
Microchip Technology - M2GL005-TQ144 Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
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Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.
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Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Revision History
1 Revision History

The revision history describes the changes that were implemented in the document. The changes are 
listed by revision, starting with the most current publication.

1.1 Revision 11.0
The following is a summary of the changes in revision 11.0 of this document.

• Updated Table 24, page 22 with minimum and maximum values for input current low and high (SAR 
73114 and 80314).

• Added Non-Deterministic Random Bit Generator (NRBG) Characteristics, page 106 (SAR 73114 
and 79517).

• Added 060 device in Table 282, page 110 (SAR 79860).
• Added DEVRST_N to Functional Times, page 116 (SAR 73114).
• Added Cryptographic Block Characteristics, page 106 (SAR 73114 and 79516).
• Update Table 296, page 121 with VTX-AMP details (SAR 81756).
• Update note in Table 297, page 122 (SAR 74570 and 80677).
• Update Table 298, page 122 with generic EPCS details (SAR 75307).
• Added Table 308, page 129 (SAR 50424).

1.2 Revision 10.0
The following is a summary of the changes in revision 10.0 of this document.

• The Surge Current on VDD during DEVRST_B Assertion and Surge Current on VDD during Digest 
Check using System Services tables were deleted and added reference to AC393: Board Design 
Guidelines for SmartFusion2 SoC and IGLOO2 FPGAs Application Note. (SAR 76865 and 76623).

• Added 060 device in Table 4, page 6 (SAR 76383).
• Updated Table 24, page 22 for ramp time input (SAR 72103).
• Added 060 device details in Table 284, page 112 (SAR 74927).
• Updated Table 290, page 116 for name change (SAR 74925).
• Updated Table 283, page 111 for 060 FG676 Package details (SAR 78849).
• Updated Table 305, page 126 for SmartFusion2 and Table 310, page 129 for IGLOO2 for SPI timing 

and Fmax (SAR 56645, 75331).
• Updated Table 293, page 119 for Flash*Freeze entry and exit times (SAR 75329, 75330).
• Updated Table 297, page 122 for RX-CID information (SAR 78271).
• Added Table 8, page 8 and Figure 1, page 9 (SAR 78932).
• Updated Table 223, page 76 for timing characteristics and Table 224, page 77(SAR 75998).
• Added SRAM PUF, page 105 (SAR 64406).
• Added a footnote on digest cycle in Table 5, page 7 (SAR 79812).

1.3 Revision 9.0
The following is a summary of the changes in revision 9.0 of this document.

• Added a note in Table 5, page 7 (SAR 71506).
• Added a note in Table 6, page 8 (SAR 74616).
• Added a note in Figure 3, page 17 (SAR 71506).
• Updated Quiescent Supply Current for 060 in Table 11, page 12 and Table 12, page 13 (SAR 

74483).
• Updated programming currents for 060 in Table 13, page 13, Table 14, page 13, and Table 15, 

page 14.
• Added DEVRST_B assertion tables (SAR 74708).
• Updated I/O speeds for LVDS 3.3 V in Table 18, page 19 and Table 21, page 20 (SAR 69829).
• Updated Table 24, page 22 (SAR 69418).
• Updated Table 25, page 22, Table 26, page 23, Table 27, page 23 (SAR 74570).
• Updated all AC/DC table to link to the Input Capacitance, Leakage Current, and Ramp Time, 

page 22 for reference (SAR 69418).
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 19 • Maximum Data Rate Summary Table for Voltage-Referenced I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

LPDDR 400 Mbps

HSTL1.5 V 400 Mbps

SSTL 2.5 V 510 700 400 Mbps

SSTL 1.8 V 667 Mbps

SSTL 1.5 V 667 Mbps

Table 20 • Maximum Data Rate Summary Table for Differential I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD Unit

LVPECL (input only) 900 Mbps

LVDS 3.3 V 535 Mbps

LVDS 2.5 V 535 700 Mbps

RSDS 520 700 Mbps

BLVDS 500 Mbps

MLVDS 500 Mbps

Mini-LVDS 520 700 Mbps

Table 21 • Maximum Frequency Summary Table for Single-Ended I/O in Worst-Case 
Industrial Conditions

