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1 — Automotive ProASIC3 Device Family Overview

General Description

Automotive ProASIC3 nonvolatile flash technology gives automotive system designers the advantage of
a secure, low-power, single-chip solution that is Instant On. Automotive ProASIC3 is reprogrammable
and offers time-to-market benefits at an ASIC-level unit cost. These features enable designers to create
high-density systems using existing ASIC or FPGA design flows and tools.

Automotive ProASIC3 devices offer 1 kbit of on-chip, reprogrammable, nonvolatile FlashROM storage as
well as clock conditioning circuitry based on an integrated phase-locked loop (PLL). Automotive
ProASIC3 devices have up to 1 million system gates, supported with up to 144 kbits of SRAM and up to
300 user I/Os.

Automotive ProASIC3 devices are the only firm-error-immune automotive grade FPGAs. Firm-error
immunity makes them ideally suited for demanding applications in powertrain, safety, and telematics-
based subsystems, where firm-error failure is not an option.

Firm errors in SRAM-based FPGAs can result in high defect levels in field-deployed systems. These
unavoidable defects must be considered separately from standard defects and failure mechanisms when
looking at overall system quality and reliability.

Flash Advantages
Reduced Cost of Ownership

Advantages to the designer extend beyond low unit cost, performance, and ease of use. Unlike SRAM-
based FPGAs, flash-based Automotive ProASIC3 devices allow all functionality to be Instant On; no
external boot PROM is required. On-board security mechanisms prevent access to all the programming
information and enable secure remote updates of the FPGA logic. Flash-based FPGAs are LAPU Class
0 devices, offering the lowest available power in a single-chip device and providing firm-error immunity.
The Automotive ProASIC3 family device architecture mitigates the need for ASIC migration at high user
volumes. This makes the Automotive ProASIC3 family a cost-effective ASIC replacement solution,
especially for automotive applications.

Security

Nonvolatile, flash-based Automotive ProASIC3 devices do not require a boot PROM, so there is no
vulnerable external bitstream that can be easily copied. Automotive ProASIC3 devices incorporate
FlashLock, which provides a unique combination of reprogrammability and design security without
external overhead, advantages that only an FPGA with nonvolatile flash programming can offer.

Automotive ProASIC3 devices utilize a 128-bit flash-based lock and a separate AES key to provide the
highest level of protection in the FPGA industry for intellectual property and configuration data. In
addition, all FlashROM data in Automotive ProASIC3 devices can be encrypted prior to loading, using
the industry-leading AES-128 (FIPS192) bit block cipher encryption standard. The AES was adopted by
the National Institute of Standards and Technology (NIST) in 2000 and replaces the 1977 DES standard.
Automotive ProASIC3 devices have a built-in AES decryption engine and a flash-based AES key that
make them the most comprehensive programmable logic device security solution available today.
Automotive ProASIC3 devices with AES-based security provide a high level of protection for secure,
remote field updates over public networks such as the Internet, and are designed to ensure that valuable
IP remains out of the hands of system overbuilders, system cloners, and IP thieves. Additionally, security
features of Automotive ProASIC3 devices provide anti-tampering protection.

Security, built into the FPGA fabric, is an inherent component of the Automotive ProASIC3 family. The
flash cells are located beneath seven metal layers, and many device design and layout techniques have
been used to make invasive attacks extremely difficult. The Automotive ProASIC3 family, with FlashLock
and AES security, is unique in being highly resistant to both invasive and noninvasive attacks. Your
valuable IP is protected with industry-standard security, making remote ISP possible. An Automotive
ProASIC3 device provides the best available security for programmable logic designs.

Revision 5 1-1






&S Microsemi

Automotive ProASIC3 DC and Switching Characteristics

Table 2-2+ Recommended Operating Conditions
Symbol Parameter Automotive Grade 1 | Automotive Grade 2
T, Junction temperature —40 to +135 —40to +115 C
VCC 1.5V DC core supply voltage 1.425 to 1.575 1.425 t0 1.575 V
VJTAG JTAG DC voltage 1410 3.6 1410 3.6 \%
VPUMP Programming voltage [Programming Mode 3 3.15t03.45 3.15t0 3.45 \Y,
Operation * 0t03.6 0t03.6 v
VCCPLL Analog power supply (PLL) 1.425 to 1.575 1.425 to 1.575 \Y
VCCI and | 1.5V DC supply voltage 1.425t0 1.575 1.425t0 1.575 \%
MV 1.8 V DC supply voltage 171019 171019 Y
2.5V DC supply voltage 23t02.7 23t02.7 \%
3.3 V DC supply voltage 3.0t0 3.6 3.0t0 3.6 \%
LVDS/B-LVDS/M-LVDS differential /0O 2.375t0 2.625 2.375t0 2.625 \Y
LVPECL differential /0O 3.0t0 3.6 3.0t0 3.6 \
Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O
standard are given in Table 2-14 on page 2-16. VMV and V¢, should be at the same voltage within a given I/O bank.

