 9-1. Non-Inverting CMOS Input Buffers,
Output Buffers and Internal Macrocells

— Vpp
Vin
Vss
tPHL

Vout 50%

Figure 9-3. Non-Inverting TTL Input Buffers

Input Signal Rise Time

LOW-TO-HIGH logic transition time on an
input, measured from the 10% to the 90%
points of the waveform (see Figure 9-5).

Input Signal Fall Time

HIGH-TO-LOW logic transition time on an
input, measured from the 90% to the 10%
points of the waveform (see Figure 9-5).

tf

ty tf

90% — VoD

10% Vss

Figure 9-5. t, and tf Measurements

Output Disable Time HIGH-TO-2Z

The time delay from an enable signal to
where the output is going from an active
HIGH level into a 3-state level. For internal

tPHZ

— VoD
Vin
Vss

Vout

Figure 9-2. Inverting CMOS Input Buffers, Output
Buffers and Internal Macrocells

—Vpp

Vss

Vout

Figure 9-4. Inverting TTL Input Buffers

macrocells this measurement is indepen-
dent of load capacitance (see Figures 9-6
and 9-7).

Output Disable Time LOW-TO-Z

The time delay from an enable signal to
where the output is going from an active
LOW level into a 3-state level. For internal
macrocells this measurement is indepen-
dent of load capacitance (see Figures 9-6
and 9-7).

Output Enable Time Z-TO-HIGH

The time delay from an enable signal to
where the output is going from a 3-state
level to an active HIGH level (see Figures
9-6 and 9-7).

Output Enable Time Z-TO-LOW

The time delay from an enable signal to
where the output is going from a 3-state
level to an active LOW level (see Figures
9-6 and 9-7).

tpLZ

tpzH

tpzL
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.W_U%HL

DEB 0‘/ E1|F= ’

— VoD
1 \
- E \50%
Vss
v <—>|tPHz
DD *
EB 50% £ 'z
— Vss —
~—| tpL7, tPHZ < tpL7
E1 E1
VT*S vr* Y
— \
—_— VT* DD DD
EB \ E =
Vss — ]| T — Vss
tpzLs tPZH |a—n tpzL, tPZH |a—s
B 50% *Vr=THRESHOLD 50%
VOLTAGE
Figure 9-6. Internal Macrocell 3-State Measurements and Example Circuits for
A) Active LOW Enabled, and B) Active HIGH Enabled Macrocells
_\ /__— Vop
Vin "\50% / Output Buffer Test Circuit
. — Vss
-»| |=tpzL tpLz |
pu—— HIGH
v IMPED- CONNECT TO Vpp WHEN
out 50% (q  ANCE OUTPUT 1k TESTING tpi7 AND tpz|.
. - BUFFER oY CONNECT TO Vg WHEN
> [~ PZH PHZ=™ 1= I cL TESTING tpyz AND tpzh.
90% p—
Yout >0% HIGH -
IMPED-
ANCE

Figure 9-7. Output Buffer 3-State Measurements and Test Circuit
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Recovery Time

The amount of time between the disabling
edge of an asynchronous signal (set, reset,
load) and the enabling edge of a synchro-
nous signal (clock) (see Figure 9-8).

trec

ASYNCH

VoD
50%

X

ASYNCH

CONTROL

Figure 9-8. Recovery Time, trec

Hold Time

The minimum time during which data to
be recognized must remain constant after
the specified edge of the control signal
(usually the clock) to ensure proper data
recognition. (see Figures 9-9 and 9-10).

th

Setup Time

The amount of time during which data to
be recognized must remain constant prior
to the specified edge of the control signal
to ensure proper data recognition (see Fig-
ures 9-9 and 9-10).

tsu

VoD

DATA 50%

Vss
tsu <—><—-th —

— VDD

CLOCK 50%

Vss

Figure 9-9. tgy and th, Measurements Between
Data and Clock Signals of a Flip-Flop

VpD
DATA 50%
Vss
sy th
VpD
CONTROL 50%
—Vss

Figure 9-10. tgy and th, Measurements Between
Data and a Control Signal (usually EB) for Enabled
or Preset/Enabled Macrocells.

tw(H) Pulse Width (HIGH)
The time between the 50% point of the
rising edge and the 50% point of the fall-
ing edge of a pulse (see Figure 9-11).
tw(L) Pulse Width (LOW)

The time between the 50% point of the
falling edge and the 50% point of the ris-
ing edge of a pulse (see Figure 9-11).

Vpp

— Vss

Figure 9-11. Switching Waveform Showing ty(L)
and tw(H) Measurements

Maximum Operating Frequency

The maximum rate at which clock pulses
meeting the clock requirements (i.e., tyy,
tr, tf, 50% duty cycle) may be applied to a
sequential circuit. Above this frequency
the device is not guaranteed to function.

fmax
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MOTOROLA
1 SEMICONDUCTOR I

TECHNICAL DATA HCA6206

2- and 3-Micron 600 Gate HCA6306
Macrocell Array

The HCA6206 /6306 provides a total of 216 primary cells contained within 8
columns. There are a maximum of 4 input buffer locations and 33 uncommit-
ted buffer locations. Also available are a maximum of 4 power and ground lo-
cations (2 Vpp, 2 Vss). The electrical characteristics of the HCA6206 /6306
are described in Section 8.

FLOORPLAN
& Lg
o O O
e &2 ar
P?ﬁpg; [ 3 UNCOMMITTED| 1 INPUT 1 INPUT |4 UNCOMMITTED [_ TK?EU?""
BUFFER BUFFER BUFFER [| BUFFER BUFFER BUFFER
LOCATIONS  |LOCATION|  [LOCATION| ~ LOCATIONS
0124] [0224] [0324 0924
[ XN N ]
(XN X ) [%2]
82 25
': = [
S5 0113] [0213] [0313 0913 SS
=0 . =0
o o 4
Q Lz) o
Z 5 = t__l
> 0112| (0212 [0312 0912 o=
© 3 =)
o m
[ XX X ]
(XN K ]
0101] [o0201] [0301 0901
PAD 15- 10 UNCOMMITTED PAD 26-
VoD _| BUFFER LOCATIONS I Vss
VERTICAL ROUTING (First layer metal)
Routing 1 2 3 4 5 6 7 8 9 10
Channel
Number of 14 14 14 14 14 14 14 14 14 14
Tracks

Total Vertical Tracks = 140

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (24 cells) = 240 Tracks
9 Tracks top and bottom of columns = 18 Tracks

Total Horizontal Tracks = 258
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HCA6206°HCAG6306

PERIPHERY OPTIONS AND PLACEMENT

Available
Periphery
Options

Input Uncommitted TD T3
Location Location Location Location

Bidirectional Buffers

BO2N
BO2U
B02D

BO3N
BO3U
BO3D

BO4N
BO4U
B04D

BO5N
BO5U
BO5D

XXX XXX XXX XXX

Output Buffers

YO1N X
YO2N X

Input Buffers

101N
101U

X
X
101D X

X X X

102N
102U
102D

103N
103U
103D

XXX XXX XXX

IO5N
105U
105D

XXX XXX XXX XXX

X X X

106N
106U
106D

107N
107U
107D

108N
108U
108D

XXX XXX XXX XXX XXX XXX

XXX XXX XXX
XXX XXX XXX

109N

110N
110U
110D

TD = Test Data Pin
T3 = Test 3-State Pin

XXX X XXX XXX XXX XXX XXX XXX
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HCA6206°HCAG6306

PAD TO PIN CROSS
REFERENCE GUIDE

Package
ic | 28Pin | 40Pin | 44Pin | pis
Pad| pip pip | LCCor | Type
PCC
Option 1| Option 1| Option 1

1 1 1 1 TST
2 2 2 3 TD/Input
3 — 3 4 1/0
4 — 4 5 1/0
5 3 5 6 1/0
6 4 6 7 Input
7 5 7 8 1/0
8 — 8 9 1/0
9 6 9 10 1/0
10 7 10 11 1/0
11 8 1 13 1/0
12 9 12 14 1/0
13 — 13 15 1/0
14 10 14 16 1/0
15 11 15 17 VDD
16 12 16 18 1/0
17 — 17 19 1/0
18 13 18 20 1/0
19 — 19 21 1/0
20 14 20 22 1/0
21 15 21 24 1/0
22 — 22 25 1/0
23 16 23 26 1/0
24 — 14 27. 1/0
25 17 25 28 1/0
26| 18 26 29 Vss
27 19 27 30 1/0
28 — 28 31 1/0
29 20 29 32 1/0
30 21 30 33 1/0
31 22 31 35 1/0
32 — 32 36 1/0
33 23 33 37 1/0
34 24 34 38 1/0
35 25 35 39 Input
36 26 36 40 1/0
37 — 37 41 1/0
38 27 38 42 1/0
39 — 39 43 1/0
40 28 40 44 T3/Input
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HCA6206°HCA6306

PACKAGING
Dedicated Uncon-
Array Package In? ut I( o VPD V.SS Test nected
Type Pins Pins Pins Pins N .
Pins Pins
HCAG6206 016PDIP1 2 1 1 1 1 0
028PDIP1 21 1 1 1 (o]
028HDIP1
028-LCC1
028-PCC1
040PDIP1 4 33 1 1 1 0
040HDIP1
044-LCC1 4 33 1 1 1 4
044-PCC1
HCA6306 028PDIP1 4 21 1 1 1 0
028HDIP1
040PDIP1 4 33 1 1 1 0
040HDIP1
044-LCC1 4 33 1 1 1 4
044-PCC1
Package Abbreviations for this Publication:
PDIP: Plastic Dual In-Line Package
HDIP: Side-Brazed Ceramic Dual In-Line Carrier
LCC: Ceramic Leadless Chip Carrier
PCC: Plastic Leaded Chip Carrier (Quad Pack)
TEST MODE FUNCTION TABLE
Input Output
Test Test Test Buffer Output
Mode Data 3-State Type
L X X X From
Array
H X H Any Z
H H L Bidirectional L
H L L Option H
H H X YO2N L
H L X YO2N Z
H H X YO1N L
H L X YO1N H

X = Don't Care
Z=H

igh Impedance
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MOTOROLA
1 SEMICONDUCTOR I

TECHNICAL DATA HCAG6212
HCA6312

2- and 3-Micron 1200 Gate
Macrocell Array

The HCA6212 /6312 provides a total of 400 primary cells contained within 10
columns. There are a maximum of 17 input buffer locations and 42 uncommitted
buffer locations. Also available are a maximum of 8 power and ground locations
(4 VDD, 4 Vss). The electrical characteristics of the HCA6212/6312 are de-
scribed in Section 8.