I/O MSIO MSIOD DDRIO Unit

PCI 3.3 V 315 MHz

LVTTL 3.3 V 300 MHz

LVCMOS 3.3 V 300 MHz

LVCMOS 2.5 V 205 210 200 MHz

LVCMOS 1.8 V 147.5 200 200 MHz

LVCMOS 1.5 V 80 110 118 MHz

LVCMOS 1.2 V 60 80 100 MHz

LPDDR– LVCMOS 1.8 V mode 200 MHz
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.5.6 Single-Ended I/O Standards

2.3.5.6.1 Low Voltage Complementary Metal Oxide Semiconductor (LVCMOS)
LVCMOS is a widely used switching standard implemented in CMOS transistors. This standard is defined 
by JEDEC (JESD 8-5). The LVCMOS standards supported in IGLOO2 FPGAs and SmartFusion2 SoC 
FPGAs are: LVCMOS12, LVCMOS15, LVCMOS18, LVCMOS25, and LVCMOS33. 

2.3.5.6.2 3.3 V LVCMOS/LVTTL
LVCMOS 3.3 V or Low-Voltage Transistor-Transistor Logic (LVTTL) is a general standard for 3.3 V 
applications. 

Minimum and Maximum DC/AC Input and Output Levels Specification        

Table 29 • LVTTL/LVCMOS 3.3 V DC Recommended DC Operating Conditions 
(Applicable to MSIO I/O Bank Only)

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 3.15 3.3 3.45 V

Table 30 • LVTTL/LVCMOS 3.3 V Input Voltage Specification (Applicable to MSIO I/O 
Bank Only)

Parameter Symbol Min Max Unit

DC input logic high VIH (DC) 2.0 3.45 V

DC input logic low VIL (DC) –0.3 0.8 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 31 • LVCMOS 3.3 V DC Output Voltage Specification (Applicable to MSIO I/O Bank 
Only)

Parameter Symbol Min Max Unit

DC output logic high1

1. The VOH/VOL test points selected ensure compliance with LVCMOS 3.3 V JESD8-B 
requirements.

VOH VDDI – 0.4 V

DC output logic low1 VOL 0.4 V

Table 32 • LVTTL 3.3 V DC Output Voltage Specification (Applicable to MSIO I/O Bank Only)

Parameter Symbol Min Max Unit

DC output logic high VOH 2.4 V

DC output logic low VOL 0.4 V

Table 33 • LVTTL/LVCMOS 3.3 V AC Maximum Switching Speed (Applicable to MSIO I/O Bank 
Only)

Parameter Symbol Max Unit Conditions

Maximum data rate
(for MSIO I/O bank)

DMAX 600 Mbps AC loading: 17 pF load, maximum 
drive/slew
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Note: For a detailed I/V curve, use the corresponding IBIS models: 
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 3.0 V

Table 34 • LVTTL/LVCMOS 3.3 V AC Test Parameter Specifications (Applicable to MSIO I/O 
Bank Only)

Parameter Symbol Typ Unit

Measuring/trip point for data path VTRIP 1.4 V

Resistance for enable path (TZH, TZL, THZ, TLZ) RENT 2K 

Capacitive loading for enable path (TZH, TZL, THZ, TLZ) CENT 5 pF

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 35 • LVTTL/LVCMOS 3.3 V Transmitter Drive Strength Specifications for MSIO I/O Bank

Output Drive Selection
VOH 
(V)

VOL 
(V)

IOH (at VOH) 
mA

IOL (at VOL) 
mA

2 mA VDDI – 0.4 0.4 2 2

4 mA VDDI – 0.4 0.4 4 4

8 mA VDDI – 0.4 0.4 8 8

12 mA VDDI – 0.4 0.4 12 12

16 mA VDDI – 0.4 0.4 16 16

20 mA VDDI – 0.4 0.4 20 20

Table 36 • LVTTL/LVCMOS 3.3 V Receiver Characteristics for MSIO I/O Bank (Input 
Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.262 2.663 2.289 2.695 ns

Table 37 • LVTTL/LVCMOS 3.3 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1

1. Delay increases with drive strength are inherent to built-in slew control circuitry for simultaneous switching output (SSO) 
management.