2. All parameters representing voltages are measured with respect to GND unless otherwise specified.
3. The programming temperature range supported is Tympient = 0°C to 85°C.
4. Vpyump can be left floating during operation (not programming mode).
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Note: HTR time is the period during which you would not expect a verify failure due to flash cell leakage.
Figure 2-1 » High-Temperature Data Retention (HTR)
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Automotive ProASIC3 Flash Family FPGAs

Power Consumption of Various Internal Resources

Table 2-11 « Different Components Contributing to Dynamic Power Consumption in ProASIC3 Devices

Device Specific Dynamic Power
(MW/MHz)
Parameter Definition A3P1000 | A3P250 | A3P125 | A3P060
PAC1 Clock contribution of a Global Rib 14.50 11.00 11.00 9.30
PAC2 Clock contribution of a Global Spine 2.48 1.58 0.81 0.81
PAC3 Clock contribution of a VersaTile row 0.81
PAC4 Clock contribution of a VersaTile used as a sequential module 0.12
PAC5 First contribution of a VersaTile used as a sequential module 0.07
PAC6 Second contribution of a VersaTile used as a sequential module 0.29
PAC7 Contribution of a VersaTile used as a combinatorial module 0.29
PACS8 Average contribution of a routing net 0.70
PAC9 Contribution of an I/O input pin (standard-dependent) See Table 2-7 on page 2-6.
PAC10 Contribution of an I/O output pin (standard-dependent) See Table 2-7 and Table 2-10 on
page 2-8.
PAC11 Average contribution of a RAM block during a read operation 25.00
PAC12 Average contribution of a RAM block during a write operation 30.00
PAC13 Static PLL contribution 2.55 mW
PAC14 Dynamic contribution for PLL 2.60

Note: *For a different output load, drive strength, or slew rate, Microsemi recommends using the Microsemi power
spreadsheet calculator or SmartPower tool in Libero SoC.

Power Calculation Methodology
This section describes a simplified method to estimate power consumption of an application. For more
accurate and detailed power estimations, use the SmartPower tool in Libero SoC software.
The power calculation methodology described below uses the following variables:
* The number of PLLs as well as the number and the frequency of each output clock generated
* The number of combinatorial and sequential cells used in the design
« The internal clock frequencies
* The number and the standard of I/O pins used in the design
* The number of RAM blocks used in the design

+ Toggle rates of /O pins as well as VersaTiles—guidelines are provided in Table 2-12 on
page 2-11.

+ Enable rates of output buffers—guidelines are provided for typical applications in Table 2-13 on
page 2-12.

* Read rate and write rate to the memory—guidelines are provided for typical applications in
Table 2-13 on page 2-12. The calculation should be repeated for each clock domain defined in the
design.

Methodology

Total Power Consumption—Pro1aL
ProtaL = Pstar * Ppyn

Pstar is the total static power consumption.

Ppyn is the total dynamic power consumption.
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Automotive ProASIC3 Flash Family FPGAs

Table 2-26 « 1/0 Output Buffer Maximum Resistances’
Applicable to Standard Plus /O Banks

ReuLL-gown | ReuLLup
Standard Drive Strength (Q) (Q)
3.3V LVTTL/3.3VLVCMOS 2mA 100 300
4 mA 100 300
6 mA 50 150
8 mA 50 150
12 mA 25 75
16 mA 25 75
2.5V LVCMOS 2 mA 100 200
6 mA 50 100
12 mA 25 50
1.8 V LVCMOS 2mA 200 225
4 mA 100 112
6 mA 50 56
8 mA 50 56
1.5V LVCMOS 2 mA 200 224
4 mA 100 112
3.3V PCI/PCI-X Per PCI/PCI-X specification 0 0
Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance
values depend on VCCI, drive strength selection, temperature, and process. For board design
considerations and detailed output buffer resistances, use the corresponding IBIS models located at
http://www.microsemi.com/soc/download/ibis/default.aspx.

