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 8.6.2  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. 

 8.6.2.1 Minimum and Maximum AC/DC Input and Output Levels Specification

Table 21 • LVTTL/LVCMOS 3.3 V DC Voltage Specification (Applicable to MSIO I/O Bank Only)

Symbol Parameters Conditions Min Typ Max Units Notes

LVTTL/LVCMOS 3.3 V Recommended DC Operating Conditions

VDDI Supply voltage 3.15 3.3 3.45 V –

LVTTL/LVCMOS 3.3 V DC Input Voltage Specification

VIH (DC) DC input logic High 2.0 – 3.45 V –

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

IIH (DC) Input current High – – 10 µA –

IIL (DC) Input current Low – – 10 µA –

LVCMOS 3.3 V DC Output Voltage Specification

VOH DC output logic High 2.4 – – V *

VOL DC output logic Low – – 0.4 V *

LVTTL 3.3 V DC Output Voltage Specification

VOH DC output logic High 2.4 – – V –

VOL DC output logic Low – – 0.4 V –

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

Table 22 • LVTTL/LVCMOS 3.3 V Maximum Switching Speeds (Applicable to MSIO I/O Bank Only)

Symbol Parameters Conditions Min Typ Max Units

LVTTL/LVCMOS 3.3 V Maximum Switching Speed 

Dmax
Maximum data rate
(for MSIO I/O Bank)

AC loading: 17 pF load, maximum
drive/slew

– – 540 Mbps

Table 23 • LVTTL/LVCMOS 3.3 V AC Test Parameter Specifications (Applicable to MSIO Bank Only)

LVTTL/LVCMOS 3.3 V AC Test Parameter Specifications

Symbol Parameters Conditions Min Typ Max Units

Vtrip Measuring/trip point for data path – 1.4 – V

Rent Resistance for enable path (tZH, tZL, tHZ, tLZ) – 2k – 

Cent Capacitive loading for enable path (tZH, tZL, tHZ, tLZ) – 5 – pF

Cload Capacitive loading for data path (tDP) – 5 – pF
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 8.6.3  2.5 V LVCMOS 
LVCMOS 2.5 V is a general standard for 2.5 V applications and is supported in IGLOO2 FPGA and SmartFusion2 SoC
FPGAs in compliance to the JEDEC specification JESD8-5A.

 8.6.3.1 Minimum and Maximum AC/DC Input and Output Levels Specification  

Table 27 • LVCMOS 2.5 V DC Voltage Specification

Symbol Parameters Conditions Min Typ Max Units Notes

LVCMOS 2.5 V Recommended DC Operating Conditions

VDDI Supply voltage 2.375 2.5 2.625 V –

LVCMOS 2.5 V DC Input Voltage Specification

VIH (DC) DC input logic High (for MSIOD and DDRIO I/O Bank) 1.7 – 2.625 V –

VIH (DC) DC input logic High (for MSIO I/O Bank) 1.7 – 2.75 V –

VIL (DC) DC input logic Low –0.3 – 0.7 V –

IIH (DC) Input current High – – 10 µA –

IIL (DC) Input current Low – – 10 µA –

LVCMOS 2.5 V DC Output Voltage Specification

VOH DC output logic High 1.7 – – V *

VOL DC output logic Low – – 0.7 V *

Note: * The VOH/VOL test points selected ensure compliance with LVCMOS 2.5 V JEDEC8-5A requirements.

Table 28 • LVCMOS 2.5 V Maximum AC Switching Speeds

Symbol Parameters Conditions Min Typ Max Units

Dmax
Maximum data rate 

(for DDRIO I/O Bank)
AC loading: 17 pF load,

maximum drive/slew
– – 360 Mbps

Dmax
Maximum data rate 
(for MSIO I/O Bank)

AC loading: 17 pF load, 
maximum drive/slew

– – 360 Mbps

Dmax
Maximum data rate 

(for MSIOD I/O Bank)
AC loading: 17 pF load, 

maximum drive/slew
– – 370 Mbps

Table 29 • LVCMOS 2.5 V AC Test Parameters and Driver Impedance Specifications

Symbols Parameters Conditions Min Typ Max Units

LVCMOS 2.5 V Calibrated Impedance Option

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

– –
75, 60, 
50, 33, 
25, 20

– 

LVCMOS 2.5 V AC Test Parameters Specifications

Vtrip
Measuring/trip point for data
path 

– – 1.2 – V

Rent
Resistance for enable path
(tZH, tZL, tHZ, tLZ)