TLZ
1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2 mA Slow 3.192 3.755 3.47 4.083 2.969 3.494 1.856 2.183 3.337 3.926 ns

4 mA Slow 2.331 2.742 2.673 3.145 2.526 2.973 3.034 3.569 4.451 5.236 ns

8 mA Slow 2.135 2.511 2.33 2.741 2.297 2.703 4.532 5.331 4.825 5.676 ns

12 mA Slow 2.052 2.414 2.107 2.479 2.162 2.544 5.75 6.764 5.445 6.406 ns

16 mA Slow 2.062 2.425 2.072 2.438 2.145 2.525 5.993 7.05 5.625 6.618 ns

20 mA Slow 2.148 2.527 1.999 2.353 2.088 2.458 6.262 7.367 5.876 6.913 ns
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 1.425 V    

Table 67 • LVCMOS 1.5 V Receiver Characteristics for DDRIO I/O Bank with Fixed 
Codes (Input Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.051 2.413 2.086 2.455 ns

Table 68 • LVCMOS 1.5 V Receiver Characteristics for MSIO I/O Bank (Input 
Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 3.311 3.896 3.285 3.865 ns

50 3.654 4.299 3.623 4.263 ns

75 3.533 4.156 3.501 4.119 ns

150 3.415 4.018 3.388 3.986 ns

Table 69 • LVCMOS 1.5 V Receiver Characteristics for MSIOD I/O Bank (Input 
Buffers)

On-Die Termination 
(ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.959 3.481 2.93 3.447 ns

50 3.298 3.88 3.268 3.845 ns

75 3.162 3.719 3.128 3.68 ns

150 3.053 3.592 3.021 3.554 ns

Table 70 • LVCMOS 1.5 V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers) 

Output 
Drive 
Selection

Slew 
Control

TDP TZL TZH THZ
1 TLZ

1

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2 mA Slow 5.122 6.026 4.31 5.07 5.145 6.052 5.258 6.186 4.672 5.496 ns

Medium 4.58 5.389 3.86 4.54 4.6 5.411 4.977 5.855 4.357 5.126 ns

Medium 
fast

4.323 5.086 3.629 4.269 4.341 5.107 4.804 5.652 4.228 4.974 ns

Fast 4.296 5.054 3.609 4.245 4.314 5.075 4.791 5.636 4.219 4.963 ns

4 mA Slow 4.449 5.235 3.707 4.361 4.443 5.227 6.058 7.127 5.458 6.421 ns

Medium 3.961 4.66 3.264 3.839 3.954 4.651 5.778 6.797 5.116 6.018 ns

Medium 
fast

3.729 4.387 3.043 3.579 3.72 4.376 5.63 6.624 4.981 5.86 ns

Fast 3.704 4.358 3.027 3.56 3.695 4.347 5.624 6.617 4.973 5.851 ns
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
Note: For a detailed I/V curve, use the corresponding IBIS models: 
www.microsemi.com/soc/download/ibis/default.aspx.

AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 1.14 V     

Table 77 • LVCMOS 1.2 V AC Calibrated Impedance Option 

Parameter Symbol Typ Unit

Supported output driver calibrated 
impedance (for DDRIO I/O bank)

RODT_CAL 75, 60, 50, 40 

Table 78 • LVCMOS 1.2 V AC Test Parameter Specifications 

Parameter Symbol Typ Unit

Measuring/trip point VTRIP 0.6 V

Resistance for enable path (TZH, TZL, THZ, TLZ) RENT 2K 

Capacitive loading for enable path (TZH, TZL, THZ, TLZ) CENT 5 pF

Capacitive loading for data path (TDP) CLOAD 5 pF

Table 79 • LVCMOS 1.2 V Transmitter Drive Strength Specifications

Output Drive Selection VOH (V) VOL (V) IOH (at VOH) 
mA

IOL (at VOL) 
mAMSIO I/O Bank MSIOD I/O Bank DDRIO I/O Bank Min Max

2 mA 2 mA 2 mA VDDI × 0.75 VDDI × 0.25 2 2

4 mA 4 mA 4 mA VDDI × 0.75 VDDI × 0.25 4 4

6 mA VDDI × 0.75 VDDI × 0.25 6 6

Table 80 • LVCMOS 1.2 V Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input 
Buffers)