FLOORPLAN
1 1 1 1
[ o] o o] o~
w0 w0 [Te) [Te]
a o a a aao
a2 = T aL
| 5 UNCOMMITTED| 4 INPUT 5 UNCOMMITTED I
BUFFER BUFFER BUFFER
PAD 1- LOCATIONS  |LOCATIONS LOCATIONS PAD 51-
V —l l v
SS 0448] [0748 Ss
[7%2) [72]
5x3| (0143 0343 0843 1043] |53
o Lo — coe oL —
Z "D" s [ XX} 00 E 5 (<.)
N2 O N O
.} -
0133 0333| [0433 0733| (0833 1033
o? a?
&3S 0131 0331] [0431 0731] [0831 1031 ES
S5 S
[&] [&]
§ 9 L XX ] (XX ] eee § 8
Z x Z
o Y PH | D oW
- -t
-2 0118 0318] 0418 0718] [0818 1018 -2
o~ 0116 0316] [0416 0716] [0816 1016 o~
—axZ Fax<Z
EE% see eoe EEE
Z bl < Z <
=535 see =50
~®g 0106 0306 0806 1006] [~@Q
PAD 17- _l 0401 0701 l_ PAD 35-
v v
Ss 5 UNCOMMITTED | 5 \ypUT BUFFER| 5 UNCOMMITTED Ss
BUFFER LOCATIONS BUFFER
LOCATIONS LOCATIONS
48 P 18
— > o~ N >
a [a=) a
<C < <C
a. o. a.
VERTICAL ROUTING (First layer metal)
Routing 1 2 3 4 5 6 7 8 9 10 11
Channel
Numberof | 12 | 13 | 14 | 156 | 16 | 17 | 16 | 15 | 14 | 13 | 12
Tracks

Total Vertical Tracks = 157

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (48 cells) = 480 Tracks
4 Tracks top and bottom of columns = 8 Tracks

| Total Horizontal Tracks = 488
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HCA6212*HCA6312

PERIPHERY OPTIONS AND PLACEMENTS

Available
Periphery
nr\finns

o i

Input Uncommitted TD T3 TST
Location Location Location Location Location

Bidirectional Buffers

BO2N
BO2U
B02D

BO3N
BO3U
BO3D

XXX XXX

BO4N
BO4U
" BO4D

BO5N
BO5U
BO5D

XXX XXX

Output Buffers

YO1N X
YO2N X

Input Buffers

101N
101U
101D

X X X

X
X
X

X X X
X X X

102N
102U
102D

X X X
X X X
X X X

103N
103U
103D

I05N
105U
105D

XXX XXX XXX

I07N
107D

XX XXX XXX XXX

109N

TD = Test Data Pin
T3 = Test 3-State Pin
TST = Test-Mode Pin

x
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HCA6212¢HCA6312 |

PAD TO PIN CROSS REFERENCE GUIDE

Package
Ic | 28Pin 40 Pin | 44 Pin 48 Pin 52 Pin 68 Pin Pin
Pad DIP DIP LCCor DIP LCCor | LCCor PGA Type
PCC PCC PCC
Option 1 | Option 1 | Option 1 | Option 1 | Option 1 | Option O | Option O
1 — — — — — 10 H3 Vss
2 — — 7 — 8 1 K1 Input
3 — — — — — 12 J3 Input
4 5 7 8 9 9 13 K2 1/0
5 6 8 9 10 10 14 K3 1/0
6 —_ 9 10 11 11 15 J4 1/0
7 7 10 11 12 12 16 K4 1/0
8 — — — — 13 17 Jb 1/0
9 — — — — 14 18 K5 1/0
10 — — 12 — 15 19 K6 1/0
11 8 1 13 13 16 20 J6é 1/0
12 — 12 14 14 17 21 K7 1/0
13 9 13 15 15 18 22 K8 1/0
14 10 14 16 16 19 23 J7 1/0
15 — — — — — 24 K9 Input
16 — — — — — 25 J8 Input
17 1 15 17 17 20 26 Jo Vss
18 — — — — — 27 H8 VDD
19 12 16 18 18 21 28 K10 1/0
20 — 17 19 19 22 29 H9 1/0
21 13 18 20 20 23 30 J10 1/0
22 — 19 21 21 24 31 H10 1/0
23 — — 22 22 25 32 G9 i1/0
24 14 20 23 23 26 33 G10 | T3/Input
25 — — — 24 27 34 F9 Input
26 — — — — — 35 F10 Input
27 — — — 25 — 36 E10 Input
28 — — — 26 — 37 E9 Input
29 15 21 24 27 28 38 D10 1/0
30 — 22 — 28 29 39 c10 1/0
31 16 23 25 29 30 40 D9 1/0
32 — 24 26 30 31 41 B10 1/0
33 17 25 27 31 32 42 Cc9 1/0
34 18 26 28 32 33 43 B9 VDD
35 — — — — — 44 Cc8 Vss
36 — — 29 — 34 45 A10 Input
37 — — — — — 46 B8 Input
38 19 27 30 33 35 47 A9 1/0
39 20 28 31 34 36 48 A8 1/0
40 — 29 32 35 37 49 B7 1/0
41 21 30 33 36 38 50 A7 1/0
42 — — 34 — 39 51 B6 1/0
43 — — — — 40 52 A6 1/0
44 — — —_ — 41 53 A5 1/0
45 22 31 35 37 42 54 B5 1/0
46 — 32 36 38 43 55 A4 1/0
47 23 33 37 39 44 56 A3 1/0
48 24 34 38 40 45 57 B4 1/0
49 — — — — — 58 A2 Input
50 — — — — — 59 B3 Input
51 25 35 39 41 46 60 B2 Vss
52 — — — — — 61 C3 VpD
53 26 36 40 42 47 62 Al 1/0
54 — 37 41 43 48 63 Cc2 1/0
55 27 38 42 44 49 64 B1 1/0
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HCA6212¢HCA6312

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Package
ic | 28Pin | 40Pin | 44Pin | 48 Pin 52 Pin 68 Pin Pin
Pad| o p DIP LCCor DIP LCCor | LCCor | ,nn Type
PCC PCC PCC
Option 1 | Option 1 | Option 1 | Option 1 | Option 1 | Option O | Option O
56 — 39 43 45 50 65 C1 1/0
57 — — 44 46 51 66 D2 1/0
58 28 40 1 47 52 67 D1 TST
59 — — — 48 — 68 E2 Input
60 — — — — — 1 E1 Input
61 — — — 1 — 2 F1 Input
62 1 1 2 2 1 3 F2 TD/Input |.
63 — — — 3 2 4 G1 1/0
64 — 2 3 4 3 5 H1 1/0
65 2 3 4 5 4 6 G2 1/0
66 — 4 5 6 5 7 J1 1/0
67 3 5 — 7 6 8 H2 1/0
68 4 6 6 8 7 9 J2 VbD
PACKAGING
Dedicated Uncon-
Array Package Inp ut I{ 0 VPD V_SS Test nected
Type Pins Pins Pins Pins - X
Pins Pins
HCA6212 028PDIP1 2 21 2 2 1 0
028HDIP1
028-LCC1
028-PCC1
040PDIP1 2 33 2 2 1 0
040HDIP1
044-LCC1 4 35 2 2 1 0
044-PCC1
048HDIP1 7 36 2 2 1 0
052-LCC1 NOT YET DETERMINED
052-PCC1
068-LCCO 17 42 4 4 1 0
068-PCCO
068-PGAO
068LPGAO
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HCA6212¢HCA6312

PACKAGING (Continued)
Dedicated Uncon-
Array Package lnP ut I( o VPD V_SS Test nected
Type Pins Pins Pins Pins . X
Pins Pins
HCAB6312 028PDIP1 2 21 2 2 1 0
028HDIP1
040PDIP1 2 33 2 2 1 0
040HDIP1
044-LCC1 4 35 2 2 1 0
044-PCC1
048PDIP1 7 36 2 2 1 0
048HDIP1
052-LCCO NOT YET DETERMINED
052-PCCO
068-LCCO 17 42 4 4 1 (o]
068-PCCO
068-PGAO
068LPGAO
Package Abbreviations For This Publication:
PDIP: Plastic Dual In-Line Package
HDIP: Side-Brazed Ceramic Dual In-Line Carrier
LCC: Ceramic Leadless Chip-Carrier
PCC: Plastic Leaded Chip-Carrier (Quad Pack)
PGA: Pin-Grid Array
LPGA: Low-Cost Pin-Grid Array
TEST MODE FUNCTION TABLE
Input Output
Test Test Test Buffer Output
Mode Data 3-State Type
L X X X From
Array
H X H Any z
H H L Bidirectional L
H L L Option H
H H X YO1N L
H L X YO1N H
H L X YO2N z
H H X YO2N L
X = Don’t Care
Z = High Impedance
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MOTOROLA
HE SEMICONDUCTOR I

TECHNICAL DATA | | HCA6225 |

2-Micron 2500 Gate
Macrocell Array

The HCA6225 provides a total of 810 primary cells contained within 15 col-
umns. There are a maximum of 11 input buffer locations and 76 uncommitted
buffer locations. Also available are a maximum of 8 power and ground locations
(4 VDD, 4 Vss). The electrical characteristics of the HCA6225 are described in

Section 8.
FLOORPLAN
bty
28 2o 2o IR
o > O~ O O~ a >
] 3INPUT | 17 UNCOMMITTED | 2 INPUT
BUFFER BUFFER BUFFER
PAD 38- _l LOCATIONS| _LOCATIONS LOCATIONS |—— PAD 12
Vss VoD -
0154] [0254] [0354 1554
(XN N ]
0137 0237| [0337 1537
a2 a?g
E2 0136| [0236] [0336 1536 E2
33 IS
8 3 XXyl 8 9
B zx
S 0119 0219 [0319 1519 T
o~ g ~ 8
0118 0218] [o0318 1518
(XN X ]
0101 0201 0301 1501
PAD 60~ PAD 86-
Voo 3INPUT | 17 UNCOMMITTED |3 INPUT |—- Vss
[—— BUFFER BUFFER BUFFER ——]
LOCATIONS|  LOCATIONS LOCATIONS

PAD 61=
Vss
PAD 85-
VoD

VERTICAL ROUTING (First layer metal)

Routing 112 3|4 |5|6|7|8|9 (1011112131415 16
Channel
Numberof [ 16 |16 | 16|17 19|20 21(22(22|21|20(19]|17]|16| 16| 16
Tracks

Total Vertical Tracks = 294

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (54 cells) = 540 Tracks
14 Tracks bottom of columns 14 Tracks
14 Tracks top of columns 14 Tracks

Total Horizontal Tracks = 568

MOTOROLA HCA6000DM/AD
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HCA6225

PERIPHERY OPTIONS AND PLACEMENT

Available
Periphery
Options

Input Uncommitted TD T3 TST
Location Location Location Location Location

Bidirectional Buffers

BO2N
BO2U
BO2D

BO3N
BO3U
BO3D

BO4N
BO4U
B04D

BO5N
BO5U
BO5D

XXX XXX XXX XXX

Output Buffers

YO1N X
YO2N X

Input Buffers

101N
101U
101D

102N
102U
102D

I03N
103U
103D

105N
105U
106D

107N
107D

XXX XXX XXX XXX
XXX XXX

XXX XXX

XXX XXX XXX

X XX XXX XXX XXX XXX

109N

TD = Test Data Pin
T3 = Test 3-State Pin
TST = Test-Mode Pin

MOTOROLA HCA6000DM/AD
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HCA6225

PAD TO PIN CROSS REFERENCE GUIDE

Packages

I 40 Pin 44 Pin 52 Pin 68 Pin 84 Pin , 124 Pin bin

Pad DIP LCCor LCCor LCCor PGA Lce PGA LCCor PGA Type -
PCC PCC PCC PCC
Option 1 | Option 1 | Option 1 | Option 1 | Option1 | Option 1. | Option 1 | Option 1 | Option 1

1 1 1 1 1 E1 1 F1 1 G3 1/0

2 — — — 2 F1 2 F2 2 G1 1/0
3 — — 2 3 F2 3 F3 3 H1 1/0
4 — 2 — — — 4 G1 4 H2 1/0
5 2 — 3 4 G1 5 H1 5 H3 1/0
6 — 3 — — — 6 G2 6 J1 1/0