– – 2k – 

Cent
Capacitive loading for enable
path (tZH, tZL, tHZ, tLZ) 

– – 5 – pF

Cload
Capacitive loading for data
path (tDP)

– – 5 – pF
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6 mA

slow 3.189 2.716 3.169 5.56 5.092 ns

medium 2.886 2.473 2.876 5.273 4.752 ns

medium_fast 2.749 2.355 2.738 5.127 4.167 ns

fast 2.731 2.345 2.72 5.115 4.6 ns

8 mA

slow 3.132 2.646 3.109 5.686 5.207 ns

medium 2.832 2.407 2.82 5.402 4.864 ns

medium_fast 2.698 2.292 2.685 5.262 4.732 ns

fast 2.684 2.282 2.671 5.252 4.724 ns

12 mA

slow 3.013 2.504 2.984 5.918 5.416 ns

medium 2.72 2.284 2.707 5.657 5.074 ns

medium_fast 2.592 2.176 2.578 5.537 4.949 ns

fast 2.58 2.166 2.566 5.529 4.946 ns

16 mA

slow 2.936 2.415 2.902 6.136 5.577 ns

medium 2.66 2.206 2.645 5.901 5.261 ns

medium_fast 2.536 2.102 2.519 5.815 5.142 ns

fast 2.523 2.093 2.506 5.81 5.137 ns

LVCMOS 2.5 V (for MSIO I/O Bank)

2 mA slow 3.933 4.352 4.22 2.358 3.838 ns

4 mA slow 2.905 3.423 3.508 4.681 5.262 ns

6 mA slow 2.687 2.995 3.155 5.561 5.73 ns

8 mA slow 2.594 2.877 3.07 6.602 6.248 ns

12 mA slow 2.623 2.732 2.944 6.974 6.478 ns

16 mA slow 2.717 2.617 2.84 7.455 6.824 ns

LVCMOS 2.5 V (for MSIOD I/O Bank)

2 mA slow 2.403 2.922 2.89 5.397 5.202 ns

4 mA slow 1.998 2.446 2.468 5.936 5.665 ns

6 mA slow 1.861 2.329 2.375 6.391 6.068 ns

8 mA slow 1.781 2.145 2.208 6.884 6.44 ns

12 mA slow 1.804 2.039 2.108 7.23 6.685 ns

Table 32 • LVCMOS 2.5 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 2.375 V  (continued)

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ
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 8.6.4.2 AC Switching Characteristics

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 38 • LVCMOS 1.8 V AC Switching Characteristics for Receiver (Input Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 1.71 V 

ODT
(On Die Termination)

Speed Grade
–1

UnitstPY tPYS

LVCMOS 1.8 V 
(for DDRIO I/O Bank with Fixed Codes)

None 2.071 2.213 ns

LVCMOS 1.8 V (for MSIO I/O Bank)

None 3.185 3.171 ns

50 3.394 3.397 ns

75 3.322 3.316 ns

150 3.252 3.239 ns

LVCMOS 1.8 V (for MSIOD I/O Bank)

None 2.827 2.813 ns

50 3.043 3.053 ns

75 2.968 2.963 ns

150 2.898 2.886 ns

Table 39 • LVCMOS 1.8 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 1.71 V

Output Drive Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LVCMOS 1.8 V (for DDRIO I/O Bank with Fixed Codes)

2 mA

slow 4.681 4.017 4.69 5.388 4.852 ns

medium 4.211 3.599 4.219 5.058 4.488 ns

medium_fast 3.978 3.392 3.986 4.874 4.327 ns

fast 3.953 3.373 3.961 4.858 4.316 ns

4 mA

slow 4.355 3.657 4.346 5.967 5.399 ns

medium 3.886 3.246 3.879 5.628 5.01 ns

medium_fast 3.656 3.05 3.647 5.461 4.845 ns

fast 3.635 3.033 3.626 5.447 4.838 ns

6 mA

slow 4.105 3.422 4.092 6.221 5.599 ns

medium 3.68 3.05 3.668 5.9 5.257 ns

medium_fast 3.477 2.867 3.463 5.739 5.118 ns

fast 3.451 2.849 3.437 5.72 5.104 ns

8 mA

slow 4.015 3.32 3.998 6.458 5.808 ns

medium 3.59 2.947 3.574 6.129 5.449 ns

medium_fast 3.383 2.761 3.366 5.963 5.304 ns

fast 3.357 2.746 3.34 5.954 5.289 ns

10 mA

slow 3.888 3.18 3.864 6.739 6.045 ns

medium 3.485 2.822 3.467 6.422 5.7 ns

medium_fast 3.281 2.642 3.26 6.277 5.553 ns

fast 3.258 2.627 3.238 6.27 5.546 ns
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 8.6.7.2 AC Switching Characteristics 

