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Section 1

1. Introduction

Die extraction is defined as removing the silicon die from a packaged integrated circuit (IC) device. Figure 1 below best
illustrates the three main structures within an IC: the silicon die, the package leadframe, and the outer plastic

encapsulation. In some cases, the silicon die can be housed, or encapsulated, within a ceramic package body although
the main components are similar.

Bonded Gold Wire Solid Molded
Connects Chip
to Lead Frame

Integrated /
\ Circuit Chip |
T

Epoxy Package
/

Figure 1 - Plastic Encapsulated Microcircuit (PEM)

Reassembly is defined as the process of taking an extracted die, now similar to a component diced from a wafer

manufactured by the original component manufacture (OCM), and assembling it into a new package substrate such as in
Figure 2 below.

Extracted
Die
Multi (hlp
Module

Donor IC
Device

Ceramic

COFP
Ceramic Q

Flatpack

PQFP

Figure 2 — Extracted Die Reassembled Into Various Packages/Applications

Die extraction and reassembly has been performed commercially by DPA Components International (DPACI) in low
volumes (tens to hundreds of components per year) since 1995. However, in 2010, Global Circuit Innovations (GCI)
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developed an economical, high-volume method using a combination of mechanical and chemical processing to remove
thousands of components per year to environmentally harden OCM plastic devices for high temperature applications
within the oil and gas exploration industry. It was this commercial application which drove the demand for tens of
thousands of IC’s annually to be extracted and reassembled. GCI realized that this same die extraction and reassembly
technology could also provide low-cost IC obsolescence solutions versus very costly redesigns for older DoD electronic
systems and introduced this technology (now DER™) to the DMSMS community at the DMSMS conference in 2011.
At the time, the F-16 SPO (Jeffrey Sillart) was in attendance and realized that this technology could benefit the Air
Force, among other DoD organizations. Cost savings with the DER™ technology would average at least $1M per
avoided line replacement unit (LRU) redesign, with some programs benefitting by as much as $15M - $20M by avoiding
complete system redesign.

Over the following 5 years, Jeff Sillart continued to promote and educate the Air Force, particularly the Air Force
Research Laboratory (AFRL) Directorate at Wright Patterson Air Force Base (WPAFB). With sufficient interest, the
AFRL was able to financially support a die extraction and reassembly study for both DPACI and GCI that included
qualification of several IC part types to MIL-STDS883, as well as a thorough variability analysis of all electrical
parameters (as measured from the original OCM device baseline relative to the extracted and reassembled part following
dynamic burn-in and dynamic life test for thousands of hours at 125°C). A full list of these parameters for the parts used
within GCT’s portion of the study (also termed ‘AFRL Lab Effort’) can be found within Appendices VII and VII below.

The basis of the study was to determine if the die extraction and reassembly processing technology within either
company, or both, was sufficient to not only produce military grade parts capable of passing the stringent MIL-STD883
qualification testing, but also indicate minimal shifting in key electrical performance parameters. GCI chose two devices
for this study: 1.) a low pin count, 28-pin, AT28C64B (64K Bit EEPROM), and 2.) a higher pin count, 144-pin, Xilinx
XC4013XL (13,000 Gate FPGA). The datasheets can be found in Appendices XVI and XVII for the Atmel and Xilinx
devices, respectively.

2. Summary
For GCT’s portion of the AFRL Lab Effort, a conventional die extraction and reassembly process was employed which

uses a bond on ball process similar to what is seen below for the bonds noted in purple dots within Figure 3. JM7000 die
attach material was used in all cases (see Appendix IV for a IM7000 material datasheet).

New Bond Mapping Options Available for Sar

Multiple Chip Configurations
for the Same Die Can be
Achieved with Optional
Bondouts

Note Four (4) Bond Options:
Originally Non-Bonded Pad

Still Not Bonded

Originally Non-Bonded Pad
Now Bonded

@ Previously Bonded Pad
Now Not Bonded

@ Previously Bonded Pad
With a New Compound Bond

Figure 3 — Bonding Options for Conventional DER™ Processing

These bonds are referred to as compound bonds since there are new bonds over the existing ball bonds and represent the
type of bonding for every pad on every part within this study. The remnant bonds, which are left following manual bond
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wire removal, can be seen in yellow within Figure 3. For comparison, new bonds on previously non-bonded pads are
represented in green within Figure 3.

Approximately 200 — 225 devices of each type were purchased from a franchised distributor (Rochester Electronics)
with approximately 10 devices of each type used for process development/optimization, which is typical of any new
device that has not been previously extracted and/or reassembled. The final number of devices produced and tested
through the various electrical stages is summarized in Table 1 below.

AT2BC648
Plastic Starts Baselined Ceramic Parts Shipped  Ceramic Passing  Ceramic Passing Ceramic Passing Ceramic Passing Ceramic Passing Ceramic Passing Ceramic Passing
and Processed with DER™ to Test House at 0 Hour at 168 Hour at 500 Hour &t 1000 Hour at 1500 Hour 2t 2000 Hour at 4000 Hour
200 178 177 176* 48 48 48 a8 43
* 1 Device Falled  Other Devices
Due to ESD Pulied for Group
See Attached 8,C,D Testing
F.A. Report
XC4013XL
Plastic Starts Basalined Coramic Parts Shipped  Coramic Passing  Coramic Passing Ceramic Passing Ceramic Passing Coramic Passing Ceramic Passing
and Processed with DER™ to Test House at 0 Hour at 168 Hour at 500 Hour at 1000 Hour at 1500 Mour at 2000 Hour
225 145 119 119 48 a8 48 48

Table 1 — Number of Devices Tested Through Various Electrical Stages for AT28C64B and XC4013XL Product

As seen in Table 1, there was one AT28C64B device, which failed following 168 Hours of Burn-In, but was determined
to be a result of an electrical static discharge event (ESD). A copy of this report is contained within Appendix V. Other
notes of interest include the DER™ yield for the AT28C64B from plastic to ceramic was ~90%, but only 53% for the
XC4018XL devices. The main reason for this high yield loss on the XC4013XL was the poor interface seen between the
gold ball bond and aluminum pad for the initial OCM bonding in conjunction with the much higher bond pad count.
Since this study was initiated, GCI has optimized a DEER™ process, which is identical to the DER™ technology, with
the exception that the original gold remnant balls are chemically removed and the underlying aluminum pad is
reconditioned, thereby alleviating any issue which might be present in the original bonding interface.

- : .
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Figure 4 — Socket Biasing and Pin/Signal Mapping for the AT28C64B Sockets

Electrical stressing for the AT28C64B device was performed at 125°C for both the 168 hour Burn-In, as well as the
follow-on life-testing to 4000 hours (also at 125°C). As mentioned in previous CDRL summaries, the maximum number
of write/erase cycles (100,000) was also experienced by all AT28C64B parts tested to 4000 hours by programming 5
different 20,000 cycles at 168 Hour testing, 500 Hour testing, 1000 Hour testing, 2000 Hour testing, and 4000 Hour
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testing. These cycles were completed at 125°C to maximize stress to the DER™ devices. Burn-In and Life-Testing
schematic configuration for the AT28C64B devices can be found in Figure 4 and Appendix I (with switching circuitry to
create dynamic test conditions) where it can be seen that the applied clock of 1 KHz provides continuous reads of
multiple bits by toggling the address pins. The device loading for the outputs is 10 Kohm to draw 0.5 mA of current load
on the devices. A greater load could have been created, although since there were no control units used within the study,
dynamic loading and switching was kept at minimal levels to ensure overstressing would not be an issue. VOL and
VOH data (voltage levels of the outputs for “0” and “1” conditions, respectively), while under datasheet prescribed loads
indicates no shift in output performance, even at 4000 hours of dynamic switching at 125°C.

......

XILINX FPGA

B XCan1xL

SEUCSITIRUSY ISR InRaSy e |

SESSUSE LS

[T XCo023XE Burn dw and L ("Fu?’

Figure 5 — Socket Biasing and Pin/Signal Mapping for the XC4013XL Sockets
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Appendix VI represents the qualification test flow followed by GCI to satisfy the equivalent MIL-STD 883 test
conditions. The AT28C64B devices passed all testing within Groups A, B, C, and D, and therefore can now be
considered a qualified part to the required MIL-STD 883 test conditions.

As mentioned earlier, although there was a significant yield loss experienced between the PO and CO XC4013XL devices
due to inadequate gold ball/aluminum interface issues, no subsequent failures were observed for the C0, C500, C1000,
C1500, and C2000 test points. To exercise programming functions on the XC4013XL device, all devices at the burn-in
and life-test level were programmed at 125°C to configure them for proper Burn-In and Life-Testing. In this manner,
two distinct logic paths were generated to continuously propagate signals from inputs to outputs at 125°C. Figure 5 and
Appendices II and III (with switching circuitry) illustrate the schematics used to bias and dynamically test the
XC4013XL devices during Burn-In and Life-Testing. Output loads were 4.7 Kohm to roughly draw 0.765 mA from the
outputs during cycling at 1 KHz.

With respect to MIL-STD 883 testing for the XC4013XL device, all electrical lead integrity testing passed, although
constant acceleration and Group D testing indicated a weakness in the lid attach process (low-temperature sealing glass)
for the package, lid, and lid sealing material chosen. Subsequent conversations with Kyocera (package, lid, and lid
attach material manufacturer), it became apparent that Kyocera’s low-temperature sealing glass was never qualified to
MIL-STD 883 testing, and should not have been chosen for this study. Kyocera’s 144-pin, ceramic package with a
Kovar sealing ring, Kovar lid, and gold/tin (Au/Sn) solder has passed Group D and Constant Acceleration testing in the
past and should have been selected for this study.

The final Variability Analyses associated with both the AT28C64B and XC4013XL devices can be found in Appendices
X -XV.

3. Conclusions

In support of GCI’s DER™ process, it can be consistently seen that there is actually more variability in the test
repeatability itself (performed at Criteria Test Labs in Austin, TX) than any drift which might occur due to exposing the
devices to the die extraction and reassembly process. Variability Analyses within Appendices X and XI best illustrate
this phenomena as well as to show that any test repeatability and/or downstream variability still guarantees a very large
relative margin from the upper or lower specification limits for input leakage and output drive conditions.

Quiescent (Standby) IDD is the most sensitive test for any type of potential contamination (ionic, corrosion, moisture)
and shows incredible stability for both product types (AT28C64B and XC4013XL) across thousands of hours of +125°C
dynamic life-testing.

Only the speed propagation test for the XC4013XL indicates tighter than desired performance relative to the upper
specification limit, but this was seen for the incoming plastic devices as well, and most likely is a non-optimized signal
path for test set-up conditions.

The only change that should be recommended to this process flow to produce a higher quality device is the package, lid,
and lid attach material selection for future qualification of the 144-pin device (in this case, the XC4013XL). However,
from a DER™ perspective, the process seems very capable and reliable for this device and should not cause concern for
future qualification of DER™ solutions for otherwise obsolete IC components.
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4. Appendices

Appendix [

s

Citters Lads

Title: AT28C648 Burn~In

| feve REVC

Criteria Labs Dynamic Burn-In Board Configuration for GCI28C64B (originally AT28C64B)
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Appendix II

Dynamic Burn In Test (160 Hours)
Life Test (2000 hours)
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Criteria Labs Dynamic Burn-In Board Dynamic Signal Generation for GCI4013XL/XC4013XL
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Appendix 11

......

XILINX FPGA -t

XC401IXL s

-

1 XC402AXE Burn dw and Life Text Criteri

Criteria Labs Dynamic Burn-In Board Configuration for GCI4013XL/XC4013XL

Criteria Labs Dynamic Burn-In Board Configuration for GCI4013XL (originally XC4013XL) Dynamic
Signals 1 — 7 are generated within the Schematic of Appendix V and Toggle the Device According to
Appendix VI. All Output Pins Toggled/Driven by the GCI4013XL Device are Loaded with 4.7K
Resistors. Four Test Points Monitor Effective Programming of the Device and Continuous Propagation
of Signals within the Program Path.
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Appendix IV

Die Bonding Material Supply Data Sheet

Technical Data Sheet

Ablestik ABLEBOND JM7000

August 2010

PRODUCT DESCRIPTION Glass Transition Temperature (Tg) by TMA, °C 240
ABLEBOND JM7000 provides the following  product Bulk Thermal Conductivity, :
characteristics: @ 90°C, W/mK 1.1
Technology Cyanate Ester @ 165°C, W/mK 1.0
Appearance Silver Tensile Modulus, DMTA , MPa:
Cure Heat cure Cured 30 minutes @ 300°C 10,000
Filler Type Silver . a R
Product Benefits « Excellent adhesion Extractlable loniciContenti@R00C ppm:
L . K . Chloride (Cl-) <10
* Low moisture in cavity .
« Low weight loss during cure St (NEv) <
Potassium (K+) <15

« Low ionic impurities
« High reliability

+ Minimal voiding Decomposition (in N2):

+ Electrically conductive TGA analysis @ 10°C/ minute ramp from 25 to 400°C

« Thermally conductive @ 340°C, % 0.2
Application Die attach @ 400°C, % 0.3
Substrates Alumina, Gold plated alumina and Heat

sinks Electrical Properties:
Typical Package VLS| packages, Solder sealed ceramic Volume Resistivity, ohms-cm <0.01
Application packages and Solder sealed hermetic

packaging

ABLEBOND JM7000 die attach adhesive has been formulated TYPICAL PERFORMANCE OF CURED MATERIAL

for use in high throughput die attach applications. This material Die Shear Strength:
has been u§ed successfully on rigid substrates with die sizes 2 X 2 mm Si die, kg-f,
up to 700 mils. cured 20 minutes @ 150°C
ABLEBOND JM7000 has been approved by DESC and Rome Stbstiate DSS
Laboratory for military products. Ag/CuLF 25
TYPICAL PROPERTIES OF UNCURED MATERIAL Tensile fggng_th : S
Viscosity, HAAKE RV-20 Rotoviscometer, 9,000 curediSUminutesie) pUIE
1° cone @ 22 sec’, cP After Cure After 1000 TC'C"
Work Life @ 25°C, hours 8to 16 >17 >17
Shelf Life @ -40°C (from date of manufacture), year 1

Radius of Curvature:
Si die on Alumina, meters

TYPICAL CURING PERFORMANCE cured 30 minutes @ 300°C
Cure Schedule Chip Size: ROC
30 minutes @ 150°C P 1'5 = >5
X mm

The above cure profiles are guideline recommendations. Cure

conditions (time and temperature) may vary based on customers'

experience and their application requirements, as well as customer

curing equipment, oven loading and actual oven temperatures.
GENERAL INFORMATION
For safe handling information on this product, consult the
Material Safety Data Sheet, (MSDS).

TYPICAL PROPERTIES OF CURED MATERIAL
Physical Properties:
Coefficient of Thermal Expansion :
Below Tg, ppm/°C 33

Global Circuit Innovations Confidential Page 13 12/31/2017



TDS ABLEBOND JM7000, August 2010

THAWING:

1. Allow container to reach room temperature before use.

2. After removing from the freezer, set the syringes to stand
vertically while thawing.

3. Refer to the Syringe Thaw time chart for the thaw time
recommendation.

4. DO NOT open the container before contents reach 25°C
temperature. Any moisture that collects on the thawed
container should be removed prior to opening the
container.

5. DO NOT re-freeze. Once thawed to -40°C, the adhesive
should not be re-frozen.

6. ABLEBOND JM7000 is non-seperating and is resistant to
settling so jar rolling is not required.

30
3cc 10cc 30cc

o 207 1cc =
°. 10 / 7>
o
©
g .10 /7
=%
£ /
o 20+
- ’ /

-30 r

-40F

0 10 20 30 40 50
Syringe Thaw Time, Minutes
DIRECTIONS FOR USE

1. Thawed adhesive should be immediately placed on
dispense equipment for use.

2. If the adhesive is transferred to a final dispensing
reservoir, care must be exercised to avoid entrapment of
contaminants and/or air into the adhesive.

3. Apply enough adhesive to achieve a 25to 38 pm
wet bondline thickness, dispensed with approximately 25
to 50 % filleting on all sides of the die.

4. Alternate dispense amounts may be used depending on
the application requirements.

5. ABLEBOND JM7000 adhesive  exhibits  minimum
shrinkage during cure, consequently the wet and fired
bond line is equivalent.

6. Increase bondline thickness may increase electrical

CURING GUIDELINES

Suggested temperature cures are from 150to 350°. For
applications requiring higher electrical conductivity, a cure
cycle at 300°C for 15 minutes is recommended. Product
properties generally will not be reduced by subsequent post die
attach thermal exposure, i.e., wire bond, and/or lid seal up to
370°C.

Acceptable curing equipment for ABLEBOND JM7000
adhesive includes box ovens, heater tunnels, heater rails and
belt furnaces. Curing in clean dry air atmosphere is
recommended.

Not for product specifications

The technical data contained herein are intended as reference
only. Please contact your local quality department for
assistance and recommendations on specifications for this
product.

Storage

Store product in the unopened container in a dry location.
Storage information may be indicated on the product container
labeling.

Optimal Storage: -40 °C. Storage below minus (-)40 °C or
greater than minus (-)40 °C can adversely affect product
properties.

Material removed from containers may be contaminated during
use. Do not return product to the original container. Henkel
Corporation cannot assume responsibility for product which
has been contaminated or stored under conditions other than
those previously indicated. If additional information is required,
please contact your local Technical Service Center or
Customer Service Representative.

Conversions
(°Cx1.8)+32="°F
kV/mm x 25.4 = V/mil
mm /25.4 = inches
N x0.225=1b

N/mm x 5.71 = Ib/in
N/mm? x 145 = psi
MPa x 145 = psi

N-m x 8.851 = Ib‘in
N-m x 0.738 = Ib-ft

resistance. N:mm x 0.142 = oz-in
mPa-s = cP

POT LIFE

ABLEBOND JM7000 adhesive has demonstrated stable

dispense weights over an 8-hour period of continuous usage.

Use of the material up to 16 hours is possible with minor

machine adjustments to maintain consistent dispensed volume

and weight

Americas Europe Asia

+1.888.943.6535

+44.1442.278.000

+86.21.3898.4800

For the most direct access to local sales and technical support visit: www.henkel.com/electronics
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TDS ABLEBOND JM7000, August 2010

Note

The data contained herein are furnished for information only
and are believed to be reliable. We cannot assume
responsibility for the results obtained by others over whose
methods we have no control. It is the user's responsibility to
determine suitability for the user's purpose of any production
methods mentioned herein and to adopt such precautions as
may be advisable for the protection of property and of persons
against any hazards that may be involved in the handling and
use thereof. In light of the foregoing, Henkel Corporation
specifically disclaims all warranties expressed or implied,
including warranties of merchantability or fitness for a
particular purpose, arising from sale or use of Henkel
Corporation’s products. Henkel Corporation specifically
disclaims any liability for consequential or incidental
damages of any kind, including lost profits. The discussion
herein of various processes or compositions is not to be
interpreted as representation that they are free from
domination of patents owned by others or as a license under
any Henkel Corporation patents that may cover such
processes or compositions. We recommend that each
prospective user test his proposed application before repetitive
use, using this data as a guide. This product may be covered
by one or more United States or foreign patents or patent
applications.

Trademark usage

Except as otherwise noted, all trademarks in this document
are trademarks of Henkel Corporation in the U.S. and
elsewhere. ® denotes a trademark registered in the U.S.
Patent and Trademark Office.

Reference 0.1

Americas Europe Asia
+1.888.943.6535 +44.1442.278.000 +86.21.3898.4800

For the most direct access to local sales and technical support visit: www.henkel.com/electronics
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Appendix V
Global Circuit Innovations, Inc.
4182 Center Park Drive

L —
Colorado Springs, CO 80916 = - LOEH L
— CIR

(719) 573-6777 cutlT INNOVATIONS

November 10, 2016

Failure Analysis Report — AFRL Life Test —
Single AT28C64B/GCI28C64B Device Return Part #472
D/C 1637 — Project Closure

Project Name: Failure Analysis Report — AFRL Lab Study Qualification —
AT28C64B/GCI28C64B - Extracted Unit — Re-Assembled Into 28-Pin
CDIP Package. Single GCI28C64B Device Return D/C 1637 — Project
Closure — Part Received: October 25, 2016.

Incoming Failure Mode: General Output Degradation (I/O7) of Single Ceramic 28-Pin CDIP GCI128C64B
Device Return - Units Failed Output Drive Leakage under High Impedance
Condition— IOZH (Specifically, the device exceeded 10 uA at 5V on 1/O 7)

Incoming Notations: Single Failure of GCI24C64B (Extracted/Re-Assembled Ceramic
Unit in 28-Pin CDIP Hermetic Package) following Successful Burn-In
Group A testing, but failed electrical testing following Hermetic testing
and Temperature Cycling:

1.) Noted as Incoming Failure for [OZH Testing — 10 uA at 5V

2.) Known Good Device For Comparison: Both Extracted and Re-
Assembled Additional GCI28C64B Device and Original
Plastic Donor AT28C64B Device.

(see Figure 1 for photo of incoming failing device as received).

Incoming Lot #: Single Device (D/C): 1637 (YYWW) where YY = seal year, WW = seal
week
Prepared By
Document Owner(s) Project/Organization Role
Erick Spory CTO for GClI
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Scope of Project:

The submitted GCI24C64B device was determined to fail IOZH limits following successful electrical 3-
Temp testing after 168 Hour Dynamic Burn-In (125C), but following Mechanical/Temperature testing
involving Leak Test and Temperature Cycling. Although the most recent qualification testing exposure,
following last known electrical functionality, did not involve electrical exposure, the part was
determined to be an electrical failure for I/O leakage. The part was confirmed at the Test House
(Criteria Labs) to be an electrical reject and submitted for failure analysis to determine if the failure was
a result of exposure to the Leak Testing and Temperature Cycling.

Test Results (Failing and Passing Units):

The device was confirmed as an electrical failure for the I/O test involved (I0ZH) with the limits used of
10 uA at 5V, with the laboratory test equipment used seen in Figure 2. A curve trace of the failing pin is
seen in Figure 3 and can be compared to identical biasing for a non-failing trace seen in Figures 4 and 5.
All other I/O’s (0 — 6) were confirmed as passes for the identical tests and exhibited IOZH curve traces
as in Figures 4 and 5. Higher current stressing of the failing I/O 7 pin can be seen in Figure 6.

Removal of the lid provided optical inspection of the I/O7 region. Nothing was seen in or around the
area, which could be responsible for the failure. Figures 7 and 8 demonstrate a clean optical appearance
of the chip and I/O 7 region during low and higher power inspections.

The device was then subjected to identical biasing, which previously confirmed the failing leakage (limit
of 10 uA at 5V), and enabled almost 100 uA of leakage at 5V. Subsequent Emission Microcopy photos
provided an emission site directly over the output driver region for I/O7 (see Figure 9) and was
confidently suspected to be related to only the I/O leakage through comparison background emission
tests (no I/O current applied) seen in Figure 10. Additional emission photographs were taken at higher
magnifications to assist in precise failure locations (see Figures 11 - 14).

The next stage of the failure analysis involved careful chemical deprocessing of the affected region
down through the various manufacture’s device layers (i.e., protective oxide passivation, metal layers,
and inter-level dielectric oxide layers) to expose the Polysilicon Gate and Source/Drain silicon
diffusions. Nothing was seen at any stage of deprocessing prior to reaching the silicon Source/Drain
diffusions and Polysilicon Output Driver Gate. Figure 16 is a conclusive photo that the leakage area
originates from an improperly stressed area of Silicon Diffusion and Polysilicon Gate area for the /O 7
output driver. Identical non-failing gate regions can be seen in the lower power SEM photograph
depicted in Figure 15.

It is the experience of the failure analyst involved (Atmel/Microchip personnel) that the failure is
conclusively due to an electrical static discharge event (ESD) on I/O7 at the location highlighted with an
arrow in Figure 16. The reverse angle of the affected transistor (gate and drain region seen in Figure 17)
indicate no additional stressing to the drain, or through the transistor channel, as would be expected in
an electrical overstress (EOS) event.
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Figure 1: Photo of Failing GCI24C64B Device as
Received.

Figure 2: Photo of GClI Equipment Used to Verify
Failure (Tektronix 576 Curve Tracer, Power
Supply, and Digital Volt Meter).

Figure 3: Optical Photo of Entire Device
Following Decapsulation.
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Figure 4: Optical Photo of Inspection over
Failing IO 7.




Figure 5: Curve Trace of Failing I/0 7 While
Both the Device and the Failing /O are Under
Bias (Low Current).

Figure 6: Curve Trace of Passing I/O Trace for
Identical Conditions as in Figure 5 (same for other
1/0’s: 0 - 6).

Figure 7: Passing I/O’s for IOZH with Lower
Current Scale (Same Bias Conditions as
Figure 6).

Figure 8: Photo of Curve Trace Image for
Failing Output for Higher Leakage Scale (Same
Bias Conditions as Figure 5).
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Figure 9: Emission Photo of Entire Device While
Under 5V Bias and with 5V on Failing 1/0 7.

Figure 11: Emission Photo of Leakage Site for
1107 with 100 uA at 5V. Medium Magnification
Emission Photo.
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Figure 10: Emission Photo of Entire Device While
Under 5V Bias and with 0V (no leakage) on Failing
110 7. Note that Emission Site Seen Near Failing
110 (left) is Now not Present.

Figure 12: Emission Photo of Leakage Site for
/07 Biased to 0V (no Leakage). Medium
Magnification Emission Photo (Background).




Figure 13: High Magnification Emission Photo
of Failing I/0 7 Region While Under 5V Bias.

Figure 14: High Magnification Emission Photo
of Failing /0 7 Region While Under 2.5V Bias
for Background Comparison. Note that less
Leakaae Current Causes less Emission.

Figure 15: Medium Power Scanning Electron
(SEM) Photo for Failing I/O 7 Region. Note

Figure 16: Close-Up SEM Image for Failing
Location Seen in Figure 15.
Failure Location vs. ldentical Passing Areas.
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Figure 17: Reverse Angle SEM Photo of Figure 16 to
Show that Failure Does not Propagate Through the
Channel, and Therefore Represents a Single ESD
Pulse Rather than Electrical Overstress (EOS) Event.

Conclusions and Additional Comments (Corrective Action):

The electrical output |OZH failure was confirmed in the failure analysis lab and demonstrated an output leakage
consistent with the data obtained at Criteria Test Labs. The electrical degradation of the submitted device seen
during testing can be 100% attributed to ESD damage for two specific reasons:

1.) The device was confirmed as an electrically passing unit prior to mechanical handling/testing during
hermetic testing and temperature cycling. These tests do not involve electrical stressing, yet the device
falled electrically on an input/output tied directly to a package pin, following these mechanical tests.

2.) Failure analysis electrical and emission photography pinpointed the exact failing location to a region
consistent with exposure to an electrical static discharge (ESD) event, namely the polysilicon gate of the
output driver. This type of leakage and failure mechanism is consistent with inadvertent exposure of the
devices to some form of ESD pulse, most likely in excess of 2500V HBM (human body model) or 2000V
MM (machine madel) based on experience with these exact outputs.

Erick Spory

Global Circuit Innovations, Inc.
4182 Center Park Drive
Colorado Springs, CO 80916
Erick.Spory@GCI-Global.com

Phone: 719-573-6777
Cell: 719-649-0947

11/10/2016
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Appendix VI
GCI Test and 883 Qualification Flow

Proposed Test Flow

Receive Plastic Package from GCI

v

I Internal Visual Inspection

S—

v

I Serialize Parts (Lid Marking)

v

Read and Record Data

Electrical Testing (25C, 125C, -55C)

v

Data Pack Creation (Send Data to GCI)

Ship Parts to GCI for Die Extraction l"_]'
And Re-packaging —>

GCT performs Die Extraction
And Re-Assembly

I Receive Parts back from GC1

I‘_—.

v

l Internal Visual Inspection

]

v

Serialize parts (Lid Marking)

v

Cycles

Temp Cycle TM1010 Condition C. 10

v

Condition E

Constant Acceleration TM2001,

v

Electrical Testing (25C, 125C, -55C)
Read and Record Data

.2

Burn-In for 160 hrs (@ 125C

v

Electrical Testing (25C, 125C, -55C)
Read and Record Data

v

Pull Group A (116 parts)

+
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Electrical Testing (25C, 125C, -55C)
| 16 Parts Read and Record Data

¥

Test Lab to review Plastic Electrical Data Versus
Group A Electrical Data to see if any major drift
from original data and report it back to GCL

Group B

}

Subgroup 2 3(0)
Resistunce 1o Solventy

™ 2015
B

Subgroup 3
22{0) Leuds from 3 Devices
Solders ability TM 2003

A 4

v

| Fine/Gross Leak TM1014 |
.

| Visual Inspection TM2009 |

v

| DATA PACK Creation (send data to GCI) |
¥

Pull For QCI Testing (Group B, C. D)

P

Group C
45(0) + 3 Extra

Subgroup 5

15(0) wires from o
mimgmum number of 4
devices Bond Strength TM
2011

l Group D
Subgroup 1
Life Test Burmein, 125C, Dynamic, 2000
(optional 1000 for expedited flow) hrs
Interim Testing: 500, 100X, 1500, 2000 hours
{+12/~0 hour for ¢ach interval). Devices shall be Subgroup 1 5'3?’8""“!’ 2
tested nt each interval within 96 hours after 15(0) 43(0) leads
removal of bias, Flectrical Testing (25C) from 3 devieey
ANy AT T emGm
L 4 3
Electrical Testing (25C, 125C, -35C) Physical Lead Termmunal
Rend und Record Pata Dimensions Integrity
™ 2016 T™ 2004

A 4

h 4

DATA PACK Creation
fsend data to GCIy

Test Lab to review Plastic Flectncal Data
Versus Group D Electrical Data to see if any
major drifts from oniginal date and report it

back to GCI
.