On-Die Termination (ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 2.448 2.88 2.466 2.901 ns

Table 81 • LVCMOS 1.2 V Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On-Die Termination ODT)

TPY TPYS

Unit–1 –Std –1 –Std

None 4.714 5.545 4.675 5.5 ns

50 6.668 7.845 6.579 7.74 ns

75 5.832 6.862 5.76 6.777 ns

150 5.162 6.073 5.111 6.014 ns
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.6.3 Stub-Series Terminated Logic 2.5 V (SSTL2)
SSTL2 Class I and Class II are supported in IGLOO2 and SmartFusion2 SoC FPGAs and also comply 
with reduced and full drive of double data rate (DDR) standards. IGLOO2 and SmartFusion2 SoC FPGA 
I/Os supports both standards for single-ended signaling and differential signaling for SSTL2. This 
standard requires a differential amplifier input buffer and a push-pull output buffer.

Minimum and Maximum DC/AC Input and Output Levels Specification      

Table 103 • DDR1/SSTL2 DC Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Termination voltage VTT 1.164 1.250 1.339 V

Input reference voltage VREF 1.164 1.250 1.339 V

Table 104 • DDR1/SSTL2 DC Input Voltage Specification 

Parameter Symbol Min Max Unit

DC input logic high VIH (DC) VREF + 0.15 2.625 V

DC input logic low VIL (DC) –0.3 VREF – 0.15 V

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 105 • DDR1/SSTL2 DC Output Voltage Specification 

Parameter Symbol Min Max Unit

SSTL2 Class I (DDR Reduced Drive)

DC output logic high VOH VTT + 0.608 V

DC output logic low VOL VTT – 0.608 V

Output minimum source DC current IOH at VOH 8.1 mA

Output minimum sink current IOL at VOL –8.1 mA

SSTL2 Class II (DDR Full Drive) – Applicable to MSIO and DDRIO I/O Bank Only

DC output logic high VOH VTT + 0.81 V

DC output logic low VOL VTT – 0.81 V

Output minimum source DC current IOH at VOH 16.2 mA

Output minimum sink current IOL at VOL –16.2 mA

Table 106 • DDR1/SSTL2 DC Differential Voltage Specification 

Parameter Symbol Min Unit

DC input differential voltage VID (DC) 0.3 V
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LVDS33 AC Switching Characteristics

Table 168 • LVDS25 Receiver Characteristics for MSIOD I/O Bank (Input Buffers)

On-Die Termination (ODT)

TPY

Unit –1 –Std

None 2.554 3.004 ns

100 2.549 2.999 ns

Table 169 • LVDS25 Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2.136 2.513 2.416 2.842 2.402 2.825 2.423 2.85 2.409 2.833 ns

Table 170 • LVDS25 Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)

TDP TZL TZH THZ TLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

No pre-emphasis 1.61 1.893 1.749 2.058 1.735 2.041 1.897 2.231 1.866 2.195 ns

Min pre-emphasis 1.527 1.796 1.757 2.067 1.744 2.052 1.905 2.241 1.876 2.207 ns

Med pre-emphasis 1.496 1.76 1.765 2.077 1.751 2.06 1.914 2.252 1.884 2.216 ns

Table 171 • LVDS33 Receiver Characteristics for MSIO I/O Bank (Input Buffers)

On Die Termination (ODT)

TPY

Unit–1 –Std

None 2.572 3.025 ns

100 2.569 3.023 ns

Table 172 • LVDS33 Transmitter Characteristics for MSIO I/O Bank (Output and Tristate 
Buffers)

TDP TZL TZH THZ TLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

1.942 2.284 1.98 2.33 1.97 2.318 1.953 2.298 1.96 2.307 ns
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AC Switching Characteristics

Worst commercial-case conditions: TJ = 85 °C, VDD = 1.14 V, VDDI = 2.375 V.  

 2.3.7.6 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. Similar to LVDS, two pins are needed. It also 
requires external resistor termination. IGLOO2 and SmartFusion2 SoC FPGAs support only LVPECL 
receivers and do not support LVPECL transmitters.