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.7  Memory Interface and Voltage Referenced I/O Standards

 8.7.1  High-Speed Transceiver Logic (HSTL)
The High-Speed Transceiver Logic (HSTL) standard is a general purpose high-speed bus standard sponsored by IBM
(EIA/JESD8-6). IGLOO2 FPGA and SmartFusion2 SoC FPGA devices support two classes of the 1.5 V HSTL. These
differential versions of the standard require a differential amplifier input buffer and a push-pull output buffer.

 8.7.1.1 Minimum and Maximum Input and Output Levels Specification

Table 54 • PCI/PCIX AC Switching Characteristics for Receiver (Input Buffers) 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

ODT 
(On Die Termination)

Speed Grade
–1

UnitstPY tPYS

PCI/PCIX 
(for MSIO I/O Bank) None 2.379 2.387 ns

Table 55 • PCI/PCIX AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI= 3.15 V

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

PCI/PCIX (for MSIO I/O Bank) 2.394 2.274 2.316 6.876 6.242 ns

Table 56 • HSTL DC Voltage Specification (Applicable to DDRIO I/O Bank Only)

Symbols Parameters Conditions Min Typ Max Units

HSTL Recommended DC Operating Conditions

VDDI Supply voltage 1.425 1.5 1.575 V

VTT Termination voltage 0.698 0.750 0.803 V

VREF Input reference voltage 0.698 0.750 0.803 V

HSTL DC Input Voltage Specification

VIH (DC) DC input logic High VREF + 0.1 – 1.575 V

VIL (DC) DC input logic Low –0.3 – VREF – 0.1 V

IIH (DC) Input current High – – 10 µA

IIL (DC) Input current Low – – 10 µA

HSTL DC Output Voltage Specification

HSTL Class I 

VOH DC output logic High VDDI – 0.4 – – V

VOL DC output logic Low – – 0.4 V

IOH at VOH Output minimum source DC current –7.0 – – mA

IOL at VOL Output minimum sink current 7.0 – – mA

HSTL Class II 

VOH DC output logic High VDDI – 0.4 – – V
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 8.7.5.2 AC Switching Characteristics
AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.7.6  Low Power Double Data Rate (LPDDR)
LPDDR reduced and full drive low power double data rate standards are supported in IGLOO2 FPGA and
SmartFusion2 SoC FPGA I/Os. This standard requires a differential amplifier input buffer and a push-pull output buffer.
This I/O standard is supported in DDRIO I/O Bank only.

 8.7.6.1 Minimum and Maximum AC/DC Input and Output Levels Specification

Table 70 • DDR3/STTL15 AC Switching Characteristics for Receiver (Input Buffers)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 1.425 V

ODT (On Die Termination)

Speed Grade
–1

UnitstPY

DDR3/SSTL15 (for DDRIO I/O Bank) – Calibration Mode Only

Pseudo-Differential None 1.672 ns

True-Differential None 1.694 ns

Table 71 • DDR3/SSTL15 AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 1.425 V 

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

DDR3 Reduced Drive/SSTL15 Class I (for DDRIO I/O Bank)

Single Ended 2.832 2.766 2.767 2.658 2.659 ns

Differential 2.848 3.401 3.393 3.173 3.166 ns

DDR3 Full Drive/SSTL15 Class II (for DDRIO I/O Bank)

Single Ended 2.832 2.76 2.759 2.655 2.655 ns

Differential 2.845 3.397 3.387 3.179 3.171 ns

Table 72 • LPDDR AC/DC Specifications (for DDRIO IO Bank Only)

Symbols Parameters Conditions Min Typ Max Units Notes

Recommended DC Operating Conditions

VDDI Supply voltage 1.71 1.8 1.89 V –

VTT Termination voltage 0.838 0.900 0.964 V –

VREF Input reference voltage 0.838 0.900 0.964 V –

LPDDR DC Input Voltage Specification

VIH (DC) DC input logic High 0.7 × VDDI – 1.89 V –

VIL (DC) DC input logic Low –0.3 – 0.3 × VDDI V –

IIH (DC) Input current High – – 10 µA –

IIL (DC) Input current Low – – 10 µA –

LPDDR DC Output Voltage Specification
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 8.7.6.2 AC Switching Characteristics