2. R(PULL-DOWN-MAX) = (VOLSPEC) /lOLspec
3. R(PULL-UP—MAX) = (VCCImax - VOHspec) /IOHspec

Table 2-27 « 1/0 Weak Pull-Up/Pull-Down Resistances
Minimum and Maximum Weak Pull-Up/Pull-Down Resistance Values

R 1 R 2
(WEAK PULL-UP) (WEAK PULL-DOWN)
Q) Q)

VCCI Min. Max. Min. Max.
3.3V 10k 45k 10 k 45k
25V 11k 55 k 12 k 74 k
1.8V 18 k 70 k 17 k 110 k
1.5V 19 k 90 k 19 k 140 k

Notes:

1. Rweak puLL-up-max) = (VCCImax — VOHspec) / Liweak puLL-UP-MIN)
2. Rweak puLL-Down-max) = (VOLspec) / liweak puLL-DOWN-MIN)
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Automotive ProASIC3 DC and Switching Characteristics

Table 2-28 « 1/0 Short Currents IOSH/IOSL
Applicable to Advanced I/0 Banks

Drive Strength IOSL (mA)* | IOSH (mA)*
3.3V LVTTL/3.3VLVCMOS 2 mA 27 25
4 mA 27 25
6 mA 54 51
8 mA 54 51
12 mA 109 103
16 mA 127 132
24 mA 181 268
3.3V LVCMOS 2 mA 27 25
4 mA 27 25
6 mA 54 51
8 mA 54 51
12 mA 109 103
16 mA 127 132
24 mA 181 268
2.5V LVCMOS 2mA 18 16
6 mA 37 32
12 mA 74 65
16 mA 87 83
24 mA 124 169
1.8 VLVCMOS 2mA 11 9
4 mA 22 17
6 mA 44 35
8 mA 51 45
12 mA 74 91
16 mA 74 91
1.5V LVCMOS 2 mA 16 13
4 mA 33 25
6 mA 39 32
8 mA 55 66
12 mA 55 66
3.3 V PCI/PCI-X Per PCI/PCI-X specification 109 103

Note: *T;=100°C
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Automotive ProASIC3 Flash Family FPGAs

Single-Ended I/O Characteristics
3.3VLVTTL/3.3VLVCMOS

Low-Voltage Transistor—Transistor Logic (LVTTL) is a general-purpose standard (EIA/JESD) for 3.3 V

applications. It uses an LVTTL input buffer and push-pull output buffer.

Table 2-32 « Minimum and Maximum DC Input and Output Levels
Applicable to Advanced I/0 Banks

3.3VLVTTL/
3.3VLvVCMOS VIL VIH VOL VOH |(lo. [loH losL losH e | il
Drive Min. Max. Min. Max. Max. Min. Max. Max.
Strength v v ', v v V |mA[mA| mA' mA!  |uAZ|pA?
2 mA -0.3 0.8 2 3.6 0.4 2.4 2|2 27 25 10 [ 10
4 mA -0.3 0.8 2 3.6 0.4 2.4 4 | 4 27 25 10 [ 10
6 mA -0.3 0.8 2 3.6 0.4 2.4 6 |6 54 51 10 | 10
8 mA -0.3 0.8 2 3.6 0.4 24 8|8 54 51 10 | 10
12 mA -0.3 0.8 2 3.6 0.4 24 12 (12 109 103 10 | 10
16 mA -0.3 0.8 2 3.6 04 2.4 16 | 16 127 132 10 [ 10
24 mA -0.3 0.8 2 3.6 04 24 |24 (24 181 268 10 [ 10
Notes:
1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 125°C junction temperature.
3. Software default selection highlighted in gray.
Table 2-33 « Minimum and Maximum DC Input and Output Levels

Applicable to Standard Plus /0O Banks
3.3 VLVTTL/
3.3 VLVCMOS VIL VIH VOL VOH |(lo. [loH losL losH e | hn
Drive Min. Max. Min. Max. Max. Min. Max. Max.
Strength ' ' ', Y, ' V |mAlmA| mA' mA!  [pAZ|pA2
2 mA -0.3 0.8 2 3.6 0.4 24 2|2 27 25 10 | 10
4 mA -0.3 0.8 2 3.6 0.4 2.4 4 | 4 27 25 10 [ 10
6 mA -0.3 0.8 2 3.6 0.4 2.4 6 |6 54 51 10 [ 10
8 mA -0.3 0.8 2 3.6 0.4 2.4 8|8 54 51 10 [ 10
12 mA -0.3 0.8 2 3.6 0.4 24 12 (12 109 103 10 | 10
16 mA -0.3 0.8 2 3.6 04 24 16 | 16 109 103 10 | 10
Notes:
1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 125°C junction temperature.
3. Software default selection highlighted in gray.
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Automotive ProASIC3 Flash Family FPGAs

Table 2-48 « 2.5V LVCMOS High Slew
Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI=2.3V
Applicable to Standard Plus /O Banks