Minimum and Maximum Input and Output Levels (Applicable to MSIO I/O Bank Only)   

Table 210 • RSDS AC Switching Characteristics for Receiver (for MSIO I/O Bank - 
Input Buffers) 

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.855 3.359 ns

100 2.85 3.353 ns

Table 211 • RSDS AC Switching Characteristics for Receiver (for MSIOD I/O Bank - 
Input Buffers) 

On-Die Termination (ODT)

TPY

Unit–1 –Std

None 2.602 3.061 ns

100 2.597 3.055 ns

Table 212 • RSDS AC Switching Characteristics for Transmitter (for MSIO I/O Bank - Output and 
Tristate Buffers)

TDP TZL TZH THZ TLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

2.097 2.467 2.303 2.709 2.291 2.695 1.961 2.307 1.947 2.29 ns

Table 213 • RSDS AC Switching Characteristics for Transmitter (for MSIOD I/O Bank - Output and Tristate 
Buffers)

TDP TZL TZH THZ TLZ

Unit–1 –Std –1 –Std –1 –Std –1 –Std –1 –Std

No pre-emphasis 1.614 1.899 1.559 1.834 1.55 1.823 1.59 1.87 1.575 1.852 ns

Min pre-emphasis 1.604 1.887 1.742 2.05 1.728 2.032 1.889 2.222 1.858 2.185 ns

Med pre-emphasis 1.521 1.79 1.753 2.062 1.737 2.043 1.9 2.235 1.868 2.197 ns

Max pre-emphasis 1.492 1.754 1.762 2.073 1.745 2.052 1.91 2.247 1.876 2.206 ns

Table 214 • LVPECL Recommended DC Operating Conditions 

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 3.15 3.3 3.45 V
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Figure 9 • I/O Register Output Timing Diagram

The following table lists the output/enable propagation delays in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 220 • Output/Enable Data Register Propagation Delays 

Parameter Symbol

Measuring 
Nodes
(from, to)1

1. For the derating values at specific junction temperature and voltage supply levels, see Table 16, page 14 for derating values.

–1 –Std Unit

Bypass delay of the output/enable register TOBYP F, G or H, I 0.353 0.415 ns

Clock-to-Q of the output/enable register TOCLKQ E, G or E, I 0.263 0.309 ns

Data setup time for the output/enable register TOSUD A, E or J, E 0.19 0.223 ns

Data hold time for the output/enable register TOHD A, E or J, E 0 0 ns

Enable setup time for the output/enable register TOSUE B, E 0.419 0.493 ns

Enable hold time for the output/enable register TOHE B, E 0 0 ns

Synchronous load setup time for the output/enable register TOSUSL D, E 0.196 0.231 ns

Synchronous load hold time for the output/enable register TOHSL D, E 0 0 ns

Asynchronous clear-to-q of the output/enable register (ADn = 1) TOALN2Q C, G or C, I 0.505 0.594 ns

Asynchronous preset-to-q of the output/enable register (ADn = 0) C, G or C, I 0.528 0.621 ns

Asynchronous load removal time for the output/enable register TOREMALN C, E 0 0 ns

Asynchronous load recovery time for the output/enable register TORECALN C, E 0.034 0.04 ns

Asynchronous load minimum pulse width for the output/enable 
register

TOWALN C, C 0.304 0.357
ns

Clock minimum pulse width high for the output/enable register TOCKMPWH E, E 0.075 0.088 ns

Clock minimum pulse width low for the output/enable register TOCKMPWL E, E 0.159 0.187 ns
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TDDRIWAL Asynchronous load minimum pulse width for input 
DDR

F, F 0.304 0.357 ns

TDDRICKMPWH Clock minimum pulse width high for input DDR B, B 0.075 0.088 ns

TDDRICKMPWL Clock minimum pulse width low for input DDR B, B 0.159 0.187 ns

Table 221 • Input DDR Propagation Delays  (continued)

Symbol Description
Measuring Nodes 
(from, to) –1 –Std Unit
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2.3.12.2 FPGA Fabric Micro SRAM (µSRAM)
The following table lists the µSRAM in 64 × 18 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 237 • µSRAM (RAM64x18) in 64 × 18 Mode

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Read clock period TCY 4 4 ns