Visual Inspection TM2009

1

| DATA PACK Creation (send data o Gy |
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DATA PACK Creation (send data to
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Group D

Subgroup 7
15(0) leads from
3 devices
minimum

}

Subgroup 3 Subgroup 4 Subgroup 5 Subgroup 6
15(0) 15(0) 15(0) 3(0)
v v o l
: m— I | Water Vapor
Thermal Shock Mechanical Shock Salt Atmosphere Test T 2018
T™MI01] ™ 2002 ™ 2009
4 A

Temperature I Vibeation T 2007 | Visual examination
Cyeling TMIH0 ™ 2009
Condition ©

Constant Fme Loak
Motsture Resistance Acceleration Gross Leak TM 1014
TMI004 T™ 2001
Visual examination Fine Leak

I 1004

Gross Leak TM 1014

Fime Leak
Gross Leak TM 1014

Y

A 4

Vistinl examination
™ 2007

y

Electrical Testing
(23C. 125C. -55C)
Read and Revord
Dala

Eloctrical Testing
(25C, 125C, -55C)
Read und Rocord

Data

DATA PACK Creation
(send data to GCI)
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Appendix VII

AT28C64B-15SU

Testing done to SMD specifics 5962-8751422XC for Conditions and Limits

DC Characteristics

Supply current (active) ICC
Supply current (TTL standby) ICC1
Supply current (CMOS standby) ICC2
Input leakage current High IH
Input leakage current Low lIL
Output leakage current (High) IOHZ
Output leakage current (Low) I0LZ
Output voltage low VOL
Output voltage high VOH

AC Characteristics

Address access time TAVQV

Chip enable access time TELQV

Output enable access time ToLQv

Write cycle time TWHWL1 / TEHEL1
Address hold time TWLAX

/OE setup time TOHWL

/WE pulse width TELEH / TWLWH
Data setup time TDVWH

Data hold time TWHDX
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Appendix VIII

XILINX XC4013XL-3PQ160I to XC4013XL-3HT144|

Testing done to Xilinx datasheet for Conditions and Limits

Functional Tests

Functional test at VCCmin Tfvcemin

Functional test at VCCmax Tfvccmax

DC Characteristics

Quiescent current ICCO
Input leakage current Il
Output Leakage llo
High Level Out (ttl) VOHLttl
Low Level Out (cmos) VOLttl
High Level Out (cmos) IOHZ
Low Level Out (cmos) I0LZ

AC Characteristics

Propagation delay time TIHO
Clock to output delay time TCKO
Setup time TCCK
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Appendix IX

DMSMS 2016 Conference

Die Extraction/Repackaging (DER)
‘ Validation Effort

Jeffrey E. Sillart
AFLCMC/WWME
Wright-Patterson AFB, OH
(937) 713-6765
Jeffrey.Sillart@us.af.mil

30 November 2016

—EgpC

Validation of A Quick-Reaction Low-Cost Substitute/Replacement Integrated Circuit (IC) Solution

* Objective
O validate the long-term
reliability of Die Extracted/

Repackaged Integrated

circuits (ICs)

microcircuits) in military
systems

» Scope

Ol Extraction of die from Plastic
Encapsulated Microcircuit
(PE Lpagkagin and
repac! agmlg of these die in
hermetically sealed packaging
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Integrated Circuit (IC) Obsolescence

et
Problem Current DoD Options DER Option

* DOD continually faces issues with = DOD Contractor, Military Service, or * Redesigns at the part, circult board,
obsolete electronic parts DLA Stockpiles subsystem or system level usually

* According to SiliconExpert, 350,000 * Franchised {“Trusted”) Source — Parts take years to field and can cost

| 1ic ponents go obsol are traceable millions to hundreds of millions of

annually « Brokers dollars

* Obsolete microelectronics/ICs are « Highest risk of part containi = If the needed die {internal active
costing U.5. billions of dollars and Y:f;ia,. m,dw.f: or ,....w,,.:‘ element semiconductor) Is avallable

consuming money that could be used
to buy new squipment for our

but not in the proper MiL-grade class

LSS may NOThe Uaceaiig of in the required package, Die

* Manufacture the original outdated IC Extraction and Repackaging Is
warfighters = Implement IC function in a b ing a viable ob U .
programmable davice solution for military systems

= Redesign and fabricate a new die
* Clrcuit board redesign

* System or subsystem level redesign
Source: www mllitaryaerospace.com

DMEA racantly awarded ~$7.28 to 8 DoD contractors over a 12«year period to fight the effects of obsolescance to address

unreliable, unmaintainable, under performing, or incapable electronics hardware and software

,ﬂ.} ,; (\D ie Extraction/Repackaging (DER) Process(;.'

N
RS S

m = w = ' Extracted Die I @

Donor IC Packaging is Extracted Die Fully Tested
Plastic or Hermetic Removed to Access DER Replacement IC
Die

(Credit: Intel Corp.)

Hybrid
or
Multi-Chip
Module
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DER Validation Project ﬁ

* Two DER Manufacturers were put on contract by the F-16 Program Office
and funded by the Air Force Research Laboratory
{1 DPA Components International, Simi Valley, California

Requirements

» Select up to five different digital and analog ICs
* Qualification Test Plan and Test Procedures
* MIL-STD-883 testing of donor and DER ICs
(| Groups A, B, C (Dynamic Life Test), and D
= Life Test - Accessed Long-Term Reliability of ICs

~ Extended testing from 1000 hours to 2000 hours
» Donor and DER ICs were operational

» Variability Analysis - Compare each DER IC to its
original plastic donor IC to evaluate DER IC
performance/long-term reliability

* Test Report =
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DPACI’s Test Results

SMD 100r%. Qo QO 1K Mr.
¥-16 Part Number Original Now < l DeR/ | HEmM | Military 3-T | Screen/ Group | Lifedroup | Group | Extended
(Generic Part Number) Package | Package | Analysis | Anatysks | Study DPEM | ASSY Electrical Group A B < o 2K Hour Uife
5962 8852503YA 28PN &8 gin
(AT2ECTS0-3505) Plastic | Mermetic | ASG081 &
AL EX GEPAOM LC ASIERD PASS EASS 1 do0% L Aoone | PASS | PASS 1 PASS | PASS | PASS | PASS
MIG10/REI8 14-pin 13-p1m
{Lve3sim) Plastie | Hermetic | ASGONL &
Differential Comparator S0l CERDIF AS55553 PASS PASS 100% 100% PASS PASS PASS PASS PASS PASS
5962-85155172A 20-pin 20-pin
(THPALIGLA-10CN) Plastic | Mermetic | AS6081 &
| Programmabie Logls Arrey | D@ \£C ASSE4S PASS PAsS L 100% | 00% PASS. PASS | PASS | _PASS | PASS | _PASS |
5962-RINIGOIPA B-pin B-pin
{OP-208) Pladtic | Hermatic | ASBONT &
Preciaiun Op-Amp o CERDIF AS55553 PASS PASS 100% 100%. PASS PALS PASS PASS PASS PASS
DMSA156)/RB38 16-pin 16-pin
(SN74156) Hbstk Hermetic | AS6081 &
Decoder und Multiplexer CERDIP AS5553 PASS PASS 100% | 1007 PASS PASS PASS PASS PASS 12/16/1

= ALL CANDIDATES PURCNASED FROM FRANCHISED OR INDEPENDANT DISTRIBUTORS.
* DPACIS DER/DPEM PROCESS PASSED “V" LEVEL TESTING PER MIL-PRF-38535 AND MIL-STD-883 / 5004 & 5005 QCI BEYOND 1,000 HOURS.
* QCI LIFE TEST EXTENDED FROM 2,000 HOURS TO 4,000 HOURS TO MEET DLA'S NEW TECHNOLOGY INSERTION LIFE TEST REQUIREMENT.

* THE PRELIMINARY RESULTS SHOW DPACI'S DER/DPEM PROCESS IS HIGHLY RELIABLE AFTER SUCCESSFUL SCREENING AND QCI IN
ACCORDANCE WITH MIL-PRF-38535, MIL-STD-883/5004/5005.
* 100% SCREENED PARTS ARE AVAILABLE FOR LRU AND SYSTEM LEVEL TESTING TO THE USG.

CLcriteria ws| GCl’s Test Results

orn

| 200% |
L 100K |
* GCI'S DER PROCESS PASSED “V"” LEVEL TESTING PER MIL-PRF-38535 AND MIL-STD-883 / 5004 & 5005 QCI AND

PERFORMS BEYOND 500 HOUR LIFE TEST.

* QCI LIFE TEST EXTENDED FROM 2,000 HOURS TO 4,000 HOURS TO MEET DLA'S NEW TECHNOLOGY INSERTION LIFE
TEST REQUIREMENT.

* TO DATE THE RESULTS SHOW GCI'S DER PROCESS IS HIGHLY RELIABLE AFTER SUCCESSFUL SCREENING AND QCI IN
ACCORDANCE WITH MIL-PRF-38535, MIL-STD-883/5004/5005.

* 100% SCREENED PARTS ARE AVAILABLE FOR LRU AND SYSTEM LEVEL TESTING TO THE USG.

= GCI HAS SUCCESSFULLY QUALIFIED A DER PART IN ACCORDANCE WITH MIL-PRF-38535, MIL-STD-883/5004/5005
AND THE NAVY IS PRESENTING A SUCCESS STORY AT THE NOVEMBER 2016 DMSMS CONFERENCE.
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Other Ongoing Related DER Projects

111411 aagsaned Clrew Authentscation and Rellshility Yool and Techniques

asds T0chvOes 30 enid o Hie prex

IO | OHHCIIOnCE Ioughout &5 Ilecye

o MTaomog methails, (3] 0o 10¢ hmal e

193, okt Croull Ivavatons v (GE0)

L7211, Mok on

arhon anil Re Y

) design

1 e kess rerhiguss hor marhontcstnn af mecroetnctron

% thewighaut n Slecycle

wcare

Prase L SR consracts FLED 1400919, Berie sl

¢ FVIR SHIR Topk AF LR 150 Coud Services for Trustwarthy Micmalectiosics Asurssce
Otyuztive: Devmlop & process fur hardwarns assurancs in th desgn and intagrity of moostestraniz

Phase 1 SHIH co

racss FL61. 1500249, Seaf He

Pras

12 F161150-0117, Mimbi

o STTN Contract /i F16
mEeaIny

+ NAVEEA Waifare Corn
o Moy solve DMSM

Conpect B bAS
ot ALCRSD Yo

2 OMSMS 2006 Confersnce for more detail

The Future

* FY17/FY18 Small Business Innovation Research (SBIR) BAA —
Validate DER for higher complexity parts

U Qualify use of extracted die in hybrid devices
O Qualify use of extracted die in Multi-Chip Modules

Spac Age Mugern Flgh Cyhar Dommn

= Goal: Qualify use of DER parts for ground, airborne, and space
operations

O Minimum Requirement: Qualify use of extracted die for airborne use
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Benefits If DER Option Available

* Provide a quick-reaction low-cost solution to solving DMS issues

O Continue to manufacture/field systems that meet the original function,
performance, and reliability requirements

Q Deliver spare parts in days if they have gone through MIL-STD-883 testing
or months if they have not but not years required of other options

O Keep weapon systems mission ready preventing Mission Impaired
Capability Awaiting Parts (MICAP) events

O May reduce Life of Type Buys (LTBs) for unknown future requirements

* Reduce the number of unnecessary redesigns and avoid unnecessary
costs

* If a redesign is required, DER parts would provide a gap filling technology
to sustain logistics support until delivery of new/upgraded equipment

* Only affordable option for solving low volume, high cost obsolescence
issues

* DER parts available with terminal/lead finishes compatible with legacy
circuit boards and solder alloys

[ No risk of tin whiskers
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* May improve IC reliability/performance

U Identify why original part is failing at a high rate
= Perform analysis to identify signal path critical parameters

= Sort donor parts to ensure DER parts meet all signal path critical parameter
requirements with margin

= Package related failures = Possible substitutions of hermetic for original
plastic encapsulated packages

* Facilitate insertion of DOD approved life prediction circuitry and
counterfeit and malware detection/mitigation circuitry into DOD ICs

Next Steps If Validation Effort Is Successfulz&;lm r)

* DMS community will be made aware of DER solution for obsolescence during the
transition for DLA approval

O Each Program Office can approve use of DER parts in their systems
0O Completed DER parts will be available for upper level system hardware validation

= DLA to review contractors qualification packages and contract effort

* DLA to review contractors Quality Management Plans and Proposed SMD and
MIL-PRF-38535

Contractors will continue life test up to 4000 hours to meet new technology
insertion requirement

Augment MIL-PRF - 38535 to include new class (“R"”) or utilize the “QD”
designation on DER parts per A.3.2.2 of MIL-PRF-38535

* DLA review of DPACI suggested changes to MIL-PRF-38535 and sample SMDs
provided by DPACI for inclusion of new DPEM class

Change SD-22 to use DER parts before purchasing parts without traceability to
resolve DMS issues 14
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Team Members

= leffrey Sillart

David Johnson

Matthew Casto

Steven Dooley

Nathaniel Smith

Dinh Hoang

F-16 Program Office

Air Force Research Laboratory
Materials Directorate

Air Force Research Laboratory
Sensors Directorate

Air Force Research Laboratory
Sensors Directorate

Air Force Research Laboratory
Aerospace Systems Directorate

Lockheed Martin Aeronautics

Questions

AFCMC/WWME
AFRL/RXSA

AFRL/RYWA

AFRL/RYDI

AFRL/RQQE

Integrated Fighter Group
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Appendix X

Variability Analysis Results — AT28C64 Data

AT28C64B Variability
Testing

Plastic O Hr to Ceramic O Hr through 4000 Hrs
November 6, 2017
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Propagation Delay Tests
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Input Current Tests
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Output Voltage Tests
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Appendix XI

Variability Analysis Results — XCV800 Data

XC4013 Variability
Testing

Plastic O Hr to Ceramic O Hr through 2000 Hrs
December 26, 2017
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Qutput Voltage Tests - VOH
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Appendix XII

GCI28C64B-15 Test Summary

Global Circuit Innovations
QCI Test Report

Class B Quality Conformance Inspection (QCI)

GCI28C64B-15

Prepared by

Reliability Engineer
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I. SUMMARY
This report presents the results of the tests performed for Quality
Conformance Inspection of the GCI2BC64B-15 as defined in Section II below.
A summary of the tests and results is provided in Figure 1 below. All
tests as specified have been successfully completed.
II. DEVICE DESCRIPTION

A GCI2BC64B-15 device utilizing the die extraction process and assembled
at GCI's Colorado Springs Facility in a ceramic 28-lead side braze package
was the test vehicle for this QCI. A 160 hour Burnin was performed after
assembly as part of production screening. The QCI testing performed on
this device covers only this device and the proprietary die extraction
process performed at GCI.
Component Material Description:

- Low Temperature Silver/Glass Die Attach Paste.

- 1 mil, Gold Bonding Wire.

-~ Gold Plated Nickel Kovar Lid with a Gold/Tin Seal
Preform.

- AT28C64B-155U die extracted from a 28-lead SOIC
package.

- Gold, Nickel, Kovar Pins Brazed to package pads.

Package Seal date for the test samples is;1637.

III. TEST SUMMARY

All tests were performed as specified below per the flow shown in Figure
l.

1. Qualification tests for the GCI2BC64B-15 are described below.
2, Group A Testing - Electrical Test
3. Group B Testing(see Figure 1):

3.1 Subgroup 2 — Resistance to solvents. Test Method 2015. Sample
size of 3 devices, zero failures allowed.

______ dy £LUL
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3.2 Subgroup 3 - Solderability per Test Method 2003 with soldering
temperature of 245+5°C. Sample size of 3 devices and 22 leads
per device, zero failures allowed.

3.3 Subgroup 5 - Bond strength per Test Method 2011. Sample size
of 4 devices and 15 bonds per device, zero failures allowed.

. Group C Testing

4.1 Subgroup 1 - Life Test Burn-in per Test Method 1005, at 125C,
Static, 2000 hrs. Interim Testing: 500, 1000, 1500, 2000 hours
(+12/-0 hour for each interval). Devices shall be tested at each
interval within 96 hours after removal of bias. Electrical
Testing (25C) Read and Record Data. Sample size of 45 devices,
zero failures allowed.

Group D Testing(see Figure 1):

5.1 Subgroup 1- Physical Dimensions per Method 2016. Sample size
of 15 with no failures allowed.

5.2 Subgroup 2- Lead Integrity per Method 2004. Sample size of 3
devices with 15 leads per device, zero failures allowed.

5.3 Subgroup 3- Environmental/Thermal Series. Sample size is 15
with zero failures allowed.

5.3.1 Thermal Shock per Method 1011, test condition B.
5.3.2 Temperature Cycle per Method 1010, test condition C.
5.3.3 Moisture Resistance per Method 1004.

5.3.4 Seal Test per Test Method 1014, Conditions B and C.
5.3.5 Visual Examination per Test Method 1004,

5.3.6 Endpoint Electrical Parameters (25C, 125C, and -55C).
Read and Record Data.

5.4 Subgroup 4- Mechanical Series. Sample size is 15 with zero
failures allowed.

3.4.1 Mechanical shock per Test Method 2002, test condition B.

3.4.2 Variable Frequency Vibration per Test Method 2007, test

80

(1]



condition A.

3.4.3 Constant Acceleration per Test Method 2001.

3.4.4 Seal Test per Test Method 1014, Conditions B and C.

3.4.5 Visual Examination per Test Method 2007.

3.4.6 Endpoint Electrical Parameters(25C, 125C, and -55C). Read
and Record Data.

5.5 Subgroup 5 - Salt Atmosphere per Method 1009, test condition A.
Sample size of 15 with no failures allowed.
5.5.1 Seal Test per Method 1014, Conditions B and C.

5.5.2 Visual Examination per Methoed 2009.

5.6 Subgroup 6- Internal Water Vapor per Method 1018. Sample of 3
with zero rejects allowed.

5.7 Subgroup 7- Adhesion of Lead Finish per Method 2025. Sample
size of 3 devices with 5 leads per device, no failures allowed.

IV. TEST RESULTS

All testing has been successfully completed.

V. CONCLUSIONS

The GCI2BC64B-15 has successfully completed the qualification requirements
as specified in the GCI28C64B-15 Qualification Plan. The materials and
process (as defined above) utilized to manufacture and assemble the
GCI2BC64B-15 are qualified.
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Figure 1

QCI Testing (Class B Equiv) for Device : 5962-8751422XC (AT28C64-15) equiv, 28 CDIP

Group A

Complete Quantity
STRESS SAMPLE SIZE TEST CONDITIONS Date Pass/Fail | Failed
Fine Leak 178 10/17/16 Pass 0
Gross Leak 178 10/18/16 Pass 0
External Visual 178 10/18/16 Pass 0

Electrical Test@25C

w/serialized datalogs £a 10/25/15 Pass 0
Electrical Test@-55C
w/serialized datalogs 18 10728118 Pass 0
Electrical Test@125C
w/serialized datalogs 116 10/26/16 Pass 0

Group C

Group B
Resistance To Solvents 5 TM 2015 3(0) 11/15/16 Pass 0
Solderability 5 TM 2003 3 (0) 11/17/16 Pass 0
TM 2011 4 devices, 22 wires /
d Pull / Die S ¢ 1 1
Bond Pull / Die Shear 5 ™ 2019 3(0) 11/18/16 P a

Life Test Burn-in,

Burn-in Test Method 1015

t 3

125C, Static, 1000 hrs A>3 3extre 0f883, Cond. D, 125C 13/31 Pass 0
Electrical Test@25C

w/serialized datalogs al e 1317 Pass 0
Electrical Test@-55C

w/serialized datalogs SO+ 3 anrd Y3/ Pass 0
Electrical Test@125C

w/serialized datalogs SUOyEIaMn 317 Pass 0

Visual Inspection
TM2009 Pass 0

December



QCI Testing (Class B Equiv) for Device 2B: 5962-8751422XC (AT28C64-150) equiv, 28 CDIP (cont)

Complete Quantity
STRESS SAMPLE SIZE TEST CONDITIONS Date Pass/Fail Failed
15-45 Samples or
Group D1, D2, D5-D7 small lot sample
plan
Physical Dims TM2016 12/16/16 Pass 0
Lead Integrity TM2004 1/21/17 Pass 0
Salt Atmosphere &
Visual 11009 8/17 Pass 0
Internal Water Vapor TM1018 11/16/16 Pass 0
Leak Test TM1014 1/10/17 Pass 0
Adhesion Of Lead TM2025
Finish 3/29/17 Pass 0
Group D3
Thermal Shock TM1011 12/14/16 Pass 0
Temp Cycle TM1010 12/24/16 Pass 0
Moisture Resistance &
Vis Exam TGOS ki Pass 0
Leak Test TM1014 1/6/17 Pass 0
Group D4
Mech Shack TM2002 12/7/16 Pass 0
Vibration Valable Freq TM2007 12/9/16 Pass 0
Constant Accel TM2001 12/21/16 Pass 0
Leak Test TM1014 12/22/16 Pass 0
POSTD3 /D4
Electrical Test@25C 1125117
w/serialized datalogs Pass 0
POSTD3 /D4
Electrical Test@25C 30(0) + 3 extra 1/25/17
w/serialized datalogs Pass 0
POSTD3 /D4
Electrical Test@25C 30(0) + 3 extra 1/25/17
w/serialized datalogs Pass 0
Visual Inspection
TM2009 1280 Pass 0
December 1, 2017
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Appendix XIII
AT28C64B PO to CO Graphs

E=EEEN

AFRL Lab Study FA8615-16-C-6049 Update:

MIL-STD 883 Qualification of DER™ Processed Devices:
AT28C64B
(Plastic T=0 Hour to DER™ Ceramic T=0 Hour)
with Variability Analysis (177 Units)
by
Global Circuit Innovations, Inc.
(Erick Spory)

September 30, 2017

Variability Analysis Explained:

« The Variability Analysis type chosen in this presentation examines the change
(clelta) in data between the end of the test period of interest and the initial value,
then cividing this delta by the initial value, followed by a multiplication of 100 to
generate ZVariation.

* The tests chosen for the Variability Analysis were |/0 speed (average propagation
of data from the array to each 1/0 output for various high-low data and control
signal transitions), IDD Active, IDD TTL, IDD Standby (see |DD set-up conditions
on following page), and VOL/VOH (output voltage under load conditions of
following page. based on actual data sheet specifications).

= |IH/IHL and IOH/IOL test data were taken, with passing results on all devices, but
were not monitored with this particular Variability Analysis due to insufficient
tester resolution within the nA current range causing significant % Variability
shifts for these tests due to lack of tester repeatability.

» Each test period represents 27 graphs: 8 each for 1/0 Speed/Propagation Dela' L
3 each for IDD.,B each for VOL 1/0 testing, and & each for VOH 1/0 test
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AT28C64B IDD & VOL/VOH Specifications

DC Characteristics

Symbol = Parameter Condition Min Max Units
Iy Input Load Current Vau=0VioVee+1V 10 A
ko Output Leakage Current V,o=0Vio Ve, 10 uA
™ Ve Standby Current CMOS | CE=V;-0.3VioVge+1V | Com., Ind. 100 uA
legs Vo Standby Current TIL. | CE=20Vio Vg +1V 2 mA
e Ve Active Current 1= 5 MHZ; loy;= 0 mA 40 mA
v, input Low Voltage 08 v
Vg Input High Voltags 20 v
Veu Output Low Voltage ly =21 mA 0.40 v
Ve Owiput High Voliage Loy = -400 pA 24 v

Variability Analysis Explained:

* Test Period 1: Virgin Incoming Plastic (T=0 Hours) vs
DER™ Ceramic T=0 Hours

* Test Period 2: DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=168 Hours of Burn-In (data included in
additional report)

® Test Period 3: DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=4000 Hours of Burn-In and Life-Test (data
included in additional report)
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Summary

*  TheVariability Analysis was nat performed on any of the input leakage tests as the resolution
and repeatability of the equipment indiczles +/- 400+Fgshifts in leakage values, nreality,
these =hifts, even if real, would still 31l well below the maximum 95 allowable shift from

daiasheet specifications of ~+2000/ 3000%,.

* Al parts examined in this stugdy indicated test data well within the expecied range of Lhe tesl
specification limits with no data Indicating a 'fal” status

*  Any shifts indicating even a slight trend scross multiple parts wolld need 10 be characterized
within Flastic Ericapsulzied Devices (Raw malenal) used as ‘conlrolg’ 10 lactor out test
repeatahility concerns.

* Thevery tight YOH data dees not sesm credible, although perhaps the very low current draw
during thistest (400 uA) 1= insutticient to generate a wide pertornance range

¢ Although no significant trends were seen for any of the tests perlormed, a couple of comments
can be made

e 1A veryslight Increase i speed and decrease In VOL woltage (s seen across all [/0's &t
T=186& Hours ( both can be viewed as better performance) - zee €D to C168 Analysis

* 2) Aslight decrease in 1DD Standby is seen (~12%,), although the very low current levels
for these tests make them prone to large & vaniahility shifts and tester repsatability)
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Appendix XIV

AT28C64B CO0 to C168 Graphs

IEGLosAL

AFRL Lab Study FA8615-16-C-6049 Update:

MIL-STD 883 Qualification of DER™ Processed Devices:
AT28C64B
(Ceramic DER™ T=0 Hour to DER™ Ceramic T=168 Hour)
with Variability Analysis (176 Units)
by
Global Circuit Innovations, Inc.
(Erick Spory)

September 30, 2017

Variability Analysis Explained:

e The Varlability Analysis type chozen In this presentation exarmines the change (delt2) (n data
between the end of the test period of interest and tha initial value, then dividing this deltz by
the Initial value, followed by a muitiplication of 100 te gensrate JoVariation

® The tezts chesen for the Varlabllity Analysis were | /O speed (sverage propagation of data
from the array to each |/0 outputfor various high-ow data and conirel signal transitions),
| DD Active, IDD TTL DD Standby (see |DD sst-up cenditions on fellewing page), end VOL/
VO M (cutput voltage under Ipad condlitions of following page, lbased on actlal data sheet
specifications),

e |IH/IIL and IDHACL test clata were taken, with passing rezults on all clevices, but were not
monitered with the Varizbility analysis due to insufficient tester recolution within the nA
current range causing significant % Variability shifts for these tests due to iachk of ‘tester
repeatability

* Al Ceramic DER™ Devices (177 units) were exposed to an additicnal 20,000 Erase/\Writs
Cycles, following 168 Hours of Burn-in at 125C.

ach test period represents 27 graphs) 8 sach for /O Speed/FPropagation Del
) q for ‘s@L Vo3 lhastlm and & ezch for VOH /9 testlng.
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AT28C64B |IDD & VOL/VOH Specifications

DC Characteristics

Symbol  Parameter Condition Min Max Units
L Input Load Current Vo =0ViI0Vee +1V 10 uA
& Output Leakage Current | V=0V 10 Ve 10 A
lai Vo Standby Current CMOS | CE =Vc-0.3Vio Vg +1V | Com., Ind. 100 yA
G Vi Standby Current TIL | GE=20Vi0 Voo +1V 2 mA
ke Ve Active Current 12 5 MHZ; | = 0 mA 40 mA
v, Input Low Voltage 08 v
™ Input High Voltage 20 v
Voo Output Low Voltage o =21 mA 0.40 v
Vow Output High Voltage oy = 400 pA 24 v

Variability Analysis Explained:

¢ Test Period 1: Virgin Incoming Plastic (T=0 Hours) vs,
DER™ Ceramic T=0 Hours (data included in previous
report)

e Test Period 2; DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=168 Hours of Burn-In (data included in this
report)

¢ Test Period 3: DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=4000 Hours of Burn-In and Life-Test (data
included in additional report)
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Summary

The Variability Anzlvsis was not performed on a2ny of the input |eakage tests as the
resolution and repeatability of the equipment indicates +/- 400+%, shifts in leskage
values. In reality, these shifts, sven it real, would still fall well below the maximum
% allowable shitt from datashest specifications of ~+2000/3000%,

All parts examined in this study indicated test data well within the expected range
of the testspecification limits with no data indicating a 'fail’ status.

Any shifts inclicating even a slight trend across multipls parts would need to be
characterized within Plastic Encapsulated Devicss (Raw material) used as ‘controls’
to factor out test repeatability concerns

The very tight VOH data dogs not seem credible, although perhaps the very low
current draw during this test (400 uA) is insufficient o generate 3 wids
periormance range. '

Although no significant trends were seen for any of the tesis pericrmed, a couple of

comments ¢can e made.

e 1) Averyslightincrease in DD is seen for 2ll categories, although it is
spaculated that tester repeatabllity may be an issug as initial Plastic T=0 Hour
ﬁtf:?lramlc DER™ T=0 Hour data indicated a slight clecrease 1 |DD [evels

nitially,
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Appendix XV
AT28C64B CO to C4000 Graphs

IS6LosaL

AFRL Lab Study FA8615-16-C-6049 Update:

MIL-STD 883 Qualification of DER™ Processed Devices:
AT28C64B
(Ceramic DER™ T=0 Hour to DER™ Ceramic T=4000 Hour)
with Variability Analysis (48 Units)
b

Global Circuit Innovations, Inc.
(Erick Spory)

September 30, 2017

Variability Analysis Explained:

* Tha Variability Analysis type chosen Im this presentation examines the change (delta) In catwa
katween the snd of the test period of Interest and the initial value, then diviging this cielta by
the Initial value fellowed by & multiplication cf 100 to generate Yveriation

* The tests chesen for the variabllity Analysis were |/D speed (gverege propagation of date
from the array to each | /O output for various high-low data and control signal tranzitions),
| DD Active, | DD TTL, IDD Standby (see | DD set-up conditions on ollowing page) and VO L/
VOH (output voltags under loacl conditions of fellowing pags, besed on zctuzl data shest
specificatians).

« ||IH/ILand IDH/IOL test cata ware taken, with passing results on all devices, but wera not
menitarec with the Veriabllity Analysts dus to insufficient tester resolution within the naA
current range caucing slignificant % variability shitts for these tests due to lack of tester
repeatability.

= All Ceramic DER™ In this repart (48 units) were exposad to a total of 100,0C0 Erase/\Write
Cycles at 125C, with a total of 4000 Hours of Buri:ln at 125C.

od represents 27 graphs 8 each for /D Speed/ Fropagatian Delay, 3 e
VOL 1/0 testing. and & each for VOH | /0 testing
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AT28C64B |IDD & VOL/VOH Specifications

DC Characteristics

Symbol = Parameter Condition Min Max Units
I Input Load Current Va=0VioVee+1V 10 vA
ko Output Leakage Current V,o=0Vio Ve, 10 uA
ket Ve Standby Current CMOS | CE=Vye-0.3Vio Ve +1V | Com., Ind. 100 uA
ko Vo Standby Current TIL. ~ CE=20Vto Vo +1V 2 mA
lec Ve Active Current =5 MHZ; 7= 0 mA mA
v, input Low Voltage 08 v
Vg Input High Voltage 20 v
Ve Output Low Voltage Ly, =2.1mA 0.40 v
Vow Ouwtput High Voliage Loy = -400 A 24 v

Variability Analysis Explained:

¢ Test Period 1: Virgin Incoming Plastic (T=0 Hours) vs.
DER™ Ceramic T=0 Hours (data included in prior report)

® Test Period 2. DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=168 Hours of Burn-In (data included prior
report)

® Test Period 3; DER™ Ceramic (T=0 Hours) vs. DER™
Ceramic T=4000 Hours of Burn-In and Life-Test (data
included in this report)
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Summary

The Varizbility Analysis was not performed on any of the input leah:aﬁe tests as the
resclution and repeatability of the sguipment indicates +/- 400+, shifts in leakage
values. In reality, these shifts, even it real, would still fall well below the maximum
% allowable shitt from datasheet specifications of ~+2000/3000%,

All parts examined in this stucly inclicated test dats well within the expected range
of the testspecification limits with no data indicating a ‘fail’ status.

Any shifts indicating even a slight trend across multiple parts would need to be
characterized within Plastic Encacsulated Devices (Haw material) used a3 ‘contrels’
10 factor cut test repeatability concerns

The very tight VOH data dees net seem credible, although parhaps the very low
current draw during this test (400 uA) is insuificient to generate a wide
pericrmance range. S

Although no significant trencls were seen for any of the tests performed, a couple of
comments can be mage:

e 1) Averyslight incrgase in range of IDDvalues s seen for all categories
particutarly for the TTL and Stahdby tests  However, [t is is speculated that

gster repeatalbollity may be an issue 35 injtial Piastic T=0 Hour vs. Ceramic

DER™ T=0 Hour data Indicated 2 slight decrease in 10D |evels initially.
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Appendix XVI
AT28C64B Datasheet

Features

* Fast Read Access Time -~ 120 ns
Fast Byte Write - 200 ys or 1 ms
Self-timed Byte Write Cycle
- Internal Address and Data Latches
— Internal Control Timer
- Automatic Clear Before Write —®
* Direct Microprocessor Control
~ READY/BUSY Open Drain Output
- DATA Poliing
* Low Power
- 30 mA Active Current 64K (8K X 8)

-~ 100 pA CMOS Standby Current
High Reliability Parallel

- Endurance: 10' or 10° Cycles

- Data Retention: 10 Years EEPROMs
5V = 100 Supply
CMOS and TTL Compatible Inputs and Outputs

\(J:i?ner:er‘;:‘l‘: I':\r:zdlnady«:;mﬁ:rlnnp?:a!ure Ranges AT28C64
Description AT28C64X

The AT28C64 is a low-power, high-performance 8,152 words by 8-bit nonvolatile elec-
Irically erasable and programmable read only memory with popular, easy-to-use fea-
lures. The device is manufactured with Atmel's reliable nonvolatile technology.