Drive Speed

Strength | Grade | tpout | top | toin | tpy |teour | tzL | tzu | tz | thz | tzs | tzas | Units

2 mA STD 064 (926 (005|145 046 [828 (926|124 1.12 | 10.78 | 11.756 ns
-1 055 | 787|004 |123| 039 |7.05]|7.87|124 1113 | 9.17 10 ns

6 mA STD 064 [543 (005145 046 [519 (543 (143|147 | 7.69 7.926 ns
-1 055 |1 462|004 (123 0.39 | 442 | 462|143 147 | 6.55 6.743 ns

12 mA STD 064 | 359005145 046 | 3.65|351 156 169 | 6.15 6.012 ns
-1 055 | 3.05]|0.04 (123 039 | 3.11 1299|156 [ 1.69 | 5.23 5.114 ns

Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-49 « 2.5V LVCMOS Low Slew

Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 2.3 V
Applicable to Standard Plus /O Banks

Drive Speed

Strength | Grade | tpour | top | toin | tpy |teout | tzr | tzn | tiz | thz | tzs | tzws | Units

2 mA STD 064 | 1212 [ 0.05|145| 046 | 11.89 | 1212 | 1.25 [ 1.08 | 14.39 | 14.622 ns
-1 0.55 | 10.31 [ 0.04 | 1.23 | 0.39 | 10.12 | 10.31 | 1.25 [ 1.08 | 12.24 | 12.438 ns

6 mA STD 0.64 824 (0.05(145| 0.46 8.39 823 (143 (142 (10.89 | 10.73 ns
-1 0.55 7.01 (0.04 (123 | 0.39 7.14 7.00 | 143|142 | 9.26 9.128 ns

12 mA STD 0.64 6.30 [ 0.05 (145 | 0.46 6.41 6.16 [ 1.56 [ 1.63 [ 8.91 8.656 ns
-1 0.55 535 (0.04 (123 | 0.39 5.45 524 | 156|163 | 7.58 7.364 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Automotive ProASIC3 Flash Family FPGAs

Table 2-64+ 1.8 VLVCMOS Low Slew
Automotive-Case Conditions: T; = 115°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI=2.3V
Applicable to Standard Plus /O Banks
Drive Speed
Strength | Grade | tpoyt | tor | toin | tpy [teout | tzr | tzu | tiz | thz | tzis | tzws | Units
2mA STD 0.63 | 16.80 | 0.05 | 140 | 0.45 | 14.60 | 16.01 | 1.20 [ 0.77 | 17.02 | 18.43 ns
-1 0.53 | 1429 | 0.04 | 119 | 0.38 | 1242 | 13.62 | 1.20 | 0.77 | 14.48 | 1568 | ns
4 mA STD 063 | 11.33 | 0.05| 140 | 045 | 10.53 | 10.71 | 1.42 [ 1.31 | 12.95 | 13.13 ns
-1 053 | 964 | 004|119 038 | 896 | 9.11 [ 1.42]1.31| 11.01 | 11.17 ns
6 mA STD 063 | 871 | 005|140 045 | 819 | 792 | 157 [ 1.57 | 10.61 | 10.34 ns
-1 053 | 741 | 004|119 038 | 6.97 | 6.74 | 157 [ 1.57 | 9.03 | 8.79 ns
8 mA STD 063 | 812 | 005|140 045 | 819 | 792 | 157 [ 1.57 | 10.61 | 10.34 ns
-1 0.53 | 690 | 004|119 0.38 | 6.97 | 6.74 | 1.57 [ 1.57 | 9.03 | 8.79 ns
Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

1.5 V LVCMOS (JESD8-11)

Low-Voltage CMOS for 1.5V is an extension of the LVCMOS standard (JESD8-5) used for general-
purpose 1.5V applications. It uses a 1.5 V input buffer and a push-pull output buffer.

Table 2-65 « Minimum and Maximum DC Input and Output Levels
Applicable to Advanced I/0 Banks

1.5V
LVCMOS VIL VIH VOL VOH loL|lon| lost | losH | i | liH
Drive Min. Max. Min. Max. Max. Min. Max. | Max.
Strength v v v ' v ' mA[mA| mA! | mA! [pAZ|pA?
2 mA -0.3 ]10.30*VCCI|0.7*VCCIl| 3.6 ]0.25*VCCI|0.75*VCCI| 2 | 2 16 13 10 | 10
4 mA —0.3 |0.30*VCCI| 0.7 * V¢ 3.6 [0.25*VCCI|0.75*VCCI| 4 | 4 33 25 (1010
6 mA -0.3 ]10.30*VCCI|0.7*VCCI| 3.6 |0.25*VCCI|0.75*VCCI| 6 | 6 39 32 10 | 10
8 mA -0.3 ]0.30*VCCI|0.7*VCCIl| 3.6 ]0.25*VCCI|0.75*VCCI| 8 | 8 55 66 10 | 10
12 mA —0.3 |0.30 *VCCI[0.7 *VCCI| 3.6 |0.25*VCCI|0.75* Vg | 1212 55 66 |10 | 10
Notes:
1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 125°C junction temperature.
3. Software default selection highlighted in gray.
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Automotive ProASIC3 DC and Switching Characteristics