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.7.6.3 Minimum and Maximum AC/DC Input and Output Levels Specification using LPDDR-
LVCMOS 1.8 V Mode     

Table 75 • LPDDR AC Switching Characteristics for Receiver (Input Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI= 1.71 V

ODT (On Die Termination)

Speed Grade
–1

UnitstPY

LPDDR (for DDRIO I/O Bank with Fixed Codes)

Pseudo-Differential None 1.633 ns

True-Differential None 1.65 ns

Table 76 • LPDDR AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI= 1.71 V 

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

LPDDR Reduced Drive (for DDRIO I/O Bank)

Single Ended 2.645 2.431 2.434 2.396 2.398 ns

Differential 2.652 3.044 3.038 2.46 2.455 ns

LPDDR Full Drive (for DDRIO I/O Bank)

Single Ended 2.532 2.401 2.398 2.368 2.365 ns

Differential 2.546 2.509 2.503 2.852 2.845 ns

Table 77 • LPDDR-LVCMOS 1.8 V Mode, Minimum and Maximum DC Input and Output Levels 
(Applicable to DDRIO I/O Bank Only)

Symbols Parameters Conditions Min Typ Max Units

LPDDR-LVCMOS 1.8 V Recommended DC Operating Conditions

VDDI Supply Voltage – 1.710 1.8 1.89 V

LPDDR-LVCMOS 1.8 V Mode DC Input Voltage Specification

VIH(DC)
DC input Logic HIGH for (MSIOD
and DDRIO I/O Banks)

– 0.65 x VDDI – 1.89 V

VIH(DC)
DC input Logic HIGH (for MSIO
I/O Bank)

– 0.65 x VDDI – 3.45 V

VIL(DC) DC input Logic LOW – -0.3 – 0.35 x VDDI V

IIH(DC) Input current HIGH – – – 10 uA

IIL(DC) Input current LOW – – – 10 uA

LPDDR-LVCMOS 1.8 V Mode DC Output Voltage Specification

VOH DC output Logic HIGH – VDDI - 0.45 – – V

VOL DC output Logic LOW – – – 0.45 V
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AC Switching Characteristics for Transmitter (Output and Tristate Buffers 

Table 82 • LPDDR - LVCMOS 1.8 V AC Switching Characteristics for Transmitter DDRIO I/O Bank (Output and 
Tristate Buffers) 

Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 1.71 V

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

2 mA

slow 4.681 4.017 4.69 5.388 4.852 ns

medium 4.211 3.599 4.219 5.058 4.488 ns

medium_fast 3.978 3.392 3.986 4.874 4.327 ns

fast 3.953 3.373 3.961 4.858 4.316 ns

4 mA

slow 4.355 3.657 4.346 5.967 5.399 ns

medium 3.886 3.246 3.879 5.628 5.01 ns

medium_fast 3.656 3.05 3.647 5.461 4.845 ns

fast 3.635 3.033 3.626 5.447 4.838 ns

6 mA

slow 4.105 3.422 4.092 6.221 5.599 ns

medium 3.68 3.05 3.668 5.9 5.257 ns

medium_fast 3.477 2.867 3.463 5.739 5.118 ns

fast 3.451 2.849 3.437 5.72 5.104 ns

8 mA

slow 4.015 3.32 3.998 6.458 5.808 ns

medium 3.59 2.947 3.574 6.129 5.449 ns

medium_fast 3.383 2.761 3.366 5.963 5.304 ns

fast 3.357 2.746 3.34 5.954 5.289 ns

10 mA

slow 3.888 3.18 3.864 6.739 6.045 ns

medium 3.485 2.822 3.467 6.422 5.7 ns

medium_fast 3.281 2.642 3.26 6.277 5.553 ns

fast 3.258 2.627 3.238 6.27 5.546 ns

12 mA

slow 3.795 3.096 3.773 6.773 6.067 ns

medium 3.408 2.764 3.389 6.47 5.743 ns

medium_fast 3.215 2.599 3.194 6.346 5.61 ns

fast 3.196 2.584 3.175 6.335 5.604 ns

16 mA

slow 3.744 3.035 3.719 6.944 6.207 ns

medium 3.358 2.712 3.339 6.657 5.868 ns

medium_fast 3.175 2.546 3.153 6.547 5.751 ns

fast 3.156 2.531 3.133 6.541 5.747 ns
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Figure 6 • I/O Register Input Timing Diagram

Table 108 • Input Data Register Propagation Delays  
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description