7 3 — — 5 H1 7 J1 7 K1 1/0
8 — 4 4 6 G2 8 G3 8 J2 1/0
9 4 — 5 7 J1 9 K1 9 J3 1/0
10 — 5 6 8 H2 10 H2 10 L1 1/0
1 5 6 7 9 J2 11 J2 12 K2 1/0
12 — — —_ — — —_ — 13 K3 VDD
13 6 7 8 10 - H3 12 H3 19 M3 Vvss
14 7 8 9 11 K1 13 J3 20 L4 TST
15 8 9 10 12 J3 14 K2 21 M4 TD/Input
16 9 10 11 13 K2 15 K3 23 N3 T3/Input
17 — — — — — 16 H4 24 L5 1/0
18 — — — — — 17 Ja 25 M5 1/0
19 — — — — —_ — — 26 N4 1/0
20 — — — 14 K3 18 K4 27 N5 1/0
21 — — 12 15 J4 19 J5 28 L6 1/0
22 — — 16 K4 — — 29 M6 1/0
23 10 11 13 — — 20 H5 30 N6 1/0
24 — — — 17 Jb 21 K5 31 M7 1/0
25 — 12 14 18 K5 22 K6 32 L7 1/0
26 — — 19 K6 23 J6 33 N7 1/0
27 11 13 15 — — 24 H6 34 N8 1/0
28 — — — 20 J6 25 K7 35 M8 1/0
29 12 14 16 21 K7 26 K8 36 L8 1/0
30 — — — 22 K8 27 J7 37 N9 1/0
31 13 15 17 23 J7 28 K9 38 N10 1/0
32 — — 18 24 K9 29 H7 39 M9 1/0
33 14 16 19 25 Js 30 K10 40 L9 1/0
34 — — — — — — — 41 N11 Input
35 —_— — — — — — —_ 43 M10 Input
36 — — — — — 31 J8 44 L1o Input
37 15 17 20 26 J9 32 J9 45 M11 VDD
38 — — — — — — — 51 K11 Vss
39 16 18 21 27 H8 33 H8 52 K12 1/0
40 — 19 22 28 K10 34 H9 54 L13 1/0 .
41 17 — 23 29 H9 35 J10 55 J11 1/0
42 — 20 24 30 J10 36 H10 56 J12 1/0
43 18 — — 31 H10 37 G8 57 K13 1/0
44 — 21 25 — — 38 G9 58 J13 1/0
45 19 —_ — 32 G9 39 G10 59 H11 1/0
46 — 22 26 — — 40 F9 60 H12 1/0
47 20 — — 33 G10 41 F8 61 H13 1/0
48 — —_— — 34 F9 42 F10 62 G12 1/0
49 — 23 27 35 F10 43 E10 63 G11 1/0
50 — — — 36 E10 44 E9 64 G13 1/0
51 21 — 28 37 E9 45 E8 65 F13 1/0
52 — 24 — — — 46 D10 66 F12 1/0
53 22 — 29 38 D10 47 Cc10 67 F11 1/0
54 — 25 — — — 48 D9 68 E13 1/0
55 23 — — 39 c10 49 B10 69 D13 1/0

MOTOROLA HCA6000DM/AD
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HCA6225

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Packages
Ic 40 Pin 44 Pin 52 Pin 68 Pin 84 Pin 124 Pin Pin
Pad DIP LCC or LCCor LCCor PGA LCC PGA LCCor PGA Type
PCC PCC PCC PCC
Option 1 Option 1 Option 1 Option 1 Option 1 Option 1 Option 1 Option 1 Option 1
56 — 26 30 40 D9 50 D8 70 E12 1/0
57 24 —_— 31 41 B10 51 A10 71 E11 1/0
58 — 27 32 42 c9 52 c9 72 Cc13 1/0
59 25 28 33 43 B9 53 B9 74 D12 1/0
60 — — — — — — — 75 D11 VDD
61 26 29 34 44 c8 54 Cc8 81 B11 Vss
62 — — — — — 55 B8 82 c10 Input
63 — — — — — — —_ 83 B10 Input
64 — — — — — — — 85 A1 Input
65 27 30 35 45 A10 54 A9 86 C9 1/0
66 — — 36 46 B8 55 A8 87 B9 1/0
67 28 31 37 47 A9 58 Cc7 88 A10 1/0
68 — — — 48 A8 59 B7 89 A9 1/0
69 29 32 38 49 B7 60 A7 90 Cc8 1/0
70 — — — 50 A7 61 B6 91 B8 1/0
71 30 33 39 — — 62 cé 92 A8 1/0
72 — — — 51 B6 63 A6 93 B7 1/0
73 — 34 40 52 A6 64 A4 94 Cc7 1/0
74 — — — 53 A5 65 B5 95 A7 1/0
75 31 35 41 — — 66 C5 96 A6 1/0
76 — — — 54 B5 67 A4 97 B6 1/0
77 32 36 42 55 A4 68 A3 98 Cc6 1/0
78 — — — 56 A3 69 B4 99 A5 1/0
79 33 37 43 57 B4 70 A2 100 Ad 1/0
80 —_ — 44 58 A2 71 (o2: 101 B5 1/0
81 34 38 45 59 B3 72 A1l 102 C5 1/0
82 — — — — — — — 103 A3 Input
83 — — — — — — — 105 B4 Input
84 — — — — — 73 B3 106 c4 Input
85 35 39 46 60 B2 74 B2 107 B3 VDD
86 — — — — — — — 113 D3 Vss
87 36 40 47 61 Cc3 75 Cc3 114 D2 1/0
88 — 41 48 62 Al 76 Cc2 116 C1 1/0
89 37 — 49 63 Cc2 77 B1 117 E3 1/0
90 — 42 50 64 B1 78 C1 118 E2 1/0
91 38 — — 65 c1 79 D3 119 D1 1/0
92 — 43 — — — 80 D2 120 E1 1/0
93 39 — 51 66 D2 81 D1 121 F3 1/0
94 — 44 — — — 82 E2 122 F2 1/0
95 40 — 52 67 D1 83 E3 123 F1 1/0
96 — — — 68 E2 84 E1 124 G2 1/0

MOTOROLA HCA6000DM/AD
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HCA6225

PACKAGING
Array Package Input | 1/O0 | Vpp | V§s | Dedicated | Unconnected
- Type 9 Pins Pins | Pins | Pins | TestPins Pins
HCA6225 | 040PDIP1 2 33 | 2 2 1 0
040HDIP1
044-LCC1 2 37 2 2 1 0
044-PCC1
052-LCC1 2 45 2 2 1 0
052-PCC1
068-LCC1 2 61 2 2 1 0
068-PCC1
068-PGA1
084-LCC1 5 74 2 2 1 0
084-PCC1
084-PGA1
124-LCC1 11 76 4 4 1 28
124-PCC1
124-PGA1
124LPGA1
Package Abbreviations for this Publication:
PDIP: Plastic Dual In-Line Package
HDIP: Side-Brazed Ceramic Dual In-Line Carrier
LCC: Ceramic Leadless Chip Carrier
PCC: Plastic Leaded Chip Carrier (Quad Pack)
PGA: Pin-Grid Array
LPGA: Low-Cost Pin-Grid Array
TEST MODE FUNCTION TABLE
Input Output
Test Test Test Buffer Output
Mode Data 3-State Type
L X X X From
Array
H X H Any V4
H H L Bidirectional L
H L L Option H
H H X YO1N L
H L X YO1IN H
H L X YO2N b4
H H X YO2N L
X = Don’t Care
Z = High Impedance

MOTOROLA HCAG000DM/AD
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MOTOROLA
B SEMICONDUCTOR I

TECHNICAL DATA HCAG6238

2-Micron 3800 Gate
Macrocell Array

The HCA6238 provides a total of 1254 primary cells contained within 19 col-
umns. There are a maximum of 2 input buffer locations and 93 uncommitted
buffer locations. Also available are a maximum of 8 power and ground locations
(4 VDD, 4 Vss). The electrical characteristics of the HCA6238 are described in

Section 8.
FLOORPLAN
&
& L o
e IHIm
PAD 13* i PAD 88%-
VDD 10 UNCOMMITTED |  INPUT INPUT |11 UNCOMMITTED Vss
BUFFER BUFFER [ | BUFFER BUFFER
LOCATIONS | LOCATION | | LOCATION | LOCATIONS
0166 0266 1866 1966
(X XN X ]

0143 0243 1843 1543
aZ 0142 0242 1842 1942 oz
E2 E2
§ 5 eeocoe g 5
gS 89
Z Z
S w 0125 0225 1825 1925 S
~ Lo ~ L

0124 0224 1824 1924

(XX XX ]
0101 0201 1801 1901
24 UNCOMMITTED
PAD 38%-| BUFFER LOCATIONS FJ— PAD 63%-
Vss Voo

*DOUBLE SIZE BOND PAD

VERTICAL ROUTING (First layer metal)

Routing 1{2|3(4|5|6(7{8]|9(10({11112(13|{14|15(16(17|18][19(20
Channel
Numberof|15|16|18|19|20{20{20|20|20|20|{20|20|20(20{20/20{19|18|16|15
Tracks

Total Vertical Tracks = 376

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (66 cells) = 660 Tracks
13 Tracks bottom of columns 13 Tracks
13 Tracks top of columns 13 Tracks

Total Horizontal Tracks = 686

MOTOROLA HCA6000DM/AD
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HCAG6238

PERIPHERY OPTIONS AND PLACEMENT

Available
Periphery
Options

Input Uncommitted TD T3
Location Location Location Location

Bidirectional Buffers

BO2N X
BO2U X
BO2D X

BO3N
BO3U
BO3D

X X X

BO4N
BO4U
B04D

X X X

BO5N
BO5U
BO5D

X X X

Output Buffers

YO1N X
YO2N X

Input Buffers

101N
101U
101D

X X X
X X X

102N
102U
102D

IO3N
103U
103D

XXX XXX

IO5N
105U
105D

X X X

106N
06U
106D

I07N
107U
107D

I08N
108U
108D

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX XXX XXX

XXX XXX XXX

X XXX XXX XXX XXX XXX XXX XXX

109N

TD = Test Data Pin
T3 = Test 3-State Pin

MOTOROLA HCA6000DM/AD
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HCA6238

PAD TO PIN CROSS REFERENCE GUIDE

Package
IC 68 Pin 84 Pin 124 Pin Pin
Pad | LCCor LCCor Type
pPCC PGA PCC PGA LCC PGA
Option 1 | Option 1 | Option 1 Option 1 | Option 1 Option 1

1 1 E1 1 F1 1 G3 TST
2 2 F1 2 F2 2 G1 TD/INP
3 — — 3 F3 3 H1 1/0
4 3 F2 4 G1 4 H2 1/0
5 — — — — 5 H3 1/0
6 4 G1 5 H1 6 J1 1/0
7 — — 6 G2 7 K1 1/0
8 5 H1 7 J1 8 J2 1/0
9 6 G2 8 G3 9 J3 1/0
10 7 J1 9 K1 10 L1 1/0
11 8 H2 10 H2 12 K2 1/0
12 9 J2 11 J2 13 K3 1/0
13 10 H3 12 H3 17,18 L3, M2 VDD
14 11 K1 13 J3 19 M3 1/0
15 12 J3 14 K2 20 L4 1/0
16 13 K2 15 K3 21 M4 1/0
17 — — 16 H4 24 L5 1/0
18 14 K3 17 Ja 25 M5 1/0
19 — — 18 K4 26 N4 1/0
20 15 J4 19 J5 27 N5 1/0
21 — — — . 28 L6 1/0
22 16 K4 — — 29 M6 1/0
23 17 J5 20 H5 30 N6 1/0
24 — — 21 K5 31 M71 1/0
25 — — 22 K6 32 L7 1/0
26 18 K5 — — 33 N7 1/0
27 19 K6 23 J6 34 N8 1/0
28 — — — — 35 M8 1/0
29 20 J6 24 H6 36 L8 1/0
30 — — 25 K7 37 N9 1/0
31 21 K7 26 K8 38 N10 1/0
32 — — — — 39 M9 1/0
33 22 K8 27 J7 40 L9 1/0
34 23 J7 28 K9 41 N11 1/0
35 — — 29 H7 43 M10 1/0
36 24 K9 30 K10 44 L10 1/0
37 25 J8 31 J8 45 M11 1/0
38 26 J9 32 J9 48, 49 K10, N13 Vss
39 27 H8 33 H8 51 K11 1/0
40 28 K10 34 H9 52 K12 1/0
41 29 H9 35 J10 54 L13 1/0
42 30 J10 36 H10 55 J11 1/0
43 31 H10 37 G8 56 J12 1/0
44 —_ — 38 G9 57 K13 1/0
45 32 G9 39 G10 58 J13 1/0
46 — — 40 F9 59 H11 1/0
47 33 G10 41 F8 60 H12 1/0
48 — — — — 61 H13 1/0
49 34 F9 42 F10 62 G12 1/0
50 35 F10 43 E10 63 G11 1/0
51 — — — — 64 G13 1/0
52 36 E10 44 E9 65 F13 1/0
53 — — 45 E8 66 F12 1/0
54 37 E9 — — 67 F11 1/0
55 — — 46 D10 68 E13 1/0