Table 2-70

1.5 V LVCMOS High Slew
Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI=2.3V
Applicable to Standard Plus /O Banks

Drive Speed

Strength | Grade | tpoyr | top | toin | tey [teour | tzu | tzn | tz | thz | tzs | tzws | Units

2mA STD 064 |876 005|159 | 046 |763|9.35|1.87|1.50 [ 10.13 | 11.851 ns
-1 055 | 745|004 |135| 039 | 649 795|187 150 | 8.62 | 10.081 ns

4 mA STD 0.64 | 541 (005|159 046 | 542|594 | 207 | 1.84 | 7.92 8.442 ns
-1 0.55 | 4.60 | 0.04 | 1.35 | 0.39 | 461 | 5.05| 2.07 | 1.85 | 6.74 7.181 ns

Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-71

1.5 VLVCMOS Low Slew
Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 2.3 V
Applicable to Standard Plus 1/O Banks

Drive Speed

Strength | Grade | tpour | top | toin | tpy |teout | tzL | tzn | tiz | thz | tzs | tzus | Units

2mA STD 0.64 | 13.51 | 0.05|1.45| 046 | 1432 (1429 [ 1.88 [ 1.43 | 16.82 [ 16.794 | ns
-1 055 | 1149 | 0.04 | 1.23 | 0.39 | 1218 | 12.16 [ 1.88 [ 1.43 [ 14.31 [ 14286 | ns

4 mA STD 0.64 [ 10.38|0.05| 145 046 | 11.40 | 10.67 | 2.07 | 1.77 | 13.90 | 13.175 | ns
-1 0.55 | 883 | 0.04|123| 039 | 9.70 | 9.08 [ 2.07 [ 1.77 | 11.82 [ 11.207 | ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-72 »

1.5 V LVCMOS High Slew
Automotive-Case Conditions: T; = 115°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 2.3 V
Applicable to Advanced I/0 Banks

Drive Speed
Strength | Grade | tpoyt | tor | toin | tey | teout | tzL | tzn | tz | thz | tas | tzus | Units
2mA STD 0.63 9.05 (005|156 | 045 [ 738 |9.05 (181 (145 | 9.80 | 11.47 ns
-1 0.53 770 1004|132 | 038 | 6.287.70 | 1.81 | 1.45 | 8.34 | 9.75 ns
4 mA STD 0.63 575 1005|156 | 045 | 525 (575|200 |1.78 | 7.67 | 8.17 ns
-1 053 | 489|004 |132 | 038 | 446 |4.89 | 200 | 1.78 | 6.52 | 6.95 ns
6 mA STD 0.63 505 005|156 | 045 | 492 | 505 | 2.04 | 1.87 | 7.34 | 7.47 ns
-1 053 (429 (004 (132 ]| 038 | 419|429 | 204|187 |6.24 | 6.35 ns
8 mA STD 063 | 441 |1 005|156 | 045 | 218 | 191 | 427 | 455 | 3.35 | 3.11 ns
-1 0.53 3751004132 | 038 | 218 (191 | 3.63|3.87 | 3.35| 3.1 ns
12 mA STD 063 |441 (005|156 | 045 | 218 | 191 | 427 | 455 | 3.35 [ 3.11 ns
-1 0.53 3751004 | 132 | 038 | 218 [ 1.91 | 3.63 | 3.87 | 3.35 | 3.1 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Automotive ProASIC3 DC and Switching Characteristics

3.3VPCI 3.3V PCI-X

The Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCI
Bus applications.

Table 2-76 + Minimum and Maximum DC Input and Output Levels

3.3v

PCI/PCI-X VIL VIH VOL VOH | lo. | lon losL losH e | WH
Drive Min. Max. Min. Max. Max. Min. Max. Max.

Strength ' ', Y, v Y, V |mA|mA| mA' mA! | pAZ | pA2
Per PCI Per PCI curves 10 | 10
specification

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 125°C junction temperature.

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Microsemi loadings for enable
path characterization are described in Figure 2-11.