Measuring 
Nodes

(from, to)*

Speed 
Grade

–1 Units

tIBYP Bypass Delay of the Input Register F,G 0.364 ns

tICLKQ Clock-to-Q of the Input Register E,G 0.165 ns

tISUD Data Setup Time for the Input Register A,E 0.369 ns

tIHD Data Hold Time for the Input Register A,E 0 ns

tISUE Enable Setup Time for the Input Register B,E 0.475 ns

tIHE Enable Hold Time for the Input Register B,E 0 ns

tISUSL Synchronous Load Setup Time for the Input Register D,E 0.475 ns

tIHSL Synchronous Load Hold Time for the Input Register D,E 0 ns

tIALn2Q

Asynchronous Clear-to-Q of the Input Register (ADn=1) C,G 0.648 ns

Asynchronous Preset-to-Q of the Input Register (ADn=0) C,G 0.606 ns
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 9.   Logic Element Specifications

 9.1  4-input LUT (LUT-4)
The IGLOO2 and SmartFusion2 SoC FPGAs offer a fully permutable 4-input LUT. In this section, timing characteristics
are presented for a sample of the library. For more details, refer to the SmartFusion2 and IGLOO2 Macro Library
Guide.

Timing Characteristics

Figure 13 • LUT-4

Table 112 • Combinatorial Cell Propagation Delays
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Combinatorial Cell Equation Parameter

Speed 
Grade

–1 Units

INV Y = !A tPD 0.106 ns

AND2 Y = A · B tPD 0.17 ns

NAND2 Y = !(A · B) tPD 0.157 ns

OR2 Y = A + B tPD 0.17 ns

NOR2 Y = !(A + B) tPD 0.157 ns

XOR2 Y = A  B tPD 0.17 ns

XOR3 Y = A  B  C tPD 0.236 ns

AND3 Y = A · B · C tPD 0.217 ns

AND4 Y = A · B · C · D tPD 0.384 ns

tPD

PAD A

B
Y

PAD

PAD

PAD

D/S (where
applicable)

AND4 OR
Any 
Combinational
Logic 

PAD

C

tPD
tPD

tPD

tPD

(RR)

A, B, C, D, S

OUT

50%

GND

(FF)

50%

50%50%

VDD

VDD

GND

(RF)

50%

tPD = Max(tPD(RR), tPD(RF), tPD(FF), tPD(FR))

where edges are applicable for the particular
combinatorial cell 

(FR) 50%

VDD

OUT

GND
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trstrem Asynchronous Reset Removal Time 0.522 – ns

trstrec Asynchronous Reset Recovery Time 0.005 – ns

trstmpw Asynchronous Reset Minimum Pulse Width 0.352 – ns

tplrstrem Pipelined Register Asynchronous Reset Removal Time -0.288 – ns

tplrstrec Pipelined Register Asynchronous Reset Recovery Time 0.338 – ns

tplrstmpw Pipelined Register Asynchronous Reset Minimum Pulse Width 0.33 – ns

tsrstsu Synchronous Reset Setup Time 0.233 – ns

tsrsthd Synchronous Reset Hold Time 0.037 – ns

twesu Write Enable Setup Time 0.428 – ns

twehd Write Enable Hold Time 0.05 – ns

Fmax Maximum Frequency – 300 MHz

Table 121 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 4Kx4
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description

Speed Grade 
–1

Min Max Units

tcy Clock Period 3.333 – ns

tclkmpwh Clock Minimum Pulse Width High 1.5 – ns

tclkmpwl Clock Minimum pulse Width Low 1.5 – ns

tplcy Pipelined Clock Period 3.333 – ns

tplclkmpwh Pipelined Clock Minimum Pulse Width High 1.5 – ns

tplclkmpwl Pipelined Clock Minimum pulse Width Low 1.5 – ns

tclk2q

Read Access Time with Pipeline Register – 0.334 ns

Read Access Time without Pipeline Register – 2.346 ns

Access Time with Feed-Through Write Timing – 1.56 ns

taddrsu Address Setup Time 0.56 – ns

taddrhd Address Hold Time 0.282 – ns

tdsu Data Setup Time 0.345 – ns

tdhd Data Hold Time 0.084 – ns

tblksu Block Select Setup Time 0.214 – ns

tblkhd Block Select Hold Time 0.223 – ns

tblk2q
Block Select to Out Disable Time (when Pipe-Lined Registered
is Disabled)

– 1.56 ns

tblkmpw Block Select Minimum Pulse Width 0.218 – ns

Table 120 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 2Kx9
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Description