MOTOROLA HCA6000DM/AD
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HCA6238

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Package
ic 68 Pin 84 Pin 124 Pin . Pin
Pad | LCCor LCCor Type
PEC PGA PCC PGA LCC PGA
Option 1 | Option1 | Option1 | Option1 | Option 1 | Option 1

56 38 D10 47 c10 69 D13 1/0
57 — — 48 D9 70 E12 1/0
58 39 c10 49 B10 71 . EM 1/0
59 40 D9 50 D8 72 *C13 1/0
60 41 B10 51 A10 74 D12 1/0
61 42 c9 52 (0°) 75 D11 1/0
62 43 B9 53 B9 76 c12 1/0
63 44 c8 54 c8 79, 80 C11,B12 VDD
64 45 A10 55 B8 82 c10 1/0
65 46 B8 56 A9 83 B10 1/0°
66 47 A9 57 A8 85 A11 1/0
67 48 A8 58 Cc7 86 Cc9 1/0
68 49 B7 59 B7 87 B9 1/0
69 — — 60 A7 88 A10 1/0
70 — — 61 B6 89 A9 1/0
71 50 A7 — — 90 Cc8 1/0
72 — — 62 cé 91 B8 1/0
73 51 B6 63 A6 92 A8 1/0
74 —_ — — — 93 B7 1/0
75 52 A6 64 A5 94 Cc7 1/0
76 —_ — — — 95 A7 1/0
77 53 A5 65 B5 96 A6 1/0
78 — — 66 C5 97 B6 1/0
79 54 B5 67 A4 98 Ccé 1/0
80 — — — — 99 Ab 1/0
81 55 Ad — — 100 A4 1/0
82 — — 68 A3 101 B5 1/0
83 56 A3 69 B4 102 C5 1/0
84 57 B4 70 A2 103 A3 1/0
85 — — 71 c4 105 B4 1/0
86 58 A2 72 Al 106 c4 1/0
87 59 B3 73 B3 107 B3 1/0
88 60 B2 74 B2 110, 111 D4, A1 Vss
89 61 C3 75 Cc3 112 c2 1/0
90 62 A1l 76 c2 113 D3 1/0
91 63 c2 77 B1 114 D2 1/0
92 64 B1 78 c1 116 c1 1/0
93 65 c1 79 D3 117 E3 1/0
94 — — 80 D2 118 E2 1/0
95 66 D2 81 D1 119 D1 1/0
96 — — 82 E2 120 E1 1/0
97 67 D1 83 E3 121 F3 1/0
98 — — — — 122 F2 1/0
99 — — — — 123 F1 1/0
100 68 E2 84 E1 124 G2 T3/INP

MOTOROLA HCA6000DM/AD
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HCA6238

PACKAGING

Array
Type

HCA6238 | 068-LCC1 2 61 2 2 1 0
068-PCC1
068-PGA1
068LPGAT1

084-LCC1 2 77 2 2 1 0
084-PCC1
084-PGA1
084LPGA1

124-LCC1 2 93 4 4 1 20
124-PGA1
124LPGAT1

Package Abbreviations for this Publication:
LCC: Ceramic Leadless Chip Carrier
PCC: Plastic Leaded Chip Carrier (Quad Pack)
PGA: Pin-Grid Array
LPGA: Low-Cost Pin-Grid Array

Input | 1/O | Vpp | Vss | Dedicated | Unconnected

Package Pins Pins Pins Pins Test Pins Pins

TEST MODE FUNCTION TABLE

Input Output
Test Test Test Buffer Output
Mode Data 3-State Type
L X X X From
Array
H X H Any 4
H L L Bidirectional H
H H L Buffer L
H L X YO1N H
H H X YO1N L
H L X YO2N Z
H H X YO2N L
X = Don’t Care
Z = High Iimpedance

MOTOROLA HCA6000DM/AD
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MOTOROLA
Hl SEMICONDUCTOR —

TECHNICAL DATA HCA6248

2- and 3-Micron 4800 Gate HCA6348

Macrocell Array

The HCA6248 /6348 provides a total of 1620 primary cells contained within 18
columns. There are a maximum of 53 input buffer locations and 54 uncommitted
buffer locations. Also available are a maximum of 16 power and ground loca-
tions (8 Vpp, 8 Vss). The electrical characteristics of the HCA6248 /6348 are
described in Section 8.

FLOORPLAN
! i % L4
e 2 & L = - =
aaunaow a Q- a aunawn
s L SR EeFEe TLEL
13 INPUT 13 INPUT
L““J““ BUFFER LOCATIONS [ | BUFFER LOCATIONS "*‘L—-J
PAD 17- 0190 0290 1790] [1890 PAD 109-
) VoD
PAD 18- csee PAD 108~-
Vb Voo
0167| [0267 1767] [1867
0166] [0266 1766| [1866
[%2] 'Y (%)
8¢ BS
gg 0149 0249 1749 [1849 =
=5 =8
o O o
S 0148| [0248 1748] [1848 IS
= Su
a;:'; Xy} ";‘é
0125| [0225 1725] [1825
0124| [o0224 1724] [1824
PAD 46- PAD 80-
VDD (XN N ] VDD
PAD 47- 0101| [0201 1701| [1801 PAD 79~
Vbd VoD
27 INPUT |
BUFFER LOCATIONS ]
o 8bH4 LALD
<> <> ~N> N>
o (] Q o
<C <€ <C <C
a. a. a. o

VERTICAL ROUTING (First layer metal)
Routing 112{3(4|5|6|[7|8|9(10]11]12|13|(14({15|16({17{18|19

Channel

Numberof {20}29|29{31(32(32|32(32(32|32(32(32|32|32|32{31|29(29|20
Tracks

Total Vertical Tracks = 570

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (90 cells) = 900 Tracks
7 Tracks top and bottom of columns = 14 Tracks
Total Horizontal Tracks = 914

MOTOROLA HCA6000DM/AD
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HCAG6248°*HCA6348

PERIPHERY OPTIONS AND PLACEMENT

s::":zle Input Uncommitted TD T3
phery Location Location Location Location
Options
Bidirectional Buffers

BO2N X

BO3N X

BO4N X

Output Buffers
YO1N X
YO2N X
Input Buffers

101N X X X X
101U X X X X
101D X X X X
102N X X X X
102V X X X X
102D X X X X
103N X X X X
103U X X X X
103D X X X X
108N X

108U X

108D X

109N X

TD = Test Data Pin
T3 = Test 3-State Pin

MOTOROLA HCA6000DM/AD
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'HCA6248°HCA6348

PAD TO PIN CROSS REFERENCE GUIDE

Package
[] 68 Pin 84 Pin 124 Pin Pin
Pad | LCCor LCC or LCCor Type
PCC PGA PCC PGA PCC PGA
Option O | Option O | Option O | Option O | Option O | Option O | Option 1

1 1 E1 1 F1 1 G2 G3 TST

2 2 F1 2 F2 2 G3 G1 T3/Input

3 —_ — 3 F3 3 H1 H1 Input
4 — — — — 4 H2 H2 Input

5 3 F2 — — 5 H3 H3 Input
6 — — — — 6 J1 J1 Input

7 4 G1 — — 7 J2 K1 Input
.8 — — — — 8 K1 J2 Input
9 5 H1 4 G1 9 K2 J3 Input
10 — — 5 H1 10 L1 L1 Input
11 6 G2 6 G2 11 M1 M1 Input
12 —_ —_ 7 J1 12 L2 K2 Input
13 7 J1 8 G3 13 N1 K3 Input
14 8 H2 9 K1 14 M2 L2 Input
15 9 J2 10 H2 15 J3 N1 Vss
16 9 J2 11 J2 16 K3 K4 Vss
17 10 H3 12 H3 17 K4 L3 VDD
18 10 H3 13 J3 18 L4 M2 VDD
19 11 K1 — — 19 L3 M3 1/0
20 12 J3 14 K2 20 M3 L4 1/0
21 — — 15 K3 21 N2 M4 1/0
22 13 K2 16 H4 22 N3 N2 1/0
23 — — 17 J4 23 M4 N3 1/0
24 14 K3 18 K4 24 N4 L5 1/0
25 — — — — 25 M5 M5 1/0
26 15 J4 — —_ 26 N5 N4 1/0
27 — — — — 27 L5 N5 1/0
28 16 K4 — — 28 M6 L6 1/0
29 —_— — 19 Jb 29 N6 M6 1/0
30 17 J5 20 H5 30 L6 N6 1/0
31 — — 21 K5 31 N7 M7 1/0
32 18 K5 22 K6 32 M7 L7 /0
33 — — 23 J6 33 L7 N7 1/0
34 19 K6 24 H6 34 N8 N8 1/0
35 — — — — 35 M8 M8 1/0
36 20 J6 — — 36 L8 L8 1/0
37 — — — — 37 N9 N9 1/0
38 21 K7 25 K7 38 M9 N10 1/0
39 — — 26 K8 39 N10 M9 1/0
40 22 K8 27 J7 40 M10 L9 1/0
41 — — 28 K9 41 N11 N11 1/0
42 23 J7 29 H7 42 N12 N12 1/0
43 — —_ 30 K10 43 M11 M10 1/0
44 24 K9 31 J8 44 M12 L10 1/0
45 25 J8 32 J9 45 L10 M11 1/0
46 26 J9 — — 46 L9 M12 VDD
47 26 J9 — — 47 K10 L11 VDD
48 27 H8 33 H8 48 L11 K10 Vss
49 27 H8 — — 49 K11 N13 Vss
50 28 K10 34 H9 50 N13 L12 Input
51 29 H9 35 J10 51 L12 K11 Input
52 — — 36 H10 52 M13 K12 Input
53 30 J10 37 G8 53 L13 M13 Input
54 — — 38 G9 54 K12 L13 Input
55 31 H10 39 G10 55 K13 J11 Input

MOTOROLA HCA6000DM/AD
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HCA6248°HCA6348

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Package
Ic 68 Pin 84 Pin 124 Pin Pin
Pad | LCCor LCCor LCCor Type
PCC PGA PCC PGA PCC PGA
Option O | Option O | Option O | Option O | Option O | Option O | Option 1

56 — — 40 F9 56 J12 J12 Input
57 32 G9 — — 57 J13 K13 Input
58 — — — — 58 J11 J13 Input
59 33 G10 — — 59 H12 H11 Input
60 — — — — 60 H13 H12 Input
61 — — — — 61 H11 H13 Input
62 34 F9 41 F8 62 G13 G12 Input
63 35 F10 42 F10 63 G12 G11 Input
64 36 E10 43 E10 64 G11 G13 Input
65 — — 44 E9 65 F13 F13 Input
66 — — 45 E8 66 F12 F12 Input
67 37 E9 46 D10 67 F11 F11 Input
68 — — — - 68 E13 E13 Input
69 38 D10 — — 69 E12 D13 Input
70 — — — — 70 D13 E12 Input
71 39 C10 — — 71 D12 E11 Input
72 — — 47 C10 72 C13 C13 Input
73 40 D9 48 D9 73 B13 B13 Input
74 — — 49 B10 74 Cc12 D12 Input
75 41 B10 50 D8 75 A13 D11 Input
76 42 Cc9 51 A10 76 B12 c12 Input
77 43 B9 52 Cc9 77 E11 A13 Vss
78 43 B9 53 B9 78 D11 D10 Vss
79 44 Cc8 b4 cs8 79 D10 c1 VDD
80 44 Cc8 — — 80 c10 B12 VDD
81 45 A10 55 B8 81 c11 B11 1/0
82 46 B8 56 A9 82 B11 C10 1/0
83 — — 57 A8 83 A12 B10 1/0
84 47 A9 58 c7 84 A1 A12 1/0
85 — — 59 B7 85 B10 A11 1/0
86 48 A8 60 A7 86 A10 c9 1/0
87 — — 61 B6 87 B9 B9 1/0
88 49 B7 — — 88 A9 A10 1/0
89 — — — — 89 Cc9 A9 i1/0
90 50 A7 — — 90 B8 Cc8 1/0
91 — — 62 (o] 91 A8 B8 1/0
92 51 B6 63 A6 92 c8 A8 1/0
93 — — 64 A5 93 A7 B7 1/0