R =25 E to \éﬁ(é' ffor top (;) R o1k RWOVCCHort, /ity Jtyg
t t
Test Point 0 orlpp ( ) Test Point R to GND for tHZ / tZH / tZHS

Datapath T Enable Path 10 pF for tyy / tyus !tz Itz s

5 pF for tHZ / tLZ

Figure 2-11 « AC Loading

AC loadings are defined per PCI/PCI-X specifications for the datapath; Actel loading for tristate is
described in Table 2-77.

Table 2-77 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) CLoap (pPF)
0 3.3 0.285 * VCCI for tDP(R) 10
0.615 * VCCI for tDP(F)

Note: *Measuring point = Virip See Table 2-18 on page 2-17 for a complete table of trip points.
Timing Characteristics

Table 2-78 »+ 3.3 V PCI/PCI-X

Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 3.0 V
Applicable to Advanced I/0 Banks

Speed Grade toout | tor | toin | tey | teour | tz | tzn | tz | thz | tzs | tzws | Units
Std. 0.64 258 | 0.05 | 0.95 0.46 127 | 094 | 312 | 360 | 249 | 2.18 ns
-1 0.55 219 | 0.04 | 0.81 0.39 127 | 094 | 265 | 3.06 | 249 | 2.18 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-79 » 3.3 V PCI/PCI-X

Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI=3.0 V
Applicable to Standard Plus /O Banks

Speed Grade toour | tor | toin | tey | teoutr | tzL | tzn | tz | thz | tas | tzws | Units
Std. 0.64 3.00 | 0.05 | 0.93 0.46 127 | 0.94 | 312 | 3.60 | 249 | 2.18 ns
-1 0.55 255 | 0.04 | 0.79 0.39 127 | 094 | 265 | 3.06 | 249 | 2.18 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Bourns Part Number: CAT16-LV4F12

OUTBUF_LVDS FPGA P | VT / """ FPGA
- | &__(\/&\65 Q : Z,=500Q
| : + INBUF_LVDS
%5140 Q %100 Q ~
1 165 Q Zy=50Q
N L N
Figure 2-12 « LVDS Circuit Diagram and Board-Level Implementation
Table 2-82 « Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. Typ. Max. Units
VCCI Supply Voltage 2.375 25 2.625 \%
VOL Output Low Voltage 0.9 1.075 1.25 \Y,
VOH Output High Voltage 1.25 1.425 1.6 \%
VI Input Voltage 0 - 2.925 \%
VODIFF Differential Output Voltage 250 350 450 mV
VOCM Output Common-Mode Voltage 1.125 1.25 1.375 \Y,
VICM Input Common-Mode Voltage 0.05 1.25 2.35 V
VIDIFF Input Differential Voltage 100 350 - mV
Table 2-83 « AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V)
1.075 1.325 Cross point
Note: *Measuring point = Vitrip. See Table 2-18 on page 2-17 for a complete table of trip points.

Timing Characteristics

Table 2-84 « LVDS

Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 2.3 V
Speed Grade toout tpp toin tpy Units
Std. 0.64 2.05 0.05 1.79 ns
-1 0.55 1.74 0.04 1.52 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-85+« LVDS

Automotive-Case Conditions: T; = 115°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI =2.3 V
Speed Grade tpouT tpp toin tpy Units
Std. 0.63 1.98 0.05 1.73 ns
-1 0.53 1.68 0.04 1.47 ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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B-LVDS/M-LVDS

Bus LVDS (B-LVDS) and Multipoint LVDS (M-LVDS) specifications extend the existing LVDS standard to
high-performance multipoint bus applications. Multidrop and multipoint bus configurations may contain
any combination of drivers, receivers, and transceivers. Actel LVDS drivers provide the higher drive
current required by B-LVDS and M-LVDS to accommodate the loading. The drivers require series
terminations for better signal quality and to control voltage swing. Termination is also required at both
ends of the bus since the driver can be located anywhere on the bus. These configurations can be
implemented using the TRIBUF_LVDS and BIBUF_LVDS macros along with appropriate terminations.
Multipoint designs using Actel LVDS macros can achieve up to 200 MHz with a maximum of 20 loads. A
sample application is given in Figure 2-13. The input and output buffer delays are available in the LVDS
section in Table 2-84 on page 2-50.

Example: For a bus consisting of 20 equidistant loads, the following terminations provide the required
differential voltage, in worst-case Industrial operating conditions, at the farthest receiver: Rg = 60 Q and
Ry =70 Q, given Zy =50 Q (2") and Zg,, = 50 Q (~1.5").