Speed Grade 
–1

UnitsMin Max
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tplclkmpwl Pipelined Clock Minimum pulse Width Low 1.5 – ns

tclk2q

Read Access Time with Pipeline Register – 0.332 ns

Read Access Time without Pipeline Register – 2.342 ns

Access Time with Feed-Through Write Timing – 1.559 ns

taddrsu Address Setup Time 0.646 – ns

taddrhd Address Hold Time 0.282 – ns

tdsu Data Setup Time 0.332 – ns

tdhd Data Hold Time 0.084 – ns

tblksu Block Select Setup Time 0.214 – ns

tblkhd Block Select Hold Time 0.223 – ns

tblk2q
Block Select to Out Disable Time (when Pipe-Lined Registered is
Disabled)

– 1.559 ns

tblkmpw Block Select Minimum Pulse Width 0.218 – ns

trdesu Read Enable Setup Time 0.547 – ns

trdehd Read Enable Hold Time 0.073 – ns

trdplesu Pipelined Read Enable Setup Time (A_DOUT_EN, B_DOUT_EN) 0.256 – ns

trdplehd Pipelined Read Enable Hold Time (A_DOUT_EN, B_DOUT_EN) 0.106 – ns

tr2q Asynchronous Reset to Output Propagation Delay 1.603 ns

trstrem Asynchronous Reset Removal Time 0.522 – ns

trstrec Asynchronous Reset Recovery Time 0.005 – ns

trstmpw Asynchronous Reset Minimum Pulse Width 0.352 – ns

tplrstrem Pipelined Register Asynchronous Reset Removal Time -0.288 – ns

tplrstrec Pipelined Register Asynchronous Reset Recovery Time 0.338 – ns

tplrstmpw Pipelined Register Asynchronous Reset Minimum Pulse Width 0.33 – ns

tsrstsu Synchronous Reset Setup Time 0.233 – ns

tsrsthd Synchronous Reset Hold Time 0.037 – ns

twesu Write Enable Setup Time 0.468 – ns

twehd Write Enable Hold Time 0.05 – ns

Fmax Maximum Frequency – 300 MHz

Table 123 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 16Kx1
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V  (continued)

Parameter Description

Speed Grade 
–1

UnitsMin Max
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 15.   Clock Conditioning Circuits (CCC)
Table 139 • IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Specification
Military Worst-Case Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Conditions Min Typ Max Units Notes

Clock conditioning circuitry
input frequency fIN_CCC

All CCC 1 – 200 MHz –

32 kHz Capable CCC 0.032 200 MHz –

Clock conditioning circuitry
output frequency fOUT_CCC

– 0.078 – 400 MHz 1

PLL VCO frequency – 500 – 1000 MHz 2

Delay increments in
programmable delay blocks

– – 75 100 ps –

Number of programmable
values in each programmable
delay block

– – – 64 – –

Acquisition time – – 70 100 µs –

Input Duty Cycle (Reference
Clock)

Internal Feedback

1 MHz ≤ fIN_CCC ≤ 25 MHz 10 – 90 % –

25 MHz ≤ fIN_CCC ≤ 100 MHz 25 – 75 % –

100 MHz ≤ fIN_CCC ≤ 150 MHz 35 – 65 % –

150 MHz ≤ fIN_CCC ≤ 200 MHz 45 – 55 % –

External Feedback (CCC, FPGA, Off-chip)

1 MHz ≤ fIN_CCC ≤ 25 MHz 25 – 75 % –

25 MHz ≤ fIN_CCC ≤ 35 MHz 35 – 65 % –

35 MHz ≤ fIN_CCC ≤ 50 MHz 45 – 55 % –

Output duty cycle
010, 025, and 050 Devices 46 – 52 % –

090 and 150 Devices 44 – 52 % –

Spread Spectrum Characteristics

Modulation frequency range – 25 35 50 kHz –

Modulation depth range – 0 – 1.5 % –

Modulation depth control – – 0.5 – % –

Notes:

1. The minimum output clock frequency is limited by the PLL. For more information refer to the 
 UG0449: SmartFusion2 and IGLOO2 Clocking Resources User Guide.