94 52 A6 65 B5 94 B7 Cc7 1/0
95 — — 66 C5 95 c7 A7 1/0

96 53 A5 67 A4 96 AB A6 1/0
97 — — — — 97 B6 B6 1/0

98 54 B5 — — 98 Ccé cé 1/0
99 — — — — 99 A5 A5 1/0

100 55 A4 — — 100 B5 A4 1/0
101 — — — — 101 A4 B5 1/0

102 56 A3 68 A3 102 B4 C5 1/0
103 — — 69 B4 103 A3 A3 1/0

104 57 B4 70 A2 104 A2 A2 /0

105 — — 71 Cc4 105 B3 B4 1/0

106 58 A2 72 A1l 106 B2 c4 1/0

107 59 B3 73 B3 107 C4 B3 1/0

108 60 B2 74 B2 108 Ch B2 VbD
109 60 B2 — — 109 D4 C3 VDD
110 61 C3 75 C3 110 Cc3 D4 Vss
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HCA6248*HCAG6348

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Package
Ic 68 Pin 84 Pin 124 Pin Pin
Pad | LCCor LCCor LCCor Type
PCC PGA pCC PGA PCC PGA ‘
Option O | Option O | Option O | Option O | Option O | Option O | Option 1
111 61 Cc3 — — 111 D3 A1l Vss
112 62 A1l 76 Cc2 112 A1l Cc2 Input
113 63 C2 77 B1 113 Cc2 D3 Input
114 — — 78 C1 114 B1 D2 Input
115 64 B1 79 D3 115 C1 B1 Input
116 — — 80 D2 116 D2 C1 Input
117 65 c1 81 D1 117 D1 E3 Input
118 — — — — 118 E2 E2 Input
119 66 D2 — — 119 E1 D1 Input
120 — — — — 120 E3 E1 Input
121 67 D1 — — 121 F2 F3 Input
122 —_— — 82 E2 122 F1 F2 Input
123 — — 83 E3 123 F3 F1 Input
124 68 E2 84 E1 124 G1 G2 TD/Input
PACKAGING
Array Package Input | 1/O0 | Vpp | Vss | Dedicated | Unconnected
Type 9 Pins Pins | Pins Pins Test Pins Pins

HCA6248 | 068-LCCO 29 30 4 4 1 0

068-PCCO

068-PGAO

068LPGAO

084-LCCO 35 38 4 6 1 0

084-PCCO

084-PGAO

084LPGAO

124-LCCO 53 54 8 8 1 0

124-PCCO

124-PGAO

124-PGA1

124LPGA1
HCA6348 | 084-LCCO 35 38 4 6 1 0

084-PCCO i

084-PGAO

084LPGAO

124-LCCO 53 54 8 8 1 0

124-PCCO

124-PGAO

Package Abbreviations for this Publication:
LCC: Ceramic Leadless Chip Carrier
PCC: Plastic Leaded Chip Carrier (Quad Pack)
PGA: Pin-Grid Array
LPGA: Low-Cost Pin-Grid Array

MOTOROLA HCA6000DM/AD
10-26



HCA6248°HCAG6348

TEST MODE FUNCTION TABLE

Input Input
Buffer Output
Type Test Test Test ?I_l;f;:r Output
TestData | Test3-State | Mode | Data | 3-State
X X L X X X From
Array
101X 101X H X H Any Z
or or H L L Bidirectional H
103X 103X H H L Option L
H L X H
H H X YO1IN L
H L X z
H H X YO2N L
101X 102X H X L Any Z
or H L H Bidirectional H
103X H H H Option L
H L X H
H H X YO1N L
H L X p4
H H X YO2N L
102X 101X H X H Any Z
or H L L Bidirectional L
103X H H L Option H
H L X L
H H X YO1N H
H L X L
H H X YO2N 7
102X 102X H X L Any 4
H L H Bidirectional L
H H H Option H
H L X L
H H X YO1IN H
H L X L
H H X YO2N 7
X = Don’t Care
Z = High Impedance

MOTOROLA HCA6000DM/AD
10-27



MOTOROLA
EE SEMICONDUCTOR I

TECHNICAL DATA HCAG6324

3-Micron 2400 Gate
Macrocell Array

The HCA6324 provides a total of 765 primary cells contained within 15 col-
umns. There are a maximum of 55 input buffer locations and 56 uncommitted
buffer locations. Also available are a maximum of 12 power and ground loca-
tions (6 Vpp. 6 VsS). The electrical characteristics of the HCA6324 are de-
scribed in Section 8.

FLOORPLAN
1 1 1 1
M N — o
[Te} [Te] < <
oOun oo on oo
<0n <O < wn <0
a > a > a> o>
9 UNCOMMITTED 10 UNCOMMITTED 9 UNCOMMITTED
BUFFER BUFFER BUFFER
LOCATIONS LOCATIONS LOCATIONS
PAD 63-
Tor 0153 0253 0353 1553 e g
PAD 64~ 5 sevee %LL::
TD Ly £3 5
PAD 65- | 52 o@g
| @8 0137 0237 0337 1537 PAD 21=-
= < V
8 0135 0235 0335 1535 oD
z - PAD 20-
E sevee VSS
PAD 82-
o
VoD || 0119 0219 0319 1519 i
PAD 83- s
Vss 0117 0217 0317 1517 @2
%) =<
o Z ) (&)
Do ao
2 T = [ EX XX Z 3
zulg z
=53 o
o @5 -
3 0101 0201 0301 1501
9 UNCOMMITTED 10 UNCOMMITTED 9 UNCOMMITTED
BUFFER BUFFER BUFFER
LOCATIONS LOCATIONS LOCATIONS
L= ] 1 Q1 0
8L 3y If0Y
a [m) o o
<€ < < <C
o o o a

VERTICAL ROUTING (First layer metal)
Routing 1 2 314156 6 7 8 911011 (12]13| 14|15 16

Channel
n Numberof [ 16|16 (16|17 |18 192021212019 (18| 17|16 | 16| 15

Tracks
Total Vertical Tracks = 284

HORIZONTAL ROUTING (Second layer metal)

10 Tracks per primary cell (53 cells) = 530 Tracks
14 Tracks bottom of columns = 14 Tracks
9 Tracks top of columns = 9 Tracks

Total Horizontal Tracks = 553
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HCA6324

PERIPHERY OPTIONS AND PLACEMENT

ﬁ:::'l:?e Input Uncommitted TD T3
p. Y Location Location Location Location
Options
Bidirectional Buffers
BO2N X
BO2U X
BO3N X
BO3U X
Output Buffer
YO1IN X
Input Buffers
101N X X X X
101U X X X X
102N X X X X
102U X X X X
TD = Test Data Pin
T3 = Test 3-State Pin
PAD TO PIN CROSS REFERENCE GUIDE
Packages
I 40 Pin 44 Pin 48 Pin 68 Pin 84 Pin 124 Pin Pi
in
LCCor LCCor LCCor
Pad DIP PCC DIP PCC PGA PCC PGA LCC PGA Type
Option 1 | Option0 | Option 1 | Option 1 | Option 1 | Option 0 | Option 0 | Option 0 | Option 1
1 27 30 32 45 A10 55 B8 17 L3 Input
2 — — — 46 B8 56 A9 18 M2 Input
3 — — — — — 57 A8 19 M3 Input
4 28 — 33 — — — — 20 L4 Input
5 — — — — — — — 21 M4 Input
6 — — — — — 58 Cc7 22 N2 Input
7 — — 34 — — 59 B7 23 N3 Input
8 29 31 — 47 A9 — — 24 L5 Input
9 — — — 48 A8 60 A7 25 M5 Input
10 — — — — — — — 26 N4 Input
11 30 32 35 49 B7 61 B6 27 N5 Input
12 —_ —_— — — — — — 28 L6 Input
13 — 33 — 50 A7 62 Ccé 29 M6 Input
14 — — 36 51 B6 63 A6 30 N6 Input
15 — — — — — 64 A5 31 M7 Input
16 — 34 — — — — — 32 L7 Input
17 — — e 52 A6 65 B5 33 N7 Input
18 — — — 53 A5 66 C5 34 N8 Input
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HCA6324

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Packages
I 40 Pin 44 Pin 48 Pin 68 Pin 84 Pin 124 Pin pi
in
LCCor LCCor LCCor !
Pad DIP PCC - DIP PCC PGA PCC PGA LCC PGA Type
Option 1 | Option0 | Option 1 | Option 1 | Option 1 | Option 0 | Option 0 | Option 0 | Option 1
19 — — — — — — — 35 M8 Input
20 31 35 37 54 B5 67 A4 36 L8 Vss
21 32 36 38 55 A4 68 A3 37 N9 VDD
22 — — — — — — — 38 N10 Input
23 — — — 56 A3 69 B4 39 M9 Input
24 — — — — — — — 40 L9 Input
25 33 37 39 57 B4 70 A2 41 N11 Input
26 — — — — — — — 42 N12 Input
27 — — — — — — — 43 M10 Input
28 — — — 58 A2 71 c4 44 L10 Input
29 — — 40 — - 72 A1 45 M11 Input
30 34 38 41 59 B3 73 B3 46 M12 Input
31 35 39 42 60 B2 74 B2 47 L11 1/0
32 — — 43 — — — — 48 K10 1/0
33 36 40 44 61 Cc3 75 Cc3 49 N13 1/0
34 — — 45 62 A1 76 c2 50 L12 1/0
35 — 41 — — — 77 B1 51 K11 1/0
36 37 — — 63 c2 78 C1 52 K12 1/0
37 — 42 46 64 B1 79 D3 53 M13 1/0
38 38 — — 65 C1 80 D2 54 L13 1/0
39 — 43 47 66 D2 81 D1 55 J11 1/0
40 — — — — — 82 E2 56 J12 VDD
41 — — — — — 83 E3 57 K13 Vss
42 39 44 48 67 D1 — — 58 J13 1/0
43 — — — — — — — 59 H11 1/0
44 40 — — — — — 60 H12 1/0
45 — — — 68 84 E1 61 H13 1/0
46 — 1 — 1 1 F1 62 G12 1/0
47 — — — — — — — 63 G11 1/0
48 — — — — — — 64 G13 1/0
49 1 2 1 2 F1 2 F2 65 F13 1/0
50 2 — — — — — — 66 F12 1/0
51 3 — — — — — — 67 F11 1/0
52 — 3 2 3 F2 3 F3 68 E13 VDD
53 — 4 3 4 G1 4 G1 69 D13 Vss
54 4 — — 5 H1 5 H1 70 E12 1/0
55 — 5 — — — 6 G2 71 E11 1/0
56 5 — — 6 G2 7 J1 72 Cc13 1/0
57 — — — — — 8 G3 73 B13 1/0
58 — — — 7 J1 9 K1 74 D12 1/0
59 — — 4 8 H2 10 H2 75 D11 1/0
60 — 6 5 9 J2 1 J2 76 c12 1/0
61 — — 6 — — — — 77 A13 1/0
62 6 7 7 10 H3 12 H3 78 D10 1/0
63 7 8 8 1 K1 13 J3 79 c11 TST
64 8 9 9 12 J3 14 K2 80 B12 TD/Input
65 9 10 10 13 K2 15 K3 81 B11 T3/Input
66 — — — — — — — 82 C10 Input
67 — — — — — — — 83 B10 Input
68 — — — — — 16 H4 84 A12 Input
69 — — — — — 17 J4 85 Al1 Input
70 — — — 14 K3 — — 86 C9 Input
71 — — 11 — — — — 87 B9 Input
72 — — — 15 J4 18 K4 88 A10 Input
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HCA6324