(continued)
Pin Configurations PDIP SOIC
Pin Name Function Yop View
AD- A1Z Addresses el = SEeE
1 6[ING
TE Chip Enable q =y
p— Y o P )
QE Qutput Enable 6 =T
A7 e
WE Wnite Enable nc]s 21 [t
EX R U 0 [I0E
1100 - /07 Data Inputs/Outputs )R d s
ADY/BUSY Aeady/Busy Output ¢ :j:4
NC No Connect okis
DC DonY Connect LCC, FLCC
Top View
TSOP )
Top View =
[
man
: [0
—ia Y e {ry
e >
z 4 [
—te =] [l ]
FOYELIEY | N :‘ :]I _l-ll
} 9 1] e 1L
a7 1o 1=
 Ju (R 16 0 1
e I} T30
A 1= [ = P
a7 (! [ == T ey 0001H-12/08

Note: PLCC package pins 1 and 17 are
DONT CONNECT.
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ATmEL

The AT28C64 is accessad like a Static RAM for the read or
write cycles without the need for external components. Dur-
ing a byte write, the address and data are latched inter-
nally, fresing the microprocessor address and data bus for
other operations, Following the Initiation of a write cycla,
the device will go o a busy staie and automatically clear
and write the |atchad data using an internal control timer
The device includes twe methads for detecting the end of a
write cycle, level detection of RDY/BUSY (unless pin 1 is
N.C.)-and DATA Paolling of ¥O;. Once the end of a write

cycle has been detactad, a new access for a read or write
can begin.

The CMOS technology offers fast access times of 120 ns al
low power dissipation. When the chip is deselected the
standby curmrentis less than 100 pA.

Atmel's AT28C84 has additional features fo ensure high
quality and manutacturabllity. The device utilizes error cor-
rection internally for extended endurance and for improved
data retention characteristics An exira 32 bytes of
EEPROM are available for davice identification or tracking.

Block Diagram
VCC —» DATA INPUTS/QUTPUTS
GND —» Vo0 - o7
¥4444524
OE — \
s OF, OF AND WE DA LATEH
LOGIC INPUT/OUTPUT
CE — BUFFERS
—* Y DECODER "|  Y-GATING
ADDRESS | — ] &
INPUTS CELL MATRIX
X DECODER
— IDENTIFICATION
Absolute Maximum Ratings*
Temperature UNAer Bias ... -55°C {0 +125°C ‘NOTICE:  Stresses beyond those listed under "Absolute
Maximum Ratings" may cause permanent dam-
Storage Temperalure e -B5°C 0 +150°C age tothe device. This is a stress rating only and
functional operation of the device at these or any
All Input Voltages (inciuding NC Fins) other conditions beyond those Indicated In the
with Respect to Ground ... 0.8V o +6.25V operational sections of this specification is not
implied. Exposure lo absolule maximum raling
All Qutput Voltages conditions for extended periods may aftect
with Respect to Ground ..o ~0.8V10 Vo + 0.6V device reliability
Voltage on OE and A9
with Respect to Ground ... -0.6V to +13.5V
2 AT28C64(X) m——————————
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s A T 28 C 64 (X)

Device Operation

READ: The AT28C64 1s accessed like a Static HAM
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the aulpuls. The oulputs are put in a high
impedance state whenever CE or OE is high. This dual line
contrel gives designers increased flexibility in preventing
bus contention

BYTE WRITE: Writing data Into the AT28C64 (s simitar to
writing intc & Static RAM. A low pulse on the WE or CE
input with OE high and TE or WE low (respectively) ini-
tiates a byte wrile. The address location is latched on the
falling edge of WE (or CE); the new daia is laiched on the
rising edge, Intarnally, the device performs a self-clear
hefore write. Once a byte write has been started, it will
automatically time ilself to completion. Once a program-
ming operation has been initiated and for the duration of
T @ read operation will effectively be a polling operafion
FAST BYTE WRITE: The AT28CB84E offers a byte write
tima of 200 ps maximum. This featura ailows the entirs
device to be rewritten in 1.6 seconds,

READY/BUSY: Pin 1is an open drain RDY/BUSY output
that can be used to detact the end of a write cycle.
ADY/BUSY is activaly pulled low during the write cycle and
is released at the completion of the write. The open drain
connection allows for OR-tying of several devices to the

same HDY/BUSY line. The ROY/BUSY pin 18 not con-
nected for the AT28C64X.

DATA POLLING: The AT28C84 provides DATA Polling to
signal the comptetion of a write cycle. During & write cycle.
an attempted read of the data being written results in the
complement of that data for I/O; (the other outputs are
indeterminate). When the write cycle is finished, true data
appears on all outputs.

WRITE PROTECTION: Inadvertent writes to the davice
are protected against in the following ways: {a} V. sense -
it Voo is below 3.8V (typical) the write function is inhibited;
(b) Voo power on delay —once V. has reached 3.8V the
device will automatically time out 5 ms (typical) before
allowing a byte write; and (c) write inhibit — holding any ane
of OE low. CE high or WE high Inhibits byte write cycies.

CHIP CLEAR: The contents of the entire memory of the
AT28C64 may be set o the high state by the CHIP CLEAR
operation. By setting CE low and OE to 12 valts, , the chip is
cleared when a 10 msec low pulse is applied to WE
DEVICE IDENTIFICATION: An exira 32 bytes of
EEPROM memory are available to the user for device iden-
tification. By raising A9 to 12 £ 0.5V and using address
lacations 1FEOH to 1FFFH the additional bytes may be
wntten to or read from in the same manner as the regular
rmemory array
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ATmEL

DC and AC Operating Range

AT28C64-12 AT28C64-15 AT28CH4-20 AT28C64-25
Operating Com. 0°C-70°C o°C-70°C °C - 70°C 0°C - 70°C
Temperature (Case} Ind. -40°C - 85°C -40°C - 85°C -40°C - 85°C -40°C - 85°C
V¢ Povrer Supply 5V + 10% &V +10% BV 10% BV + 10%
Operating Modes
Mode CE OE WE o
FAead Vil Vi Vin Dour
Wirite®! Vi Vi Vi Dy
Standby/Write Inhibit Vi X X High 2
Write Inhibit X Vin
Write Inhibit ViL X
Oulput Disable X Vin X High Z
Chip Erase Vi vy Vi High Z
Motes: 1. XcanbeV, orVy.
2. Reterto AC programming waveforms.
3. V=120V 105V
DC Characteristics
Symbol Parameter Condition Min Max Units
Iy Input Load Current V=0V 1o Ve + 1V 10 WA
ILo Qutput Leakage Current Vi =0V to Vi 10 UA
lgp Ve Standby Current CMOS | TF = Ve - 0.8V 1o Vg, + 1.0V 100 A
lspe Ve Standby Current TTL CE =2.0V10 Voo + 1.0V il L
Ind. 3 mA
I Vo Active Cutrent AC '(;—-Es::::z loyr =0 mA :::;m iz ::
Vi Input Low Voitage 0.8 v
Vi Input High Voltage 2.0 Vv
Yo Output Low Voltage la : i; :: tor AOV/ETSY 045 v
Vew Qutput High Volkage Jegy =-400 pA 24 \Y
a AT28C64(X) m—————
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s A T28 C 64(X)

AC Read Characteristics

AT28C84-12 AT28C64-15 AT28C64-20 AT28C64-25
Symbol Parameter Min Max Min Max Min Max Min Max Units
tac Address io Oulput Delay 120 160 200 250 ns
tee!™ CE to OQutput Delay 120 150 200 250 ns
tee® OE to Qutput Delay 10 60 10 70 10 80 10 100 ns
te AN CE or OE High to Output Float 0 45 0 80 0 55 0 60 ns
o 2;‘;‘::155'-{(::1?11:?12? chuErroe(d first 0 b 4 D e

AC Read Waveforms!"@/EH4)

Notes: 1,

ADDRESS

X ADDRESS VALID

e— tOH —»

OUTPUT

CE may ba delayed up 10 ey - Iep alter the addrass transition without impact on e

HIGH Z i
AN

[ouUTPUT VALID )—

\

A

>_

2. OE may be delayed Up 10 tee - top after the taling edge of CE without impact on teg of by tane -

3.
4

AC

DRIVING
LEVELS

without impact on ‘M,'(,:

1y I8 specified from OE or OE whichever occurs first (G, = 5 pF).

This parameter s characterized and is not 100% tested.

Input Test Waveforms and
Measurement Level

Output Test Load
5.0V

MEASUR
LEVEL

ol <20ns

Pin Capacitance
f=1MHz, T =25°Ct"

18K

13K g 100 pF

1o alter an address change

QuTPUT

PIN

Symbol Typ Max Units Conditions

Cw 4 6 pF Vin= OV

Cour 8 12 pF Veur =0V
Note: 1, This parameter Is charactenzed and Is not 100% tested

ATmEL
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AC Write Characteristics

Symbol Parameter Min Max Unite
the les | Address, OF Sefup Time 10 ns
tan Address Hold Time 50 ns
tip Write Pulse Width (WE or CE) 100 1000 ns
ths Data Setup Time 50 ns
tow tomy | Data, OF Hoid Time 10 ns
tis toy TE to WE and WE to TF Setup and Hold Time 0 ns
the Time to Device Busy 50 ns
byve Write Cycle Time (option available} Aletont ] i
AT28C84E 200 1S

AC Write Waveforms

WE Controlled
OF <5 -
T 10ES 1OEH
ADDRESS [ &
— L
CE ¥ {
Ltcs‘
WE J {
. WP —
,__le__ te——1DH
DATA IN ‘ _—T
RDY/BUSY ~—wa~f~ ;
tWC
CE Controlled
0. E o T
— ["10Es TOEH
ADDRESS (| -I &
ST - wH .
WE —I 1CH | !
CE — = N | !
-— WP — -
s ||,
DATA IN {‘_ i _.i
ADY/BUSY - DB -j_,_
- tWC
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s A T 28 C 64(X)

Data Polling Characteristics'"

Symbol Parameter Min Typ Max Units

ton Data Hold Time 10 ns

toen TE Held Time 10 ns

te OF to Qutput Delay™ ns

twa Write Recovery Time 0 ns
Notes: 1, These parameters are characterized and not 100% tested,

2. See'AC Read Characteristics”

Data Polling Waveforms

o

e £ Ad

N\

F - tWR

an X anx

- — tOEH
® et M e Wa
tOE
vo7 HIGH\Z_/ N o e W
A0 - A12 a X a X A ”
Chip Erase Waveforms
VIH S—
CE
VIL
VH
OE
VH—" 118 il
VIH
WE | |
VIL —
-« tW-—»

ts=14 =1 psec (min.}
ty = 10 msec (min.)
Vy=120+05Y

AImEL
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NORMALIZED SUPPLY CURRENT vs.
TEMPERATURE

—
w
J

o
" g

ATMEL

-
-

=
a

o
o

‘\

\

o0 —~ OO N—=B3~0F

o
@

—

25

NORMALIZED SUPPLY CURRENT vs.
ADDRESS FREQUENCY

—
=\

5 35 65
Temperature (C)

95 125

=3
=]
L

o
©

—

o
@

o
<

Voo = 5V .
T=25C

O0= BOeN==p3~02Z
h

o
™

1

2 3
Frequency (MHz)

-
4 5

OUTPUT SINK CURRENT vs.
OUTPUT VOLTAGE

"

[S——

/

B 2 8 3 3

//

/

-
(=]

Veo =5V
T=25C

“IDNEQN ~EOVW=~=c0

i

8

2 :
Output Voltage (V)

NORMALIZED SUPPLY CURRENT vs.

¥ SUPPLY VOLTAGE
N 14-
o 12
i —
"r 1.0
a
0.8
¢
C o8
450 475 5.00 525 6.50
Supply Voltage (V)
NORMALIZED ACCESS TIME vs.
) OUTPUT LOAD
y 126 :
m 120
a Vee =6V
| T=25C
| 115 /
® 110
d /
t 105 /
e
c 1o T
100 200 300 400
Qutput Load (pF)
OUTPUT SOURCE CURRENT vs.
i QUTPUT VOLTAGE
0
u -\.
; 0 \
y N
20 \
3 Voo =5V
r T=26C
r 10 |
-
0 1 2 3
Output Voltage (V)

AT28C64(X) m————
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e A T 28 C 64(X)

AT28C64 Ordering Information

tace Icc (MA)
(ns) Active Standby Ordering Code Package Operation Range
120 ao 0.1 AT28C64-12JC 32J Commercial
AT28C84-12PC 288 (0°C to 70°C}
AT28C64-12SC 288
AT28C64-12TC 28T
45 0.1  AT28084-1241 324 Industrial
AT28C64-12PI 28P6 {(-40°C 10 85°C)
AT28C54-128I 285
AT28C84-12T| 28T
150 30 0.1 AT28C84-15.C 324 Comimercial
AT28C84-15PC 28F6 (0rC to 70°C)
AT28C64-158C 285
AT28C64-15TC 28T
45 0.1 AT28C64-15)1 32J) Induslrial
AT28C64-15F! 28P6 {-40°C 10 85°C)
AT280C64-158! 285
AT28C64-15T1 287
200 30 01 AT28C64-200C 32J) Commerclal
AT28C64-20PC 28F6 (0°C to 70°C)
AT28C64-20SC 285
AT28C64-20TC 287
45 0.1 AT28C84-20J1 32J Industrial
ATZ8C64-20P! 28P6 {-40°C 10 85°C)
ATZ8064-2081 288
AT28C64-20T1 28T
250 30 0.1 AT28C64-25)C 32J Commercial
AT28C64-25PC 28P86 (0°C to 70°C}
AT28C64-255C 288
AT28C84-25TC 28T
45 0.1 AT28C64-25J1 32J Industrial
AT28C64-25P! 28F86 {-40°C 10 85°C)
AT28C64-255! 288
AT28C84-25T| 28T
Package Type
32J 32-lead, Plastic J-leaded Chip Carrier {PLCC)
28P8 28-lead, 0.600" Wide, Plastic Dull Inline Package (PDIP)
28S 28-lead, 0.300" Wide, Plastic Gull Wing, Small Oulline (SOIC)
287 28-lead, Plastic Thin Small Qutline Package {TSOP)}
Optlons
Blank Standard Device: Endurance = 10K Write Cycles; Write Time =1 ns
E High Endurance Option: Endurance = 100K Write Cycles; Write Time = 200 s

AlmEL
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AT28C64X Ordering Information

b lcc (MA)
(ns) | Active Standby Ordering Code Package Operation Range
150 30 0.1 AT28C64X-15JC 324 Commerclal
AT28C64X-15PC 28F6 (O°C to 70°C)
AT28C64X-158C 285
AT28CE4X-15TC 287
45 0.1 AT28C84X-15JI 32J Industrial
AT28C84X-15P1 28F6 (-40°C 10 85°C)
AT28C84X-1581 2885
ATZBC84X-15TI 28T
200 30 01 AT2BCE84X-204C 324 Commerclal
AT28C84X-20FC 28P6 (O°C to 70°C}
AT28C84X-208C 285
AT28C84X-20TC 287
45 0.1 AT28C84X-201 32J industrial
AT28C64X-20P1 28P6 {(-40°C 10 85°C)
AT28C84X-2081 288
1 AT2BC84X-20T 28T
250 a0 0.1 ATZBCS4X-25C 324 Commercial
ATZ2BCS4X-25PC 28P6 {0°Cto 70°C)
AT28C64X-255C 285
ATZ2BC84X-25TC 287
45 01 AT28C64X-25J1 323 Industrial
AT28C84X-25P1 28F8 {-40°C to 85°C)
AT28C84X-2581 288
AT28C84X-25T 28T
Valid Part Numbers
The following table lists standard Atmel products that can be ordered,
Device Numbers Speed | Package and Temperature Combinations
AT28C64 X 12 | JC. JI, PC, PI, SC, 8I, TC, TI
AT28C84 X 18 JC. JI, PC, P, 8C, 81, TC, Tl
AT28C84 X 20 | JC. JI, PC. PL. SC, SI, TC, Tl
AT28C64 X 25 | JC. J1, PC, PI, SC, 8I, TC, Tl

Die Products
[ Reference Section; Parallel EEPROM Die Products

Package Type
32J 32-lead, Plastic J-leaded Chip Carrier {(PLCC)
28P6 28-lead, 0.600" Wide, Plastic Dull Inline Package (PDIP)
23S 28-lead, 0.300" Wide, Plastic Gull Wing, Small Cutline {(SOIC)
287 28-lead, Plastic Thin Small Oulline Package {TSOP)
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Packaging Information

AT28C64(X)

32J, 32-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-016 AE
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28P6, 28-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimaters)
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28S, 28-lead, 0.300" Wide, Plastic Gull Wing Small
Oulline {SOIC)
Dirmensions in Inches and (Millimeters)
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28T, 28-lead, Plastic Thin Small Qutline Package
{TSOP)
Dimensions in Millimeters and (Inches)*
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Appendix XVII

XC4013XL Datasheet

Product Obsolete or Under Obsolescence

S XILINX®

XC4000E and XC4000X Series Field
Programmable Gate Arrays

May 14, 1998 (Version 1.6)

Product Specification

XC4000E and XC4000X Series
Features

Note: Information in this data shest covars the XC4000E,
XC4000EX, and XC4000XL families. A separate data sheet
covers the XC4000XLA and XC4000XV families. Bectrical
Specifications and package/pn information are covered in
separate sections for each family to make the information
easier to access, review. and print. For access to these sec-
tions, see the Xilnx web site at

hitp:/\waw. il inx. comixinxixwebixil_publications_index jsp

«  System featured Fisld-Programmabie Gate Arrays
- SdectRAM™ memary: on-chip ultra-fast RAM with
synchronous write option
dual-port HAM option
- Fully PCI compliant {speed grades -2 and faster)
- Abundant fiip-flops
- Flexible function generators
- Dedicated high-speed catry logic
- Wide sdge decoders on esch edge
- Hieraschy of interconnect lines
- Intemd 3-state bus capability
- Eight global low-skew clock or signal distnbution
neiworks
System Performance bayond 80 MHz
Flexible Array Architecture
Low Power Segmentad Routing Architecture
Systems-Orientad Faatures
- IEEE 1148 .1-compatble boundary scan loge
support
- Individually programmabie cutput slew rate
Programmakbie input pull-up or pull-down resistors
12 mA sink current per XC4000E output
» Configured by Loading Binary File
- Unlimited re-programmability
+ Head Back Capability
Program venfication
- Intemd node obsarvability
+  Backward Compatible with XC4000 Devices
«  Development System runs on most common computsr
platforms
Interfaces to popular design snvironments
Fully automatic mapping, placement and routing
Interactive design aditor for design opbmization

Low-Voltage Versions Available

» Low-Voitage Devices Function at 3.0 - 3.6 Voits
»  XC4000XL: High Performance Low-\oltage Versions of
XC4000EX devices

Additional XC4000X Series Features

» High Psriormancs — 3.3 V XC4000XL
* High Capacity — Over 180,000 Usable Gates
« 5V tolerant KOs cn XC4000)L
= 0.35 um SEAM precess for XC4000 XL
= Additional Routing Over XC4000E
- almost twice the routing capacity for high-density
designs
«  Buffered Interconnect for Maximum Speed Blocks
« Improved VersaRing™ 11O Interceonnect for Better Fixed
Pinout Flexibility
« 12 mA Sink Current Per XC4000X Output
» Flaxibla New High-Speed Clock Network
Eight additional Early Buffers for shorter clock delays
Virtually unlimited number of clock signals
= Opticnal Multiplexer or 2-input Function Generator on
Davice Outputs
» Four Additional Addrass Bits in Master Paralel
Configuration Mode

Introduction

XC4000 Seres high-perfarmancs, high-capacity Figld Pro-
grammable Gate Arrays (FPGAs) provide the benefits of
custom CMOS VLSI while avoiding the initial cost, long
davelopment cycle and inherant risk of a conventional
masked gate aray.

Theresult of thirteen years of FPGA design expenence and
fesdback from thousands of customers, these FPGAs com-
bins architectural versatiity, on-chip Sslect-5AM mamory
with edge-triggereod and dual-pert modes, increased
speed, abundant routing resources. and new, sophisticated
software to achieve fully automated implementaicn of
complex, hign-density, high-performance designs.

The XC4000E and XC4000X Series currently have 20
members, as shown in Tabia *.

May 14, 1988 {(Versicn 1.6)
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Product Obsolete or Under Obsolescence

& XINx’ XC4000E and XC4000X Series Field Programmable Gate Arrays
XC4000E and XC4000X Series much as 50% from XC4000 \{aues. See “Fast Carry Logic'
COmpal'ed to the xc4000 on page 18 for more information.

For readers already familiar with the XC4000 family of Xil-
inx Field Programmable Gate Arrays. the major new fea-
tures in the XC4000 Senes devices are listed in this
section. The biggest advantages of XC400CE and
XC4000X devices are significantly increased systam
speed, greater capacity, and naw architectural features,
particularly Select-RAM memory  The XC4000X devices
also offer many new routing features, Including special
high-speed clock buffers that can be used to capturs input
data with minimal delay.

Any XC4000E device is pincut- and bitstream-compatible
with the corresponding XC4000 device An existing
XC4000 bitstream can be used 10 program an XC4000E
device However, since the XC400CE includes many new
features, an XC4D00E bitstream cannot be loaded into an
XC4000 device,

XC4000X Senes devicss are not bitstream-compatibie with
equivalent amray size devices in the XC4000 or XC4000E
familles. However, squivalent array size devices, such as
the XC4025, XC4025E, XC4028EX, and XC4028XL, are
pinout-compatible

Improvements in XC4000E and XC4000X

Increased System Speed

XC4000E and XC4C00X devices can run at synchronous
system clock rates of up to 80 MHz, and intemal perfor-
mance can exceed 150 MHz This increase in performance
over the previous families stems from improvements in both
device processing and system architecture XC4000
Series devices use a sub-micron muli-layer metal process.
In additicn, many architectural improvements have been
made, as described below.

Tha XC4000XL family is a high performance 3.3V family
based on 0.351 SRAM technalogy and supports system
spasds to 80 MHz

PCI Compliance

XC4000 Series -2 and faster speed grades are fully PCI
compliant XC4C00E and XC4000X devices can bsused to
implement a one-chip PCI solution.

Carry Logic

The speed of the carry loglc chain has increased dramat-
cally Some parameters, such as the daiay on the camry
chain through a single CLB (Tsyp), have improved by as

Select-RAM Memory: Edge-Triggered, Synchro-
nous RAM Modes

The RAM in any CLB can be configured for synchronous,
edge-triggered. write operation. The raad operation is not
affected by this change to an edge-triggered write.

Dual-Port RAM

A separate opbon converts the 16x2 RAM in any CLBinto a
18x1 dual-port RAM with eimultaneocus Read/Write.

The function generators in each CLE can be configured as
ather |evel-sensitive (asynchronous) single-port RAM,
adge-trnggered (synchronous) single-port RAM, adge-tng-
gered (synchronous) dual-port HAM, or as combinatorial
logie

Configurable RAM Content

The RAM content can now be loadsd at configuration time,
so that the BAM starts up with user-defined data

H Function Generator

In current XC4000 Sernes devices, the H functon gensrator
is mora varsatle than in the ongnal XC4000. lts inputs can
come nat only from the F and G function generators tut
also from up to thres of the four control input lines, The H
function gensrator can thus be tatally or partially indepen-
dent cf the cther twe funcbion generators, increasing the
maximum capacity of the device

10B Clock Enable

The two flip-flops in 8ach OB have a common clock enakie
input, which througn configuration can be activated individ-
ually for the input or output flip-flop or both. This clock
enable operates exactly like the EC pin on the XC4000
CLB This new feature makes the I0Bs more versatils, and
avoids tha nead for clock gating.

Output Drivers

The output pullup structure defauits to a TTL-like
totem-pole. This dnver 1 an n-channel pull-up transistor,
pulling to a voltage one transistor thrashold below Vee, just
llke the XC4000 family outputs. Altamatively, XC40C0
Saries devices can be globally configurad with CMOS out-
puts, with pchannel pull-up transistors pulling to Vee. Also,
the configurable pull-up resistor in the XC4000 Series is a
p-channel transistor that pulls to Vec, whersas in the ongl-
nal XC4000 family it is an n-channal transistor that pulls to
avoltage ane transistor threshold below Vee

\ay 14, 1998 (Versicn 1.6)
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Product Obsolete or Under Obsolescence

XC4000E and XC4000X Series Field Programmable Gate Arrays $XILNX"
Table 1: XC4000E and XC4000X Series Field Programmable Gate Arrays
Max Logic | Max. RAM Typical Number
Logic Gates Bits Gale Range CLB Total of Max.
Device Cells (No RAM) |(No Logic)|(Logic and RAM)*| Matrix CLBs | Flip-Flops| User /O

XC4002XL 152 1,600 2.043 1,000 - 3.000 Bx8 54 256 54
XC4D03E 238 3,000 3200 2,000 - 5000 10x 10 100 380 80
XCA4D05EXL 486 5,000 8272 3,000-9.000 14x 14 198 | 816 112
XCA4006E 808 6,000 8192 4,000-12000 | 16x16 256 | 788 128
XCA4008E 776 8,000 10368 | 6000-15000 | 18x18 324 935 144
XC4010E/XL 850 10000 | 12800 | 7,000-20000 | 20x20 400 1,120 160
XC4013E/XL 1368 13000 | 18432 | 10.000-30000 | 24x24 576 1,536 192
XC4020E/XL 1862 20000 | 25088 | 13.000-40000 | 28x28 784 2016 224
XC4025E 2432 25000 | 32788 | 15000-45000 | 32x32 | 1024 | 2580 256
XCA4028EXIXL 2432 28000 | 32788 | 18000-50000 | 32x32 | 1024 | 2560 266
XCA4036EX/XL 3078 36000 | 41472 | 22000-65000 | 36x38 | 1208 | 3168 288
XCa044 XL 3800 44000 | 51200 | 27,000-80.000 | 40x40 | 1,600 | 3,840 320
XC4052 XL 4598 52000 | 61952 |33000-100000| 44x44 | 1938 | 4576 352
XC4062XL 5472 62000 | 73728 |40000-130000 | 48x48 | 2304 5376 384
XCa085 XL 7448 85000 | 100352 | 66,000- 180,000 | 66x566 | 3,136 | 7,168 448

" Max values of Typical Gate Range indude 20-30% of CLBs used as RAM.

Note: All functionality in low-voltage families is the same as
in the cormasponding 5-Volt family, except whera numarnical
references ara made {o §ming or power.

Description

XC4000 Series devices are implemeantad with a regular,
flexitle. programmatie architecture of Configurable Loge
Blocks (CLBs), interconnected by a powerful hierarchy of
versatle routing resources, and surrounded by a parimeter
of pregrammable Input/Output Blocks (IOBs). They have
genarous routing resources to accommeodate the most
complex Interconnect pattemns,

The devices are customized by loading configuration data
inta internal memory celis The FPGA can either actively
read Its configuration data fran an extemal senal or
byte-parailel PROM {master medes), or the configuration
data can be writtan into the FPGA from an extemal device
(slave and peripheral modes)

XC4000 Senes FPGAs are supported by powerful and
sophisticated software, covering every aspect of design
from schematic or behavioral entry, fioor planning, simula-
tion, automatic block placement and routing of intercon-
nects, to the creation, downloading, and readback of the
configuration it stream.

Because Xilinx FPGAs can be reprogrammed an unfimited
number of timas, they can be used in innovative designs

where hardware is changed dynamically, or where hard-
ware must be adapied to different user applications
FPGAs are ideal for shortening design and development
cycles, and alsa offer a cost-effective solution for produc-
tion rates well bayond 5,000 systems per month,

Taking Advantage of Re-configuration

FPGA dewvices can be re-configured to changs logic func-
ticn while resident in the system. This capability gives the
system designer a new degres of freedom not available
with any other type of logic.

Hardware can be changed as sasily as softwars Design
updates or modifications are easy. and can be made to
products already in the field An FPGA can even bere-con-
figured dynamically to perform diffsrent functions at differ-
ant imes.

Rs-configuratle logic can be used to implement system
seif-diagnostics. create systems capable of bsing rs-con-
figured for different environments or operaticns, or imple-
ment multi-purposse hardware for a given application. As an
added benefit, using re-configurable FPGA devices simpli-
fies hardware design and debugging and shortens product
time-to-market

6-6
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XC4000E and XC4000X Series Field Programmable Gate Arrays

& XILNX

Input Thresholds

The input thresholds of 5V dewices can be gichally config-
ured for either TTL (1.2 V threshadd) or CMOS (25 V
threshold), just ike XC2000 and XC3000 inputs. The two
global adjustments of input threshold and output level ara
independent of each cther. The XC4CO00XL family has an
input threshold of 1 8V, compatibie with both 33V CMOS
and TTL levels

Global Signal Access to Logic

There is addtional access from global clocks to the F and
G function generator inputs,

Configuration Pin Pull-Up Resistors

During configuration, these pins have weak pull-up resis-
tors For the most popular configuration mods, Siave
Serial, the mede pins ¢an thus be left unconnected. The
three mode inputs can be individually configured with or
without weak pull-up or pull-down resistors. A pull-down
resistor value of 4.7 k{2 is recommended

The three made inputs can be individually configured with
or vathout weak pull-up or pull-down resistars after configu-
ration.

The PROGRAM input pin has a permanent weak pull-up

Soft Start-up

Like the XC3000A, XC4000 Senes devices have “Soft
Start-up” When the configuration process is finished and
the device starts up, the first activation of tha outputs is
automatically slew-rate limited. This feature avoids poten-
tial greund bounce when dl outputs are tumed on simuita-
neously. Immedately after start-up, the slew rate of the
indwidugl cutputs 1s, as in the XC4000 family, determined
by the individual configuration optich

XC4000 and XC4000A Compatibility

Existing XC4000 bitstreams can be used to configure an
XC4000E device XC4C0C00A bitstreams must be recompiled
for use with the XC4000E due to improved routing
resources, although the devices are pin-for-pin compatible.

Additional Improvements in XC4000X Only

Increased Routing

New interconnect in the XC4000X includes twenty-two
addibonal vertical lines in aach column of CLBs and twelve
new horizontal linesin each row of CLBs Thetwelve "Quad
Lines" in each CLB row and column include opticnal repow-
ering buffers for maximum speed. Additional high-perfor-
mance roufing near the I08s enhancas pin fiexibiity.

Faster Input and Output

Afast dedicatad sarly clock sourced by global clock buffars
is available for the I0Bs. To ensure synchronizaton wath the
regular global clocks, a Fast Capture latch driven by the
early clock is available. The Input data can be inmally
lcaded into the Fast Capture latch with the early clock, then
transferred to the input flip-flop or latch with the low-skew
global clock. A programmable delay on the input can be
used to avoid hold-ime requirements. See '10B Input Sig-
nals’ on page 20 for more information

Latch Capability in CLBs

Storage slements in the XC4000X CLB can be configurad
as either fip-flops or latches. This capability makes the
FPGA highly synthesis-compatible

10B Output MUX From Output Clock

A multiplexer in the OB allows the cutput clock to select
gither the output data or the lOB clock enatle as the output
tothe pad. Thus, two different data signals can share a sin-
gle output pad, sffectively doubling the number of device
outputs without requinng a larger. more expensive pack-
age. This muliplexer can also be configured as an
AND-gate to implement a very fast pin-to-pin path. See
08 Output Signals” on page 23 for more infarmation

Additional Address Bits

Larger devices require more bits of configuration data. A
daisy chain of saveral large XC4000X devices may require
a PROM that cannot be addressaed by the aightean address
bits supported in the XC4000E The XC4000X Serles
therefore extends the addressing in Master Parallel config-
uration mode to 22 bits.