Receiver Transceiver Driver Receiver Transceiver
Rs<Rg Rs Rs<ZRs RsZRs
Zstub Zstub Zstub Zstub Zstub Zstub Zstub
ZO ZO ZO ZO

U7 U7 U7
R
TZ, Zy Zy Z,
O 0 O

Figure 2-13 « B-LVDS/M-LVDS Multipoint Application Using LVDS 1/O Buffers

LVPECL

Low-Voltage Positive Emitter-Coupled Logic (LVPECL) is another differential I/O standard. It requires
that one data bit be carried through two signal lines. Like LVDS, two pins are needed. It also requires
external resistor termination.

The full implementation of the LVDS transmitter and receiver is shown in an example in Figure 2-14 on
page 2-52. The building blocks of the LVPECL transmitter-receiver are one transmitter macro, one
receiver macro, three board resistors at the transmitter end, and one resistor at the receiver end. The
values for the three driver resistors are different from those used in the LVDS implementation because
the output standard specifications are different.
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Bourns Par/t(Number: CAT16-PC4F12

OUTBUF_LVPECL e P 1OOQ Z,=50 0 FPGA
P %"W‘ : INBUF_LVPECL
: %51 87 W %1 00 Q
TV\{Z)O 0 ' Zy=50Q
N N

Figure 2-14 « LVPECL Circuit Diagram and Board-Level Implementation
Table 2-86 + Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. | Max. | Min. | Max. | Min. [ Max. | Units
VCCI Supply Voltage 3.0 3.3 3.6 \Y,
VOL Output Low Voltage 096 | 127 | 1.06 | 143 | 1.30 | 1.57 \%
VOH Output High Voltage 1.8 2.1 192 | 228 | 213 | 2.41 \Y,
VIL, VIH Input Low, Input High Voltages 0 3.6 0 3.6 0 3.6 V
VODIFF Differential Output Voltage 0.625 | 0.97 | 0.625 | 0.97 | 0.625 | 0.97 \Y,
VOCM Output Common-Mode Voltage 1.762 | 1.98 | 1.762 | 1.98 | 1.762 | 1.98 \%
VICM Input Common-Mode Voltage 1.01 2.57 | 1.01 257 | 1.01 2.57 \%
VIDIFF Input Differential Voltage 300 300 300 mV

Table 2-87 «+ AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V)
1.64 1.94 Cross point
Note: *Measuring point = Virip See Table 2-18 on page 2-17 for a complete table of trip points.

Timing Characteristics

Table 2-88 « LVPECL
Automotive-Case Conditions: T; = 135°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 3.0 V
Speed Grade tpouTt top toin tpy Units
Std. 0.64 2.01 0.05 1.57 ns
-1 0.55 1.71 0.04 1.34 ns
Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
Table 2-89 « LVPECL
Automotive-Case Conditions: T; = 115°C, Worst-Case VCC = 1.425 V, Worst-Case VCCI = 3.0 V
Speed Grade toout tpp toin tpy Units
Std. 0.63 1.95 0.05 1.52 ns
-1 0.53 1.66 0.04 1.29 ns
Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Table 2-97 « Output Enable Register Propagation Delays
Automotive-Case Conditions: T; = 115°C, Worst-Case VCC = 1.425 V

Parameter Description -1 [ Std. | Units
toecLka Clock-to-Q of the Output Enable Register 0.53(0.62| ns
toesup Data Setup Time for the Output Enable Register 037|044 | ns
toeHD Data Hold Time for the Output Enable Register 0.00(0.00| ns
toEsuE Enable Setup Time for the Output Enable Register 0.52(0.61| ns
toEHE Enable Hold Time for the Output Enable Register 0.00(0.00 | ns
toecLr2q | Asynchronous Clear-to-Q of the Output Enable Register 0.79(0.93| ns
toEprE2Q Asynchronous Preset-to-Q of the Output Enable Register 0.79(0.93| ns
toeremcLr | Asynchronous Clear Removal Time for the Output Enable Register 0.00(0.00| ns
toereccLr | Asynchronous Clear Recovery Time for the Output Enable Register 0.27 (031 ns
toerempre | Asynchronous Preset Removal Time for the Output Enable Register 0.00|0.00| ns
toerecpre | Asynchronous Preset Recovery Time for the Output Enable Register 0.27 (0.31| ns
toEWCLR Asynchronous Clear Minimum Pulse Width for the Output Enable Register 0.25(0.30| ns
toEWPRE Asynchronous Preset Minimum Pulse Width for the Output Enable Register 0.25(0.30| ns
toeckmpwh | Clock Minimum Pulse Width High for the Output Enable Register 0.41(0.48| ns
toeckmpwL | Clock Minimum Pulse Width Low for the Output Enable Register 0.37|043| ns

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Global Tree Timing Characteristics

Global clock delays include the central rib delay, the spine delay, and the row delay. Delays do not
include I/O input buffer clock delays, as these are 1/O standard—dependent, and the clock may be driven
and conditioned internally by the CCC module. For more details on clock conditioning capabilities, refer
to the "Clock Conditioning Circuits" section on page 2-80. Table 2-114 on page 2-79 to Table 2-125 on
page 2-97 present minimum and maximum global clock delays within each device. Minimum and
maximum delays are measured with minimum and maximum loading.