Read clock minimum pulse width high TCLKMPWH 1.8 1.8 ns

Read clock minimum pulse width low TCLKMPWL 1.8 1.8 ns

Read pipeline clock period TPLCY 4 4 ns

Read pipeline clock minimum pulse width high TPLCLKMPWH 1.8 1.8 ns

Read pipeline clock minimum pulse width low TPLCLKMPWL 1.8 1.8 ns

Read access time with pipeline register
TCLK2Q

0.266 0.313 ns

Read access time without pipeline register 1.677 1.973 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.856 2.184 ns

Read address hold time in synchronous mode 
TADDRHD

0.091 0.107 ns

Read address hold time in asynchronous mode –0.778 –0.915 ns

Read enable setup time TRDENSU 0.278 0.327 ns

Read enable hold time TRDENHD 0.057 0.067 ns

Read block select setup time TBLKSU 1.839 2.163 ns

Read block select hold time TBLKHD –0.65 –0.765 ns

Read block select to out disable time (when pipelined 
register is disabled) 

TBLK2Q 2.036 2.396 ns

Read asynchronous reset removal time (pipelined clock) 

TRSTREM

–0.023 –0.027 ns

Read asynchronous reset removal time (non-pipelined 
clock) 

0.046 0.054 ns

Read asynchronous reset recovery time (pipelined clock) 

TRSTREC

0.507 0.597 ns

Read asynchronous reset recovery time (non-pipelined 
clock) 

0.236 0.278 ns

Read asynchronous reset to output propagation delay 
(with pipelined register enabled) 

TR2Q 0.839 0.987 ns

Read synchronous reset setup time TSRSTSU 0.271 0.319 ns

Read synchronous reset hold time TSRSTHD 0.061 0.071 ns

Write clock period TCCY 4 4 ns

Write clock minimum pulse width high TCCLKMPWH 1.8 1.8 ns

Write clock minimum pulse width low TCCLKMPWL 1.8 1.8 ns

Write block setup time TBLKCSU 0.404 0.476 ns

Write block hold time TBLKCHD 0.007 0.008 ns

Write input data setup time TDINCSU 0.115 0.135 ns

Write input data hold time TDINCHD 0.15 0.177 ns
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The following table lists the µSRAM in 256 × 4 mode in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

Table 241 • µSRAM (RAM256x4) in 256 × 4 Mode

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Read clock period TCY 4 4 ns

Read clock minimum pulse width high TCLKMPWH 1.8 1.8 ns

Read clock minimum pulse width low TCLKMPWL 1.8 1.8 ns

Read pipeline clock period TPLCY 4 4 ns

Read pipeline clock minimum pulse width high TPLCLKMPWH 1.8 1.8 ns

Read pipeline clock minimum pulse width low TPLCLKMPWL 1.8 1.8 ns

Read access time with pipeline register 
TCLK2Q

0.27 0.31 ns

Read access time without pipeline register 1.75 2.06 ns

Read address setup time in synchronous mode 
TADDRSU

0.301 0.354 ns

Read address setup time in asynchronous mode 1.931 2.272 ns

Read address hold time in synchronous mode 
TADDRHD

0.121 0.142 ns

Read address hold time in asynchronous mode –0.65 –0.76 ns

Read enable setup time TRDENSU 0.278 0.327 ns

Read enable hold time TRDENHD 0.057 0.067 ns

Read block select setup time TBLKSU 1.839 2.163 ns

Read block select hold time TBLKHD –0.65 –0.77 ns

Read block select to out disable time (when pipelined 
register is disabled) 

TBLK2Q 2.09 2.46 ns

Read asynchronous reset removal time (pipelined clock) 

TRSTREM

–0.02 –0.03 ns

Read asynchronous reset removal time (non-pipelined 
clock) 

0.046 0.054 ns

Read asynchronous reset recovery time (pipelined clock) 

TRSTREC

0.507 0.597 ns

Read asynchronous reset recovery time (non-pipelined 
clock) 

0.236 0.278 ns

Read asynchronous reset to output propagation delay 
(with pipelined register enabled) 