8-8

May 14, 1889 (Varsion 1.8)

129



$7 XILINX®

Product Obsolete or Under Obsolescence
XC4000E and XC4000X Series Field Programmable Gate Arrays

Detailed Functional Description

XC4000 Series devices achieve high speed through
advanced samiconductor tachneclogy and improvad archi-
tecture. The XC4000E and XC4000X support system clock
rates of up to 80 MHz and internal performance in excess
of 160 MHz Compared to older Xilinx FPGA families,
XC4000 Series devices are mora powetful. They offer
on-chip edge-triggered and dual-port RAM, clock enables
on 1/0 fiip-flops, and wide-input decoders They are more
versatile in many applications. espscially those involving
RAM. Design cycles are faster due 1o a combination of
increased routing resources and more sophisticated soft-
wars

Basic Building Blocks

Xilinx user-programmable gate arrays include two major
configurable elements! configurable logic blocks (CLBs)
and inputfoutput blccks (IOBs)

» CLBs provide the funchonal elements for constructing
the user’s logic.

« 10Bs provide the interface betwsen the package pins
and intemal signal lines.

Three other types of circuits are also available:

+ 3-State twifers (TBUFs) driving horizontal longlines are
asscciated with each CLS.

« Wide sdge decodars are available around the perphery
of each device

+ An on-chip oscillator is provided.

Pregrammable interconnect resources provide routing
paths to connect the inputs and outputs of these config-
urable elements to the appropriate networks

The functionality of each circuit block is customized during
configuration by programming internal static memory cells.
The vaues storad in thess memory cdlls determine the
logic functions and interconnections implemented in the
FPGA. Each of these available circuits is described in this
section

Configurable Logic Blocks (CLBs)

Configurable Logic Blocks implement most of the logc in
an FPGA. The pnncipal CLB dements are shown in
Figure 1, Twa 4-input funcion generators (F and G) offer
unrestricted versatility. Most combinatorial logic functions
need four or fewer inputs. However, & third function gener-
ator (H) is provided. The H function generator has three
inputs. Either zero, one, or two of these Inputs can be the
outputs of F and G; the other nput(s) ara from outside the
CLB The CLB can, therefore implement cartain functions
of up to nine vanables. llke panty check or expand-
able-identity comparison of two sets of four inputs

Each CLB contains two storage elsments that can be used
to store the function generator outputs However, the stor-
age elements and funchon generators can also be used
independently. These storage elements can ba configured
as flip-fiops in both XC4000E and XC4000X devices:in the
XC4000X they can optionally be configured as |atches. DIN
can be used as a direct input to either of the two storage
elements, H1 can drive the cother through the H functicn
generator. Function generator outputs can also drive two
autputs independent of the storage element cutputs. This
versatility increases logic capacity and simpifies routing.

Thirtean CLB inputs and four CLB outputs provide access
to the function generators and storage elements. These
inpuls and outputs connect to the programmabie intercon-
nect resources outside the Block,

Function Generators

Four independent inputs are provided to each of two func-
tion generators (F1 - F4 and G1 - G4). These function gen-
erators, with outputs labdled F'and G', are each capable of
impiamenting any arbitranly defined Bodlean function of
four inputs. The function generators are Implemented as
memory look-up tables The propagation delay is therefore
independent of the function Implemented.

A third function generator, labeied H', can imglement any
Boolean function of its thres inputs. Two of these inputs can
cptionally be the F' and G’ functional generator ocutputs
Alternatively, one or both of these inputs can come from
outside the CLB (H2, HO}. The third input must come from
outside the block (H1).

Signals from the function generatars can exit the CLB on
two outputs. F’ or H' can be connacted to the X output G or
H' can be connected to the Y output.

A CLBcan be used to implament any of the following func-

tions:

« any functon of up to four vanables, plus any secand
function of up to four unrelated vanabies, plus any third
function of up to three unrelated variabies'

« any single function of five vanables

= any function of four variables together with some
functions of six vanables

= some functions of up to nine vanables,

Implementing wide functions in a single biock reduces both
the number of blocks required and the delay in the signal
path, achieving both Increased capacity and speed.

Tne versatiity of the CLB funchon generators significantly
improves system speed. In addition, the design-software
tools can deal with each function generator indepandantly
This flexability improves cell usage

1 When three separate funclions are generated, one of e funclion outputs must be captured in a flip-iop internal to the CLB Only two

unregistered function generator cutputs are availabie from the CLB.
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Figure 1: Simplified Block Diagram of XC4000 Series CLB (RAM and Carry Logic functions not shown)

Flip-Flops

The CLB can pass the combinatorial output(s) to the inter-
connect network, but can also store the combinatorial
results or other incoming data in ane or two fiip-flops, and
connact their outputs to the intercennact network as well,

The two edge-tiggered D-type flipflops have common
clock {K) and clock enable (EC) inputs. Either or both clock
inputs can also be permanently enabled Storage element
funchanality is described In Tabie 2

Latches (XC4000X only)

The CLB storage elements can also be configured as
latches. The twolatches have comman clock (K) and clock
enable (EC) inputs. Storage eement functonality s
described in Takie 2.

Clock Input

Each flip-fiop can be triggerad on aither the rising or falling
clock edge The cleck pin is shared by both storage ele-
ments. Howsver, the clock is individugily invertible for each
storage element Any inverter placed on the clock input is
automatically absorbed into the CLB.

Clock Enable

The clack enable signal (EC) is aclive High. The EC pin is
shared by both storage elements. If left unconnected for
ather, the clock enatie for that storage element defaults to
the active state. EC is not invertible within the CLB

Table 2: CLB Storage Element Functionality

(active rising edge is shown)
| Mode K EC SR D Q
| Power-Up or
_@ S ﬁ X X X X SR
X X 1 X SR
Flip-Flop / 1* o 0} D
0 X o X Q
1 1 o X Q
B T O O
Baoth X 0 o X Q
Legend.
X Den't care
= Rising edge
SR Setor Raset value, Reset |s defaull
0 Input is Low or unconnected (default vakue)
> Input is High ot unconnecled (default value)

8-10
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Set/Reset

An asynchrenous storage element input (SR} can be con-
figured as ather set or reset This configuration option
detarmines the state in which aach fiip-flop becomes oper-
ational after configuration. It also determines the effect of a
Global Set/Reset pulse during narmal operation, and the
effect of a pulse on the SR pin of the CLB. All three
setireset functions for any single flip-flop are controlled by
the same conliguration data bit.

The setfreset state can be independently specified for sach
flip-flop. This input can aiso be independently disabiad for
sither flip-flop.

Tha set/reset state is specified by using the INIT attribute,
or by placing the appropriate set or reset flip-fiop library
symbol

SR s active High. Itis nct invertible within the CLB

Global Sel/Reset

A separate Globa Sel/Reset line (not shown in Figure 1)
sets or clears each storage element dunng power-up,
re-configuration, or when a dedicated Reset net is diiven
active. This dobd net (GSR) does not compets with other
routing rescurces: it uses a dedicatad distnbution network.

Each flip-flop is configured as sither globdly set or resst in
the same way that the local setireset (SR) is specified,
Therefors, if a flip-flop s set by SR, it is also set by GSR.
Similarly, a reset flip-fiop Is reset by both SR and GSR.

STARTUP
<PAD> B =
1% Q104
L CLK DONEIN
s

Figure 2: Schematic Symbols for Global Set/Reset

GSR can be dnven from any usar-programmable pin as a
global reset input. To use this gobal net. place an input pad
and input buffer in the schematic or HDL code. driving the
GSR pin of the STARTUP symbel {See Figuie 2.) A spe-
cific pin location can be assigned to thisinput using a LOC
attribute or property, just as with any other user-program-
mable pad. An inverter can optionally bs inserted aftsr the
input buffer to nvert the sense of the Global Sst/Resst sig-
nal,

Alternabively, GSH can be driven from any intemal node.

Data Inputs and Outputs

The sourcs of a storage element data input is programma-
ble. Itis driven by any of the functions F'. G', and H', ar by
the Direct In (DIN) block input. The flip-fiops or latches drive
the XG and YQ CLB cutputs

Two fast feed-through paths are available, as shown in
Figure 1. A two-to-one multiplexsr cn each of the XQ and
Y2 outputs selects betwean a storage element output and
any of the control inputs. This bypass is sometimes used by
the automated router to repower intemal signals,

Contro] Signals

IMultiplexers in the CLB map the four control inputs (C1 - C4
in Figua 1) into the four ntemnal contral signals (H1,
DIN/HZ, SRMHO, and EC). Any of these Inputs can drive any
of the four intemal control signals

When tha lagic funciion is enatled, the four inputs ara:

« EC — Enable Cleck

» SRI/HO — Asynchronous Set/Reset or H function
generator Input 0

* DINM2 — Direct In or H function generator input 2

* H1 — H functon generator Input 1.

When the mamery function is enabled. the four inputs are;

+ EC — Enable Clock

« WE — Write Enable

= DO — DataInput to F andfor G function generator

» D1 — Datainputto G function generator (16x1 and
16x2 modes) or Sth Address bit (32x1 mode}

Using FPGA Flip-Flops and Latches

The abundance of flip-ficps in the XC4000 Series Invites
pipelined designs. This is a powerful way of increasing per-
formance by breaking the functon into smaller subfunc-
tions and executing them in parallel. passing on the results
through pipeline flip-flops. This method sheuld be seriously
considerad wherever throughput is more important than
latency

To include a CLB flip-flop, place the appropriate library
symbal. For example, FDCE is a D-type flip-flop with clock
enatle and asynchronous clear The corresponding lateh
symbdl {for the XC4000X only) is called LDCE

In XC4000 Series devices, the thp flops can be used as reg-
isters or shift registers without blocking the function ganer-
ators from performing a different. perhaps unralated task
This abdlity increases the functional capacty of the davices

The CLB sstup time is specified bstween the function gen-
arator inputs and the clock input K Therefore, the specified
CLB fiip-fiop setup time includes the delay thraugh the
function generator.

Using Function Generators as RAM

Optiond modes for each CLB make the memory look-up
tables in the F' and G' funcion gensrators usable as an
array of Read/Wnte memory cells Available modes are
level-sensitive  (similar to the XC4DO0/AM families),
adge-triggered. and dual-port edge-triggered, Depending
on the selected mode, a single CLB can be configured as
ather & 16x2. 32x1, or 18x1 hit array.
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Supported CLB memory configurations and timing modes
for single- and dual-port modes are shown in Tabie 3.

XC4000 Senes devices are the first progranmable logic
devices with edge-tnggersd (synchroncus) and dual-port
RAM accessible to the user  Edge-triggered RAM simpli-
fies system timing Dual-port RAM doublss the effective
throughput of FIFO applications. These featuras can be
individuglly programmaed in any XC4000 Ssnes CLB.

Advantages of On-Chip and Edge-Triggered RAM

The on-chip RAM is exiremely fast The read access timeis
the same as the logc delay The write access time is
slightly slower.  Both access times are much faster than
any off-chip solution, because they avoid IO delays.

Edge-triggered BAM, alse called synchronous RAM, is a
feature never before available in a Field Programmatle
Gate Array. The simplicity of designing with edge-tnggered
RAM, and the markedly higher achievable performance,
add up to a significant improvement aver existing devices
with on-chip RAM

Three applicaton notes are available from Xilinx that dis-
cuss edge-triggered RAM: “XC4000E Edge-Thggersd and
Duai-Port RAM Capability” "Implementing FIFOs in
XC4000E RAM" and "Synchronous and Asynchronous
FIFO Deasigns" All three application notes apply to both
XC4000E and XC4000X RAM.

Table 3: Supported RAM Modes

16 | 16 | 32 | Edge- Level-
X X x | Triggered | Sensitive
1 2 1 Timing Timing
Single-Port K v v R
Dual-Port y y
RAM Contiguration Options

The function generators in any CLB can be configured as
RAM arrays in the following sizes:

« Two 16x1 RAMs two data inputs and two data outputs
with identical or if preferred, different addrsssing for
each RAM

+ One 32x1 RAM: one data input and one data output

One F or G function generator can ba configured as & 16x1
RAM while the other function generators are used to imple-
ment any function of up to 5 inputs.

Addifionally, the XC4000 Series RAM may have either of
two timing modes

+ [Edge-Tnggered (Synchronous): data wntten by the
designated edge of the CLB clock. WE acts as a true
clock enabie.

« Levei-Sensitive (Asynchronous). an extemal WE signal
acts as the write strobe.

The selected timing mode appiies to both function genera-
tors within a CLB when both are configured as RAM

The number of read ports is alse programmable:

= Single Port; each function genarator has a common
read and wnte port

« Dual Port: both function generators are configured
together as a single 16x1 dual-port RAM with one wnte
port and two read ports. Simultensous read and wiite
operations to the same or different addresses are
supported.

RAM configuration options are sslected by placing the
appropriats library symbeol

Choosing a RAM Configuration Mode

The appropnate choice of RAM maode for a given design
should be based on tming and resource requirements,
desired functionality, and the simplicity of the design pro-
cess. Aecommended usage is shown in Table 4.

The dfference between level-sensitve. edge-triggersd,
and dual-port HAM Is only In the write operation. Read
operation and timing is identical for all modes of operation.

Table 4: RAM Mode Selection
Dual-Port
Level-Sens | Edge-Trigg Edge-Trigg
itive ered ered
gzggew Ne Yes Yes
[Size (16x1,
: Registerod) 12 CLB 12CLB 1CLB
[Simultanecus
L Read/\Wrte No No Yas
i Helative X o% 2X (4%
| Pefformance offectve)
RAM Inputs and Outputs

The F1-F4 and G1-G4 inputs to the function generators act
as addrass lines, selecting a particular memory cell in each
lcok-up tabie.

The functionality of the CLB control signals changes when
the function generators are configured as RAM, The
DINMH2Z, H1, and SR/HO lines become the two data inputs
(D0, D1) and the Write Enable (WE) input for the 16x2
memory. When the 32x1 configuration is selected, D1 acts
as the fifth address bit and D0 is the data Input

The contants of the memory cell(s) baing addressed are
available atthe F' and G’ function-genarater cutputs They
can exit the CLB through its X and Y outputs, or can be cap-
tured in the CLB flip-fiop(s)

Configuring the CLB functon generators as Read/\Wnite
memory doas nat affect the functicnality of the other por-
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tions of the CLB, with the exception of the redefinition of the
control signals In 18x2 and 18x1 modes, the H' function
genarator can be used to implament Boolean functions of
F' G' and 01, andthe Dflip-fiops can latch the F' G' H' or
DO signdis.

Single-Port Edge-Triggered Mode

Edgetnggered (synchronous) RAM simplifies timing
requirements. XC4000 Series edge-triggered RAM timing
operates like witing to a data register. Data and address
are presented. The regster is enabled for witing by & logic
High on the write enabis input, WE Then a rising or falling
clock edge loads the data into the register, as shown In
Figure 3.

nals. An intemal write pulse is generated that performs the
write See Figura 4 and Figurs & for bleck diagrams of a
CLB configured as 16x2 and 32x1 edge-inggered, sin-
gle-port RAM.

The redafionships befwean CLEB pins and RAM inputs and
outputs for single-port, edge-tiggered mode are shown in
Tagie &

The Write Clock input (WCLK) can be configured as active
on aither the rising edge (default) or the falling edge. It uses
the same CLEB pin (K) used to clock the CLB flip-flops. but it
can be independently inverted. Conseguently, the RAM
output can oplionally be registered within the same CLB
aither by the same clock edge as the RAI. or by the oppo-
site sdge of this clock. The sense of WCLK applies to both

A e R L function generators in the CLB when both are configured
WICLK (K) ) as RAM
' T Tars | The WE pin is active-High and is not invertitle within the
| CLB
WE
—* \._ Note: The pulse following the active edge of WCLK (Tyyps
Tica Taiia in Fgure 3) must be less than one millisecond wids. For
f - most apglications, this requirement is not overly restrictive;
DATAIN = * howsver, it must not be forgotten. Stopping WCLK at this
' pointin the writa cycle could result in excessiva current and
I Tass Tars even damage to the larger devices if many CLBs ara con-
ADDRESS | ) ){ figured as edge-triggered RAM
Table 5: Single-Port Edge-Triggered RAM Signals
T o
Two' T RAM Signal CLB Pin Function
i : D DOorDf (16x2, |Datain
DATA OUT X oo X new X 16x1). DO (32x1)
s | A[3:0 Fi-F4orG1-G4 | Address
§ ' CAL4] D1 (32x1) Address
Figure3: Edge-Triggered RAM Write Timin £
¢ - v WE WE Write Enable
Complex timing relationships batween address, data, and WCLK K Clock
write enable signals are not required, and the external wnite SPO FlorG Single Port Cut
enable pulse becomes a simple clock enabie, The active (Data Out) (Data Out)
adge of WCLK latches the address, input data, and WE sig-
May 14, 1989 (Version 1.6} 6-13
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Figure 4: 16x2 (or 16x1) Edge-Triggered Single-Port RAM
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Figure 5: 32x1 Edge-Triggered Single-Port RAM (F and G addresses are identical)
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Dual-Port Edgo-Triggered Mode

In dual-port mode, both the F and G function generators
are used to creats a single 16x1 RAM array with one write
port and two read ports The resulting RAM array can be
read and wntien simuitanecusly at two independent
addressss. Simultaneous read end write operations at the
same address are also supported.

Duat-port mede always has edge-triggered write timing, as
shown in Figure 3

Figure & shows a simple model of an XC4000 Series CLB
configured as dual-port RAM. One address port, labsled
A[3:0], supplies bath the read and write address for the F
function generator. This function generator behaves the
same as a 16x1 single-port edge-triggered RAM array. The
RAM output, Single Port Out (SPQ), appears at the F fune-
tion generator output. SPO, thersicre, reflects the data at
address A[3:0).

The other address port, |labeled DPRA[S:0] for Dual Fort
Read Address, supplies the read address for the G function
generator. The write address for the G function generator,
howevar, comes from the address A{3:0] The cutput from
this 16x1 RAM array, Dual Port Cut (ODPQ), appears at the
G function generator cutput. DPO, therefore, refiects the
data at address DPRA[3:0]

Therefore, by using A[3:0] for the write address and
DPRA[3:0] for the read address, and reading only the DPO
output. a FIFO that can read and wnte simultanacusly is
easily generated. Simultaneous access doubles the effec-
five throughput of the FIFD,

The relationships between CLB pins and RAM inputs and
outputs for dual-port, edge-triggered mode are shown in
Tabie 6. Ses Figura 7 an page 16 for a block diagram of a
CLB configured in this mode.
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Figure 6: XC4000 Series Dual-Port RAM, Simple
Model

Table 6: Dual-Port Edge-Triggered RAM Signals

| "RAM Signal | CLB Pin Function
= D0 Dataln
| A[3.0] F1-Fa Read Address for F,
Write Address for F and G
DPRA[3:0] G1-G4 Read Address for G
| WE WE Wnte Enable
| WCLK K Clock
| SPO F Single Port Cut
- L {addressed by A[30])
| DPO G' Dual Port Out
{addressed by DPRA[3:0])

Note: The pulse following the active edge of WCLK (Type
in Figurs 3) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive,
however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could resultin excessive current and
even damage to the larger devices if many CLBs are con-
figured as edge-triggerad RAIM

Single-Port Level-Sensitive Timing Mode

Note: Edge-triggerad modsa is recommended for all new
designs. Level-sensitve mode, alse called asynchronous
maode, s still supported for XC4000 Series backward-com-
patibility with the XC4000 family.

Leveal-sensitive RAM timing is simpie in concept but can be
complicated n axecuton. Data and address signals are
prasented, then a positive pulse on the write enable pin
(WE) performs a write into the RAM at the designated
address. As indicated by the ‘level-sensitive” label, this
RAM acts like a latch. Dunng the WE High pulse, changing
tha data lines results in naw data wnitten to the old address
Changing the address lines while WE is High results in spu-
ricus data written to the new address—and possibly at
other addresses as well, as the addrass lines inavitably do
not &l change simultansausly

The user must generate a carefully imed WE signal The
delay on the WE signal and the address lines must be care-
fully verified to ensure that WE does not become active
until after the address lines have settled, and that WE goss
inactive before the address lines change again. The data
must be stable before and after the falling edge of WE.

In practical terms, WE is usually generated by a 2X clock, If
a 2X clock is not available, the falling edge of the system
clock can beused However, there are inherent nisks in this
approach. since the WE pulse must be guarantead inactve
hefore the next rsing edge of the system clock. Several
older application notes are available from Xiiinx that dis-
cuss the design of level-sensitive RAMs.

However, the edge-tnggered RAM available in the XC4000
Serias is supenor to |evel-sensitive RAM for almost every
application.

May 14, 1989 (Version 1.6)
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Figure7: 16x1 Edge-Triggered Dual-Port RAM

Figure & shows the wnte tming for level-sensitve, sin-
gle-port RAM.

The relationships betwesn CLB pins and RAM inputs and
cutputs for single-port level-sensitive mode are shown in
Takie 7,

Figure @ and Figurs 10 show block diagrams of a CLB con-
figured as 16x2 and 32x1 levet-sensitive, single-port BAM.

Initializing RAM at Configuration

Both RAM and ROM implementations of the XC4000
Senes devices are initialized dunng configuration. The In-
tial contents are defined via an INIT attribute or property

AT

attached to the HAM or AOM symbol, as describad in the
schematic library guide. If not defined, all RAM contents
areinitialized to all zeros, by default

RAM mitalization occurs only dunng configuration. The
RAM content is not affected by Global Set/Reset

Table 7: Single-Port Level-Sensitive RAM Signals

RAM Signal CLB Pin Function
D B0 or D1 Data In
A[3:0] F1-F4 or G1-G4 Address
WE WE Wite Enable
O ForG' Data Cut

MOCREBS

WHRITE ENABLE

Figure8: Level-Sensitive RAM Write Timing
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Figure 10: 32x1 Level-Sensitive Single-Port RAM (F and G addresses are identical)
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Fast Carry Logic

Each CLB F and G function generator contains dedicated
anthmetic logic for the fast generation of carry and borrow
signals, This extra output is passed on to the function gen-
erator in the adjacent CLB. The carry chain is indepandent
of normal routing resources

Dedicated fast carry logic greatly increases the efficiency
and performance of adders. subtractors, accumulators,
camparators and counters, It alse opans the door o many
new applications involving arithmetic operation, where the
previous generations of FPGAs were not fast enough or too
inefficient High-spead address offsat calculations in micro-
processor or graphics systems, and high-speed addition in
digitd signal processing are two typical applications

The two 4-input function generators can be configured as a
2-bit adder with built-in hidden carry that can bs expanded
to any length. This dadicated carry circuitry 1s so fast and
efficient that conventional speed-up methods like camy
generale/propagate are meaningless even at the 16-bit
leved, and of marginal benefit at the 32-tst level,

This fast carry logic Is cne of the more significant features
of the XC4000 Seriss, speeding up arthmetic and counting
inta the 70 MHz range.

The carry chain in XC4000E devices can run ather up or
down. At the top and bottom of the columns where there
are no CLBs above or below, the carry is propagated to the
nght, (See Figur= 11.) In order to improve spaed in the
high-capacity XC4000X dewvices, which can potentially
have very long carry chains, the carry chain travels upward
only, as shown in Faure 12 Additionally, standard intercon-
nect can be used to route a carry signd in the dovnward
direction.

Fgure 15 on page 16 shows an XC4000E CLB with dedi-
cated fast carry logic. The carry logic in the XC4000X is
similar, except that COUT exits &t the top only, and the sig-
nal CINDOWN does not exist. As shown in Figurs 13, the
carry legic shares oparand and control inputs with the func-
tion generators. The carry cutputs connect to the function
generaiors, where they are combined with the cpsrands to
form the sums.

Figure 14 on page 20 shows the details of the carry logc
for the XC4000E This diagram shows the contents of the
box labelad "CARRY LOGIC" in Figum 3. The XC4000X
carry logic is very simifar, but a multiplexer on the
pass-through carry chain has besan eliminated to raduce
delay. Additicnally, in the XC4000X the multiplexar on the
G4 path has & memory-programmable 0 input, which per-
mits G4 to directly connect to COUT, G4 thus becomes an
additional high-speed initiaizaion path for carry-in.

The dedicated carry logic is discussad in detal in Xilinx
document XAPP 013: "Using the Dedicated Camry Logic in

XC4000" This discussion also applies to XC4000E
devices, and to XC4C00X devices when the minor lcgic
changes are taken into account.

The fast carmry logic can be accessed by placing special
library symboals, or by using Xilinx Helationally Placed Mac-
ros (RPMs) that already Include thess symbois.
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Figure 11: Available XC4000E Carry Propagation
Paths
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Figure 12: Available XC4000X Carry Propagation
Paths (dotted lines use general interconnect)
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Figure 14; Detail of XC4000E Dedicated Carry Logic

Input/Output Blocks (I0Bs)

User-configurable input/outout tlocks (IOBs) provide the
interface between extamal package pins and the internal
logic. Each 108 controls one package pin and can be con-
figured for input, cutput, or bidirectional signals.

Figure 15 shows a smplified bleck diagram of the
XC4000E 10B A more complete diagram which includes
the boundary scan fogic of the XC4000E I0B can be found
in Figure 40 on page 43, In the “"Boundary Scan” section,

The XC400CX I0B contains some specid fealures not
included in the XC4000E 10B. These features are high-
lighted In a simplified block diagram found in Flgure 16, and
discussed througheout this section. When XC40C0X special
features are discussed, they are dlearly identified in the
text Any feature not so identfied is present in both
XC4000E and XC4000X devices

108 Input Signals

Two paths, labeled If and 12 in Figure 15 and Figure 16,
bring input signals into the artay. Inputs also connect to an
input register that can be programmed as either an
adge-triggered flip-flop or a level-sensitive fatch.

C o1 pomnl

The choice is made by placing the appropriate library sym-
bol. For example, IFD s the basic input fip-flop (rising edge
tnggered), and ILD is the basc input latch (transpar-
ent-High). Variations with inverted clocks are availabie and
some combinations of latches and fiip-flops can be imple-
mented in a single 10B, as described in the XACT Libranes
Guige

The XC4000E inputs can be globally configured for either
TTL (1.2¥} or 5,0 voit CMOS thresholds, using an optionin
the bitstream generation software. There is a slight input
hysteresis of abaut 3¢0mV The XC4CO0E cutput levels are
also configurable; the two global adjustments of input
threshold and output level are independent.

Inputs on the XC4000XL are TTL compatible and 3.3V

CIMOS compatibie. Outputs on the XC4000XL are pulied to
the 3.3V positive supply.

The inputs of XC4000 Serigs 5-Volt devices can ba driven
by the cutputs of any 3 3- Vit devics, if the 5-\oit inputs are
in TTL mods

Supported sources for XC4000 Senes device inputs are
shown in Tabla 8

6-20
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Table 8: Supported Sources for XC4000 Series Device
Inputs

XC4000E/EX | XC4000XL
Series Inputs Series Inputs
Source 5V, | 5V, 33V
TTL [CMOS| CMOS
Any device, Veec =33V, J J
CMOS outputs )
XCA000Seris, =5V, s I
L outputs
Any device, Vec =5V, J Data J
TTL outputs (Voh £3.7 V)
Any device, Voo =5V, J J J
CMOS outputs
XC4000XL 5-Volt Tolerant /Os

The I/Os on the XC4000XL are fully S-volt tolerant even
though the Vg is 3.3 vdts. This allows 5 V signals to
directly connect to the XT4000XL Inputs wathout damage,
as shown in Tatle 8 In addition, the 3.3 wolt Vo can be
applied before or after & voit signals are applied to the 1/0s.
This makes the XC4000XL immune to power supply
sequencing problems.

Registered Inputs

The N and 12 signals that exit the biock can each camry
sither the direct or registered input signal

Tha input and output storage elements in each |0B have a
common clock enable input, which, through configuration,
can be activated individually for the input or cutput fip-flop,
or both, This clock enable cperates exactly like the EC pin
on the XC4000 Series CLB. Itcannot beinverted within the
10B.

The storage element behavior is shown in Table 9.
Table 9: Input Register Functionality

Optional Delay Guarantees Zero Hold Time

Ths data input to the register can opticnally be dalayed by
several nancsaconds. With the delay enabled, the setup
tme of the Input flip-flop is increased so that nomal clock
routing does not result in a positive hald-time requirement.
A positive hold time requirement can lsad to unreliable,
temperature- or processing-depandant operation,

The input fip-flop setup tme is dsfined bstween the data
measured at the device /0 pin and the clock input at the
0B (not at the clock pin). Any rauting delay from the device
clock pin to the clock input of the 10B must, thersfore. be
subtracted from this setup tims to arriva at the real setup
time requirement refative to the device pins. A short spaci-
fied setup Ime might therefore, result in a negative setup
tmsa at the device pins, 12, a posifive hold-time raquire-
ment.

When a delay is inserted on the data line, more clock defay
can be tolerated without causing & positive hold-ime
requirament. Sufficient delay eliminates the possibility of a
data hold-time requirement at the externd pin. The maxi-
mum delay is therefore Inserted as the default.

The XC4000E |OB has a one-tap delay slement: either the
delay is inserted (default), or itis not. The defay guarantess
a zero hold time with respect to clocks routed through any
of the XC4C0UE global clock buffers. (See 'Glakal Nets and
Buffers (XC4000E only)’ on page 35 for a descrption of the
global clock buffers in the XC4000E.) For a shorter input
register setup time, with non-zero hald, attach a NODELAY
attritute or property to the flip-fiop,

The XC4000X KOB has a two-tap delay element wath
choces of a full delay, a partial delay, or no delay. The
altnbutes or properties used to select the desired delay are
shown in Tabiz 10, The choices are no added aftribute,
IMEDDELAY, and NODELAY. The defauit setting, with no
added attnbute, ensures no hold tme with respect ta any of
the XC4000X clock buffers, including the Global Low-Skew

(active rising edge is shown) buffers MEDDELAY ensures no hold time with respect to
Clock the Global Early buffers. Inputs with NODELAY may have a
Mode Clock Enable D Q positive hold time vath respect to all clock buffers For a
description of each of these buffers, see "Glabal Nels and
Z?Sv:r-Up = X A 8 ™ Buffers (XC40COX only)' on page 37,
Flip-Flop = i D D Table 10: XC4000X I0B Input Delay Element
0 X X Q i Value When to Use
Latch 1 1” X a full detay Zero Hold vath respect to Global
L 0 1" o] D (default, no Low-Skew Buffer, Global Early Buffer
Bath X 0 X Q | attribute added)
Legend: | MEDDELAY Zero Hold with respect to Global Early
X/’ Don't care ’ Buffer
= Rising edge by
A Set or Reset value. Reset is defauit | NCOELAY Short Setup, positive Hold time
g Inputis Low or unconnected (default value)
12 Input s High o unconnected (default value)
8-22 May 14, 1990 (Varsion 1 6)
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Additional Input Latch for Fast Capture (XC4000X only)

The XC4000X I0B has an additional opticnal latch on the
input This lateh, as shown In Tgure 16, Is clocked by the
output clock — the clock usad for the output flip-flop —
rether than the mput clock. Thersfore, two different clocks
can ba used to clock the two input storage elements. This
additional latch allows the very fast capture of input data,
which is then synchronized to the internal clock by the I0B
flip-fiop or fatch

To use this Fast Capiure technique, drive the output clock
pin (the Fast Capture latching signal ) from the output of cne
of the Global Early buffers supplied in the XC4000X. The
second storage elemeant sheuld be clecked by a Global
Low-Skew buffer, 1o synchronize the incoming data to the
intemal fogic. (Ses Floure 17.) These special bulfers are
described in "Global Nets and Buffers (XCA000X cnly)" on
page 37.