PAD TO PIN CROSS REFERENCE GUIDE (Continued)

Packages
i 40 Pin 44 Pin 48 Pin 68 Pin 84 Pin 124 Pin Pi
in
LCCor LCCor LCCor
Pad DIP PCC DIP PCC PGA PCC PGA LCC PGA Type
Option 1 | Option0 | Option1 | Option1 | Option1 | Option 0 [ Option 0 | Option 0 | Option 1

73 10 — — 16 K4 19 J5 89 A9 Input
74 — 11 — — — — — 90 Cc8 Input
75 — — — 17 J5 20 H5 91 B8 Input
76 — — 12 18 K5 21 K5 92 A8 Input
77 — — — — — — — 93 B7 Input
78 —_— 12 — — — 22 K6 94 Cc7 Input
79 — — — — — — — 95 A7 Input
80 — — — 19 K6 23 J6 96 A6 Input
81 — — — — — 24 H6 97 B6 Input
82 1 13 13 20 J6 25 K7 98 C6 VDD
83 1 1 1 21 K7 26 K8 99 A5 Vss
84 —_— — — — — — — 100 A4 Input
85 — — — 22 K8 27 J7 101 B5 Input
86 — — — — — — — 102 C5 Input
87 13 15 15 23 J7 28 K9 103 A3 Input
88 — — — — — — — 104 A2 Input
89 — — 16 — — — — 105 B4 Input
90 — — — — — 29 H7 106 Cc4 Input
91 — — — 24 K9 30 K10 107 B3 Input
92 14 16 17 25 J8 31 J8 108 B2 Input
93 15 17 18 26 J9 32 J9 109 Cc3 1/0
94 — — 19 — — — — }1 0 D4 1/0
95 16 18 20 27 H8 33 H8 111 A1l 1/0
96 — — 21 28 K10 34 H9 112 Cc2 1/0
97 17 19 — 29 H9 35 J10 113 D3 1/0
98 — — — — — 36 H10 114 D2 1/0
99 — — — 30 J10 37 G8 115 B1 1/0
100 18 20 — 31 H10 38 G9 116 C1 1/0
101 — 21 22 32 G9 39 G10 117 E3 1/0
102 — — — — — 40 F9 118 E2 VDD
103 — — — — — 41 F8 119 D1 Vss
104 19 22 23 33 G10 — — 120 E1 1/0
105 — — — — — — — 121 F3 1/0
106 20 — 24 34 F9 42 F10 122 F2 1/0
107 — — — — — — — 123 F1 1/0
108 — 23 — — — 43 E10 124 G2 1/0
109 — — — — — — — 1 G3 1/0
110 | — — — — — — — 2 G1 1/0
11 21 — — 35 F10 44 E9 3 H1 1/0
112 — — —_ — — — — 4 H2 1/0
113 — — 25 — — — — 5 H3 1/0
114 — 24 26 36 E10 45 E8 6 J1 VDD
115 — 25 27 37 E9 46 D10 7 K1 Vss
116 22 — — 38 D10 47 Cc10 8 J2 1/0
117 23 26 — 39 Cc10 48 D9 9 J3 1/0
118 — — — — — 49 B10 10 L1 1/0
19 24 27 — 40 D9 50 D8 11 M1 1/0
120 — — — 41 B10 51 A10 12 K2 1/0
121 — — 28 42 Cc9 52 C9 13 K3 1/0
122 25 28 29 43 B9 53 B9 14 L2 1/0
123 — — 30 — — — — 15 N1 1/0
124 26 29 31 44 Cc8 54 c8 16 K4 1/0
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HCA6324
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PACKAGING
Array Package Input | 1I/O | Vpp | Vss | Dedicated | Unconnected
Type 9 Pins Pins Pins Pins Test Pins Pins
HCA6324 | 040PDIP1 1 24 2 2 1 0
040HDIP1
044-LCC1 13 22 4 4 1 (v}
044-PCC1
048PDIP1 15 24 4 4 1 0
048HDIP1
068-LCC1 25 34 4 4 1 0
068-PCC1
068-PGA1
084-LCCO 33 38 6 6 1 0
084-PCCO
084-PGAO
084LPGAO
124-PGA1 b5 56 6 6 1 (0]
124LPGA1
Package Abbreviations for this Publication:
PDIP: Plastic Dual In-Line Package -
HDIP: Side-Brazed Ceramic Dual In-Line Package
LCC: Ceramic Leadless Chip Carrier
PCC: Plastic Leaded Chip Carrier (Quad Pack)
PGA: Pin-Grid Array
LPGA: Low-Cost Pin-Grid Array
TEST MODE FUNCTION TABLE
Input Output
Test Test Test Buffer Output
Mode Data 3-State Type
H X X X From
Array
L X H Any Z
L H L Bidirectional L
L L L Option H
L H X YO1N L
L L X YO1N H
X = Don't Care
Z = High Impedance
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MOTOROLA

1 SEMICONDUCTOR
BO2N

Non-Inverting Bidirectional gggg

Buffer with TTL Input Switching

BO2N

Levels :
BPI/BPO 4 A
S SUBU BO2X X
BPO B / E A BPI CP)— >
Note: X=N, U, or D
Pin Names: BO2U E
BPO/BPI—Bonding Pad Out/Bonding Pad In. This is a bidirectional input that is
treated as separate input and output signals for simulation purposes. 4 A
. . . BPI/BPO
An | and O must be appended to the desired signal name in the net- -
list to give unique input and output signal names. X
B—Input data to the internal array.
A—Output data from the internal array. P > B
E—3-state enable signal from the internal array.
BO2D
E
BPI/BPO A
FUNCTION TABLE 4
E BPI A | B BPO Function S
L L/H X |L/H Z | The pin functions as an input. Data from the internal array is “ > 8
enabled and data from the BPI pin is enabled.
H L/H L/H{L/H L/H | The pinfunctions as an output, with data originating from the —
internal array at point A. The data at point A appears at the =
BPO output and at point B.
SWITCHING CHARACTERISTICS* (CL_= as shown)
HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min . Max Min R Max Unit
K** | Limit e K** | Limit | K** | Limit e K** | Limit
tPLH Propagation Delay, A to BPO 0.026| 2.2 | 58(0.108| 10.7 |0.028| 3.0 | 89 [0.144| 164 | ns
tPHL (Figures 1and 3) CL=50pF  ["5534 26 | 6.2 0.124| 11.5 | 0.018| 3.0 | 8.4 | 0.136 | 15.6
tPLZ Propagation Delay, E to BPO — 5.7 | 3.6 — 6.5 — 78 | 7.6 — 140 | ns
tPHZ (Figures 2 and 4) gt:?igF — |59 28] — [s1] — [8a]78] — [144
tpzL 0.034 | 3.1 7.810.124| 145 |0.018| 3.8 | 10.8|0.136 | 20.0
tPZH 0.026| 2.2 | 58|0.108| 10.7|0.028| 3.2 | 9.1 |0.144| 16.8
tPLH Propagation Delay, BPIto B 0.4 1.4 129 20 5.3 0.4 26 | 44 2.6 8.0 ns
tPHL (Figure 1) CL=1 pF 04 | 15 |44] 20 | 82| 06 | 32 | 76| 32 | 140

*Gee Section 4 for minimum, typical, and maximum conditions.
**tp(total) =tp(CL=1 pF)+K(CL—1 pF), for the A output,
tp(total)=tp(CL=50 pF)+K(CL—50 pF), for the BPO output, for K in units of ns/pF. See Section 4.
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B02N+B02U*B02D

INPUT LOAD FACTORS
UL Input Unit Load Factors A 8.0

SWITCHING WAVEFORMS

— VDD
£ H50% \VE
\——— Vss
- |=trzL tLz> |
A, BPI E— R}?ED_
BPO 50%
10% ANCE
- |=tpzH tbHz > |-
BPO,B A
BPO 50% 0%
HIGH
Figure 1 IMPED-
ANCE
Figure 2
TEST POINT TEST POINT
CONNECT TO Ve WHEN
BPO BPO 1k TESTING tp_ 7z AND tpz.
DEVICE DEVICE CONNECT TO GND WHEN
UNDER UNDER TESTING tpHz AND tpzH.

TEST

:[: %y TEST :I: CL

*Includes all probe and jig capacitance. * Includes all probe and jig capacitance.

Figure 3. Test Circuit Figure 4. Test Circuit
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MOTOROLA

i TsE%mggl\Dlg}L\mTon -
BO3N

Inverting Bidirectional Buffer gggg

with CMOS Input Switching

Levels Coan E
Netlist Format: BPI/BPO A
$SUBU B0O3X

BPO B / E A BPI
Note: X = N, U, or D

Pin Names:
BPO /BPI—Bonding Pad Out/Bonding Pad In. This is a bidirectional input that is BOQO3U
treated as separate input and output signals for simulation purposes.
An | and O must be appended to the desired signal name in the net- BPI/BPO
list to give unique input and output signal names.
B—Input data to the internal array.
A—Output data from the internal array.
E—3-state enable signal from the internal array.

FUNCTION TABLE BO3D
E BPI A | B BPO Function BPI/BPO

L L/H X |H/L Z | Thepinfunctions as an input. Data from the internal array is
enabled and data from the BPI pin is enabled.

H L/H L/H|H/L L/H | The pin functions as an output, with data originating from the
internal array at point A. The data at point A appears at the
BPO output and at point B.

SWITCHING CHARACTERISTICS* (C_= as shown)

HCAG6200 Series HCA6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tve K** | Limit | K** | Limit Tve K** | Limit

tPLH Propagation Delay, A to BPO 0.026| 2.2 | 5.8)|0.108| 10.7 [0.028| 3.0 | 89 |0.144 | 164 | ns
tPHL (Figures 1 and 4) CL=50PF 5034 26 6.2 |0.124| 1156 |0.018| 3.0 | 8.4 | 0.136 | 15.6
tPLZ Propagation Delay, E to BPO — 5.7 | 3.5 — 6.5 — 7.8 7.6 — 14.0 | ns
tpz | (Figures2and 5’%:?"’&’; — |59 28] — |51 | — [ 84|78 — |14a
tpzL 0.034| 3.1 | 7.8|0.124| 145 |0.018| 3.8 | 10.8|0.136 | 20.0
tpZH 0.026 | 2.2 | 58(0.108| 10.7 { 0.028 | 3.2 9.1 [0.144 | 16.8
tPLH Propagation Delay, BPIto B 0.3 06 | 1.7 1.4 3.2 0.8 2.8 3.9 2.8 7.2 ns
tPHL (Figure 3) CL=1 pF 03 | 07 |1.7] 12 | 32| 06 | 24 | 35| 28 | 6.4

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total)=tp(CL=1 pF)+K(CL—1 pF), for the A output, tp(total)=tp(CL =50 pF)+K(C_—50 pF), for the BPO output,
for K in units of ns/pF. See Section 4.
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. INPUT-LOAD FACTORS

BO3N*B03U*B03D

IUL I‘nput Unit Load Factor \ A 8.0
: - E| 7.0

SWITCHING WAVEFORMS

‘ .y
£ Msox N 00

—/ Vs
—Vpp - |=tpzL tprz—»| |
A HIGH
IMPED=
Vss BPO 50% 6 ANCE
- tpzH tPHz > |-
BPO
BPO 50% 0%
HIGH
' IMPED=-
Figure 1 : ANCE
Figure 2

BPI

Figure 3

TEST POINT TEST POINT

CONNECT TO Vpp WHEN
, BPO BPO kO] TESTING tpz AND tpg.
DEVICE DEVICE CONNECT TO Vss WHEN
" UNDER UNDER TESTING tpHz AND tpzh.
TEST I c¥ TEST I C

*|ncludes all probe and jig capacitance. *|ncludes all probe and jig capacitance.