2. The PLL is used in conjunction with the Clock Conditioning Circuitry. Performance will be limited by the CCC output
frequency.
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 16.   JTAG  

Table 140 • IGLOO2 and SmartFusion2 SoC FPGAs CCC/PLL Jitter Specifications
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Conditions/Package Combinations Units Notes

CCC Output Peak-to-Peak Period Jitter fOUT_CCC

010, 050 FG484
Packages

SSO = 0
0 < SSO 

<= 2
SSO 
<= 4

SSO 
<=  8

SSO 
<= 16

– *

20 MHz to 100 MHz Max(110, ± 1% x (1/fOUT_CCC)) Max(150, ± 1% x (1/fOUT_CCC)) ps –

100 MHz to 400 MHz 120 150 170 ps –

025 FG484 Package 0 < SSO <=16 *

20 MHz to 74 MHz ± 1% x (1/fOUT_CCC) ps –

74 MHz to 400 MHz 210 ps –

090 FG484 and 150
FC1152 Packages

0 < SSO <=16 *

20 MHz to 100 MHz ± 1% x (1/fOUT_CCC) ps –

100 MHz to 400 MHz 150 ps –

Note: *SSO Data is based on LVCMOS 2.5 V MSIO and/or MSIOD Bank I/Os.

Table 141 • JTAG 1532
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description

-1 Speed Grade

Units 010 025 050 090 150

tTCK2Q Clock to Q (data out) 7.91 7.95 8.15 9.21 8.85 ns

tRSTB2Q Reset to Q (data out) 6.54 6.27 7.54 7.94 8.99 ns

tDISU Test Data Input Setup Time -0.70 -0.70 -0.31 -1.33 -1.02 ns

tDIHD Test Data Input Hold Time 2.38 2.47 2.13 2.71 2.59 ns

tTMSSU Test Mode Select Setup Time -0.86 -1.13 0.26 -1.03 -0.56 ns

tTMDHD Test Mode Select Hold Time 1.48 1.98 0.21 1.69 1.05 ns

tTRSTREM ResetB Removal Time -1.1 -1.38 -0.49 -0.8 -1.07 ns

tTRSTREC ResetB Recovery Time -1.1 -1.38 -0.47 -0.8 -1.07 ns

FTCKMAX TCK Maximum frequency 25 25 25 25 25 MHz
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 20.   Flash*Freeze Timing Characteristics

Table 147 • Mathblock With Input Register Used and Output in Bypass Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Mathblock With Input Register Used and Output in Bypass Mode
Speed Grade

–1

UnitsParameter Description Min Max

TMISU Input Register Setup time 0.149 – ns

TMIHD Input Register Hold time 0.08 – ns

TMSRSTENSU Synchronous Reset/Enable Setup time 0.185 – ns

TMSRSTENHD Synchronous Reset/Enable Hold time -0.012 – ns

TMARSTREM Asynchronous Reset Removal time -0.005 – ns

TMARSTREC Asynchronous Reset Recovery time 0.088 – ns

TMICQ Input Register Clock to Output delay – 2.52 ns

TMCDIN2Q CDIN to Output delay – 1.951 ns

Table 148 • Mathblock With Input and Output in Bypass Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Mathblock With Input and Output in Bypass Mode
Speed Grade

–1

UnitsParameter Description Min Max

TMIQ Input to Output delay – 2.568 ns

TMCDIN2Q CDIN to Output delay – 1.951 ns

Table 149 • Flash*Freeze Entry and Exit Times
Military Worst-Case conditions: TJ = 125°C, VDD = 1.14 V

Symbols Parameters Conditions
Entry/Exit 

Timing Units Notes

TFF_ENTRY Entry time
eNVM and MSS/HPMS PLL = ON 160 μs 1

eNVM and MSS/HPMS PLL = OFF 215 μs 1
Revision 4 105



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
VHYS
Hysteresis of Schmitt
triggered inputs for
VDDI > 2 V

Refer to Table 20 on page 27 for more
information.

0.05 x 
VDDI

– – V –

IIL Input current high
Refer to the "Single-Ended I/O Standards"
section on page 27 for more information.

– – 10 µA –

IIH Input current low
Refer to the "Single-Ended I/O Standards"
section on page 27 for more information.

– – 10 µA –

Tir Input rise time Standard Mode – – 1000 ns –

– – Fast Mode – – 300 ns –

Tif Input fall time Standard Mode – – 300 ns –

– – Fast Mode – – 300 ns –

VOL

Maximum output
voltage low (open
drain) at 3 mA sink
current for VDDI > 2 V

Refer to the "Single-Ended I/O Standards"
section on page 27 for more information. I/O
standard used for illustration: 
MSIO bank – LVTTL 8 mA low drive.