The Fast Capture laich (FCL) is designed primarily for use
with a Global Early bufier. For Fast Capture, a single clock
signd is routed through both a Globd Early buffer and a
Global Low-Skew buffer. (The two buffers share an input
pad.) The Fast Capture latch is clocked by the Global Eafy
buffer, and the standard |0B flip-fiop or latch is clocked by
the Global Low-Skew buffer. This mode is the safest way to
use the Fast Caplure |atch, because the clock buffers on
both storage slements are driven by the same pad Thereis
ne extemal skew batween clock pads to create potential
problems.

To place the Fast Capture latch in a design, use one of the
special library symbois, ILFFX or ILFLX. ILFFXis a trans-
parent-Low Fast Capture latch followed by an active-High
input flip-flop. ILFLX is a transparent-Low Fast Capture
latch followed by a transparent-High input latch. Any of the
clock inputs can be invarted before driving the library ele-
ment, and tha inverter is absorbed into the I0B, If a single
BUFG cutput is used to drive both clock inputs, the soft-

the desired delay based on the discussion in the pravious
subsection.

10B Output Signals

Output signals can ba optionally inverted within the 108,
and can pass directly to the pad or be stored In an
edge-triggered fiip-flop, The functionality of this flip-flop is
shown in Tatle 4.

An active-High 3-state signal can be used to placs the cut-
put buffer in & high-impedance state, implementing 3-state
outputs or bidirectional 1/0. Under configuration control, the
output (OUT) and output 3-state (T) signals can be
inverted The polarnity of these signals is independently con-
figured for each I0B.

The 4mA maximum output current specification of many
FPGAs often forces the user to add external buffers, which
ars aspecialy cumbersome on bidrectiond /G lines. The
XC4000E and XC4000E X/XL devices solve many of these
problems by providing a guaranteed output sink current of
12 mA. Two adjacent outputs can be interconnected extar
nally tosink upto 24 mA The XC4C00E and XC4000E X/XL
FPGAs can thus directly dnive buses on a printed circuit
board.

By default, the output pull-up structure is configured as a
TTL-like totem-pole. The High driver is an n-channsl pull-up
transistor, pulling to a voitage one transistor threshold
below Vee, Alternatively, the outputs can be globally canfig-
ured as CMOS dnvers, with p-channet pull-up transistors
pulling to Vee. This option, applied using the bitstream gen-
eration software, applias to all cutputs on the device Itis
not individually programmatie. In the XC4000XL. all out-
puts are pulled to the positive supply rail

Table 11: Output Flip-Flop Functionality (active rising
edge is shown)

i Clock
ware automatically runs the clock through both a Global
Low-Skew buffer and & Global Early bufier, and clocks the Mode | Clook | Enable T D Q
Fast Capture latch appropriately. | POZGS;UD X X 0 X SR
or
Faure 18 on page 21 aiso shows a two-tap delay on the M o o X a
input By default, if the Fast Capture latch is used. the Xilinx . ol - o 5 D
software assumes a Global Easly buffer is dnving the clock, Flip-Flop — L
and selects MEDDELAY to ensure a zero hold time. Select X X 1 X B
0 X o X Q
Legend
ILFFX oo
[ 2 airko i Hising edge
P> 9 a :mr: e SR Set or Heset value. Resetis default
o Input 15 Low or unconnected [detault value)
e B 1" Input Is High ar unconnected (default value)
BUFGE = ‘ Z 3-state
[F>——> :
BLFES
(L]
Figure 17: Examples Using XC4000X FCL
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Any XC4000 Series 6-Volt device with its cutputs config-
ured In TTL mode can drive the Inputs of any typical
3.3-Volt device. (For & detailed discussion of how 1o inter-
face between 5 V and 3.3 V devices, sas the 3V Products
saction of The Programmabla Logic Data Book )

Supported destinations for XC4000 Series davice cutputs
are shown in Tabie 12

An cutput can be configured as open-train (open-collector)
by placing an OBUFT symbal in & schematic or HDL code,
then tying the 3-state pin (T) to the output signal, and the
input pin (1) to Ground. (See Figure 18.)

Table 12: Supported Destinations for XC4000 Series
Outputs

XC4000 Series
Outputs
Destination 33V, [ 8V, | 5V,
CMOS| TTL | CMOS

Any typicd davice, Vec =33V, [ v | some'
CMOS-threshald inputs
Any device, Vec =5V, y ¥ N
TTL-threshoid inputs
Any device, Vec =5V, Unreliable Y
CMOS-threshald inputs Data

1. Onlyif destination device has 5-V tolerant inputs

OBUFT

e

Figure 18: Open-Drain Output

Output Slew Rate

The slew rate of each cutput buffer is, by default, reduced,
to minimize power bus transients when switching non-cnti-
cal signals. For cntical signals, attach & FAST attntute or
property to the cutput buffer or flip-fiop,

For XC4000E devices, maximum total capacitive load for
simuitaneous fast mode switching in the same direction is
200 pF for all package pins between each Power/Ground
pin pair For XC4000X devices. additional internal

PowerfGround pin pairs are connected to special Power
and Ground planes within the packages, to reduce ground
baunce. Therefore, the maximum totsl capacitive load is
300 pF between sach extsmal Power/Ground pin pair
Maximum loading may vary for the low-voltage devices

For slew-rata limited cutputs this totd is two times larger for
sach device fype; 400 pF for XC4000E devices and 800 pF
for XC40COX dewices. This maxmum capacitive load
should not be exceeded, as it can result in ground bounce
of greater than 15 V amplitude and more than £ ne dura-
tion. This leve! of ground bounce may cause undesired
transient behavior on an cutput, orin the intemnal loge. This
restriction is common to all high-speed digital ICs, and is
not particular to Xilinx or the XC4000 Series.

XC4000 Series devices have a feature called "Scit
Start-up,’ designed to reduce ground bounce when all out-
puts are turned on simultaneously at the end of configura-
tion.  When the configuration process is finished and the
device starts up, the first activation of the outputs is auto-
matically slew-rate limited. Immediately following the initial
activation of the 110, the slew rate of the individual outputs
is detarmined by the individual configuration option for each
10B.

Global Three-State

A separate Global 3-Stats line {not shown in Figure 15 or
Figure 18) forces &l FPGA outputs to the high-impedance
siate, unless boundary scan is enabled and is executing an
EXTEST instruction. This global net (GTS) does not com-
pete with other routing resources. it uses a dedicated distri-
bution network,

GTS can be dnven from any user-programmabie pin as a
global 3-state input To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GTS pin of the STARTUP symbdl. A spacific pin loca-
ticn can be assigned to this input using a LOC attribute or
property, just as with any other user-programmable pad. An
inverter can optiondly be inserted after the input buffer to
invert the sense of the Global 3-State signal. Using GTS is
similar to GSA. See Figure 2 cn paga 11 for details.

Alternatively. GTS can ba driven from any intemal node
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Output Multiplexer/2-Input Function Generator
(XC4000X only)

As shown in Figure 18 on page 21, the ocutput path in the
XC4000X I0B contains an additional multiplexer not avall-
ablein the XC4C00E I0B. The multiplexer can also be con-
figured as a 2-input function generator, implementing a
pass-gate, AND-gate, OR-gate, or XOR-gate, with 0, 1, or2
inverted Inputs. The logic used to implement these func-
fons is shown in the upper gray area of Figurs 16.

When configured as a multiplexer. this feature ailows two
output signals to time-share the same output pad; effec-
tively doubling the numbser of device outputs without reguir-
Ing a larger. more expensive package,

When the MUX Is configured as & 2-input function genera-
tor, logic can be implementad within the 10B itself. Com-
bined with a Global Early buffer, this arangement allows
very high-speed gating of & single signal. For example. a
wide decoder can ba implementad in CLBs, and its output
gated with a Read or Wnte Strobe Dnven by a BUFGE
butfer, as shown in Floure 19. The critical-path pin-to-pin
delay of this circuit is fess than 6 nanoseconds,

As shown in Figure 16, the IOB input pins Cut, Output
Clock, and Clock Enable hava different delays and different
flexitilities regarding polarity Addtionally, Output Clock
sources are more limited than the other inputs Therefore,
the Xilinx software does not move logic into the 10B func-
tion generators uniess explicitly directed to do so.

The user can specify that the IOB function generator be
used, by placing special library symbals beginning with the
letter “C" For exampls, a 24nput AND-gats in the IOB func-
ticn generator is called CAND2 Use the symbdl input pin
labeliad “F" for the signal on the cntical path  This signal is
placed on the OK pin — the 10B input with the shortest
delay to ths function generator. Two exampies ara shown in
Figure 20

[E>
BUFGE
i il
Intemal OAND2 FAST
logic
xs(me

Figure 19: Fast Pin-to-Pin Path in XC4000X

[ —  alt
S— LI
OAND2 86 |
o

Figure20: AND & MUX Symbols in XC4000X IOB

Other 10B Options

There ars a number of other programmable opticns in the
XC4000 Series 0B,

Pull-up and Pull-down Resistors

Programmable pull-up and pull-down resistors are ussful
for tying unused pins to Vo or Ground o minimize power
consumption and reduce ncise sensitvity, The configurabie
pult-up resistor is a pchannel transistor that pulls to Vee
The configurable pull-down resistor is an n-channel transis-
tor that pulls to Ground.

The value of these resistors is 50 k2 — 100 k{2 This high
value makes tham unsuitable as wired-AND pull-up resis-
tars.

The pull-up resistars for most user-programmabie 10Bs are
active during the configuration process. See Tabie 22 an
page 58 for alist of pins with pull-ups active before and dur-
ing cenfiguration

After configuration, voltage levals of unused pads, bonded
of un-bonded. must be valid logic levels, to reduce noise
sensitivity and avoid excess current, Therefors, by default,
unused pads are configured with the intemal pull-up resis-
tor active. Alternatively. they can be individually configured
with the pull-down resistor, or as a driven output, or to be
driven by an extema scurce. 7o activate the intemal
pull-up, attach the PULLUP library component to the net
attached o the pad To activate the intemal pull-down,
attach the PULLDOWN library component to the net
attached to the pad

Independent Clocks

Separate clock signals are provided for the input and output
flip-flops. The clock can be indepandently inverted for sach
flip-flop within tha I0B, generating aither falling-adge or ns-
ing-edge triggered flip-flops. The clock inputs for each 1I0B
are independent, except that in the XC4000X, the Fast
Capture latch shares an 108 input vith the output clock pin

Early Clock for I0Bs (XC4000X only)

Special early clocks are available for I0Bs. These clocks
are sourced by the same sources as the Global Low-Skew
buffers. but are separately buffared. They have fewer loads
and thersfore less delay The early clock can dnve either
the |0B output ¢clock or the IOB input clock, or both. The
early clock allows fast capture of input data, and fast
clock-to-output on output data The Global Eady buffars
that drive these clocks are described in “Glotal Nets and
Buffers (XC4000X only)' on page 37

Global Set/Reset

As with the CLB registers, the Global Set/Resst signal
(GSR) can be used to set or clear the input and cutput reg-
isters, depending on the value of the INIT attnbuta or prop-
erty. The two fiip-flops can be individually configured to set

May 14, 1999 (Version 1.6}
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or clear on resst and after configuration. Otherthan the glo-
hal GSA net, no user-contrdled setfreset signal is availabla
to the 10 fiip-flops The choics of st or clear applies to
both the initial state of the fip-flop and the responsa to the
Global Set/Reset pulse. See 'Gloval SetReset’ on
page 11 for a descnption of how to use GSH.

JTAG Support

Embedded logic attached to the IOBs contains test struc-
tures compatitle with IEEE Standard 1149.1 for boundary
scan testing, permitting easy chip and board-level testing.
More information is provided in Soundary Scan’ on
page 42

Three-State Buffers

A par of 3-state buffers is associated with each CLB in the
array. (See Figura 27 on page 30.) These 3-state tuffers
can be used to drve signals onto the nearest horizontal
longlines above and below the CLB. They can therefore be
used to impiement multiplexed or bidirectional tuses on the
horizontal longlines, saving logic resourcas Programmatle
pull-up resistors attached to these longines heip to imple-
ment & wids wired-AND function

The buffer enable s an active-High 3-state (i.e. an
active-Low enabls}, as shown in Tabie 13

Ancther 3-state buffer with similar access is |located near
sach /0 block aong the nght and left edgss of the array.
(See Flgure 33 on page 34.)

The horizontal longlines driven by the 3-state buffers have
a weak keeper at sach end This circuit prevents undefined
floating levels However, it is averndden by any driver. even
a pull-up resistor.

Special langlines running along the penmeter of the array
can ba used to wire-AND signais coming from nearby I0Bs
or from intarmal longlines. These Ionglines form the wide
adge decoders discusssed in Wide Edge Decoders’ on
page 27

Three-State Buffer Modes

Standard 3-State Buffer

All three pins are used. Place the library element BUFT
Connect the input to the | pin and the cutput to the C pin
The T pin is an active-High 3-state (i.e. an active-Low
enatle). Tie the T pin to Ground to implement a standard
buffer

Wired-AND with Input on the | Pin

The tuffer can be used as a Wired-AND Use the WAND1
library symbol, which is essentially an open-drain buffer
WAND4, WANDS, and WAND16 are also available. Seathe
XACT Librartes Guide for further information

TheT pin Is intemally tied to the | pin. Connect the Input to
the I pin and the output to the O pin. Connect the cutputs of
al the WAND1s together and attach a PULLUP symbol.

Wired OR-AND

The buffer can be configured as a Wired OR-AND A High
level on either input turns off the outpul. Use the
WORZAND library symbol. which Is essentially an
open-drain 2-4nput OR gate. The two input pins are func-
ticnally equivalent Attach the two inputs to the 10 and |1
pins and tia the cutput to the O pin. Tie the outputs of &l the
WOR2ANDs together and attach a PULLUP symbd,

Three-State Buffer Examples

Figura 21 shows how to use the 3-state buffers ta impie-
ment a wired-AND function. When all the buffer inputs are
High, the pull-up resistor{s) provide the High cutput.

Figure 22 shows how to use the 3-state buffers to imple-
ment a multiplexer. The sslection |s accomplished by the
buffer 3-state signal

Pay paricular attention to the polanty of the T pin when
using these buffers in a design. Active-High 3-state (T) is
identical o an active-Low output enable, as shown in

Tabie 13

Table 13: Three-State Buffer Functionality

IN : ouT
The 3-state buffers can be configured in three modes. X 1 Zz
+ Standard 3-state buffer IN 0 IN
+ Wirad-AND with input on the | pin
» Wired OR-AND
220,005 0|0y 0D 0 ,”,?;U
L P
L
*
B B :

ROFE NG

Figure 21: Open-Drain Buffers Implement a Wired-AND Function
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Figure 22: 3-State Buffers Implement a Multiplexer

Wide Edge Decoders

Dedicated decoder circuitry boosts the performance of
wide decoding functions. When ths address or data fisld is
wider than the function generator inputs, FPGAs nesd
multidevel decodng and are thus slower than PALs.
XC4000 Serles CLBs have nine inputs. Any decoder of up
to nine inputs is, therefore coampact and fast, However,
there is also a nsed for much wider decoders, especially for
address decoding in large microprecassor systems.

An XC4000 Senes FPGA has four programmable decoders
located on each edge of the device. The inputs to each
decoder are any of the 0B [ signals on that edge plus cne
local interconnect per CLEB row or column. Each row or coi-
umn of CLBs provides up to three variatles or their compli-
ments.. as shown In Figurs 20, Each decoder generates a
High output (resistor puli-up) when the AND condition of
the selected mputs, or their complements, is trua This is
analogous to a product term in typical PAL devices

Each of these wired-AND gatas is capable of accepting up
te 42 inputs on the XC4005E and 72 on the XC4013E.
There are up to 98 Inputs for each decodsr on the
XC4028X and 132 on the XC4052X. The decoders may
also be spiit in two when a larger number of narrower
decoders are reguired, for a maximum of 32 decoders per
device

The decoder outputs can drive CLB inputs, so they can be
combined with ctherlogc to form a PAL-like AND/OR struc-
ture. The decoder outputs can also be routed directy to the
chip outputs. For fastest speed, the cutput should be on the
same chip edge as the decoder. Viery large PALs can be
emulated by ORing the decoder cutputs in a CLB. This
decoding featura covers what has long been considered a
weakness of older FPGAs. Users often resorted to external
PALs for smple but fast decoding functons. Now, the dedi-
cated decoders n the XC4000 Series device can imple-
ment these functions fast and efficiently

To use the wide edge decoders, place one or more of the
WAND library symbols (WAND1, WAND4, WANDS,
WAND18). Attach a DECODE attribute or property to each
WAND symbol. Tie the outputs together and attach a PUL-

LUP symbol. Location attributes or properties such as L
(left edge) or TR (nght half of top edge} should also be used
to ensurs the correct placement of the decoderinputs

INTERCONNECT
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Figure 23: XC4000 Series Edge Decoding Example
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Figure 24: XC4000 Series Oscillator Symbol

On-Chip Oscillator

XC4000 Serigs devices include an intemal oscillator, This
oscillatar is used to clock the powsr-on time-out, for config-
uration memory clearng, and as the sourca of CCLK in
Master configuration modes. The oscillator runs at a nomi-
nal 8 MHz frequency that varies vath process. Vee, and
temperature, The output fraquency falls between 4 and 10
iHz
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The oscillator output is optionally avadable after cenfigura-
tion Any two of four resynchranized taps of a built-in divider
are also available, Thess taps ars at the fourth, ninth, four-
teenth and nineteenth bits of the divider. Therefore, if the
primary oscillator output is running at the nominal 8 MHz,
the user has access to an 8 MHz cleck. plus any two of 500
kHz, 16kHz. 490Hz and 15Hz (up to 10% lower for low-volt-
age devices) These freguencies can vary by as much as
-50P% or +25%

These signals can be accessed by placing the OSC4
library element in a schematic or in HOL code (see
Figure 24),

The osclllator is automatically disabled after configuration if
the OSC4 symbal is not used in the design

Programmable Interconnect

All Internal connections are composed of metal segments
with pregrammabie switching points and switching matrices
to implement the desired routing. A structured, hierarchical
matrix of routing resources is provided to achieve efficient
automated routing.

The XC4000E and XC4000X share a basic interconnect
structure. XC4000X davices however, have additicnal rout-
ing not availatle in the XC4000E. The extra routing
resources allow high utilization in high-capacity devices. All
XC4000X-spacific routing rescurces are cleary identified
throughout this section. Any resources not identified as
XC4000X-specific ars present in al XC4000 Seres
devices.

This section describss the vaned routing resources avail-
able in XC4000 Serles dovices. Tha implementation soft-
ware automatically assigns the appropriate resources
based on the density and timing requirements of the
design.

Interconnect Overview

There ars saveral types of interconnect

+ CLBrouting is associated with each row and column of
the CLB array.

» 10B routing forms a ring {called a VersaRing) around
the cutside of the CLB array, It connects the 110 with the
internal fogic biocks.

= Global routing consists of dedicated networks primarily
designed to distributs clocks throughout the device with
minimum delay and skew. Global routing can also be
used for other high-fanout signals.

Five interconnsct types are distinguished by the relstive
length of their segments. single-length lines, double-length
lings, quad and octd lines (XC4000X only), and lenglines
In the XC4000X, drect connects allow fast data flow
between adjacent CLBs, and between I0Bs and CLBs

Extra routing Is included In the 10B pad ring. The XC4000X
aso includes a ring of octal intercannect lines near the
I0Bs to improve pin-swapping and routing te focked pins

XC4000E/X devices include two types of global tuffers
These global buffers have different properties, and are
intended for different purposes They are discussed in
detail later in this section.

CLB Routing Connections

A high-level diagram of the routing rescurces associated
with ane CLB is shown In Figurs 25. The shaded arrows
represent routing present only in XC4000X devices.

Taola 14 shows how much routing of sach type is available
in XC4000E and XC4000X CLB arays. Cleary, very large
designs, or designs with a graat deal of interconnect, will
routa more easily in the XC4000X Smaller XC4000E
designs, typically requiring significantly fess interconnect,
do not require the additional routing.

Figure 27 on page 30 is a detailed diagram of both the
XC4000E and the XC4000X CLB, with associated routing
The shaded square Is the programmabie switch matnx,
present in both the XC4000E and the XC4000X. The
L-shaped shaded arsais present only in XC4000X devices.
As shown in the figure, the XC4000X block is essentially an
XCA000E tlock with additonal routing:

CLB inputs and outputs are distributed on all faur sides,
providing maximum routing fiexibility. In generd. the entire
architecture 1s symmetncal and regular It is wall suited to
established placement and routing lgonthms. Inputs, out-
puts, and function generators can freely swap positions
within & CLB to avad routing congestion during the place-
ment and routing operaticn,
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Figure 25: High-Level Routing Diagram of XC4000 Series CLB (shaded arrows indicate XC4000X only)

Table 14: Routing per CLB in XC4000 Series Devices

XC4000E XC4000X
Vertical | Horizontal | Vertical | Horizontal

Singles 8 8 8 8
Doubies 4 - - 4
CQuads 0 0 12 12
Longlines 5 5 10 &
Direct 0 0 2 2
Connects
Globals | 4 o | s 0
Camy Logic/ 2 0 1 0
Total 24 18 45 32
Programmable Switch Matrices

The honzontal and vertical single- and doutie-length lines
intersect at a box called a programmable switch matrix
(PSM). Each switch matrix consists of programmatle pass
transistors used to establish connections between the lines
(sse Figurs 25).

For example, a single-length signal entering cn the right
side of the switch matrix ¢an be routed to a single-length
line an the top, left, or battom sidss, or any combination
thereof, if multiple branches are required. Similarly, a dou-
blelength signal can be routed to a deutie-length line on
any or all of the other thres edges of the programmatle
switch matrix.

$© & &
& & ¢
e\, — J
Doubla ) | ’i —_ e
] T
M T
'
Singles t {
! Six Pass Transistors
T H Par Switch Matrlc
|
Doubla H £ Interoonnact Paint
tad d ek b ek Ll

X600
Figure 26: Programmable Switch Matrix (PSM)

Single-Length Lines

Single-length lines provids the greatest interconnect flexi-
hility and offer fast routing between adjecent blocks. There
are sight vertical and eight horizental single-length lines
associated with each CLB. These lines connect the switch-
ing matrices that are located in every row and a column of
ClL&s.

Single-length lines are connected by way of the program-
mable switch matnces, as shown In Floura 28. Routing
connectivity is shown in Figure 27

Single-lsngth lines incur a dsiay whenevar thay go through
aswitching matnx Therefore, they are nat suitabie for rout-
ing signals for long distances. They are normally used to
conduct signals within & locallzed area and to provide the
branching for nets with fancut greater than one

May 14, 1999 (Versicn 1.6}
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Figure28: Single- and Double-Length Lines, with
Programmable Switch Matrices (PSMs)

Double-Length Lines

The doutle-length lines consist of a grid of metal segments,
sach twice as long as the single-length lines: they run past
twa CLEs before antering & switch matrix. Double-length
lines are grouped in pairs with the switch matrices stag-
gerad, so that each line goes through a swiich matnx at
every other row or column of CLBs (see Fgure 28).

There are four vertical and four horizontal double-length
lines associatad with each CLB. Thess lines provide fastar
signd routing over Intermediate distances, while retaining
routing flexiblity Double-length lines are connectad by way
of the pregrammable switch matrices. Routing connectivity
is shown in Figure 27,

Quad Lines (XC4000X only)

XC4000X davices also include twelve vertical and twelve
herizontal quad lines par CLB row and column. Quad lines
ars four imes as long as the single-length lines. They are
intercennected via buffered switch matnces (shown as dia-
monds in Figure 27 on page 30). Quad lines run past four
CLBs before entering a bufferad switch matrix. They are
grouped in fours. with the bufferad switch matrces stag-
gered, so that sach line goes through a buffared switch
matrix at every fourth CLB location In that row or column.
(See Floure 29.)

The bufferad switch matrixes have four pins, one on each
edge All of the pins are hidirecticnal Any pin can drive any
or all cf the other pins.

Each buffered switch maltrix contains one buffer and six
pass transistors. It resembles the programmabie switch
matrix shown in Figure 23, with the addition of a program-
mable buffer. There can be up to two independent inputs

ciB| ||l cLB ! L cL8
A M | M
= LS
— {1 r
cws| [V IV [l e cLe
LA
CLB M | K CiB 1] CLB
==

Figure 29: Quad Lines (XC4000X only)

and up to two independent outputs. Only one of the inds-
pendent inputs can be buffered

Tne piace and reute software automatically uses the timing
requirsments of the design to determine whether or not a
quad line signal should be tuffered. A heavily loaded signal
is typically buffered, while a lightly loaded one is not. One
scenano is to alternate buffers and pass transistars. This
dlows both vertical and honzontal quad lines to bs buffered
at alternating buffered switch matrices.

Due to the bufferad switch matrices, quad lines are very
fast. They provide the fastest avallable method of routing
heavily loaded signals for long dstances across the device.

Longlines

Longtines form a gnd of metal interconnect segments that
run the entire length or width of the array. Lenglines are
intanded for high fan-out. time-crtical signal nets. or nets
that are distnbuted over long distances. In XC4000X
devices, quad lines are preferred for critcal nets, because
the buffered ewitch matrices make them faster for high
fan-out nets.

Two horizontal longlines par CLB can be dnven by 3-state
or apen-drain drivers (TBUFs). They can therefore imple-
ment unidirectional or bxdirectional buses, wide multiplex-
ors, or wired-AND functions. (Ses ' Threa-State Buffers” an
page 26 for more details.)

Each horizontal longline driven by TBUFs has either two
(XC4000E} or eight (XC4000X} pull-up resistors. To acti-
vate these resistors, attach a PULLUP symbol to the
leng-ine net The software automatically actvates the
appropriate number of pull-ups, There is dsc & weak
keeper at sach end of these two honzental longlines. This

May 141999 (Version 1.8}
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cireuit prevents undefined floating levels. However, It is
ovemidden by any dnver, even & pull-up resistor,

Each XC4000E longline has a programmabie spitter switch
at its center, as does each XC4000X longline driven by
TBUFs. This switch can separate the line into two indepen-
dent routing channeis. each running half the wigth or height
of the array

Each XC4000X longline not dnven by TBUFs has a buff-
ered programmable splitter switch at the 1/4. 1/2, and 3/4
peints of the array. Due to the buffering, XC4000X longline
performance does not deterorate with the larger array
sizes, If the lengiine is split the resulting partial lenglinas
ars independant

Routing connectivity of the longines is shown in Figure 27
on pagse 30

Direct Interconnect (XC4000X only)

The XC4000X offers two direct, sfficient and fast connec-
tions between adjgcent CLBs These nets facilitats a data
flow from the left to the nght side of the device. or from the
top to the bottom, as shown In Figurs 30, Signals routed on
the direct interconnect axhibit minimum interconnect prop-
agation delay and use no general routing resources.

The direct interconnect is also present between CLBs and
adjacent I0Bs Each |OB on tha left and top device edges
has a direct path to the nearest CLB. Each CLB on the right
and bottom edges of the array has a direct path to the near-
est two 10Bs, since there are two I0Bs for each row or coi-
umn of CLBs.

The place and rcute software uses direct interconnect
whenever possible, to maximize routing resources and min-
imize interconnect delays.
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Figure 30: XC4000X Direct Interconnect

I/0 Routing

XC4000 Series devices have additional routing around the
IOB ring. This routing is called a VersaRing, The VersaRing
facilitates pin-swapping and redesign without affecting
board layout Included ara sight doubie-length lines span-
ning two CLBs (four I0Bs), and four longlines. Global lines
and Wide Edge Decoder lines are provided, XC4000X
devices also include sight octal lines

A high-level diagram of the VersaRing is shown in
Figure 31 The shaded arrows represent routing present
only in XC4000X devices,

Figure 33 on page 34 1s a detailed dagram of the XC4000€
and XC4000X VersaRing. The area shown includes two
ICBs. There are two I0Bs per CLB row or column, thers-
fore this dlagram correspends to the CLB routing diagram
shown In Figura 27 an paga 30, The shaded areas repre-
sent routing and routing connections present anly in
XC4000X devices,

Octal /0 Routing (XC4000X only)

Batween the XC4C00X CLB array and the pad ring, eight
interconnect tracks provide for versatility in pin assignment
and fixed pinout flexibility (See Figure 32 on pags 33)

These routing tracks are called octals, because they can be
broken every eight CLEs (sixtesn I0Bs) by a programma-
bie buffer that also functions as a splitter switch. Tha buffers
are staggered, so each line goes through a butfer at svery
aghth CLE location around the device edge

The octal lines band around the comers of the device. The
lines cross at the corners In such a way that the segment
most recently buffered before the tum has the farthest dis-
tance to travel befors the next buffer. as shown in
Figurs 32.
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IOB inputs and outputs interface with the octal lines via the
single-length interconnect lines Single-length lines are
alse used for communication betwsen the ocials and dou-
hlelength lines, quads, and longlinas within the CLB amay.

Segmentaten into tuffered octals was found to be optimal
for distributing signals over long distances around the
device.

Global Nets and Buffers

Both the XC4C00E and the XC4C00X have dedicated glo-
bal networks. These networks are designed to distnbute
clocke and other high fanout control signals throughout the
devices with minimal skew The goba huffers are
described in detall in the following sections. The text
descriptions and diagrams are summarnzed in Table 15,
The table shows which CLB and I0B clock pins can be
sourced by which giobal buffers,

In both XC4000E and XC4000X devices, placement of a
library symbol called BUFG results In the software choos-
ing the appropriate clock buffer based on the timing
requirements of the design. The detailed information in
thess sections is included only for reference

Global Nets and Buffers (XC4000E only)

Four vertical longlines in sach CLB column are driven
axclusively by special global buffers  These longlines are
in addstion to the vertical longlines used for standard inter-
connect The feur global lines can be driven by either of two
types of global buffers The clock pins of every CLB and
OB can afso be sourced from local interconnact,

Table 15: Clock Pin Access

Two different types of clock tuffers are available in the
XC4000E:

» Pnmary Global Buffers (BUFGP)
« Sacondary Global Buffars (BUFGS)

Four Primary Global buffers offer the shortest delay and
negligible skew Four Secondary Global tuffers have
slightly lenger delay and slightly more skew due to poten-
tially heavier loading, but offer greater flexibility when used
to drive non-clock CLB Inputs.

The Primary Global tuffers must be driven by the
semi-dedicated pads The Secondary Global buffers can
be sourced by either semi-dedcated pads or internal nets.

Each CLB column has four dedicated vertical Global lines
Each of these lines can be accessed by one particular Pri-
mary Global buffer, or by any of the Secondary Global buff-
ars, as shown in Flguis 34 Each comer of the device has
one Primary tuffer and one Secondary buffer

I0Bs along the left and right edges have four vertical global
lenglines. Top and bottom 10Bs can be clocked from the
global lines in the adjacent CLE column

A global buffer should be spscified for all iming-sensitive
global signal distribulion, To use a global buffer, place a
BUFGP (pnmary buffer), BUFGS (secondary buffer), or
BUFG (either pimary or secondary buffer) element in a
schematic or In HDL code. I desired, attach a LOC
attntute or property to direct placement to the designated
location Forexample, attach a LOC=L atinbute or proparty
to a BUFGS symbol to direct that a buffer be placed in one
of the two Secondary Global buffars on the laft adge of the
device, or a LOC=BL to Indicate the Secondary Global
buffer on the bottom edge of the device. on the left

XC4000E XC4000X Local
L&R T&B Inter-
BUFGP BUFGS | BUFGLS BUEGE BUFGE = connect
All CLBs In Quadrant v l v y V V ¥
All CLBs in Device v [ Y v y
108s on Adjacent Vertical v v ¥ \ v v
Half Edge
I0Bs on Adjacent Vertical v ¥ v Y Y
Full Edge
10Bs on Adjacent Honzontal ¥ Y
Half Edge (Direct)
108s on Adjacant Honzantal ¥ v Y Y v ¥
Half Edge (through CLB globals)
108s on Adjacent Horizontal o V Y v
Full Edge (through CLE globals)
L= Left, R = Fight, T = Top, B = Bottom
May 14. 1999 (Version 1.8) 835
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Global Nets and Buffers (XC4000X only)

Eight vertical longiines In each CLB column are driven by
special global huffers These longlines arein addition to the
vertical longlines used for standard interconnect The glo-
bal ines are broken in the center of the array, to dlow taster
distribution and to minimize skew across the whole array.
Each half-column global line has its own buffered mulb-
plexer, as shown in Figure 35. The top and bottom global
lines cannot be connected across the center of the device,
as this connacton might introduce unacceptable skew. The
top and bottom halves of the global lines must be sepa-
rately driven — although they can be driven by the same
global buffer

The sight gobal lines in each CLB column can be dnven by
either of two types of global buffers. They can also be
driven by intemal logic, bacause they can be accessed by
single, doubie, and quad lines at the top, bottom, half, and
quarter points. Consequently, the number of different
clocks that can be used simultaneously in an XC4000X
device is very large

There are four global lines feeding the |OBs at the left edge
of the device, |0Bs along the right edge have sight global
lines. Thereis a single global line along the top and bottom
adges with access to the 10Bs. All 10B global lines are bro-
ken at the center They cannot be connectad across the
center of the device, as this connection might introduce
unacceptable skew.

