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 8.6.2.2 AC Switching Characteristics
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

AC Switching Characteristics for Receiver (Input Buffers)

AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

Table 24 • LVTTL/LVCMOS 3.3 V Transmitter Drive Strength Specifications
(Applicable to MSIO Bank* Only)

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

2 mA 2.4 0.4 2 2

4 mA 2.4 0.4 4 4

8 mA 2.4 0.4 8 8

12 mA 2.4 0.4 12 12

16 mA 2.4 0.4 16 16

20 mA 2.4 0.4 18 18

Note: * Software Configurator GUI displays the Commercial/Industrial numeric values. The actual drive capability at
temperature is defined in Table 24.

Table 25 • LVTTL/LVCMOS 3.3 V Receiver Characteristics for MSIO I/O Banks (Input Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

 
On-Die Termination 

(ODT)

Speed Grade
–1

UnitstPY tPYS

LVTTL/LVCMOS 3.3 V (for MSIO I/O Bank) None 2.416 2.443 ns

Table 26 • LVTTL/LVCMOS 3.3 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)
Worst-case Military conditions: TJ = 125°C, VDD = 1.14 V, VDDI = 3.15 V

Output Drive Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ

2mA slow 3.515 3.826 3.242 2.024 3.636 ns

4mA slow 2.565 2.948 2.774 3.339 4.896 ns

8mA slow 2.349 2.568 2.528 5.013 5.329 ns

12mA slow 2.261 2.324 2.386 6.389 6.05 ns

16mA slow 2.274 2.287 2.369 6.671 6.256 ns

20mA slow 2.372 2.206 2.306 6.976 6.541 ns
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Table 36 • LVCMOS 1.8 V Transmitter Drive Strength Specifications

Output Drive 
Selection VOH (V) VOL (V)

IOH (at VOH) mA IOL (at VOL) mA NotesDDRIO Bank* Min Max

2 mA VDDI – 0.45 0.45 2 2 –

4 mA VDDI – 0.45 0.45 4 4 –

6 mA VDDI – 0.45 0.45 6 6 **

8 mA VDDI – 0.45 0.45 6 6 **

10 mA VDDI – 0.45 0.45 8 8 –

12 mA VDDI – 0.45 0.45 10 10 –

16 mA VDDI – 0.45 0.45 12 12 –

Notes:

* Software Configurator GUI will display the Commercial/Industrial numeric values. The actual drive capability at
temperature is defined by Table 36.

** DDRIO has two 6mA drive strength settings. The setting that corresponds to Output Drive Selection value of 8mA
has a shorter propagation delay.

Table 37 • LVCMOS 1.8 V AC Test Parameters and Driver Impedance Specifications

LVCMOS 1.8 V AC Calibrated Impedance Option

Symbols Parameters Min Typ Max Units

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

–
75, 60, 50, 
33, 25, 20

– 

LVCMOS 1.8 V AC Test Parameters Specifications

Vtrip Measuring/trip point for data path – 0.9 – 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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Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 8.6.6  1.2 V LVCMOS
LVCMOS 1.2 is a general standard for 1.2 V applications and is supported in IGLOO2 FPGAs and SmartFusion2 SoC
FPGAs in compliance to the JEDEC specification JESD8-12A.

 8.6.6.1 Minimum and Maximum Input and Output Levels Specification   

8 mA

slow 4.603 3.691 4.585 7.397 6.553 ns

medium 4.081 3.242 4.062 7.064 6.189 ns

medium_fast 3.827 3.015 3.804 6.912 6.051 ns

fast 3.804 2.994 3.781 6.903 6.051 ns

10 mA

slow 4.519 3.612 4.499 7.578 6.676 ns

medium 4.026 3.177 4.005 7.264 6.335 ns

medium_fast 3.775 2.948 3.75 7.11 6.198 ns

fast 3.747 2.929 3.721 7.103 6.19 ns

12 mA

slow 4.456 3.562 4.433 7.704 6.795 ns

medium 3.965 3.13 3.943 7.388 6.425 ns

medium_fast 3.731 2.912 3.704 7.278 6.303 ns

fast 3.703 2.893 3.676 7.275 6.294 ns

LVCMOS 1.5 V (for MSIO I/O Bank)