Timing Characteristics

Table 2-108 « A3P060 Global Resource

Commercial-Case Conditions: T; = 135°C, VCC =1.425V

-1 Std.

Parameter Description Min.! [ Max.2 | Min.! | Max.2 | Units
tRCKL Input Low Delay for Global Clock 087 | 116 | 1.02 | 1.37 ns
tRCKH Input High Delay for Global Clock 0.86 | 1.20 | 1.01 1.42 ns
tRCKMPWH Minimum Pulse Width High for Global Clock 0.80 0.94 ns
tRCKMPWL Minimum Pulse Width Low for Global Clock 0.98 1.15 ns
tRCKsW Maximum Skew for Global Clock 0.35 0.41 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element,

located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully

loaded row (all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.

Table 2-109 - A3P060 Global Resource

Commercial-Case Conditions: T; = 115°C, VCC =1.425V

-1 Std.

Parameter Description Min.! [ Max.2 | Min.! | Max.2 | Units
tRCKL Input Low Delay for Global Clock 085 | 1.13 | 1.00 | 1.33 ns
tRCKH Input High Delay for Global Clock 084 [ 118 | 0.99 | 1.38 ns
tRCKMPWH Minimum Pulse Width High for Global Clock 0.80 0.94 ns
tRCKMPWL Minimum Pulse Width Low for Global Clock 0.98 1.15 ns
tRcksw Maximum Skew for Global Clock 0.34 0.40 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element,

located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully

loaded row (all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for derating values.
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Table 2-122 « FIFO
Worst-Case Automotive Conditions: T; = 115°C, VCC = 1.425V

Parameter Description -1 | Std. | Units
tens REN, WEN Setup Time 1.93 | 1.64 ns
teNH REN, WEN Hold Time 0.030.02| ns
teks BLK Setup Time 0.27 1032 | ns
tekH BLK Hold Time 0.00 | 0.00 | ns
tps Input Data (WD) Setup Time 0.26 | 0.22 ns
toH Input Data (WD) Hold Time 0.00 | 0.00 ns
tcka1 Clock High to New Data Valid on RD (flow-through) 3.30 | 2.81 ns
tckaz Clock High to New Data Valid on RD (pipelined) 1.25 | 1.07 ns
tRCKEF RCLK High to Empty Flag Valid 2411 2.05 ns
twekEer WCLK High to Full Flag Valid 2291195 ns
tokar Clock High to Almost Empty/Full Flag Valid 8.68 | 7.38 ns
trRsTFG RESET Low to Empty/Full Flag Valid 2371202 ns
tRsTAF RESET Low to Almost Empty/Full Flag Valid 8591730 | ns
trsTBQ RESET Low to Data Out Low on RD (flow-through) 1291110 | ns
RESET Low to Data Out Low on RD (pipelined) 1.29 | 1.10 ns
tREMRSTB RESET Removal 0401034 | ns
tRECRSTB RESET Recovery 210 (179 | ns
tMPWRSTB RESET Minimum Pulse Width 030 (0.25| ns
tcye Clock Cycle Time 453 (385 ns
Fmax Maximum Frequency for FIFO 221 | 260 | MHz

Note: For specific junction temperature and voltage supply levels, refer to Table 2-5 on page 2-5 for
derating values.
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QN132
Pin Number | A3P250 Function

Cc17 I074RSB2
C18 VCCIB2
C19 TCK
C20 VMV2
C21 VPUMP
C22 VJTAG
Cc23 VCCIB1
C24 IO53NSB1
C25 I0O51NPB1
C26 GCA1/1050PPB1
c27 GCCO0/1048NDB1
Cc28 VCCIB1
C29 1042NDB1
C30 GNDQ
C31 GBA1/I040RSB0O
C32 GBB0/I0O37RSB0
C33 VCC
C34 1024RSB0
C35 I019RSB0
C36 I016RSB0
C37 I010RSBO
C38 VCCIBO
C39 GAB1/I003RSB0
C40 VMVO

D1 GND

D2 GND

D3 GND

D4 GND

S Microsemi
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Note: This is the bottom view of the package.

Note

For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.actel.com/products/solutions/package/docs.aspx.
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