OB dlobd lines can be drven from two types of glebal buff-
ers or from local intarconnect Alternatively, top and bottom
IOBs can be clocked from the global ines in the adjacent
CLB coiumn

Two different types of clock tuffers are available in the
XC4000X:

« Globg Low-Skew Buffers (BUFGLS)
+ QGloba Early Buffers (BUFGE)

Global Low-Skew Buffers are the standard clock buffers.
They should be used for most interna clocking, whenever a
large portion of the device must be driven.

Giobal Early Buffers are designed to provide a faster clock
access, but CLB access is limited to one-fourth of the
device. They also tacilitate a faster /O interface

Figure 35 is a conceptual diagram of the global net struc-
tura in the XC4000X

Global Early buffers and Global Low-Skew buffers share a
single pad. Thersfors, the same IPAD symbol ¢an drive cne
buffer of sach type, in parallal This configuration is particu-
lady useful when using the Fast Capture laichss, as
described in "IOS Input Signde’ on page 20. Paired Global

Early and Global Lon-Skew buffers share a common input,
they cannot be driven by two different signals

Choosing an XC4000X Clock Buffer

The clocking structure of the XC4000X provides & large
vanety of features. However, it can be simple to uss, with-
out understanding all the details. The software automati-
cally handles clocks. along with all ather rauting, when the
appropriate clock buffer is placed in the design. In fact. if a
buffer symbol called BUFG is placed, rather than a specific
type of buffer, the scftware even chooses the buffer most
appropriate for the design. The detalled information in this
saction is provided for thase users who want a finer lsvel of
corntrol over their designs.

If fine control is desired, use the following summary and
Takia 15 on pags 35 tochoose an appropriate clock buffer

» The simplest thing to dois to use a Global Low-Skew
buffer

« |f a faster clock path is nesded, try a BUFG. The
software wall first try to use a Global Low-Skew Buffer. If
timing requirements are not met, a faster buffer will
automatically be used.

* |f a single guadrant of the chip is sufficient for the
clocked Ingic, and thetiming raquires a faster clock than
the Global Low-Skew buffer. use a Globd Early buffer.

Global Low-Skew Buffers

Each comer of the XC4000X dewice has two Global
Low-Skenw buffers. Any of the sight Global Low-Skew buff-
ers can drive any of the eight vertical Global lines in a cal-
umn of CLBs. In addion, any of the buffers can drive any of
the four vertical lines accessing the I0Bs on the left adge of
the device, and any of the eight vertical lines accessing the
I0Bs cn the right edge of the device. (See Figure 35 on
page 38.)

IOBs at the top and bottom edges of the device are
accessed through the vertical Global lines in the CLEB array,
as n the XC4000E Any Global Low-Skew buffer can,
therefore, access every 0B and CLB In the device.

The Global Low-Skew tuffers can be dniven by sither
semi-tedicated pads or intemal |ogic.

To use a Global Low-Skew buffer, instantiate @ BUFGLS
gement in a schematic orin HDL code, If desired, attach a
LOC attnbuta or property to direct placement to tha desig-
nated lecation. For example, attach a LOC=T attribute or
property to direct that a BUFGLS be placed in one of the
twa Global Low-Skew buftars on the top edgs of the device,
of a LOC=TR to indicate the Global Low-Skew buffer on the
top edge of the device, on the right.

May 14, 1999 (Version 1.6)
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Figure 36: Any BUFGLS (GCK1 - GCK8) Can
Drive Any or All Clock Inputs on the Device

Global Early Buffers

Each corner of the XC4000X device has two Global Early
butfers. The primary purposs of the Global Early buffers is
tu provide an earier clock access than the potentially
heavily-loaded Global Low-Skew buffers. A clock source
applied to both buffers will result in the Global Earfy clock
edge occurring several nanoseconds earfier than the Glo-
bal Low-Skaw buffer clock edge, due to the lighter loading.

Global Early buffers also facilitate the fast capture of device
inputs, using the Fast Captura laiches descnbad In 105
Input Signale” on page 20, For Fast Caplure, take a single
clock signal. and route it through both a Global Early buffer
and a Global Low-Skew buffer. (The two buffers share an
input pad) Use the Giobal Eary tuffer to clock the Fast
Capture latch, and the Glebal Low-Skew buffer to clock the
nommal input flipfiop or latch, as shown in Figure 17 on
page 23.

The Globd Early buffers can aiso be used to provide a fast
Clock-to-Cut on device output pins. However, an eary clock
in the output fip-flop 0B must be taken nto consideration
when calculating the intemal clock speed for the design.

The Globa Early buffers at the left and right edges of the
chip have siightly different capabilities than the ones at the
top and bottom. Refer to Figure 37, Figura 38, and
Figure 35 on page 36 while reading the following explana-
tion.

Each Global Early buffer can access the sight vertical Glo-
bal lines for all CLBs in the quadrant. Thersfore, only
one-fourth of the CLB clock pins can ba accessed. This
restriction is in large part responsible for the faster speed of
the buffers, relative to the Global Low-Skew buffers,

Figure37: Left and Right BUFGEs Can Drive Any or
All Clock Inputs in Same Quadrant or Edge (GCK1 is
shown. GCK2, GCKS5 and GCK6 are similar.)

The left-side Global Early buffers can each dnve two of the
four vertical lines accessing the I0Bs on the entire left edge
of the device. The nght-side Globd Early buffers can sach
drive two of the sight vertical lines accessing the I0Bs on
the entira right edge of the device. (See Figurs 37 )

Each left and nght Globai Early buffer can also dnve half of
the IOBs along sither the top or bottom edge of the device,
using a dedicated line that can cnly be accessed through
the Global Early buffers,

The top and bottom Global Early buffers can drive half of
the I0Bs along aither the left or right edgs of the device, as
shown in Figure 38, They can only access the top and bot-
tom 108s via the CLE global lines

8 7
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Figure 38: Top and Bottom BUFGEs Can Drive Any
or All Clock Inputs in Same Quadrant (GCK8 is
shown. GCK3, GCK4 and GCK7 are similar.)
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The top and bottom Giobal Early buffers are about 1 ns
slowar clock to out than the |eft and right Global Early buff-
ors.

The Global Early buffers can be driven by exther semi-ded-
icated pads orinternd logic. They share pads with the Glo-
bal Low-Skew buffers, so a single net can drive both global
buffers, as descnbed above

To use a Global Early butfer, place a BUFGE elementin a
schematic or in HDL cede. If desired, attach a LOC
attribute or property to direct placement to the designated
location. For exampls, attach a LOC=T attribute or property
to direct that a BUFGE be placed in ons of the two Global
Early buffers on the top edge of the devics, ora LOC=TR to
incicate the Glotal Early buffer on the top edge of the
devica, on the night.

Power Distribution

Power for the FPGA is distibuted through a gd to achieve
high noise immunity and isctation between loge and 110,
Inside the FPGA, a dedicated Vee and Ground ring sur-
rounding the logic array provides power to the I/Q dnvers,
as shown in Figure 38 An independent matrix of Voc and
Ground lines supplies the interior logic of the device

This power distribution grid provides a stable supply and
ground for all intemal legic, providing the extemal package
power pins are all connected and appropriately de-coupled,
Typically, & 0.1 uF capacitor connected between sach Vec
pin and the board's Ground plane will provide adequate
de-coupling.

Output buffers capabie of driving/sinking the speafisd 12
mA loads under specified worst-case conditions may be
capable of drivingfsinking up to 10 times as much current
under best case conditions,

Noise can be reduced by minimizing external load capaci-
tance and reducing simultaneous output transitions in the
same direction. It may also be beneficial o locats heavily
loadsd output buffers near the Ground pads The 0 Block
output buffers have a slew-rate imited mode {default) which
should be used whare output nse and fall tmes are not
spead-critical.
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Figure 39: XC4000 Series Power Distribution

Pin Descriptions

There are three types of pins in the XC4000 Series
devices;

= Permanently dedicated pins
« User IO pins that can have special functions
= Unrestricted user-programmabie 10 pins.

Bafore and during configuration, all outputs not used for the
configuration process are 3-stated with & 50 kQ - 100 kQ2
pull-up reststor.

After configuration, if an OB is unused it is canfigured as
an input with a 50 kL2 - 100 k&2 puli-up resistor

XC4000 Series devices have no dedicated Resst input
Any user I/O can be configured to dnve the Global
Set/Resst net, GSA. See "Global SatfFasst’ on page 11
for mora information on GSH

XC4000 Series devices have no Powerdown control input,
as the XC3000 and XC2000 families do. The
XC3000/XC2000 Powerdawn control also 3-stated all of the
devics

1D pins, For XC4000 Series devices, use the global 3-state
net, GTS, instead, This net 3-states all outputs, but does
not place the device in low-power mode, See 10E Output
Signals” on paye 23 for mora information an GTS.

Device pins for XC4000 Senies davices are described in
lania 18, Pin functions during configuration for each of the
seven canfiguration modes are summarized in Tabla 22 on
pags 58, in the “Configuration Timing" section.

May 14, 1999 (Versicn 1.8}
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Table 16: Pin Descriptions

vo 1o
During | After
Pin Name | Config. Config. Pin Description
Permanently Dedicated Pins

Eight or more (depending on package) connections to the nominal +5 V supply voitage
VCC | | (+3.3 V for low-voltage devices), All must be connected, and sach must be decoupled
with a 0.01 - 0.1 uF capacitor to Ground

Eight or more (depsnding on package type) connections to Ground. All must be con-

GND | | B ‘
During configuratian, Configuration Clock (CCLK) is an output in Master modes or Asyn-
chronous Peripheral mode, butis an inputin Slave mode and Synchronous Peripheral
COLK lorO | mode. After configuration, CCLK has a weak pull-up resistor and can be selectad as the

Readback Clock. There is no CCLK High or Low time restnction on XC4000 Series de-
vices, except during Readback. See “Violabing the Maxwmum High and Low Tima Spec-
ificanan for the Readbask Cleck” an page 56 for an explanation of this exception
DONE 1s a bidirectional signal with an optional internal pull-up resistor. As an output, It
indicates the completion of the configuration process. As an input, a Low level on DONE
DONE 110 O |can beconfigured ta delay the giobal logic initialization and the enabling of cutputs.
The cptiond pull-up rasistor is selected as an option in the XACT step program that cre-
ates the configuration bitstream. The resistor is ncluded by default
PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. Itis used to initate & configuration cycle, When PROGRAM goes High, the FPGA
PROGRAN I | finishes the curmrent dlear cycle and executes another complete ciear cycle, before it
goes Into a WAIT state and releases INIT
The PROGRAM pin has a permanent weak pull-up, so it nead not be extarnally pulled
up to Vee.
User /O Pins That Can Have Special Functions
Buring Peripheral mode configuration, this pin indicates when it Is appropnate to write
another byte of data into the FPGA The same status is also available on D7 in Asyn-
ROY/BUSY Q 12 |chronous Paripheral mods, if a read operation is parformed when the deviceis selectad.
After configuraticn, RDY/BUSY is a user-programmable 1/0 pin
RDY/BUSY is pulled High with a high4mpedance pull-up prior to INIT going High.
During Master Parallel configuration, each change on the AG-A17 outputs {AD - A21 for
XC4000X) is preceded by a rising edge on ACLK, a redundant output signal RCLK is
useful for clockad PROMs. It is rarely used dunng configuration. After configuration,
RCLK is a user-programmable 11O pin.
As Mode inputs, these pins are sampled after INIT goes High to determine the configu-
ration mode to ba usad, After configuration, MO and M2 can be used as nputs, and M1
can be used as a 3-state output These three pins have no associated input or cutput
ragistars.
1 (MO), |Duringconfiguration, these pins have waak pull-up resistars. For the most popular con-
MO, M1, M2 1 O (M1), [figuration mode, Slave Serial, tha mode pins can thus bs left unconnected, The three
I (M2) |modeinputs can be indvidually configured with or without weak pull-up or pull-down re-
sistors. A pull-down rasistor value of 4.7 k€2 is recommended.
These pins can only be usad as inputs or cutputs when called out by specid schematic
definitions To use thess pins, place the library components MO0, MD1, and MD2 in-
stead of the usud pad symbois, Input or output buffers must still be used,
If boundary scan is usad, this pin is the Test Data Qutput. If boundary scan is not used,
this pin is a 3-state output without a register, after configuration is completed.
TGO (o} O |This pin can be user output only when called out by special schematic definitions. To
use this pin, place the library compenent TDO instead of the usual pad symbal. An out-
put buffer must still be used

RCLK (o] 1o

6-40 May 14, 1969 (Version 1 6)
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Table 16: Pin Descriptions (Continued)

vo e}
During | After
Pin Name | Config. Config. Pin Description
If boundary scan is used, these pins ars Test Data In, Test Clock, and Test Mode Select
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins
o [ also be usad as inputs to the CLE logic after configuration is completad.
TDI, TCK, I i If the BSCAN symbaol is not placed In the design. all boundary scan functions are inhib-
TMS (TAG] ited once configuration is completed, and thess pins become user-programmable 11O,
The pins can be used automatically or user-constrained Touse them, use "LOC="or
place the library components TOI, TCK| and TMS Instead of the usua pad symbols, In-
put or output buffers must still be used.
High Dunng Configuration (HOC} is driven High until the |0 go active ltis available as
HDC o /G |acontrol cutput indicating that configuration is not yet campleted. After configuration.
HOC is a user-programmabie 11D pin.
Low During Configuration (LDC)is driven Low until the 14O go active. Itis available as a
Lbe (o] I3 |control output indicating that configuration is not yet completed. After configuration,
LDC is a user-programmatie 1O pin.
Before and dunng configuration, INIT is a bidirectional signal A 1 k&2 - 10 ki extemal
pull-up resistor is recommeanded.
As an active-Low open-drain output, INIT is held Low during the power stabilization and
i o o intarnal clearing of the configuration memory, As an actve-Low input. [t can be used
to hold the FPGA in the intemal WAIT stats before the start of configuration.  Master
mode devices stay in a WAIT state an additional 3010.300 ys after INIT has gone High.
During configuration, a Low on this cutput indicates that a configuration data eror has
oocurred. After the 11D go active, INIT is & user-programmable 1O pin.
Four Pnmary Global inputs each drive a dedicated internal global net with short delay
PGCK1 - and minimal skew If not used to drive a giobal buffer, any of these pins Is & user-pro-
PGCK4 Weak Lof /O grammable 110,
(XC4000E | Pull-up The PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol
only) connected drectly to the input of a BUFGP symbul is automatically placed on one of
thess pins.
Four Secondary Global inputs each drive a dedicated intemnal global net vith short delay
SGCK1 - and minimd skew. These intemal giobal nets can &so be driven from intemal legic If
SGCK4 Wiak Lor 11O not used to dive a global net. any of these pins is a user-pragrammable 113 pin
(XC4000E | Pull-up The SGCK1-SGCK4 pins provide the shortest path to the four Secondary Global Buff-
only) ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.
Eight inputs can each dnve a Global Low-Skew buffer. in addition, each can drive a Glo-
GCK1 bal Early buffer. Each pair of global buffers can also be driven fram Internal legic, but
GCK8 Weak Lor 1O must share an input signd If not used to dnve a global buffer, any of thess pinsis a
(XC4000X | Pull-up user-programmable 1O
only) Any input pad symbol connected directly to the input of a BUFGLS or BUFGE symbol
is automaticdlly placed on one of these pins.
FCLKY - Four inputs can each drive & Fast Clock (FCLK) buffer which can deliver acleck signal
FCLK4 o any IOB clock input in the octant of the die served by the Fast Clock buffer. Two Fast
(XC4000XLA | Weak Lor 1O Clock buffers serve the two I0B octants cn theleft side of the die and the other two Fast
and Pull-up Clock buffers serve the two IOB cctants on the right side of the die. On each side of the
XC4000XY die. one Fast Clock buffer serves the upper octant and the ather serves the lower octent
only) If not used to drive a Fast Clock buffer. any of thess pins is a usar-programmabls 1O,

lMay 14. 1908 (Versicn 1.6)
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Table 18: Pin Descriptions (Continued)

Pin Name

vo
During
Config.

o
After
Config.

Pin Description

Cs0, C81,
WS RS

These fourinputs are used in Asynchronous Peripheral mode. The chip is selected
when CS01s Low and CS1 is High. While the chip is selected, a Low on Write Strobe
(WS) loads the data prasent on the DO - D7 inputs into the intemal data buffer. A Low
on Read Strobe (AS) changes D7 into a status output — High if Ready, Low if Busy —
and drves DO - D6 High

In Express mode, CS1 is used as a sanial-enable signal for daisy-chaining

WS and AS should be mutualy exclusive, but if both are Low simultanscusly, the Write
Strobs overndes. After configuration, these are user-programmatis 1O pins.

AO-A17

 A18-A21
(XC4003XL to
XC4085XL)

During Master Parallel configuration, these 18 ocutput pins address the cenfiguration
EPROM. After configuration, they are user-programmable 110 pins.

4 more bits to address the configuration EPROM . After configuration, they ars user-pro-
grammable /O pins (See Master Parallel Configuration section for additional details )

Do-D7

Ouring Master Parallel and Penpheral configuration, these sight input pins recewve con-
figuration data. After configuration, they are ussr-programmable /O pins,

DiN

Ouring Stave Serial or Master Senal configuration, DIN is the serial configuration data
input receiving data on the nsing edge of CCLK During Paralel configuration, DIN is
the DO Input. After configuration, DIN is a user-programmable O pn.

Dourt

Ouring configuration in any mode but Express mode. DOUT s the serial configuration
data output that can drive the DIN of daisy-chained slave FRGAs. DOUT data changes
on the falling edge of CCLK, one-and-a-half CCLK perieds after it was recewvad at the
DIN Input.

In Express medefor XC4000E and XC4000X only, DOUT is the status output that can
drive the CS1 of daisy-chained FPGAs, to enable and disable downstream devices
After configuration, DOUT Is a user-programmable 1O pin.

Unrestricted User-Prog

rammable VO Pins

1o

Waeak
Pull-up

1o

These pins can be configured to be input and/or output after conliguration is completed
Before configuraticn is completed, these pins have an intemal high-value pull-up resis-

tor (25 kQ - 100 kQ) that defines the logic level as High.

Boundary Scan

The ‘bed of nails' has been the traditional method of testing
slectronic assemblies. This approach has become less
appropriate, due to doser pin spacing and more sophisti-
cated assembly methods like surface-mount technology
and muiti-layer boards. The IEEE Boundary Scan Standard
11491 was developed to faciiitate board-leve! testing of
electronic assemblies. Design and test engineers can
Imbed a standard test logic structure in their device to
achieve high fault coverage for IO and internal logic, This
struciure is easily impiemented with a four-pin interface on
any boundary scan-compatible IC. IEEE 1148.1-compati-
hle devices may be senal daisy-chaned together, con-
nected in parallel, or a combination of the two,

The XC4000 Series implements IEEE 1148 {-compatible
BYPASS, PRELOAD/SAMPLE and EXTEST boundary
scan instructions.  When the boundary scan configuration
option is selectad, thres normal user |10 pns become ded-
lcated Inputs for these functions. Ancther user output pin
becomes the dedicated boundary scan output. The details

of how to enable this circuitry are coverad later in this sec-
bon,

By exercising these input signals, the usearcan sanally load
commands and data into these devices to contral the dnv-
ing of thair outputs and to examine their Inputs. This
method is an improvement over bed-of-nails iesting. It
avoids the nead fo over-drive device outputs. and it reduces
the user interface to four pins. An opticnal fifth pin, a reset
for the control logic, is described in the standard but is not
impiamented in Xilinx devices.

The dedicated on-chip logic implementing the IEEE 1149.1
functions includes a t6-state maching, an instruction regis-
ter and a number of data registers. The functicnal dotails
can be found in the IEEE 1149.1 specificaton and are also
discussed in the Xilinx application note XAPF 017 “Bound-
ary Scan in XC4000 Devices”

Flgure 40 on page 43 shows a simplified block diagram of
the XC4000E InputiCutput Block with boundary scan
impiemanted XC4000X boundary scan logc is identical.
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Figure 41 on page 44 is a diagram of the XC4000 Senas
beundary scan logic. It includes thres bits of Data Regster
per OB, the IEEE 1149.1 Test Access Port controfler, and
the Instruction Register vith decodes

XC4000 Senes devices can aiso be configured through the
boundary scan logic. Ses 'Raadback” on page 55

Data Registers

The primary data register is the boundary scan register, For
each I0B pin in the FPGA, bonded or not, itincludes three
bits for In, Out and 3-State Control Non-IOB pins have
appropriate partia bit population for In or Out only. PRO-
GRAM. CCLK and DONE are nat included in the boundary
scan register Each EXTEST CAPTURE-DR state captures
all in, Out. and 3-state pins.

The data register also includes the following non-pin bits:
TDOT, and TDO.O, which are always bits 0 and 1 of the

g

data register respectivaly and BSCANT.UPD, which is
always the |ast bit of tha data register. Thase three bound-
ary scan bits are spacial-purpose Xilinx test signals.

The other standard data register |s the single flip-flop
BYPASS register. It synchronizes dats being passed
through the FPGA to the naxt downstream boundary scan
device.

Tne FPGA provides two additicnal data registers that can
be specified using the BSCAN macro. The FPGA provides
two user pins (BSCAN SEL1 and BSCAN SEL2) which are
the decodes of two user instructions. For thesa instructions,
two  comesponding pins  (BSCAN.TCO{  and
BSCAN TDO2) alow user scan data to be shifted cut on
T0O. The data register clock (BSCAN DRCK) is available
for control of test logic which the user may wish to imple-
ment with CLBs The NAND of TCK and RUN-TEST-IDLE
is also provided (BSCAN.IDLE).
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Figure 40: Block Diagram of XC4000E IOB with Boundary Scan (some details not shown).

XC4000X Boundary Scan Logic is Identical.
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Figure 41: XC4000 Series Boundary Scan Logic

Instruction Set

The XC4000 Serigs boundary scan instruction set also
includes instructions o configure the device and read back
the configuration data. The instruction set s coded as
shown in Tatle 17,

Bit Sequence

The bit seguence within each IOB is. In, Out, 3-State. The
input-anly M0 and M2 mode pins contribute only the In bit
to the boundary scan /O data register, while the out-
put-cnly M1 pin contributes all three bits.

The first two bits in the /O data register are TDO.T and
TDO.G, which can be used for the capture of intemal sig-
nals. The final bit is BSCANT.UPD, which can be used to
drive an intemal net. These locations are primarily used by
Xilinx for intemal testing.

From a cavity-up view of the chip (as shown In XDE or
Epic), starbing in the upper right chip corner, the boundary
scan data-register bits are orderad as shown in Figure 42,
The device-spscific pinout tables for the XC4000 Serles
include the boundary scan locations for each 10B pin.
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BSDL (Boundary Scan Description Language) fies for
XC4000 Series devices ars available on the Xilinx FTP site

Including Boundary Scan in a Schematic

If boundary scan is only to be used during configuration, no
spacial schematc gements need be included in the sche-
matic or HDL coda. In this case, the special boundary scan
pns TDI, TMS. TCK and TDO can be used for user func-
tions after configuration

Toindicate that boundary scan remain enabled after config-
uration, place the BSCAN library symbeol and connect the
TDI, TMS, TCK and TDO pad symbdis to the appropriate
pins, as shown in Figura 43,

Even if the boundary scan symbadl is used in a schematc,
the input pns TMS, TCK, and TDI can stll be used as
inputs to be routed to intemal logic. Care must be taksn not
to force the chip into an undesired boundary scan state by
inadvertently applying boundary scan input patterns to
these pins. The simplast way te prevent this is to keep TMS
High, and then apply whatever signal is desired to TDI and
TCK
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Table 17: Boundary Scan Instructions
Opticadl N~ To User
Instruction 12 Test | o0 source VO Data ¥ Layr
n o Selected Source
o|0]| @ EXTEST DR DR BIGAN
0| 0| 1 |SAMPLEPR| DR | PinlLogic LTOT> wm o we——{I0>
ELOAD [mE>———|e  peck|—
O | 1| 0 | USER1 | BSCAN, | UserLogc (> e 8 T
TDOA From { —{ T SELY |— Loge
Userloge | —mee  sELE|—
of(1]1 USER 2 BSCAN. | User Logic _—
TDO2
1| 0 | 0 |READBACK| Readback | PinLLogic Figure 43: Boundary Scan Schematic Example
Data - -
1 0 | 1 |CONFIGURE| DOUT Disabled COI‘Iflgl.ll'athI'l
1 1 0 | Resarved =0 = Configuration is the process of loading design-specific pro-
1 i 1 BYPASS Bypass = gramming data into ona or more FPGAS to define the func-
Registar tional operation of the intema blocks and their
interconnections. This Is somewhat like loading the com-
mand registers of a programmable penpheral chip, XC40C0
BEO( TDO end; 00T Series devices use several hundred bits of configurabon
.33 l ot data per CLS and its associated interconnects.  Each con-
| Top-oze 10 (Fight o Lkt figuration bit defines the state of a static memory cell that
controls either a funchon look-up table bit, a multiplexer
JI Lati-pekge OBS (Top lo Bettom) input, or an Interconnect pass transistor. The XACT step
MO T development system translates the design intc a netiist file
MD1.Cr It automatically partiions, places and routes the logic and
ik generates the configuration data in PROM format,
Mo2|
: Bolom-00g0 1085 (Lafto gt Special Purpose Pins
Three configuration made pins (M2 M1, MO) are sampled
Jl Fight-edge I0BS (Boltam 1o Top prior to configuration to determine the configuration mode.
(TD) endly ASCANT.LPD After cenfiguration, these pins can be used as auxiliary
connectons. M2 and MO can be usad as inputs, and M1

Figure 42: Boundary Scan Bit Sequence

Avoiding Inadvertent Boundary Scan

If TMS or TCK is used as user /O, cara must be taken to
ensure that at |sast one of these pins is held constant dur-
ing configuration, In some applications, a situation may
occur where TMS or TCK is driven during configuration.
This may cause the device to go Into boundary scan mode
and disrupt the configuration process

To prevent activation of boundary scan during configura-
ton, do ether of the following:

« TMS Tie High to put the Test Accsss Port controlier
in a banign RESET stata
+ TCK: Tie High or Low—don't toggle this clock input.

For mare information regarding boundary scan, referto the
Xilinx Application Note XAPP 017.001, “Boundary Scan in
XC4000E Devices”

can be used &s an output The XACT step development sys-
tem dosas notuse these resources uniess they are explicitly
specified in the design entry. This is done by placing a spe-
cial pad symbol called MD2, MD1, or MDO instead of the
input or output pad symbal,

In XC4000 Series devices, the mode pins have weak
pull-up resistors dunng configuration.  With all three mode
pins High. Slave Serial mode s selected, which s the most
popular configuration mode Therefore, for the most com-
mon configuration mode, the mode pins can be |eft uncan-
nected (Note, haowsver, that the mtamal pull-up resistor
value can be as high as 100 kQ} After configuration, these
pins can individually have weak pull-up or pull-down resis-
tars, as specihed in the design A pull-down resistor value
of 4.7 k€2 1s recommended.

These pins are located in the lower left chip comer and are
near the readback nets. This location allows convenient
routing if compatiility with the XC2000 and XC3000 family
conventions of MO/MAT, M1/RD is desired.
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Configuration Modes

XC4D00E devices have six configuration modes XC4000X
dewices have the same six modes. plus an additonal con-
figuration mode. These modes are selected by a 3-bitinput
code applied to the M2, M1, and MO inputs. There are three
seif-loading Master modes, two Peripheral modes, and a
Senal Slave mode, which s used prmarly for
daisy-chained devices The coding for mode selection is
shown in Table 18,

Table 18: Configuration Modes

Mode M2 | M1 | MO | CCLK Data
Master Senal 0| 0 | O | output Bit-Senal
Stave Serd 1 1 1 input Bit-Senal
Master 1 (0| O | output | Byte-Wide,
Parallet Up increment

from 00000
MMastar 1 1 | O | output | Byte-\Wide,
Parallel Down decrement
from 3FFFF
Peripheral 01 1 input Byte-\Wide
Synchronous*
Penpheral 1|0 | 1 | output | Byte-Wide
Asynchronous
Reserved 0|1 0 - -
Reserved 0|0 |1 - -

* Can be considered byte-wide Slave Paraflel

A detaled description of each configuration mods, with tim-
ing information, is included later in this data shest During
configuration, some of the 1/O pins are used temporanly for
the configuration process.  All pins used dunng configura-
tion are shown In Tabie 22 on page 58,

Master Modes

The three Master modes use an intemal osciliator to gener-
ate a Configuration Clock (CCLK) for dniving potential slave
devices They also generate address and timing for exter-
nal PROM(s} containing the configuration data.

Master Paralld (Up or Down) modes gensrate the CCLK
signal and PROM addresses and receive byte parallal data.
The data is internally senalized into the FPGA data-frame
format The up and down selection generates starting
addresses at aither zere or 3FFFF (3FFFFF when 22
address lines are used), for compatibility with different
microprocessor addressing conventions, The Master Serial
mode generates CCLK and receives the configuration data
in serial form from a Xilinx senal-configuration PROM

CCLK speed is selectable as sither 1 MHz {default) or 8
MHz. Configuration always starts at the default siow fre-
quency, then can switch to the higher fraquency during the
first frame. Frequency tolerance is -50% to +25%.

Additional Address lines in XC4000 devices

The XC4000X devices have additional address lines
(A18-A21) alowing the additional address space required
to daisy-chan several large devices,

The extra address lines are programmable in XC40C0EX
devices. By default these address lines are not activated. In
the default mode, the devices are compatible with existing
XC4000 and XC4000E products. If desired, the extra
address lines can be used by speeifying the address lines
option in bitgen as 22 (bitgen -g Addresslines22) The
lines (A18-A21) are driven when a master device detects,
via the bitstream, that it should be using all 22 address
lines. Because these pins will initially be pulled high by
intemal pull-ups, designers using Master Parallel Up mode
shouid use extarnal pull down resistors on pins A18-A21 I
IMaster Parallsl Down mode is used external resistors are
not necessary.

All 22 address lines are always active in Master Paraliel
modes with XC4000XL devices The additional address
lines behave identically to the lower orger address lines. If
the Address Lines option In bitgen s set to 18, it will be
ignored by the XC4000XL devica.

The additional address lines (A18-A21) are not available in
the PCB4 package.