2 mA slow 5.118 6.263 6.53 6.524 6.388 ns

4 mA slow 4.657 5.178 5.65 8.57 7.55 ns

6 mA slow 4.693 4.89 5.389 8.928 7.766 ns

8 mA slow 4.876 4.663 5.183 9.59 8.173 ns

LVCMOS 1.5 V (for MSIOD I/O Bank)

2 mA slow 3.085 3.795 4.086 6.838 6.477 ns

4 mA slow 2.731 3.365 3.631 7.663 7.165 ns

6 mA slow 2.742 3.162 3.417 8.126 7.52 ns

Table 46 • LVCMOS 1.2 V Minimum and Maximum DC Input and Output Levels

Symbols Parameters Conditions Min Typ Max Units

LVCMOS 1.2 V Recommended DC Operating Conditions

VDDI Supply voltage 1.140 1.2 1.26 V

LVCMOS 1.2 V DC Input Voltage Specification

VIH (DC) DC input logic High (for MSIOD and DDRIO I/O Banks) 0.65 × VDDI – 1.26 V

VIH (DC) DC input logic High (for MSIO I/O Bank) 0.65 × VDDI – 2.75 V

VIL (DC) DC input logic Low –0.3 – 0.35 × VDDI V

IIH (DC) Input current High – – 10 µA

Table 45 • LVCMOS 1.5 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI=1.425 V  (continued)

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ
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IIL (DC) Input current Low – – 10 µA

LVCMOS 1.2 V DC Output Voltage Specification

VOH DC output logic High – VDDI × 0.75 – – V

VOL DC output logic Low – – – VDDI × 0.25 V

Table 47 • LVCMOS 1.2 V Maximum AC Switching Speeds

Symbols Parameters Conditions Min Typ Max Units

LVCMOS 1.2 V Maximum AC Switching Speed

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

AC loading: 17 pF load,
maximum drive/slew

– – 180 Mbps

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

AC loading: 17 pF load,
maximum drive/slew

– – 100 Mbps

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

AC loading: 17 pF load,
maximum drive/slew

– – 140 Mbps

Table 48 • LVCMOS 1.2 V AC Calibrated Impedance and Test Parameters Specifications 

Symbols Parameters Conditions Min Typ Max Units

LVCMOS 1.2 V AC Calibrated Impedance Option

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

–
75, 60, 
50, 40

– 

LVCMOS 1.2 V AC Test Parameters Specifications

Vtrip Measuring/trip point for data path – 0.6 – 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

Table 49 • 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 
(with Fixed Code) 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

N/A N/A 6 mA VDDI × 0.75 VDDI × 0.25 6 6

Table 46 • LVCMOS 1.2 V Minimum and Maximum DC Input and Output Levels
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 8.6.7  3.3 V PCI/PCIX
Peripheral Component Interface (PCI) for 3.3 V standards specify support for 33 MHz and 66 MHz PCI bus
applications. 

 8.6.7.1 Minimum and Maximum Input and Output Levels Specification

LVCMOS 1.2 V (for MSIOD I/O Bank)

2 mA slow 4.048 5.123 5.552 8.401 7.824 ns

4 mA slow 3.941 4.406 4.814 9.422 8.656 ns

Table 52 • PCI/PCI-X DC Voltage Specification (Applicable to MSIO Bank Only

Symbols Parameters Conditions Min Typ Max Units

PCI/PCIX Recommended DC Operating Conditions

VDDI Supply voltage 3.15 3.3 3.45 V

PCI/PCIX DC Input Voltage Specification

VI DC input voltage 0 – 3.45 V

IIH(DC) Input current High – – 10 µA

IIL(DC) Input current Low – – 10 µA

PCI/PCIX DC Output Voltage Specification

VOH DC output logic High Per PCI Specification V

VOL DC output logic Low Per PCI Specification V

Table 53 • PCI/PCI-X AC Specifications (Applicable to MSIO Bank Only)

Symbols Parameters Conditions Min Typ Max Units

PCI/PCI-X AC Specifications

Dmax
Maximum data rate (MSIO I/O
Bank)

AC Loading: per JEDEC
specifications

– – 560 Mbps

PCI/PCI-X AC Test Parameters Specifications

Vtrip Measuring/trip point for data path (falling edge) – 0.615 × VDDI – V

Vtrip Measuring/trip point for data path (rising edge) – 0.285 × VDDI – V

Rtt_test Resistance for data test path – 25 – 

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) – 10 – pF

Table 51 • LVCMOS 1.2 V AC Switching Characteristics for Transmitter (Output and Tristate Buffers)
Worst-Case Military Conditions: TJ=125°C, VDD=1.14 V, VDDI= 1.14 V  (continued)