TR2Q 0.83 0.98 ns

Read synchronous reset setup time TSRSTSU 0.271 0.319 ns

Read synchronous reset hold time TSRSTHD 0.061 0.071 ns

Write clock period TCCY 4 4 ns

Write clock minimum pulse width high TCCLKMPWH 1.8 1.8 ns

Write clock minimum pulse width low TCCLKMPWL 1.8 1.8 ns

Write block setup time TBLKCSU 0.404 0.476 ns

Write block hold time TBLKCHD 0.007 0.008 ns

Write input data setup time TDINCSU 0.101 0.118 ns

Write input data hold time TDINCHD 0.137 0.161 ns

Write address setup time TADDRCSU 0.088 0.104 ns
DS0128 Datasheet Revision 11.0 91



IGLOO2 FPGA and SmartFusion2 SoC FPGA
The following table lists the programming times in worst-case conditions when TJ = 100 °C, VDD = 1.14 V. 
External SPI flash part# AT25DF641-s3H is used during this measurement.            

Table 256 • JTAG Programming (Fabric Only)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 302672 44 10 Sec

010 568784 50 18 Sec

025 1223504 73 26 Sec

050 2424832 88 54 Sec

060 2418896 99 54 Sec

090 3645968 135 126 Sec

150 6139184 177 193 Sec

Table 257 • JTAG Programming (eNVM Only)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 137536 61 4 Sec

010 274816 100 9 Sec

025 274816 100 9 Sec

050 2,78,528 106 8 Sec

060 268480 98 8 Sec

090 544496 176 15 Sec

150 544496 177 15 Sec

Table 258 • JTAG Programming (Fabric and eNVM)

M2S/M2GL Device
Image size
Bytes Program Verify Unit

005 439296 71 11 Sec

010 842688 129 20 Sec

025 1497408 142 35 Sec

050 2695168 184 59 Sec

060 2686464 180 70 Sec

090 4190208 288 147 Sec

150 6682768 338 231 Sec
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2.3.16 SRAM PUF
For more details on static random-access memory (SRAM) physical unclonable functions (PUF) 
services, see AC434: Using SRAM PUF System Service in SmartFusion2 Application Note. 

The following table lists the SRAM PUF in worst-case industrial conditions when TJ = 100 °C, 
VDD = 1.14 V.

Table 274 • SRAM PUF 

Service

PUF Off PUF On

UnitTyp Max Typ Max

Create activation code 709.1 746.4 754.4 762.5 ms

Delete activation code 1329.3 1399.3 1414.1 1429.3 ms

Create intrinsic keycode 656.6 691.1 698.5 706.0 ms

Create extrinsic keycode 656.6 691.1 698.5 706.0 ms

Get number of keys 1.3 1.4 1.4 1.4 ms

Export (Kc0, Kc1) 998.0 1050.5 1061.7 1073.1 ms

Export 2 keycodes 2020.2 2126.5 2149.2 2172.3 ms

Export 4 keycodes 3065.7 3227.0 3261.3 3296.4 ms

Export 8 keycodes 5101.0 5369.5 5426.6 5485.0 ms

Export 16 keycodes 9212.1 9697.0 9800.1 9905.5 ms

Import (Kc0, Kc1) 39.7 41.8 42.2 42.7 ms

Import 2 keycodes 50.1 52.7 53.3 53.9 ms

Import 4 keycodes 60.6 63.8 64.5 65.2 ms

Import 8 keycodes 80.9 85.1 86.1 87.0 ms

Import 16 keycodes 123.8 130.4 131.7 133.2 ms

Delete keycode 552.5 581.6 587.8 594.1 ms

Fetch key 31.4 33.0 33.4 33.7 ms

Fetch ecc key 20.0 21.1 21.3 21.5 ms

Get seed 2.0 2.1 2.2 2.2 ms
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2.3.17 Non-Deterministic Random Bit Generator (NRBG) 
Characteristics
For more information about NRBG, see AC407: Using NRBG Services in SmartFusion2 and IGLOO2 
Devices Application Note. The following table lists the NRBG in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V. 

2.3.18 Cryptographic Block Characteristics
For more information about cryptographic block and associated services, see AC410: Using AES System 
Services in SmartFusion2 and IGLOO2 Devices Application Note and AC432: Using SHA-256 System 
Services in SmartFusion2 and IGLOO2 Devices Application Note. 