Peripheral Modes

The two Peripheral modes accept byte-wide data from a
bus A RDY/BUSY status is available as a handshake sig-
nal In Asynchronous Paripheral mods, the internal osciila-
tor generates a CCLK burst signd that senalizes the
byte-wide data, CCLK can also drive slave dewvicss. In the
synchronous mode, an externally supplied cleck input to
CCLK seridizes the data.

Slave Serial Mode

In Slave Serial mods, the FPGA recaives senal configura-
tion data on the rising edge of CCLK and, after loading its
configuration, passes addiiona data out, resynchronized
on the next falling edge of CCLK

lultiple slave devices with identical configurations can be
wired with paraliel DIN inputs. In this way. multipie devices
can be configured simultaneously.

Serial Daisy Chain
Multiple devices with different configurations can be con-

nected together in a "daisy chain" and a single combined
bitstream used to configure the chain of slave devices.

To configura a daisy chain of devices, wire the CCLK pins
of all devices in paralle!, as shown in Figura 5¢ on page
a0. Connect the DOUT of each device to the DIN of the
next The lead or mastar FPGA and foliowing slaves sach
passes resynchronized configuration data coming from a
single source The header data, including the length count,
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is passed through and is captured by each FPGA when it
recognizes the 0010 preamble. Following the length-count
data, each FPGA outputs a High on DOUT until it has
recaved its required number of data frames

After an FPGA has mceived its configuration data. it
passes on any additional frama start bits and configuration
data on DOUT Wnen the total number of configuration
clocks applied after memory initialization equals the value
of the 24-tit length count. the FPGAs begin the start-up
saquence and bacome operational together FPGA 110 are
narmally redleased two CCLK cycles after the last configura-
tion bit is received. Figura 47 on page 53 shows the
start-up timing for an XC4000 Series device.

The caisy-chained bitstream is not simply a concatenation
of the individual bitstreams. The PROM file formatter must
be used to comhine the bitsireams for a daisy-chained con-
figuration.

Multi-Family Daisy Chain

All Xilinx FPGAs of the XC20C0, XC3000, and XC4000
Series use a compatible bitstream format and can, there-
fore, be connected in a daisy chan in an arbifrary
sequence. There is, howsver, one limitation, The lead
device must belong to the highest family in the chain. If the
chain contains XC4000 Serigs devices, the master nor-
mally cannot be an XC2000 or XC3000 devica

The reason for this nile is shown in Figure 47 on page 53,
Since al devices in the chain store the same length count
value and generate or recave one common seguence of
CCLK pulsss, thay d| recognize length-count mateh on the
same CCLK edge. as indicated on the left edge of
Figure 47 The master device then generates additional
CCLK pulses until it reaches its finish point F The different
famllies generate or reguire different numbers of additional
CCLK pulses until they reach F Not reaching F means that
the device does not really finish its configuration, although
DONE may have gone High, the autputs became actve,
and the Internal reset was released. For the XC4000 Seres
device, not reaching F means that readback cannot be ini-

tiated and most boundary scan instructions cannct be
used,

The user has some control over the relative timing of these
events and can, therafors, make sure that they occur at the
proper time and the finish paint F is reached. Timing is con-
trolled using options in the bitstream generation software

XC3000 Master with an XC4000 Series Slave

Soms designers want to use an inexpensive lead device in
peripheral mode and have the more precious O pins of the
XC4000 Series devices &l avallatle for user VO, Figure 44
provides a soiution for that case.

This solution requires ona CLB, one IOB and pin, and an
internal oscillator with a fraquency of up to § MHz as a
clock source. The XC30C00 master device must be config-
ured with late Internal Reset, which is the default cption

Ona CLB and one I0B In the lead XC3000-tamily device
are used to generats the additional CCLK pulse required by
the XC4000 Series devices. When the |ead device removes
the intemal RESET signal, the 2-bit shift register responds
ta its clock Input and generates an active Low output signal
forthe duration of the subsequent clock period, An external
connection between this cutput and CCLK thus creates the
extra CCLK pulse

e Ot
—{ > Connacted
Famet fo CCUY

[ (]

lay 14. 1999 (Versicn 1.6}

PO Adive Low Cutpt
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o

.""r .
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Figure 44: CCLK Generation for XC3000 Master
Driving an XC4000 Series Slave
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Setting CCLK Frequency

For Master modes. CCLK can be generatad in exther of twa
frequencies. In the default siow mode. the frequency
renges from 0.5 MHz to 1.25 MHz for XC4000E and
XC400DEX devices and from 0.6 MHz to 1.8 MHz for
XC4000XL devices. In fast CCLK mode. the frequency
ranges from 4 MHz to 10 MHz for XC4000E/EX devices and
from § MHz to 15 MHz for XC4000XL devices, The fre-
guency is selected by an optich when running the bitstream
generation software. If an XC4000 Serles Master is driving
an XC3000- or XC2000-family slave, slow CCLK mode
must be used. In addition, an XC4000XL device dniving a
XC4000E or XC40C0E X should use slow mode. Slow mode
is the default

Table 19: XC4000 Series Data Stream Formats

Data Stream Format

The data stream ("bitstream”) format is identcal for ali con-
figuration modes.

The data stream formats are shown in Taole 18 Bit-senal
datais read from |sft to right, and byts-parallsl datais effac-
tvely assembied from this serial bitstream, with the first bit
n aach byte assigned to DO

The configuration data straam begins with a string of eight
ones, a preamble cods, followed by a 24-bit length count
and a separator field of cnes. This header is followed by the
actual configuration data in frames. The length and number
of frames depends on the device type (see Tabiz 20 and
Tavle 21). Each frame beqgins with a start field and ends
with an atror check. A postambis coda is required to signal
the end of data for a single device. In all casss. additional
start-up bytes of data are required to provide four clocks for
the startup sequence at the end of configuration. Long
daisy chamns require additional startup bytes to shift the last
data through the chain. All startup bytes are don't-cares;
these bytes are not included in bitstreams created by the
Xilinx scftware

A selection of CRC or non-CRC arror chacking is allowed
by the bitstream gensration seftwara. The non-CRC error
checking tests for a designated end-of-frame field for each
frame. For CRC error checking, tha software calculates a
running CRC and inserts a unigue four-bit partial check at
the end of sach frame. The 11-bit CRC check of the last
frame of an FPGA inciudes the last seven data bits.

Detection of an error results in the suspension of data load-
ing and the pulling dewn of the INIT pin, In Master modes,
CCLK and address signals continue to operate extemnally.
The user must datect INIT and initialize a new configuration
by pulsing the PROGRAM pin Low ar cycling Vee

All Other

DajaType Modes (DO...)
Fill Byte 11111111b
Preamble Code 0010b
Length Count COUNT (23.0)
Fill Bits 1111b
Start Field Ob
Data Frame [DATA(n-1:0)
CRC or Censtant hoox (CRC)Y
Fietd Check or0110h
Extend Write Cycle -
Postamble 01111111b
Stant-Up Bytes sxxh
Legend
Not shaded Once per bitstream
Light Once per data frame
Dark Once per device
5-48
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Table 20: XC4000E Program Data

Device | XC4003E | XCA4005E | XC4006E | XC4008E | XC4010E | XC4013E | XC4020E | XC4025E
Max Logic Gates | 3000 5,000 8000 8000 | 10,000 13000 | 20000 25,000
CLBs 100 196 258 324 400 576 784 1,024
(Row x Col.) (10x10) | (14x14) | (16x16) | (1Bx18) | (20x20) | (24 x24) | (28x28) | (32x32)
10Bs 80 112 128 144 160 192 224 258
Flip-Flops 360 818 788 936 1,120 1,536 2016 2560
Bits per Frame 126 166 185 206 228 266 308 348
Frames 428 572 644 76 788 a32 1,076 1,220
Program Data 53,936 94 960 116792 | 147 504 178,006 | 247920 | 329264 | 42,128
PROM Size 53,584 95008 | 115,840 | 147552 | 176,144 | 247968 | 320312 | 422176
(bits)
Notes 1. Bits per Frame = (10 x number of rows) + 7 for the top + 13 for the bottom + 1 4 1 startbit + 4 error check bits

Number of Frames = {36 x number of columns} + 26 for the left edge + 41 for the right edge + 1
Program Data = (Bits per Frame x Number of Frames) + & postambile bits

PROM Size = Program Data = 40 (heacer) + 8

2. The user can add more 'one” bits as |eading dummy bits in the header. or, if CRC = off. as trailing dummy bits at the end of
any frame, following the four error check bits. However, the Length Count value must be adjusted for all such extra "one”
bits, éven for extra leacing ones at the beginning of the header

Table 21: XC4000EX/XL Program Data

Device | XC4002XL| XC4005 | XC4010 | XC4013 | XC4020 | XC4026 | XC4036 | XC4044 | XC4052 | XC4062 | XC4085
g::u.ogc 2000 | 5000 | 10000 | 13000 | 20,000 | 28,000 | 36000 | 44000 | 52000 | 62000 | 85000
oS
CLBs 64 196 400 576 784 | 1024 | 1.295 | 1600 1,636 2,304 2136
m;m (Bx8) |[(14x14) (20X 20) (24x24) | {28 x 28} |{32x32) (36 x 35) | (40x40) | (44x44) | (46 x 48) | (56 x 56)
10Bs 64 112 160 | 192 24 | 25 288 | 320 352 | 2384 448
Flip-Flope 256 616 | 1120 | 1536 | 2016 | 2560 | 3168 | 3.840 4576 | 5376 7158
Bits per 133 205 277 325 373 421 455 517 565 613 708
Frame
Frames 456 741 1023 | 1211 | 1,368 | 1587 | 1.775 | 1963 2,151 2339 2715
Program Data| 61.052 | 151,810 | 283,376 | 363580 | 521 832 | 668,124 | 832,480 | 1.014.876 | 1.215.320 | 1.433.804 | 1,924,840
m)usne 51104 | 151,950 | 283,424 | 363632 | 521 880 | 668 172 | 832528 | 1,014.524 | 1215368 | 1433852 | 1,924,992

Notes: 1. Bits per frame = (13 x number of rows) + 9 for the top + 17 for the bottom + 8 « 1 start bit + 4 error check bits,
Frames = (47 x number of columns) + 27 for the left edge + 52 for the right edge + 4
Program data = [bits per frame x number of frames) + 5 postamble bits.
FROM size = (program data + 40 header bits + 8 starl Kis) rounded up to the nearest byte
2 The user ¢an add more "one’” Lits as leading dummy bits in the header, or, if CAC = off as frailing dummy bits at the end
of any frame, following the four eror check bits. However, the Length Count value must be adjusted for afl such extra "one”
bits, even for extra leading “ones” at the beginning of the headar,

Cyclic Redundancy Check (CRC) for
Configuration and Readback

The Cyclic Hedundancy Check is a method of emror detec-
tion in data transmission applications, Generally, the trans-
mitting system performs & calculation on the serial
bitstream. Tha result of this calculation is tagged onto the
data stream as additional check bits: The recsiving systam
performs an identical calculation on the bitstream and com-
pares the result with the received checksum.

Each data frame of the configuration bitstream has four
error bits at the end, as shown in Tabie 19, If a frame data
eror is detected during the loading of the FPGA, the con-

figuration process with a potentially corrupted bitstream is
terminated The FPGA pulls the INIT pin Low and goesinto
a Wait state.

During Readback, 11 bits of the 18-tit checksum are added
to the end of the Readback data stream. The checksum is
computed using the CRC-18 CCITT polynemial, as shown
in Figura 45, The checksum consists of the 11 most signif-
icant bits of the 18-bitcode. A change in thechecksum indi-
cates a change in the Readback bitstream. A companscn
to a previous checksum is meaningful only if the readback
data is independent of the current dsvice state. CLB out-
puts should not be included (Read Capture option not

May 14, 1989 (Version 1.6)

6-49

170



Product Obsolete or Under Obsolescence "
XC4000E and XC4000X Series Field Programmable Gate Arrays $7 XILINX

used), and if BAM Is present, the RAM content must ba
unchanged

Statistically, one error out of 2048 might go undetected. e
QUNCRry 523
Insdrutiors

Configuration Sequence e

Thete ara four major steps in the XC4000 Senes powst-up
configuration sequence.

» Configuration Memaory Clear
+ Initigization

»  Configuration

+ Start-Up

The full process is illustrated in Sigurs 48, P Lo

A f LOaD
Configuration Memory Clear MEPR? -
When power is first applied or is reapplied to an FPGA, an PR <
Internal circuit forces initialization of the configuration logic.
When Veo reaches an operational level, and the circuit
passes the write and read test of a sample pair of configu-
ration bits, & ime delay is started. This time delay is nomi- Mzt s Y 2 0

nally 16 ms. and up to 10% longer in the low-voltage Pefcre Semping Wyriat riam
devices The delay 1s four tmes as long when in Master
lModes (M0 Low), to allow ample time for all slaves to reach

i y Master COLY

a stable Voc. When all INIT pins are tied together, as rec-

Conplady Clasr
Contigueation Memony
e Mire

=1 3 us pet Frume

cmmended, the lcngest delay takes precedance, There- R
fore, devices with different ime dalays can aasily be mixed - i.;?;ﬁfn 3
and matched In a dalsy chain. Cata Frame
This delay is applied only on power-up It i1s not applied 5
when re-contiguring an FPGA by pulsing the PROGRAM ¥
I
SAMPLEFRELCAD
BYPASS
1
o T[S TE AR e [T TEEY
LA DYTAFRAYE -1 fo— 00~ (HEQTIN ——=
13
@
Rescback Dot Stam o
Figure 45: Circuit for Generating CRC-16
EtITE.*-‘ ::
SHAMPLE PRELORD e
BYPASS =
LSER 1 H Bouncary Scan
= Sdedaa
‘AHEN DBACH »ro
Figure 46: Power-up Configuration Sequence
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Low. Dunng this ime de&fay, or as long as the PROGRAN
input is asserted, the configuration logic is held in a Config-
uration Memery Clear state. The configuration-memory
frames are consecubively imitialized, using the intemal oscil-
lator.

At the end of each complete pass through the frame
addressing, the power-on time-out dalay circuitry and the
lavel of the PROGRAM pin are tested. If naither 1s asserted,
the logic initiates one additional clearing of the configura-
tion frames and then tests the INIT input.

Initialization
During initialization and configuration, user pins HDC, LOC,
INIT and DONE provide status outputs for the system inter-

face. The outputs LDC, INIT and DONE are held Low and
HOC is held High starting at the initial application of power.

Tha open drain INIT pin is released after the final initializa-
tion pass through the frame addresses, Thereis a deliber-
ate delay of 50 to 250 ps (up to 10% longer for low-voltage
devices) before a Master-mode device recognizes an inac-
tive INIT Two intemal clocks after the INIT pin is recognized
as High, the FPGA samples the three mode lines to deter-
mine the configuration mode, The appropnate interface
lines become active and the configuration preambie and
data can be loaded Configuration

The 0010 preambie code indicates that the following 24 bits
represant the fength count The length count is the total
number of configuration clocks needed to load the cam-
plete configuration data. (Four additional configuration
clocks are required 1o complete the configuration process,
as discussed below ) After the preamble and the length
count have been passed through to all devices in the daisy
chain, DOUT is held High to prevent frame start bits from
reaching any daisy-chained devices

A specific configurabon bit, early in the first frame of amas-
ter device. controls the configuralion-clock rate and can
increase it by a factor of eight Thersfore, if a fast configu-
ration clock is selected by the bitstream, the slower clock
rate is used until this configuration bit is detected.

Each frame has a stan field followed by the frame-configu-
ration data bits and a frame error field. If a frame data error
is detected. the FPGA halts loading. and signals the error
tion frames have been |caded into an FPGA, DOUT again
follows the input data so that the remaining data is passed
on to the next device.

Delaying Configuration After Power-Up

There are two methods of dslaying configuration after
power-up. put a logic Low on the PROGHAM input, or pull
the bidirectiona INIT pin Low, using an open-collector
{open-drain) dnver, (See Figure 45 on page 50.)

A Low on the PROGRAM Input is the more radical
appreach, and is recommended when the power-supply

rise time is excessive of pootly defined. As long as PRO-
GRAM is Low, the FPGA keeps cleanng its configuration
memory When PROGRAM goss High, the configuration
meamory |s cleared one more time, followed by the bagin-
ning of configuration, provided the INIT input is net exter-
nally held Low, Note that a Low on the PROGRAM input
automatically forces a Low on the INIT ocutput The XC4000

Series PROGRAM pin has a permanent weak pull-up.

Using an opsn-callector of open-drain driver to hold INIT
Low before the beginning of configuration causes the
FPGA to wait after complsting the configuration memory
clear operation. Whan INIT is no longer held Low exter-
nally, the device determines its configuration mode by cap-
turing its mode pins, and Is ready to start the configuration
process. A master device waits up to an additional 250 ps
to make sure that any slaves in the oplional daisy chain
have seen that INIT is High

Start-Up

Start-up is ths transition from the configuration process to
the intended user operation. This transition involves a
change from one clock source to another, and a change
from interfacing parallel or senal configuration data where
most cutputs are 3-stated, to normal operation with /O pins
active in the user-system. Start-up must make sure that the
user-logic 'wakes up' gracefully, that the outputs become
active without causing contention with the cenfiguration sig-
nals, and that the internal flip-flops are released from the
global Reset or Set at the nght time

Figure 47 describes start-up timing for the three Xilinx fam-
ilies in detail. The configuration modas can use any ¢f the
four iming sequences.

To access the intemal start-up signals, place the STARTUP
library symbal

Start-up Timing
Differant FPGA families have different start-up sequences.

The XC2000 family goes through a fixed sequence. DONE
goas High and the intemal global Heset is de-activated ohe
CCLK pericd after the 1/O become active.

The XC3000A family offers some flexbility. DONE can be
programmed to go High one CCLK panocd befors or after
the SO become active, Independent of DONE, the Internal
global Reset is de-activated one CCLK period before or
after the /O become active,

The XC4000 Series offers addiiona flexibdity The three
events — DONE gaing High, the internal Set/Reset baing
de-activated, and the user IO going active — can all cceur
in any arbitrary sequerce. Each of them can occur one
CCLK penod before or after. or simultaneous with, any of
the cthers. This relative timing is selected by means of soft-
ware options in the bitstream generabion software
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The default option, and the most practical one, is for DONE
to go High first, disconnecting the configuration data source
and avoiding any contention when the 1/0s become actve
one clock later. Reset/Set is then released another clock
period later to make sure that user-operation starts from
stabie internal conditions. This 1s the most common
sequence, shown with heavy lines in Figure 47, but the
designer can modily it to meet particular requirements.

Normally, the start-up sequence s controlied by the internal
device oscillator cutput (CCLK), which is asynchronous to
the system clock.

XC4000 Series offers another start-up clocking option,
UCLK_NOSYNC. Ths thres events described above nesd
not be tnggered by CCLK, They can, as a configuration
opbion, be friggered by a user cleck This means that the
device can wake up in synchronism with the user system.

When the UCLK_SYNC option is enabled, the user can
extemally hold the open-drain DONE cutput Low, and thus
stall all further progress in the start-up sequence untl
DONE is released and has gone High. This option can be
used to force synchronization of severd FPGAs to a cam-
mon user clock, or to guarantes that all devices are suc-
cassfully configured before any 1Os go active

If mither of these tvia options is selected, and na user clock
Is specified In the design or attached to the device, the chip
could reach a paint where the configuration of the device is
complete and the Done pin is asserted, but the outputs do
not become activa The solution is either to recreate the bit-
stream specifying the start-up clock as CCLK, or to supply
the appropriate user clock

Start-up Sequence

The Start-up sequence begns when the configuration
memoary is full, and the total number of configuration clocks

received since [NIT went High eguals the loaded value of
the length count

The next rising clock edge sets a fhip-flop QO, shown in
Figure 48 QO is the |sading bit of a 5-bit shift register, The
outputs of this register can ba programmed to control three
avents,

+ The relaase of the open-drain DONE output

« Thachange of configuraticn-related pins to the user
tunction, activating all IOBs

= The termination of the goba Set/Reset Inttiaization of
8l CLB and |OB storage glements,

The DONE pin can also be wire-ANDed with DONE pins of
other FPGAs or with other external signals, and can then
be used as input to bit Q3 of the start-up register This is
called ‘Start-up Timing Synchronous to Done In" and is
selected by either CCLK_SYNC or UCLK_SYNC.

When DONE is not used as an input, the opsranen is called
“Start-up Timing Not Synchroncus to DONE In" and is
selected by elther CCLK_NOSYNC or UCLK _NOSYNC.

As a configuration option. the start-up control register
beyond QO can be clocked either by subsequent CCLK
pulses or from an on-chip user net called STARTURCLK
These signals can be accessed by placing the STARTUP
library symbdl

Start-up from CCLK

If CCLK is used to drive the start-up, Q0 through Q3 pro-
vide the timing. Heavy lines in Figure 47 show the default
tming, which is compatible with XC2000 and XC3000
devices using eany DONE and |ate Heset The thin lines
indicate all other pessible iming options.
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Start-up from a User Clock (STARTUP.CLK)

When, instead of CCLK, a usersupplied start-up clock is
selected, Q1 is usad to bridge the unknown phase relation-
ship betwasn CCLK and the user clock. This arbitration
causes an unavoidable cne-cycle uncertainty in the timing
of the rest of the start-up sequence;

DONE Goes High to Signal End of Configuration

XC4000 Series devices read the expected length count
from the bitstream and store it in an internal register. The
length count varies according te the number of devices and
the composition of the daisy chain. Each davice alsocounts
the number of CCLKs during configuration,

Two conditions have to be met in arder for the DONE pin to
go high:

+ thechip's intemal memory must be full, and
+ the configuration length count must be met. exactly.

This is mportant bacause the counter that dstermines
when the length count is met begins with the very first
CCLK, not the first one after the preamble.

Therefors, if a stray bit is inserted befere the preamble, or
the data source is not ready at the time of the first CCLK,
the Internal countar that halds the number of CCLKs will be
one ahead of the actual number of data bits read. At the
end of configuration, the configuration memory will be full,
but the number of bits in the intemal counter will not match
the expected |ength count.

As a consequence, a Master mode device will continue to
send out CCLKs until the intemal counter turns over to
zero, and then reachss the comrect length count a second
time. This will take several seconds {22 2 CCLK penod] —
which is sametimesg interprated as the device not configur-
ingatall,

if it is not possibls to have the dala ready atthe time of the
first CCLK, the problem can be avoided by increasing the
number in the length count by the appropriate value. The
XACT User Guideincludes detailed informaticn about man-
ually altering the length count.

Note that CONE 1s an open-drain output and does not go
High unlsss an intema pull-up is activated or an extemal
pull-up is attached. The Internal pull-up is activated as the
default by the bitstream generation softwars

Release of User I/O After DONE Goes High

By default, the user 1O ars released one CCLK cycle after
the DONE pn goes High. If CCLK is not clocked after
DOMNE goes High, the outputs remain in their inital state —
3-stated, with a 50 kQ - 100 k2 pull-up. The deiay from
DONE High to active user IO is controlled by an option to
the bitstream generation software

Release of Global Set/Reset After DONE Goes
High

By default, Giobal Set/Reset (GSR) Is released two CCOLK
cycles after the DONE pin goes High. If CCLK is not
clocked twice after DONE goes High. all fip-fiops are held
in therr initia set or reset state. The delay from DONE High
ta GSR inactive is controllied by an option to the bitstream
generation software

Contiguration Complete After DONE Goes High

Three full CCLK cycles are required after the DONE pin
goes High, as shown in Figure 47 an page 53 If CCLK is
nat clocked three times after DONE goes High, readback
cannot be Initiated and most boundary scan instructions
cannot ba used,

Configuration Through the Boundary Scan
Pins

XC4000 Series devices can be configured threugh the
boundary scan pins The basic procedure is as follows:

» Power up the FPGA with INIT held Low (or drive the
PHOGRANM pin Low for mare than 300 ns fallowed by a
High while holding TNIT Low). Holding INIT Low allows
encugh time te issue the CONFIG command to the
FPGA. The pin can bs used as |/ after configuration if
a resistor is used to had INIT Low

= Issue the CONFIG command to the TMS input

»  Wait for INIT to go High

» Sequence the baundary scan Test Access Port ta the
SHIFT-DR state

» Toggle TCK to clock datainto TDI pin

The user must aczount for gl TCK clock cycles after INIT
goes High, as ali of these cycles affect the Length Count
compare.

For more detaled information, refer ta the Xilinx application
note XAPPO17, "Boundary Sean in XC4000 Devices!” This
application note also applies to XC4000E and XC4000X
davices,
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Figure 48: Start-up Logic

Readback

Tha user can read back the contant of configuration mem-
ory and the level of certain interal nedes without intetfer-
ing with the normal operation of the device.

Readback not only reports the downloaded configuration
bits, but can also include the present state of the device,
represantad by the content of all fiip-fiogs and latches in
CLBs and |0Bs, as wall as the content of function genera-
tors used as RAMs,

Note that In XC4000 Serles devices. configuration data is
notinverted with respect to configuration as itisin XC2000
and XC3000 families

XC4000 Series Readback does not uss any dedicated
pins. but uses four intemal nets (RDBK TRIG, RDBK DATA,
RDBK.RIP and RDBK CLK) that can bas routed to any 108,
To access the intemal Readback signals, place the READ-

"was

BACK library symbol and attach the appropriate pad sym-
bals, ‘as shown in Figume 49,

After Readback has been initiated by a High level on
RDBK TRIG after configuration, the RDBK RIP (Read In
Progress) output goes High on the next nsing edge of
RDBK CLK Subsequant rising edges of this clock shift out
Readback data cn the RDBK DATA net

Readback data does not include the preamble, but starts
with five dummy bits {(all High) followed by the Start bit
(Low) of the first frame. The first two data bits of the first
frame are aiways High

Each frame ends with four error check bits. They are read
hack as High. The last seven bits of the |ast frame are also
read back as High An additional Start bit (Low) and an
11-hit Cydlic Redundancy Check (CRC) signature foliow,
before RDBK RIP returns Low

May 14. 12983 {Version 1.6}
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Figure 49: Readback Schematic Example

Readback Options

Readback optiens are. Head Capturs, Read Abort, and
Clock Select They are set with the bitstream generation
software,

Read Capture

When the Read Capture option is selected, the readback
data stream includes sampled valuss of CLS and I0B sig-
nals. The nsing edge of ADBK.TRIG latches the inverted
values of the four CLB cutputs. the I0B output fip-flops and
the input signals 11 and 12 Note that while the bits descnb-
ing configuration (interconnect, function generators, and
RAM content) are nofinverted, the CLB and I0B cutput sig-
nals areinverted

When the Read Capture option is not selecled, the values
of the capture bits reflect the configuration data onginally
written © those memory locations

If the RAM capahility of the CLEBs is used, RAM data are
available in readback, since they directly overwrite the F
and G function-tatle configuration of the CLB.

ROBK.TRIG is located In the lower-left comer ¢f the device,
as shown in Figurs 50

Read Abort

When the Read Abort option is sdected, a High-to-Low
transtion on HDBK THIG feminates the readback opera-
tion and prepares the logic to accept another rigger.

After an aborted readback, additional docks (up to one
readback cleck per configuration frame) may be required to
re4nitialize the control logic. The status of readback is indi-
cated by the output control net RDBK.RIP RDBK RIP is
High whensver a readback isin progress.

Clock Select

CCLK is the default clock. Howsver, the user can insert
another clock on RDBK.CLK. Readback control and data
are clocked on nising edges of RDBK.CLK If readback
must be Inhibited for security reascns, the readback control
nets are simply not connected.

RDBK,CLK is locatad In the lower right chip comer, as
shown in Figure 50.

"s

] (3]
FROCARMINLELE
g I'k TERCOMNECT g
|_ |

L

Figure 50: READBACK Symbol in Graphical Editor

Violating the Maximum High and Low Time
Specification for the Readback Clock

The readback clock has a maximum High and Low time
specification. In some cases, this specification cannot be
met For example, if a processor is contraling readback, an
interrupt may force it to stop in the middle of a readback
This necessitates stopping the clock, and thus viclating the
spacification.

The specification is mandatory only on clocking data at the
end of a frame prior to the next start bit. The transfer mech-
anism will load the data to a shift register during the last six
clock cycles of the frame, prior to the start bit of the follow-
ing frame. This loading precess is dynamic, and is the
source of the maximum High and Low time requirements.

Therefore, the specification only applies ta the six cleck
cycles prior to and including any start bit, including the
clocks before the first start bit in the readback data stream
At other tmes, the frame data is already in the register and
the register is not dynamic. Thus. it can be shifted cut just
like a regular shift register

The user must precisely calculate the location of the read-
back data refative to the frame. The system must keep track
of the position within a data frame, and disatle interrupts
before frama boundanes Frame lengths and data formats
are listed in Tatls 19, Tatle 20 and Takie 21,

Readback with the XChecker Cable

The XChecker Universal Doanload/Readback Cable and
Logic Probe uses the readback feature for bitstream venifi-
cation. It can also display selected intema signals on the
PC or workstation screen, functioning as a low-cost incir-
cuit emulator
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XC4000E/EX/XL Program Readback Switching Characteristic Guidelines

Testing of the switching parameters Is modeled after testing methods specified by MIL-M-38510/805. All devices are 100%
functionally tested. Intemal timing parameters are not measured directly. They are denved from benchmark timing patterns
that are taken at device introductcn, pnor to any precess improvements.