Output Drive 
Selection Slew Control

Speed Grade
–1

UnitstDP tZL tZH tHZ tLZ
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AC Switching Characteristics for Transmitter (Output and Tristate Buffers)

 8.7.2  Stub-Series Terminated Logic
Stub-Series Terminated Logic (SSTL) for 2.5 V (SSTL2), 1.8 V (SSTL18), and 1.5 V (SSTL15) is supported in IGLOO2
and SmartFusion2 SoC FPGAs. SSTL2 is defined by JEDEC standard JESD8-9B and SSTL18 is defined by JEDEC
standard JESD8-15. IGLOO2 SSTL I/O configurations are designed to meet double data rate standards DDR/2/3 for
general purpose memory buses. Double data rate standards are designed to meet their JEDEC specifications as
defined by JEDEC standard JESD79F for DDR, JEDEC standard JESD79-2F for DDR, JEDEC standard JESD79-3D
for DDR3, and JEDEC standard JESD209A for LPDDR. 

 8.7.3  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.

 8.7.3.1 Minimum and Maximum DC Input and Output Levels Specification

Table 59 • HSTL 15 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

HSTL Class I (for DDRIO I/O Bank)

Single Ended 2.922 2.91 2.904 3.225 3.218 ns

Differential 2.907 2.757 2.755 2.662 2.66 ns

HSTL Class II (for DDRIO I/O Bank)

Single Ended 2.817 2.735 2.735 2.644 2.644 ns

Differential 2.827 2.81 2.803 3.205 3.197 ns

Table 60 • DDR1/SSTL2 Minimum and Maximum DC Input and Output Levels

Symbols Parameters Conditions Min Typ Max Units

Recommended DC Operating Conditions

VDDI Supply voltage 2.375 2.5 2.625 V

VTT Termination voltage 1.164 1.250 1.339 V

VREF Input reference voltage 1.164 1.250 1.339 V

SSTL2 DC Input Voltage Specification

VIH (DC) DC input logic High VREF + 0.15 – 2.625 V

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

IIH (DC) Input current High – – 10 µA

IIL (DC) Input current Low – – 10 µA

SSTL2 DC Output Voltage Specification

SSTL2 Class I (DDR Reduced Drive)

VOH DC output logic High VTT + 0.608 – – V

VOL DC output logic Low – – VTT – 0.608 V

IOH at VOH Output minimum source DC current 8.1 – – mA
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Figure 8 • I/O Register Output Timing Diagram

Table 109 • Output/Enable 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

tOBYP Bypass Delay of the Output/Enable Register F,G or H,I 0.364 ns

tOCLKQ Clock-to-Q of the Output/Enable Register E,G or E,I 0.272 ns

tOSUD Data Setup Time for the Output/Enable Register A,E or J,E 0.196 ns

tOHD Data Hold Time for the Output/Enable Register A,E or J,E 0 ns

tOSUE Enable Setup Time for the Output/Enable Register B,E 0.433 ns

tOHE Enable Hold Time for the Output/Enable Register B,E 0 ns

tOSUSL Synchronous Load Setup Time for the Output/Enable Register D,E 0.203 ns

tOHSL Synchronous Load Hold Time for the Output/Enable Register D,E 0 ns

tOALn2Q

Asynchronous Clear-to-Q of the Output/Enable Register
(ADn=1)

C,G or C,I 0.523 ns

Asynchronous Preset-to-Q of the Output/Enable Register
(ADn=0)

C,G or C,I 0.545 ns

tOREMALn
Asynchronous Load Removal Time for the Output/Enable
Register

C,E 0 ns
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 8.10  DDR Module Specification

 8.10.1  Input DDR Module

tORECALn
Asynchronous Load Recovery Time for the Output/Enable
Register

C,E 0.035 ns

tOWALn
Asynchronous Load Minimum Pulse Width for the Output/Enable
Register

C,C 0.266 ns

tOCKMPWH Clock Minimum Pulse Width High for the Output/Enable Register E,E 0.065 ns

tOCKMPWL Clock Minimum Pulse Width Low for the Output/Enable Register E,E 0.139 ns