Figure 4. Test Circuit Figure 5. Test Circuit
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MOTOROLA

TECHNICAL DATA

Non-Inverting Bidirectional
Buffer with CMOS Input

Switching Levels

BO4N

SEMICONDUCTOR I

BO4N
B04U
B04D

E
Netlist Format: BPI/BPO < A
$SUBU B04X X
BPO B / E ABPI
B
Note: X = N, U, or D CP) >
Pin Names:
BPO /BPI—Bonding Pad Out/Bonding Pad In. This is a bidirectional input that is B0o4Uu E
treated as separate input and output signals for simulation purposes. 4 A
An | and O must be appended to the desired signal name in the net- BPI/BPO
list to give unique input and output signal names. X
B—Input data to the internal array.
A—Output data from the internal array. P > B
E—3-state enable signal from the internal array.
FUNCTION TABLE B04D E
E BPI A | B BPO Function 81,/BPO 4 A
L L/H X |L/H Z | The pin functions as an input. Data from the internal array is )X‘
enabled and data from the BPI pin is enabled.
.l' B
H L/H L/H|L/H L/H | The pin functions as an output, with data originating from the >
internal array at point A. The data at point A appears at the
BPO output and at point B.
SWITCHING CHARACTERISTICS* (C_= as shown)
HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min . Max Min . Max Unit
K** | Limit P K** | Limit | K** | Limit e K** | Limit
tPLH Propagation Delay, A to BPO 0.026 | 2.2 | 5.8|0.108| 10.7 |0.028| 3.0 | 89 [0.144| 164 | ns
tPHL (Figures 1and 3) CL=50PF "5 534 26 [6.2]0.124| 11.5 |0.018| 3.0 | 8.4 |0.136 | 15.6
tPLZ Propagation Delay, E to BPO — 5.7 | 35 — 6.5 — 78 | 7.6 — 140 | ns
tPHZ (RFL"’:”:e,f,f and 4) CL. =50 pF — [ s9 28] — [s1 ]| — [8a]78] — [144
tpzL 0.034| 3.1 | 78(0.124| 145 |0.018| 3.8 [ 10.8|0.136 | 20.0
tPzH 0.026 | 2.2 | 5.8|0.108| 10.7 | 0.028| 3.2 9.1 |10.144 | 16.8
tPLH Propagation Delay, BPIto B 0.4 08 |23 1.4 4.2 0.4 26 |- 45 24 8.4 ns
tPHL (Figures 1.and 3) CL =1 pF 04 | 09 24| 12 | 44| 04 |30 (50| 16 | 9.2

*See Section 4 for minimum, typical, and maximum conditions.

* *tp(total)=tp(CL=1 pF)+K(CL—1 pF), for the A output, tp(total)=tp(CL =50 pF)+K(C—50 pF), for the BPO output,

for K in units of ns/pF. See Section 4.

INPUT

LOAD FACTORS

UL

Input Unit Load Factors

A 8.0

E 7.0

MOTOROLA HCA6000DM/AD
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B04NeB04U*B04D

SWITCHING WAVEFORMS

‘ — VoD
£ Y50z \-
—/ \
- [|=tpz tprz»| |-
HIGH
A, BP! IMPED-
BPO 50% ANCE
10% °
> - tpzH tpHz > |-
BPO, B
BPO 50% 0%
HIGH
Figure 1 IMPED-
ANCE
Figure 2
TEST POINT TEST POINT

CONNECT TO Ve WHEN
BPO BPO 1kQ | 1ESTING tp 7 AND tpz|.
DEVICE DEVICE CONNECT TO GND WHEN
UNDER UNDER TESTING tpHz AND tpzH.
TEST I cL* TEST I CL*

* Includes all probe and jig cdpocitonce. * Includes all probe and jig capacitance.

Figure 3. Test Circuit Figure 4. Test Circuit
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MOTOROLA

_ ?E%pilll\l‘gA? ll\Jl.ol?r'AJCTOR -
BO5N

Non-Inverting Bidirectional gggg

Buffer with Schmitt Trigger
Switching Levels Coen

Netlist Format: BPI/BPO
$SUBU BO5X
BPO B / E ABPI
Note: X = N, U, or D

Pin Names:
BPO /BPI—Bonding Pad Out/Bonding Pad In. This is a bidirectional input that is
treated as separate input and output signals for simulation purposes. BO5U
An | and O must be appended to the desired signal name in the net-
list to give unique input and output signal names. BPI/BPO
B—Input data to the internal array.
A—Output data from the internal array.
E—3-state enable signal from the internal array.

FUNCTION TABLE

E BPI A B BPO Function BO5D

L L/H X |L/H Z |Thepinfunctions as aninput. Data from the internal array is BPI/BPO
enabled and data from the BPI pin is enabled.

H L/H L/H|L/H L/H | The pin functions as an output, with data originating from the
internal array at point A. The data at point A appears at the
BPO output and at point B.

ELECTRICAL CHARACTERISTICS (Vpp=4.5105.5V DC, TA= —40°C to +85°C)

HCAG6200 Series HCAG6300 Series
Symbol Parameter 2-Micron HCMOS 3-Micron HCMOS Unit
Min Max Min Max
VT+ Positive-Going 3.2 3.4 3.1 3.4 \
Threshold Voltage
VT- Negative-Going 0.8 1.1 0.7 1.1 \
Threshold Voltage
VH Hysteresis Voltage 2.1 2.6 2.0 2.7 \

MOTOROLA HCA6000DM/AD
1-9



BO5N*B05U*B05D

_SWITCHING CHARACTERISTICS*  (CL=as shown)

HCA6200 Series

HCAG6300 Series

2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tve | K** | Limit | K** | Limit Tve K** | Limit
tPLH Propagation Delay, A to BPO 0.026| 2.2 |58 |0.108| 10.7 |0.028| 3.0 | 89 [0.144| 16.4 | ns
L | (igures1and3)CL=50pF 5530 56 [ 6.2 |0.124| 115 | 0.018| 3.0 | 8.4 |0.136 | 15.6
tPLZ Propagation Delay, E to BPO — 5.7 | 3.5 — 6.5 — 7.8 7.6 — 140 | ns
tPHZ (Figures 2 and 4) g"::??(?f — | s9l28] — [s51 ]| — | 84|78 — |144
tpzL 0.034| 3.1 | 7.8 |0.124| 145 0.018| 3.8 | 10.8|0.136 | 20.0
tPZH 0.026 | 2.2 | 5.8 |0.108| 10.7 | 0.028| 3.2 | 9.1 | 0.144 | 16.8
tPLH Propagation Delay, BPlto B 0.4 1.3 |34 1.6 6.2 0.6 4.2 | 6.7 24 124 | ns
tPHL (Figure 1) CL=50 pF 04 |29 |85| 18 |[158] 06 | 7.4 [165| 2.8 | 304

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total)=tp(CL=1 pF)+K(CL—1 pF), for the A output,
tp(total)=tp(CL=50 pF)+K(C|_—50 pF), for the BPO output, for K in units of ns/pF. See Section 4.

INPUT LOAD FACTORS

UL Input Unit Load Factors A 8.0
E 7.0
SWITCHING WAVEFORMS
— Vpp
Y507
- Vss
-] tpzL tpLz = |
—
BPO 50% / ANCE
. 10%
- |=tpzH tpHz —>| -
BPO, B
BPO 50% J0% ’
HIGH
Figure 1 IMPED=
. ANCE
Figure 2
TEST POINT TEST POINT
' CONNECT TO Vpp WHEN
BPO BPO k&) 1ESTING tpLz AND tpy.
DEVICE DEVICE CONNECT TO Vgs WHEN
UNDER UNDER TESTING tpHz AND tpzh.
TEST I o* TEST I c*

*|ncludes all probe and jig capacitance.

Figure 3. Test Circuit

Figure

*Includes all probe and jig capacitance.

4. Test Circuit

MOTOROLA HCA6000DM/AD
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MOTOROLA

_ "TSEECM\III((::A? ll\)lngCTOR -
YO1N

Non-Inverting Output Buffer

Netlist Format:
$SUBU YO1N
BPO / A

Pin Names:
BPO—Bonding Pad Output
A—Output Data from the Internal Array

A ———[>—|ZBPO

BPO=A
[X] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (CL=50 pF on all outputs)

HCA6200 Series HCA6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tve K** | Limit | K** | Limit Tve K** | Limit
tPLH Propagation Delay, A to BPO 0.024| 2.2 {560.108| 10.3]0.032| 2.8 {82 |0.152| 15.6 | ns
tPHL (Figures 1 and 2) 0.032| 25 |5.9|0.124| 109 |0.028| 2.8 | 6.7|0.120| 13.6

*See Section 4 for minimum, typical, and maximum conditions.
* *p(total) = tp(CL.=50 pF)+K(CL—50 pF), for K in units of ns/pF. See Section 4.

INPUT LOAD FACTORS
I IUL l Input Unit Load Factors—A | 8.0 I

SWITCHING WAVEFORMS

TEST POINT
A BPO
DEVICE
UNDER
TEST oL*
BPO '

Figure 1

* Includes all probe and jig capacitance.

Figure 2

MOTOROLA HCA6000DM/AD
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MOTOROLA

?E%m\ll'gl\OLI\DlErlAlCTOR I
YO2N

Open Drain Output Buffer
. o e eeo
NestlésLtj E::Sr?g;N FUNCTION TABLE A _{>o_|3

Input A | Output BPO

BPO / A - -
Pin Names: R z - EXTERNAL PAD

BPO—Bonding Pad Output
A—Input data from the internal
array

Z = High Impedance

SWITCHING CHARACTERISTICS* (CL=50 pF on all outputs)

HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
* % ——1 Tvp * % imi * 3% —1Typ * P
K Limit K Limit | K Limit K** | Limit
tpLZz Propagation Delay, — 53 |24 — 4.4 — 6.4 | 5.7 — 11.2 ] ns
tPzL (Figures 1, 2, and 3) 0.034| 2.3 |55 0.132| 10.1 |0.028| 2.6 | 9.7 |0.128] 12.4

*See Section 4 for minimum, typical, and maximum conditions.
* ¥p(total) =tp(@50 pF)+K(C|—50 pF), for K in units of ns/pF. See Section 4.

INPUT LOAD FACTORS
| UL I Input Unit Load Factors—A I 8.0 I

SWITCHING WAVEFORMS

Voo TEST POINT
' - DEVICE BPO
—ss UNDER o
Sl R CER i TEST L
HIGH T
IMPED- —
o0 °0% 107  ANCE *Includes all probe and jig capacitance.
Figure 1 Figure 2. Test Circuit
\
gro | KO -
DEVICE
UNDER o
TEST I

* Includes all probe and jig capacitance.

Figure 3

MOTOROLA HCA6000DM/AD
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MOTOROLA

i SEMICONDUCTOR
TECHNICAL DATA

Non-Inverting Input Buffer with 101D
TTL Input Switching Levels

Netlist Format: 101N

$SUBU 101X -

A / BPI . - »
Note: X=N, U or D D) > A
Pin Names: 101U

BPI—Bonding Pad Input. -

A—Input data to the internal array. () ’ A

101D
BPI
-G >

= INPUT PROTECTION

DX] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (C_ =1 pF on all outputs)

HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tye K** | Limit | K** | Limit Tvp K** | Limit
tPLH Propagation Delay, BPIto A 0.5 156 {30 20| 65 | 05| 27 |51 26| 82 ns
tPHL (Figure 1) 05| 16 |45| 20| 84 |06 | 32 |77 32140

*See Section 4 for minimum, typical, and maximum conditions.
*¥tp(total)=tp(CL=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
‘- ?E%M\l‘ggggk'c-ro“ —
| 102N

Invertmg Input Buffer with T :ggg

CMOS Input Switching Levels o
Mot P B>

A / BPI

Note: X = N, U, or D 102u
Pin Names: BPI
BPI—Bonding Pad Input. 7 o—A
A—Input data to the internal array. ) >
102D
BPI
PGP o

- INPUT PROTECTION

[X] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (C_L=1 pF onall outputs)

HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Umt
. - Typ . - * * . . Typ ** - .
K** | Limit K** | Limit | K Limit K Limit
tPLH Propagation Delay, BPIto A 04| 08 |18| 14| 34|08 28 |48| 28| 7.2 ns
tPHL (Figure 1) 04]| 08 18|13 34 |06 24 |34]| 28] 6.4

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total)=tp(CL="1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA

# SEMICONDUCTOR
TECHNICAL DATA

Non-Inverting Input Buffer with 103D
CMOS Input Switching Levels 103N

Netlist Format: BP!