– – 0.4 V –

Cin Pin capacitance VIN = 0, f = 1.0 MHz – – 10 pF –

tOF 
Output fall time from
VIHMin to VILMax

VIHmin to VILMax, Cload = 400 pF – 21.04 – ns 1

VIHmin to VILMax, Cload = 100 pF – 5.556 – ns

tOR 
Output rise time from
VILMax to VIHMin

VILMax to VIHmin, Cload = 400pF – 19.887 – ns 1

VILMax to VIHmin, Cload = 100pF – 5.218 – ns

Rpull-up
Output buffer
maximum pull-down
resistance 

– – – 50  2, 3

Rpull-
down

Output buffer
maximum pull-up
resistance 

– – – 131.25  2, 4

Dmax Maximum data rate
Fast mode – – 400 Kbps –

Standard mode – – 100 Kbps –

tFILT

Pulse width of spikes
which must be
suppressed by the
input filter

Fast mode – 50 – ns –

Notes:

1. These values are provided for MSIO Bank - LVTTL 8 mA Low Drive at 25°C, typical conditions. For Board Design
considerations and detailed output buffer resistances, use the corresponding IBIS models located on the SoC Products
Group website: http://www.microsemi.com/products/fpga-soc/design-resources/ibis-models.

2. These maximum values are provided for information only. Minimum output buffer resistance values depend on VDDIx,
drive strength selection, temperature, and process. For board design considerations and detailed output buffer
resistances, use the corresponding IBIS models located on the SoC Products Group website:
http://www.microsemi.com/products/fpga-soc/design-resources/ibis-models.

3. R(PULL-DOWN-MAX) = (VOLspec) / IOLspec

4. R(PULL-UP-MAX) = (VDDImax – VOHspec) / IOHspec

Table 158 • I2C Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Definition Conditions Min Typ Max Units Notes
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Figure 17 • SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)

SPI_0_CLK
SPO = 0

SPI_0_DO

SP6 SP7

50%50% MSB

50% 50% 50%

SP2

SP1

90%

10% 10%

SP4 SP5

SP8 SP9

50%50% MSBSPI_0_DI
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 26.   USB Characteristics
Table 162 • USB Characteristics 
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description Min Typ Max Units

FUSBREFCLK Internally Sourced USB Reference Clock Frequency – – 133 MHz

TUSBCLK USB Clock Period – – 16.66 ns

TUSBPD Clock to USB Data Propagation Delay – – 9.0 ns

TUSBSU Setup Time for USB Data – – 6.0 ns

TUSBHD Hold Time for USB Data 0 – – ns
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sp3

SPI_[0|1]_CLK minimum pulse width low 

SPI_[0|1]_CLK = PCLK/2 – 6 – – ns –

SPI_[0|1]_CLK = PCLK/4 – 12.05 – – ns –

SPI_[0|1]_CLK = PCLK/8 – 24.1 – – ns –

SPI_[0|1]_CLK = PCLK/16 – 0.05 – – µs –

SPI_[0|1]_CLK = PCLK/32 – 0.095 – – µs –

SPI_[0|1]_CLK = PCLK/64 – 0.195 – – µs –

SPI_[0|1]_CLK = PCLK/128 – 0.385 – – µs –

sp4
SPI_[0|1]_CLK,
SPI_[0|1]_DO, SPI_[0|1]_SS
rise time (10%-90%)

I/O 
Configuration: 

LVCMOS 2.5 V- 
8mA

AC Loading: 
35pF

Test Conditions: 
Typical Voltage, 

25°C

– 2.77 – ns 1

sp5
SPI_[0|1]_CLK,
SPI_[0|1]_DO, SPI_[0|1]_SS
fall time (10%-90%)

I/O 
Configuration: 

LVCMOS 2.5 V- 
8mA

AC Loading: 
35pF

Test Conditions: 
Typical Voltage, 

25°C

–
2.90

6
– ns 1

SPI Master Configuration

sp6m SPI_[0|1]_DO setup time – (SPI_x_CLK_period/2) – 3.0 – – ns 2

sp7m SPI_[0|1]_DO hold time – (SPI_x_CLK_period/2) – 2.5 – – ns 2

sp8m SPI_[0|1]_DI setup time – 8 – – ns 2

sp9m SPI_[0|1]_DI hold time – 2.5 – – ns 2

SPI Slave Configuration

sp6s SPI_[0|1]_DO setup time – (SPI_x_CLK_period/2) – 12.0 – – ns 2

sp7s SPI_[0|1]_DO hold time – (SPI_x_CLK_period/2) + 3.0 – – ns 2

sp8s SPI_[0|1]_DI setup time – 2 – – ns 2

Table 164 • SPI Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Symbol Description Conditions

All Devices/Speed Grades

Uni
t

Note
sMin Typ

Ma
x
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