The following table lists the cryptographic block characteristics in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

Table 275 • Non-Deterministic Random Bit Generator (NRBG)

Service Timing Unit

Conditions

Prediction 
Resistance

Additional 
Input

Instantiate 85 ms OFF X

Generate
(after Instantiate)1

1. If PUF_OFF, generate will incur additional PUF delay time for consecutive service calls.

4.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

6.0 ms + (6.25 us/byte x No. of Bytes) OFF 64

7.0 ms + (6.25 us/byte x No. of Bytes) OFF 128

Generate
(after Instantiate)

47 ms ON X

Generate
(subsequent)1

0.5 ms + (6.25 us/byte x No. of Bytes) OFF 0

2.0 ms + (6.25 us/byte x No. of Bytes) OFF 64

3.0 ms + (6.25 us/byte x No. of Bytes) OFF 128

Generate
(subsequent)

43 ms ON X

Reseed 40 ms

Uninstantiate 0.16 ms

Reset 0.10 ms

Self test 20 ms First time after power-up

6 ms Subsequent

Table 276 • Cryptographic Block Characteristics

Service Conditions Timing Unit

Any service First certificate check penalty at boot 11.5 ms

AES128/256
(encoding / decoding)1

100 blocks up to 64k blocks 700 kbps
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2.3.19 Crystal Oscillator
The following table describes the electrical characteristics of the crystal oscillator in the IGLOO2 FPGA 
and SmartFusion2 SoC FPGAs.   

SHA256 512 bits 540 kbps

1024 bits 780 kbps

2048 bits 950 kbps

24 kbits 1140 kbps

HMAC 512 bytes 820 kbps

1024 bytes 890 kbps

2048 bytes 930 kbps

24 kbytes 980 kbps

KeyTree 1.8 ms

Challenge-response PUF = OFF 25 ms

PUF = ON 7 ms

ECC point multiplication 590 ms

ECC point addition 8 ms

1. Using cypher block chaining (CBC) mode.

Table 277 • Electrical Characteristics of the Crystal Oscillator – High Gain Mode (20 MHz) 

Parameter Symbol Min Typ Max Unit Condition

Operating frequency FXTAL 20 MHz

Accuracy ACCXTAL 0.0047 % 005, 010, 025, 050, 060, 
and 090 devices

0.0058 % 150 devices

Output duty cycle CYCXTAL 49–51 47–53 % 

Output period jitter (peak to 
peak)

JITPERXTAL 200 300 ps 

Output cycle to cycle jitter (peak 
to peak)

JITCYCXTAL 200 300 ps 010, 025, 050, and 060 
devices

250 410 ps 150 devices

250 550 ps 005 and 090 devices

Operating current IDYNXTAL 1.5  mA 010, 050, and 060 
devices

1.65 mA 005, 025, 090, and 150 
devices

Input logic level high VIHXTAL 0.9 VPP  V

Input logic level low VILXTAL 0.1 VPP  V

Table 276 • Cryptographic Block Characteristics (continued)

Service Conditions Timing Unit
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Figure 17 • Power-up to Functional Timing Diagram for SmartFusion2

The following table lists the IGLOO2 power-up to functional times in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V. 

Note: For more information about power-up times, see UG0448: IGLOO2 FPGA High Performance Memory 
Subsystem User Guide.

Table 289 • Power-up to Functional Times for IGLOO2

Symbol From To Description

Maximum Power-up to Functional Time for IGLOO2 
(uS)

005 010 025 050 060 090 150

TPOR2OUT POWER_ON
_RESET_N

Output 
available at 
I/O

Fabric to
output

114 114 114 113 114 114 114

TVDD2OUT VDD Output 
available at 
I/O

VDD at its 
minimum 
threshold level 
to output

2587 2600 2607 2558 2591 2600 2699

TVDD2POR VDD POWER_ON_
RESET_N

VDD at its 
minimum 
threshold level 
to fabric

2474 2486 2493 2445 2477 2486 2585

TVDD2WPU DEVRST_N DDRIO Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2500 2487 2509 2475 2507 2519 2617

DEVRST_N MSIO Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2504 2491 2510 2478 2517 2525 2620

DEVRST_N MSIOD Inbuf 
weak pull

DEVRST_N to 
Inbuf weak pull

2479 2468 2493 2458 2486 2499 2595
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