$SUBU 103X DR—CP— >
A / BPI
Note: X=N, U, or D 103U

Pin Names:
BPI—Bonding Pad Input. <P > A

A—Input data to the internal array.
X4 >—4

- INPUT PROTECTION

[X] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (CL=1 pF on all outputs)

HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
— Typ * - PSR I Typ PP
K** | Limit K** | Limit | K Limit K Limit
tPLH Propagation Delay, BPI to A 0.3 10 (24|14 | 44 |04 | 26 (46| 24 | 84 ns
tPHL (Figure 1) 04| 10 |24| 13| 45 |04 | 30 |55] 16| 9.2

*See Section 4 for minimum, typical, and maximum conditions.
**tp(total)=tp(CL=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA 4 R

|| ?E%M\lllg/& II\DIB_ECTOR S S
| 105N

‘Non-Inverting Input Buffer with | :ggg

Schmitt Trigger Switching Levels

IO5N
Netlist Format: . 8Pl
$SUBU 105X DI—CP—7>— 4
A / BPI
Note: X=N, U, or D
105U
Pin Names: BPI ‘
BPI—Bonding Pad Input. @D b A
A—Input data to the internal array. '°5B',§’,
XG4 2>—A

- INPUT PROTECTION

- EXTERNAL PAD

ELECTRICAL CHARACTERISTICS (Vpp=4.5105.5V, TA= —40° to +85°C)

HCAG6200 Series HCA6300 Series
Symbol Parameter 2-Micron HCMOS 3-Micron HCMOS Unit
Min Max Min Max
VT + Positive-Going Threshold Voltage 3.2 3.4 3.1 3.4 \%
VT- Negative-Going Threshold Voitage 0.8 1.1 0.7 1.1 \%
VH Hysteresis Voltage 2.1 2.6 2.0 2.7 \%
SWITCHING CHARACTERISTICS* (CL_=1 pF on all outputs)
HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
k% | piai Typ *% | i *% | gimi Typ *% | pim:
K Limit K Limit | K Limit K Limit
tPLH Propagation Delay, BPIto A 04| 14 |35| 16| 65 | 06| 42 | 6.7 | 24 |124 | ns
tPHL (Figure 1) 04| 32 |86|18|160| 06| 7.4 |164| 2.8 | 304

*See Section 4 for minimum, typical, and maximum conditions.
**tp(total)=tp(CL=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA

I SEMICONDUCTOR
TECHNICAL DATA

Non-Inverting Input Clock 106D
Buffer with Schmitt Trigger

= - 106N

Switching Levels o
DI D—>— A

Netlist Format:

$SUBU 106X 106U

A / BPI BP!I
Note: X = N, U or D P-4

Pin Names: 106D

BPlI —Bonding Pad Input. BPI
A—Input data to the internal >XHCiP) b A

array.

— INPUT PROTECTION

X] — EXTERNAL PAD

ELECTRICAL CHARACTERISTICS (Vpp=4.5105.5 Vdc, TA= —40° to +85°C)

HCA6200 Series HCA6300 Series
Symbol Parameter 2-Micron HCMOS 3-Micron HCMOS Unit
Min Max Min Max
VT+ Positive-Going Threshold Voltage 3.2 3.4 3.1 3.4 \Y
VT-— Negative-Going Threshold Voltage 0.8 1.1 0.7 1.1 Y
VH Hysteresis Voltage 2.1 2.6 2.0 2.7 \Y

SWITCHING CHARACTERISTICS* (C_=as shown)

HCA6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tve K** | Limit | K** | Limit Tve K** | Limit
tPLH Propagation Delay, BPIto A 0.026 | 2.1 5.8 10.109]| 10.80.028| 44 [11.0[0.136] 19.3 | ns
tPHL (Figure 1) CL=15pF "5 034 3.7 | 1080120 20.0 | 0.028| 7.2 | 19.5 | 0.140 | 36.4

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total)=tp(CL=15 pF)+K(CL— 15 pF), for K in units of ns/pF. See Section 4.

MOTOROLA HCA6000DM/AD
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106N *106U*106D

SWITCHING WAVEFORMS

— VDD

Vss

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA

| TsE%m\lllgpgll\)lglAJCTon |
107N

Inverting Input Clock Buffer :g;g

with CMOS Input
Switching Levels

Netlist Format: BPI
$SUBU 107X PP )— >o—4
A / BPI

Note: X=N, U, or D

107U

Pin Names: BPI
BPI —Bonding Pad Input. 4 o—A

A—Input data to the internal ) >

array. 107N-2

107D

BPI
P rg{ >o—4

~INPUT PROTECTION

— EXTERNAL PAD

SWITCHING CHARACTERISTICS* (CL=15 pF on all outputs)

HCA6200 Series HCA6300 Series
, 2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit e K** | Limit | K** | Limit Tve K** | Limit
tPLH Propagation Delay, BPIto A 0.029| 1.1 | 20]|0.111| 3.7 |0.032| 26 |42 (0.144| 7.0 ns
tPHL (Figure 1) CL=15pF  T5031| 1.4 |22]0.123| 4.1 |0.024| 26 |6.3]0.120] 638

*See Section 4 for minimum, typical, and maximum conditions.
**tp(total)=tp(CL.=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

‘'MOTOROLA HCA6000DM/AD
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MOTOROLA |
[ ?E%M\III((::IRII\)'BECTOR -
108N

Non-Inverting Input Clock Buffer :ggg

with CMOS Switching Levels

Netlist Format: Pin Names: BPI
$SUBU 108N BPI—Bonding Pad Input. 108N ﬂ A
A / BPI A—Input data to the internal array. X >

Note: X=N, Uor D
108U X7

>—
108D [X—(7) >—A

- INPUT PROTECTION

[X] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (CL_=15 pF on all outputs)

HCA6200 Series HCA6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
> T Ty P E—— r T | Y T
K* Limit K* Limit | K Limit K Limit
tPLH Propagation Delay, BPIto A 0.026f 1.2 | 29(0.111| 53 |0.024| 28 | 6.1 (0.136| 9.8 ns
1PHL (Figure 1) CL=15 pF 0034| 12 | 28|0126| 51 |0028] 2.4 |52 |0.136| 9.4

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total) =tp(CL=15 pF)+K(CL—15 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
| TsEECII}I’II\IllgAOL IgngCTOR |
109N

Oscillator with Clock Buffer

Netlist Format:

$SUBU I09N
BP2 A / BP1
Pin Names:
BP1—Bonding pad input. = INPUT PROTECTION
BP2—Bonding pad output.
A—Input data to the internal array. X] - EXTERNAL PAD

*Requires two uncommitted buffer locations.

SWITCHING CHARACTERISTICS* (C|=as noted)

HCA6200 Series HCA6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
wx L] TP % | paos wx ] TP PP
K Limit K Limit | K Limit K Limit
tPLH Propagation Delay, BP1 to BP2 0.024| 2.2 |44 |0.096| 8.2 |0.028| 2.8 6.4 | 0.112| 11.8 | ns
tPHL (Figure 1) CL=50pPF 0032 28 |50|0128| 92 |0.028| 28 | 57 |0.128 | 10.6
tpLH | Propagation Delay, BP1 to A 0028 38 | 82]0114| 152 |0.028| 48 | 12.0]0.149] 22.2 | ns
tPHL (Figure 1) CL=15pF "5 028 42 | 8.4 |0126| 155 |0.028| 4.6 | 10.8|0.132 | 20.0

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total) =tp(CL=15 pF)+K(CL—15 pF), for output A, tp(total)=tp(CL="50 pF)+K(CL—50 pF), for output BP2. See Section 4.

SWITCHING WAVEFORMS

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
'Hl SEMICONDUCTOR I —
TECHNICAL DATA " 110N

Non-Inverting Clock Driver with S ”83

TTL Input Switching Levels

110N
Netlist Format: BRI .
$SUBU 110X SA—(C 1P ) A
A / BPI a >
Note: X=N, U or D f1on-1
Pin Names: 110U
BPI—Bonding Pad Input. 8P|
A—Input data to the internal (7)) > A
array.
110N-2
110D
BPI
DG4 >— 4

= INPUT PROTECTION

X] - EXTERNAL PAD

SWITCHING CHARACTERISTICS* (C=as shown)

HCAG6200 Series HCAG6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
K** | Limit Tve K** | Limit | K** [ Limit Tve K** | Limit
tPLH Propagation Delay, BPIto A 0.017| 2.1 | 5.1[0.074| 9.4 |0.029| 2.6 8.6 [0.154| 16.0 | ns
tPHL (Figure 1) CL=15 pF 0.020| 2.1 | 6.2]0.086| 11.40.017| 3.0 | 10.8[0.131 | 20.0

*See Section 4 for minimum, typical, and maximum conditions.
* *tp(total) =tp(CL=15 pF)+K (CL—15 pF), for K in units of ns/pF. See Section 4.

SWITCHING WAVEFORMS

BPI

“ Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
B SEMICONDUCTOR i —
C001

Triple 2-Input NAND Gate

(1/3 OF MACROCELL)
Pri Cells: 1 A—]
Py el L P

$SUBU CO001 C=AB
C1 C2 C3 / A1 B1 A2 B2 A3 B3

SWITCHING CHARACTERISTICS™* (CL=1 pFon all outputs)

HCA6200 Series HCA6300 Series
. 2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
e ] Typ * - x| 1 Typ PP
K Limit K** | Limit | K Limit K Limit
tPLH Propagation Delay, A, Bto C 04| 06 |[16]| 18] 30 ] 05 1.0 [25| 25| 46 ns
tPHL (Figure 1) 08| 10 |27] 34|50 07|12 |32 36] 60

*See Section 4 for minimum, typical, and maximum conditions.
**tp(total)=tp(CL=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

INPUT LOAD FACTORS
| 1UL I Input Unit Load Factors—A, B [ 1.0 I

SWITCHING WAVEFORMS

VpD

—Vss

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
EE SEMICONDUCTOR I ——
| | co02

Dual 3-|nput NAND Gate ‘ (1/2 OF MACROCELL)
Primary Cells: 1 %E:DO—D

Netlist Format:
$SUBU C002 D = AB-C
D1 D2 / A1 B1C1 A2B2C2

SWITCHING CHARACTERISTICS* (C_=1 pF on all outputs)

HCAG6200 Series HCA6300 Series
2-Micron HCMOS 3-Micron HCMOS
Symbol Parameter Min Max Min Max Unit
ar T Typ — ——| Typ —
K** | Limit K** | Limit | K** | Limit K** | Limit
tPLH Propagation Delay, 04| 06 (1712 32 |06 1.2 |28| 24| 52 | ns
tPHL (Figure 1) 10| 16 |38| 48| 74 | 10| 20 |56 5.2 | 104

*See Section 4 for minimum, typical, and maximum conditions.
**tp(total)=tp(C|_=1 pF)+K(CL—1 pF), for K in units of ns/pF. See Section 4.

INPUT LOAD FACTORS
| UL | Input Unit Load Factors—A, B, C | 1.0 |

SWITCHING WAVEFORMS

A,B,C

Figure 1

MOTOROLA HCA6000DM/AD
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MOTOROLA
SEMICONDUCTO R | ——
co003

Dual 2-Input NAND/AND Gate

(1/2 OF MACROCELL)

Primary Cells: 1 A_'\}C
Netlist Format: B— D*
$SU<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>