The following guidelines reflect worst-case values over the recommended operating conditions

Farshad
Intemal Net /

MR T AG
{ 'T -)Tﬁ THC

IE‘_‘I Taz

k. RIF
K DATA {_
— Tazso ( ; X170
E/EX
— Osscription = = | Symbol Min: Max Uniite
rabk TRIG rdok. TRIG setup to initiate and abort Readback | 1 | Tgrpe 200 ns
rdbk TRIG hold to initiate and abort Readback 2 TrerT 50 - ns
rdcik 1 rdbk. DATA delay 7 TRCRD 280 ns
rdbk. RIP delay 6 Tacar - 280 ns
Hig‘i time 5 TreH 250 500 ns
Low time 4 TaoL 250 500 ns
Nete 1. Timing parameters apply to all speed graces.
Note 2. It rdbk. TRIG is High pricr 1o Finished. Finished will trigger the first Reacback.
XL
_ [Deecripon [ Symbol Min | Max [ Units
rdbk TRIG rdbk. TRIG setup to initiate and abort Readback | 1 | Tarae 200 ns
rdok. TRIG hold to initiate and abort Readback | 2 RCRAT 50 ns
racik 1 ook DATA aslay 7 THCRD - 250 ns
rdok.RIP delay 6 Thean . 280 ns
High time 5 TacH 250 500 ns
Low time 4 | TroL 250 500 ns
Note 1:  Timing parameters apply to all spesd grades.
Note 2. |1 rdok TRIG Is High pricr 1o Finlshed. Finished will tngger the first Headback,
May 14. 1993 (Version 1.6} 6-57
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Table 22: Pin Functions During Configuration
CONFIGURATION MODE <N2:M1:M0>
SLAVE MASTER SYNCH. ASYNCH, MASTER MASTER ORER
SERIAL SERJAL PERIPHERAL | PERIPHERAL | PARALLEL DOWN | PARALLEL UP RERATGH
<1:1:1> <0:0:0> <0:1:1> <1:0:1> <i:1:0> <1:0:0>
MAHIGH () | M2LOWI () | MBLOW) (| M2{HIGH} (1] M2 HIGH) (1) M2{HIGH) (1) U
MAHIGH) () | MIOWI () | WMAHIGHI () | WI(LOW) () MA(HIGH] (1) MALOW) (I) {0)
MOHIGH) ()| MO(LOWI (1} | MOUHIGH) () | MOHIGH) (1] MOILOW) (1) MOLOW) (1) )
HOC(HIGH) | HOC(HIGH) | HDC(HIGH) | HDC(HIGH) HOC (HIGH) HOG {HIGH) 10
IDC (LOW) DG (LOW) DG (LOW) DG (LOW) DG (LOW) 5 (LOW) 10
INIT INIT INIT INIT INT INIT 1o
DONE CONE DONE DONE DONE DONE DONE
PROGHAM (1) | PROGRAM (1] () | FROGRAM () | PROGRAM () | PROGRAM () PROGRAM
CCLK {I) CCLK (0} CCLK (1) CCLK (0) CCLK(Q) CCLK (0) CCLK (1)
ROY/EUSY (0) | RDYBUSY (O RCLK (O) FCLK (0) [s)
RS () 10
CS01{1) 1o
DATA7 (1) DATA 7 (1) DATA 7 (1) DATAT (1) 10
DATA6 () DATA 6 (I) DATA 6 (1) DATA 6 (1) 1o
DATAS (1) DATA5 (1) DATA 5 (1) DATA 5{1) 110
DATA 4 (1) DATA 4 (1) DATA 4 (1) DATA4(1) 10
DATA 3 (1) DATA 3 (1) DATA 3 (I) DATA 3(1) 110
DATA 2 (1) DATAZ (1) DATA 2 () DATA 2 () 10
DATA 1 (1) DATA 1 (1) DATA 1 () DATA 11)) e}
DIN {1} DIN{I) DATAQ (1) DATA O (1) DATA 0 (1) DATA O (1) 10
DOUT DOUT DOUT DOUT DOUT DOUT SGCKA-GCKEI0
TOI TOI TOI TOI TOI TOI TDII0
TCK TCK TCK TCK TCK TCK TCK-1I0
™IS ™S TS TVS TS TMS IS0
TOO TDO TOO TDO DO TDO TDO40)
W5 (1) A0 AQ 110
Al Al PGCKA-GCKT/O
| cS1 A2 A2 10
A3 A3 0
A4 A4 10
A5 A5 10
A6 A6 1o
A7 A7 )
AB AB )
A9 A9 1o
A10 A10 110
Al A1 1e]
A12 Al2 o)
A13 A13 110
A14 A14 10
A15 A15 SGCK1-GCKS-I0
A16 A16 PGCK1-GCK14/0
Al7 ATT o)
2187 A18" 10
A9’ A9 10
£20° AZ0" [T}
A2l A21" 1o
ALLOTHERS
558 May 14, 1999 (Version 1 6)
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Table 23: Pin Functions During Configuration

CONFIGURATION MODE <h2:M1 :MO>
SLAVE MASTER SYNCH. ASYNCH. MASTER MASTER USER
SERIAL SERIAL PERIPHERAL | PERIPHERAL PARALLEL DOWN PARALLEL UP OPERATION
<1:1:1> <0:0:0> <0:1:1> <1.0:1> <1:1:.0> <1.0:0>
M2Z(HIGH) {1} M2{LOW) (1) MZ{LOW) (I} M2{HIGH] (1) M2HIGH] 1) M2{HIGH) (1) (I
MAHIGH) (1) | MILOW) () | MA(HIGHI () | MI(LOW) () W(HIGH) (1) WMALOW) (1) (0)
MO(HIGH) (1) MOLOW] (1) MOHIGH] () MOVHIGH) (1) MOLOW) i) MOLOW) (1) ()
HOC (HIGH) HDC (HIGH) HDC (HIGH) HDC (KIGH) HDC (HIGH) HDC {HIGH) 10
[[X'}_( LOW) LDC (LOW) LDC (LOW) LDC (LOW) LOC({LOW) LOC (LOW) 1o
INIT INIT INIT TNIT TNIT INIT 1o
DONE DONE DONE DONE DONE DONE DONE
PROGRAM (1) | PROGRAM (I | PROGHRAM (1) | PROGRAM (1) PROGHAM (1) FROGRAM (1] PHOGRAM
CCLK (1] CCLX (O} CCLK AN CCLK (O) CCLK Q) CCLK (O} CCLK (1)
ROY/BUSY (0) | ROY/BUSY (0) RELK (0) RCLK (0) 1O
RS () 1o
C80 (1) 1o
DATAT7 (1) DATAT () DATA 7 (1) DATA 7()) 1o
DATAG (1) DATA G (1) DATA B (1) DATA6{1) 1o
DATAS (1) DATAS (1) DATAS () DATAS (1) 1o
DATA 4 (1) DATA 4 (1) DATA 4 (1) DATA 4(1) 110
DATA3 () DATA3 () DATA 3 (1) DATA 3 (1) 1o
DATAZ(l) DATAZ() DATA 2 (1) DATA2(Y) o
DATA1 (1) DATA 1 (l) DATA1 () DATA1(l) I8}
DiN (1) DIN (1) DATAQ () DATA O (1) DATA O () DATAC (N ,°]
DOUT DOUT DOUT DOuUT DOUT DOUT SGCKA-GCKE-IO
TOI ™ TO! DI o il TOI-IO
TCK TCK: TCK TCK TCK TCK TCK-11O
™S T™MS TMS TMS TMS TMS TMSO
T0O TOO TDO T0O TDO TDO TDO40)
WS (1) A0 A0 )
At Al PGCKA-GCK7-110
csi A2 A2 110
A3 A3 1o
A4 A4 o
A5 AS 110
AS A6 10
AT AT 1O
AB A8 10
A9 A9 10
A10 A0 1o
A1 A1t 10
Al2 A2 10
A3 A13 1o
Ald A4 1o
Al5 Al15 SGCK1-GCKE-110
A6 A1S PGCK1-GCK14/I0
A7 A7 1o
A18° A8 10
A19” A" 1o
AZ0" A20" 10
A2 A21T 10
ALLOTHERS
* X 4000 only
Notes 1. A shaded table cell represents a 50 k€ - 100 ke pull-up before and during configuraton.
2 (1) represents an input. {0} represents an output.
3, INIT is an epen-drain output during conhiguration,
May 14. 12983 {Version 1.6} 6-59
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Configuration Timing

The seven configuration modes are discussed in detail in
this section. Timing specifications are included.

Slave Serial Mode

In Slave Seria mode, an extamal signal dnves the CCLK
input of the FPGA. The serial configuration bitstream must
he available at the DIN input of the lead FPGA a short
setup ¥me before each nsing CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.

Thers is an intemal delay of 05 CCLK periods, which
means that DOUT changes an the falling CCLK edge, and
the next FPGA In the daisy chain accepts data on the sub-
sequent rising CCLK sdge

Figur= 51 shows a full masterfslave system. An XC40C0
Series devics in Slave Serigd mods should be connected as
shown in the third device from the left,

Slave Serial mode is selected by a <111> on the made pins
(M2, M1, MO). Slave Serial is the defaull made If the mode
pins are left unconnected, as they have weak pull-up rasis-
tors duning configuration.

NOTE NOTE
12 W1, MO can e ghoted M2 M1, K0 can te Bl
10 Ground £ net Lsad %5 100 10 W00 § ot ussd 8= 10
«e -T—?—Y—
< 2o = NG < o Q
ANod i .;; i;.n‘; —e un.;::; aThi .:; r‘;um ‘
' o) I [l
LR N DI 3
o N — w2 v
[0 8 oo DX D oot |—
HCA0OOE/X w s o
MASTER < XC17000 oy XCADOOESX, XE3100A
SERIAL SYE XC5200 SLAVE
CRAN . -r SLAVE
[t “«ln
el it = CEO|—— ] PP T
ohE wr > werTee —] Doe wr > —doF T

[Lom Fpset Cysan Wsen)

i

Figure 51: Master/Slave Serial Mode Circuit Diagram

N

' iTecy ~—:§."T-:CC'_;
.(;ﬁ::; sn-1 Bn
53Ty

Description Symbol Min Max Units

DIN sstup 1| Toce 20 ns

DIN hold 2 | Teeo 0 ns

CCLK DIN to DOUT A Teco 30 - ns

High time 4 | Tooy 45 ne

Low time 5 Tenl 45 ns
Fragusncy Foo 10 MHz

Note: Configuration must be defayed untl the TNIT pins of all daisy-chained FRGAS are High
Figure 52; Slave Serial Mode Programming Switching Characteristics
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Master Serial Mode

In Master Serial mode, the CCLK cutput of the lead FPGA
drivas a Xilinx Senal PROM that feeds the FPGA DIN input,
Each rising edgs of the CCLK cutput increments the Serial
PROM internal address counter. The next data bit is put on
the SPROM data output. connected to the FPGA DIN pin.
The lead FPGA accepts this data on the subsequent rising
CCLK edge

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin,
There is an intemal pipeline defay of 1.5 CCLK penods,
which means that DOUT changes on the falling CCLK
edge, and the next FPGA In the dalsy chain accepts data
on the subsaquent nsing CCLK edge.

In the bitstream generation software, the user can specify
Fast ConfigRate. which, starting severd bits into the first
frame. increases the CCLK frequency by a factor of exght.

For actual timing values please refer to “Conficuration
Switching Charactenstes' on page 88 Ba sure that the
sena PROM and slaves are fast enough to support this
data rate. XC2000, XC3000/A, and XC3100A devices do
not support the Fast ConfigRate option.

The SPROM CE input can be driven from either LDC or
DONE. Using LOC avoids potential contention on the DIN
pin, if this pin is configurad as user-1/0, but LDC is then
restricted to be a permanently High user cutput after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE opticn is invoked.

[Figure 51 an page &0 shows a full master/siave system
The leftmost device is in Master Senal mode

Master Senal mode 1s selectad by a <000> on the mode
pins (M2, M1, MO)

=% }
ulput) -~
| .

(1) e
Senal s in ; n

ey X e X e ¢ X
e
I Description Symbol Min Max Units
DIN setup 1 TDSCK 20 ns
CCLK
DIN had T Tae: || 0 ns

Notes: 1. At power-up, V'cc must rise from 2.0 V to Ve min in less than 25 ms, otherwise delay configuration by pulling PROGRAM

Low untll Vee is vald.

2. Master Serral mode timing is based on testing in slave mode

Figure 53: Master Serial Mode Programming Switching Characteristics

IMay 14, 1898 (Version 1.8}
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Master Parallel Modes

In the two Master Parallel modes, the lead FPGA directly
addresses an industry-standard byte-wide EFROM, and
accepls eight data bits just before incrementing or decre-
menting the address outputs.

The eight data bits are senalized in the lead FPGA, which
then presents the praamble data—and all data that over-
flows the |sad device—on its DOUT pin. Them is an inter-
nal delay of 1.6 CCLK periods, after the rising CCLK edge
that accapts a byte of data (and dso changes the EPROM
address) until the faling CCLK edge that makes the LSB
(D0} of this byte appear at DOUT. This means that DOUT
changes on the falling CCLK edge. and the next FPGA in
the dasy chain accepts data on the subsequent rising
CCLK edge

The PROM address pins can be incremented or decre-
mented, depending on the mode pin settings. This option
allows the FPGA to share the PROM with a wide variety of
microprocessors and micro controllers. Some processors
must boot from the bottom of memory (all zeros) while oth-
8rs must boot from the top The FPGA is fiexitie and can
load its configuration bitstream from either end of the mem-
ory,

Master Parallel Up mode |s selected by a <100> on the
mode pins (M2, M1, M0), The EPROM addresses star at
0CCO0 and increment

Mastar Parallel Down mode is selacted by a <110> on the
mode pins. The EPROM addresses start at 3FFFF and
decrement.

Additional Address lines in XC4000 devices

The XC4000X devices have additional address lines
(A18-A21) dlowing the additional address space required
to daisy-chan several lange devices,

The extra address lines are programmable in XC4000EX
devices, By default these address lines are not activated. In
the default mode. the devices are compatibia with existing
XC4000 and XC4000E products. If desired, the extra
address lines can be used by specifying the address lines
option in bitgen as 22 (bitgen -g AddressLines22). The
lines (A18-A21) are driven when a master device detects,
via the bitstream, that it should be using all 22 address
lines. Because these pins will inihally be pulled high by
intemal pull-ups, designers using Master Parailel Up mode
should use external pull down resistors on pins A18-A21. If
IMaster Pargllel Down mods is used external resistors are
not necessary

All 22 address lines are always active in Master Paralial
modes with XC4000XL devices. The additional address
lines behave identically to the lowsr order address |nes: If
the Address Lines oplion in hitgen is set to 18, it will be
ignored by the XC4000XL dewvice.

The additional address lines (A18-A21) are not availablg in
the PCB84 package.
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Figure 54: Master Parallel Mode Circuit Diagram

6-62

May 14, 1599 (Version 1.6)

183



Product Obsolete or Under Obsolescence

v &
€. XILINX XC4000E and XC4000X Series Field Programmable Gate Arrays
i X\ Addrass for Byta n Adcress for Bytan + 1
— - @ Thac
- :XXXXZXM v X
— (2) Tore —_— -— :3::‘ Tam
RCIK y
{output) \ l'l' / \_
- 7 CCLK= { CCLK
CCLK
(output)

(0[38)5; X D6 \X o7
Bytan -1 X607
Description | Symbol | Min Max Units.
Delay to Address valid 1 | Trae 0 200 ns
RCLK Data setup time 2 Tore 50 ns
Data hold tme 3 | Treg | 0 ns

Notes 1. At power-up, Vee must rise from 2.0 V 1o Voo min in less than 25 ms, otherwise delay configuration by pulling FROGRAM

Low until Voo is vaid
2. Thefirst Data byte is ipaded and CCLK staris at the end of the first ARCLK active cyrle (rising adge)

This timing diagram shows that the EPROM requirements are extremely relaxed EPROM access lime can be longer than

500 ns. EPROM data output has no hold-time requirements
Figure 55: Master Parallel Mode Programming Switching Characteristics
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Synchronous Peripheral Mode

Synchronous Peripheral mode can also bes considered
Slave Paralel mode. An external signal drives the CCLK
input(s) of the FPGA(s). The first byte of pardlel configura-
tion data must be available at the Data inputs of the lsad
FPGA a short setup time tefore the rising CCLK edge.
Subsequent data bytes are clocked in on every eighth con-
secutive rising CCLK adge.

The sama CCLK edge that accepts data, also causes the
RDY/BUSY output to go High for cne CCLK period. The pin
name is a misnomer. In Synchronous Penpheral meds itis
really an ACKNOWLEDGE signal. Synchronous operation
dees not require this response, but itis a meaningful signal
for test purposes. Note that RDY/BUSY is pulled High with
a high-impedance pullup prior to INIT geing High

NOTE:

The lead FPGA seralizes the data and presents the pre-
amtle data (and all data that overflows the lead device) cn
its DOUT pin. There is an internal delay of 1 5 CCLK peri-
ods, which means that DOUT changes on the falling CCLK
adge, and the next FPGA In the dasy chain accepts data
on the subsequent nsing CCLK edge

In order to complete the senal enhift opsraticn, 10 additional
CCLK rising edges ara required after the last data byte has
been loaded, plus one more CTCLK cycle for each
daisy-chained device

Synchronous Peripheral mods is selected by a <U11> on
the mode pins (M2, M1, MO),

M2 can be sherted to Ground
If nat uged as /O

NC 47k NG
iy ————,
L1 1 L1
MO M1 M2 MO MT N2
CLOCK COLK CoLK
OPTIONAL
e DAISY-GHAINED
DATA BUS el Dy.7 FPGAs
DOUT OIN DoUT —
Voo XCA4000E/X XC4000E/X
SYNCHRO- SLAVE
47%Q 3 NOus
: PERIPHERAL
CONTRGL [ RDYREUSY 2
SIGNALS | INT DCNE - INT DONE f——
47RO 2
he DR —
PROGAAM —— +| PROGRAM + PRCGRAM

Figure 56: Synchronous Peripheral Mode Circuit Diagram
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s

ﬂwum

T
: | BYTE 0 QUT. | BYTE 1 OUT
pouT | :(°X'X2X3X‘X5X°X7*°X‘
ADY/ATSY /\ /\
X5096
Doscripton | Symbol | Min | Max | Units
INIT (Hghjsetiptime | Te | & s
00 - D7 setup time Toc | 80 ns
D0 - D7 hold time Tep \ 0 ns
C -
LK CCLK High time ‘ TecH ‘ 50 ns
CCLK Low time | TeeL ‘ 80 ns
CCLK Frequency \ Feo \ 8 MHz

Notes 1 Peripheral Synchronous mode can be consdered Slave Parallel mode. An extemal CCLK provdes timing. docking in the
first data byte on the second rising edge of CCLK atter INIT goes High. Subsequent data bytes are clotked in on every
eighth consecutive nising edge of CCLK.

2. The ADY/BUEY line goes High for cne CCLK period after data has been clocked in, aithough synchronous operation does
not raquire such & response

. The pin name ADY/BUSY is a misnomer, In Synchronous Paripheral mode this is really an ACKNOWLE DGE signa,

. Note that data starts to shift out serlly on the DOUT pin 0.5 CCLK periods after It was loaded in paraliel. Therefore,

adational CCLK puises are dearly recuired after the |ast byle has been loaded

Figure 57: Synchronous Peripheral Mode Programming Switching Characteristics
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Asynchronous Peripheral Mode

Write to FPGA

Asynchrenous Peripheral mode uses the trailing edge of
the logic AND condition of WS and CS0 baing Low and RS
and CS1 being High te accept byte-wide data from a micro-
processor bus. In the lead FPGA, this data is loaded into a
double-tufiered UART-Ike pardlel-to-senal converter and
is sarally shifted into the internal logic.

The lead FPGA presents the praamtie data (and all data
that overflows the |lead device) on its DOUT pin. The
RDY/BUSY output from the lead FPGA acts as a hand-
shake signal to the microprocessor, RDY/BUSY goss Low
when a byte has been received, and goes High again when
the byte-wide input buffer has transferred its information
into the shift ragister, and the buffer is ready to receiva new
data. A new write may be started immedately, as soon as
the RDY/BUSY output has gone Low, acknowledging
recaipt of the pravious data. Write may not be terminated
until RDY/BUSY is High again for cne CCLK period. Note

pull-up prior to INIT going High

The length of the BUSY signal depands on the activity in
the UART. If the shift register was empty when the new byte
was recaived, the BUSY signal lasts for only two CCLK
periods. If the shift register was still full when the new byte
was raceived, the BUSY signal can he as long as nine
CCLK pericds.

Note that after the last byte has been entered, only seven of
its bits are shifted out. CCLK remains High with DOUT
aqual to bit & (the naxt-to-last bit) of the last byte enterad.

The READY/BUSY handshake can be igncred if the delay
from any one Write to the end of the next Write is guaran-
teed to be longer than 10 CCLK penads.

Status Read

The logic AND condition of the CS0, CStand AS inputs
puts the device status on the Data bus.

= D7 High indicates Ready
« D7 Low indicates Busy
+ D0 through D8 go unconditionaly High

It is mandatory that the whole start-up sequance be started
and completed by one byte-wids input. Otherwise. the pins
used as Wiite Strobe or Chip Enable might become active
outputs and interfere with the final byte transfer If this
transfer does not oceur, the start-up sequence |s not com-
pleted all the way to the finish (paint Fin Figure 47 on page
53),

In this case, at worst, the internd reset is not rdeased. At
best, Readback and Boundary Scan are inhibited. The
length-count value, as generated by the XACTsfep scit-
wars, ensures that these problems never occur

Although RDY/BUSY is brought out as a separate signal,
microprocessors can mors easily read this information on
one of the data lines. For this purpose, D7 represents the
RDY/BUSY status when RS is Low, WS is High, and the
two chip select lines are both active

Asynchroncus Peripheral mode is selected by a <101> cn
the mads pins (M2, M1, MO),

- OG-

- - - —«f FONBLEY

conTR |
SCNMS

1
£
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oo
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DA EY-CHANED
FRGM
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XCH00EX
SLAVE
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¥%es

Figure 58:

Asynchronous Peripheral Mode Circuit Diagram
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VaRtalLca Aea Sius
" ' J L) Te, \ = o
@D [T Y ~r- ~ @
X X —{ m Yy

- X R X o X = X = X=

(EOGT
Description Symbol \ Min Max \ Units
Effective Wntetme 1 [ Tea | 100 o ‘ s
Wiits (CS0. WS=Low: RS, CS1=High} | | |
|DIN setup time 2 Toe | 60 1 ns
|DIN hold time [ 3 Ten ‘ 0 ‘ ns
|RDY/BUSY dslay after end of 4 TwrRs 60 ‘ ns
|Wnite or Read ‘
RDY  |RDY/BUSY active after baginning 7 €0 ‘ ns
|of Read [
[RDY/BUSY Low output (Note 4) 6 Toie 2 g ‘ CCLK
| pencds

Motes: 1. Configuration must be detayed until the INTT pins of all daisy-chained FPGAs are High.
2. The time from the end of WS to CCLX cycle for fhe new byte of data depands on the completion of previous byte
processing and the phase of the internal ¥ming generator for CCLK
3. CCLKX and DOUT timing is tested in siave mode.
4. Tpygy Indicates that the couble-buffered paraliel-to-serial converter is not yet ready 10 receive new data. The shortest
Truysy ocours when a byte is loaded info an empty parallel-to-serial converter. The longest Tpy gy cccurs when a new word
Is loaded into the Inpul register before the second-level butfer has started shifting out data
This timing diagram shows very relaxed raquirements Data nsed not be held beyond the nsing edge of WS BDY/BUSY will
go active within 80 ns aftar the end of WS, A new wnta may ba assertad immediately after RDY/BUSY goes Low. but wnite

may not be terminated untll RDY/BUSY has bsen High for one CCLK penod.
Figure 59: Asynchronous Peripheral Mode Programming Switching Characteristics
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Configuration Switching Characteristics
b j T * REPROGRAM

PROGRAM (
1

1N

-l

/

COLK OUTPUT or INPUT

—

—& <+ >3i0ns
¢ !
{

—» — 400ns
MO, MY, M2 : '
{Required) VALID LONE RESFONSE \
X532 - <300ns
Master Modes (XC4000E/EX)
Desctiption Symbol Min Max Units
MO = High Tror 10 40 ms
Power-On Resst MO = Low Tror 40 130 ms
Program Latency Te 30 200 us per
CLB column
COLK (output) Delay Tieck 40 250 us
CCLK (output) Period, slow Teovk 840 2000 ns
CCLK (output) Pariod, fast Teowk 80 250 ns
Master Modes (XC4000XL)
Description Symbol Min M Units
10 = High Tpon 10 40 ms
Power-On Resst MO = Low Tpoq 40 130 ms
Program Latency Te 30 200 us per
CLB column
COLK (output) Dalay Tieek 40 250 us
CCLK (output) Period, slow TeeoLk 540 1600 ns
CCLK (output) Periad, fast Teowk 87 200 ns
Slave and Peripheral Modes (All)
Desctription Symbol Min Max Units
Power-On Reset Teon 10 a3 ms
Program Latency Tel 30 200 ns per
CLB column
CCLXK (input) Delay (requirad) Ticck 4 us
CCLK (input) Penod (required) Teolk 100 ns
5-68 May 14, 1969 (Version 1 &)
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Product Availability

Talie 24, Table 25, and Tabie 26 show the planned packages and speed grades for XC4000-Senes devices. Call your local
sales office for the |atest availability information, or see the Xilinx website at hitp:/iwww.xlinx com for the latest revision af
the specifications.

Table 24: Component Availability Chart for XC4000XL FPGAs

3 S o W00 | 100 | 3¢ | 1aa | 18C 6O | A6 | 106 | SO0 | 208 | 240 | RO | 338 | 200 | 304 | 962 | 411 | 42 | Al | B0 | E&C
9 o o a ?-n. 3 a a ;i:: 3,2 o 3 a b F“- 3 < |E« | Ex|Ee|mx
e B B Be B g8 |56 Ba | Be|gn| 56 o | gk | By (2| 58|56 |22 | 58|22 RE |2\ 02
I I I I » I
S HEHHEEEARERRREEEE
212185 Elg|55E|0/d88 g2 28/98
a ) ﬁ ol — ton e i .t A2 Xt o S a0 4
vosocex [ ot
mlc|e| e
3 BN o] ]
-2 [} [ cl o] ct ct
XCA4D0SXL B ERENERED o i —
acfc|c[c @ ~ c
3 ci ci . | ] cl o <l
-2 [<]] [} <t [+ (5] [ [+]]
XCADIOXL 4+ _, T S ] =]
i EHE : C q €
-4 ] (o] | cl . | Cl -
2 ol ch cl e } cl i
XC4043XL[ ] i & O] T
3 c C c G o C
-3 ol (S]] cl ct <l (]
< ol ol ol i | 1l ]
XC4020XL .l ol ct cl ct <l <l
B> [ Al e
-3 [N < ol - ol crce
-2 (M ] | cl 21 ol [ B A |
XQ%XL -1 ol (2] | [ | | [~ ] [ | o1
L0 C : T : - e 3
3 ol <l ol ci (v} } cl cl
2 ol (o] C (8 | (N | ol ol
XCa03BXL| 1 Cl i cl cr e | o
<30 C [ o !
0 [= C [ 3 = S
) [~ < cl cl | Ct cl cl
-2 (3] o0 ol S EA cl ol
XC4044XL 1 .l ol ) ol cr|on cl (=1
. - C C C C < C C
-3 cl cl cl cl <l
-2 ] ch ol (v]] ] |
XC4052xL A cl ci cl [=]) ol
s < o = S T
-3 ol ci (=]} <A [ad]
2 -l cl (S]] [+ [A]]
XC4062XL | = i EHED i
s C c e | < =
= [ ¢ =
e} rerren]
XCA0BEXL = S
Qac [ (
1AW
C = Commercial T;=0°to0 +85°C
I= Industnial T, = -40-C to +100°C
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Table 25: Component Availability Chart for XC4000E FPGAs

NS ) 100 1 | 1 144 T 1] 131 e e 2 2 | 240 20 2% aw
g gk | g8 [ 52 | gk | 55 |45 | 55 | e |92 |55 | gps | 2o | g% [ 52| 3
v | B2 |Bb | Bb | 3R (35 | 3% | Hb | gR &8 B |38 | 22 | %5 | BB | 3@ &
| L3 O | |
B EEIT(T(E(E(z (g8 (88 8% 3
i 8 £ |# & ¥ 8 g | & 8 g 8|8 g g | &
4 o1 '-l ' o1 '-l ——_———_*—
XC4003E -2 cl cl cr |
=N = cl cl | ol
A [= C c | ¢
N G cl \ Gl Bl ol cl [
-a cl ] | S]] ol 1 (4]
XC4005€ EN 5] \ cl o] o1 &) \
1 > ( | (% < < . |
af o \ =] A o =]
XC4M -3 cl | - I - I ct (]
e | = = - :
Bl = I e e |ue K3
EN B I B ]
XC -a [ | ) >1 ) <1
008E ] ) [ 1] o1 <0
1 v \ C C S
4 cl | ] | ! o | <l cr |
B o [ =] o 1|
XC401(£ < ol - | ! - | ol (™ |
] 3 \ C C c =
.2 | CA A S I -
-2 ‘ o | ] 1 1 ] | ]
ACAIE 1 I o S e ey [er [ e | e
B | C c . 3 [ c
i ER | [} <l C1
XC40208 |2 | ot gy of
2 ] oF o1 o]
1 | C C C
] | (5] 1 cl ol
XC4025E | = | = [ ] ]
-2 | c C I3
—
C=Commercial T;=0"10+85'C
I= Industrial T,=-40°C to +100°C
Table 26: Component Availability Chart for XC4000EX FPGAs
mis L] 200 o | 300 asg | m 452
T¥EE T HighBat | FohPat Teram HignPar Pad CEfam Pt
h FF ¥R s P BGA ‘ oA aGa
COoE HQ208 HQ240 PG298 | HQ304 BG362 PG411 BG432
| =4 - (] =] | ] ]
XC402BEX [ 3 21 ol Cl [ =] \
| -2 L L [ |
| ol o 23 | ot oL
AC4036EX | = = [ ) i 20
| -2 3 0 B | C [=
UdAve

C=Commercial T,=010 +85°C

I= Industnial T =-40°C to +100°C
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User VO Per Package
labie 27, Tabia 25, and Tabie 29 show the number of user I/0s avalable in each package for XC4000-Senes devices, Call

yeur local sales office for the latest availability information, or see the Xilinx website at hitp./iwww.xilinx.com for the latest
revision of the spacifications.

Table 27: User /O Chart for XC4000XL FPGAs

o ' ] hAa)(wmum_User Accessibie 1/O by Package Type
- © o | [ i o [elo = - o ala
wei 181821 T1212IEIEI5(8(3(3\83188(58)5 82
Device | VO QG g A== &._‘E‘;‘n_ bl 8 2 & ;im-g»a‘mi
XC4002XL | & o | & | o ‘ ‘ ‘
XC4DOSXL!| vel & | 7 192 12 12
XCAD10XL| e & | 77 113 124 | 5 160 o |
XC4013}(L‘ 9 [ [ 15 14 s | [T e | 1% |
XCA4020XL | 22t [ T 129 ws| | e |2 |
XC4028XL | =» 1% 150 1o 2 | 2% | =6 | =5
XCA03BXL | 2= 14 | 180 19U o | A | s | sk |
XC4044XL7 520 | [ 128 | [ :f.r_»' 1% | 26 | 2a | a0 [ ;z-:-'
XC4052XL: 358 [ 150 =5 a5 | a5z )
XCADe2XL | = 15 #~6 Wiz | e )
XCADESXL | e ] [T 1 il [Ss2] [«o |+
1235
Table 28: User VO Chart for XC4000E FPGAs
—Taxmum User Acoeesble IO by Package Type
T — @O b 4
we 812 12 R IZI2(E(5(5(5(8|8 8 8 88
Dovee w0 & |8 |2 % |2 15 |88 218 88 2 8| 2
XC4003E | = i 7| o ¥ 1 1 1 !
XC4005E | ne 61 7 12 12 12 e
XC4006E | @ | & my | & | s IE
7;((:4005& | a [ 12 144 T ‘ :
XCA010E | = & e 180 160 160 16
XC4013E | = : 2 & | 18 1% | 1% @ %
XC4020E | = 16C 152 %
XC4025E | == 158 ¥ 2% =6
Table 29: User /O Chart for XC4000EX FPGAs
Max| faximum User Accessible 11O by Package Type
Device | 1O HQ208 HQ240 | PG208 | HQ304 BG362 | PG4AN BG432
XC4028EX | == 150 1% ‘ 2% | 8 26
XC4038EX | #= 15 ‘ [ e e e &6
e
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XC4000 Series Electrical Characteristics and Device-Specific Pinout Table

For the latest Electrical Charactenstics and package/pinout information for each XC4000 Family, sse the Xilin web site at
http:weaw xiline.comixinx/xwe bl _publications_index jsp

Ordering Information

Example: XC4013E-3HQ240C

Device Typg ———— ‘
Temperaturs Range

Speed Grade C=Commercial (T = 0to +85°C)
-8 | = Industnal (T j=-40 to +100°C)

-5 M = Military (T = -55 to+125°C)
-4
-3 Number of Pins
-2
-1
Package Type
PC = Plastic Lead Chip Carriar BG = Ball Gnd Aray
PQ = Plastic Quad Flat Pack PG = Ceramic Pin Grid Array
V@ = Very Thin Quad Flat Pack  HQ = High Heat Dissipation Quad Flat Pack
TQ = Thun Quad Flat Pack M = Metal Quad Flat Pack

CB = Top Brazed Ceramic Quad Flat Pack

%9020

Revision Control

Version | Description

3/30/98 (1.5) |Updated XC4000XL timing and added XC4002XL

1/20/99 (1.5) |Updated pin diagrams

5/14/98 (1.6) |Replaced Elsctrical Specification and pinout pages for E, EX, and XL families with separate updates and
ladded URAL link for dectncal specifications/pinouts for Web users
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