Figure 9 • Input DDR Module

Table 109 • Output/Enable Data Register Propagation Delays
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Description

Measuring 
Nodes

(from, to)*

Speed 
Grade

–1 Units

SLE

D

EN

ALn

ADn

SLn

SD

LAT

CLK

Q

SLE

D

EN

ALn

ADn

SLn

SD

LAT

CLK

Q

QR

QF

DDR_IN

Latch

D

ALn
ADn

CLK

Q

D

EN

ALn

ADn

SLn

SD

LAT

CLK

A

B

C

D

E

F

G

Revision 4 70



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
 8.10.4  Output DDR Module

Figure 11 • Output DDR Module
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Figure 12 • Output DDR Timing Diagram
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 8.10.5  Timing Characteristics

Table 111 • Output DDR Propagation Delays
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description
Measuring Nodes 

(from, to)
Speed Grade

–1 Units

tDDROCLKQ Clock-to-Out of DDR for Output DDR E,G 0.272 ns

tDDROSUDF DF Data Setup for Output DDR F,E 0.148 ns

tDDROSUDR DR Data Setup for Output DDR A,E 0.196 ns

tDDROHDF DF Data Hold for Output DDR F,E 0 ns

tDDROHDR DR Data Hold for Output DDR A,E 0 ns

tDDROSUE Enable Setup for Output DDR B,E 0.433 ns

tDDROHE Enable Hold for Output DDR B,E 0 ns

tDDROSUSLn Synchronous Load Setup for Output DDR D,E 0.203 ns

tDDROHSLn Synchronous Load Hold for Output DDR D,E 0 ns

tDDROAL2Q Asynchronous Load-to-Out for Output DDR C,G 0.545 ns

tDDROREMAL
Asynchronous Load Removal time for Output
DDR

C,E 0 ns

tDDRORECAL
Asynchronous Load Recovery time for Output
DDR

C,E 0.035 ns

tDDROWAL
Asynchronous Load Minimum Pulse Width for
Output DDR

C,C 0.266 ns

tDDROCKMPWH
Clock Minimum Pulse Width High for the
Output DDR

E,E 0.065 ns

tDDROCKMPWL
Clock Minimum Pulse Width Low for the Output
DDR

E,E 0.139 ns
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tdsu Data Setup Time 0.34 – 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

trdesu Read Enable Setup Time 0.546 – 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 – 1.583 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 0.504 – 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 

Parameter Description

Speed Grade 
–1

UnitsMin Max

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

Table 122 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 8Kx2
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter

Description

Speed Grade 
–1

UnitsMin Max
Revision 4 84



Military Grade IGLOO2 FPGA and SmartFusion2 SoC FPGA
Table 124 • RAM1K18 – Two-Port Mode for Depth × Width Configuration 512x36
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description

Speed Grade 
–1

UnitsMin Max

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 – 0.346 ns

Read Access Time without Pipeline Register – 2.322 ns

taddrsu Address Setup Time 0.323 – ns

taddrhd Address Hold Time 0.282 – ns

tdsu Data Setup Time 0.348 – ns

tdhd Data Hold Time 0.114 – ns

tblksu Block Select Setup Time 0.214 – ns

tblkhd Block Select Hold Time 0.208 – ns

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

– 2.322 ns

tblkmpw Block Select Minimum Pulse Width 0.218 – ns

trdesu Read Enable Setup Time 0.463 – ns

trdehd Read Enable Hold Time 0.173 – 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 – 1.561 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 0.402 – ns
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trdenhd Read Enable Hold Time 0.059 – ns

tblksu Read Block Select Setup Time 1.898 – ns

tblkhd Read Block Select Hold Time -0.671 – ns

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

– 2.166 ns

trstrem

Read Asynchronous Reset Removal Time (Pipelined Clock) -0.15 – ns

Read Asynchronous Reset Removal Time (Non-Pipelined
Clock)

0.047 – ns

trstrec

Read Asynchronous Reset Recovery Time (Pipelined Clock) 0.524 – ns

Read Asynchronous Reset Recovery Time (Non-Pipelined
Clock)

0.244 – ns

tr2q
Read Asynchronous Reset to Output Propagation Delay (With
Pipe-Line Register Enabled)

– 0.863 ns

tsrstsu Read Synchronous Reset Setup Time 0.279 – ns

tsrsthd Read Synchronous Reset Hold Time 0.062 – ns

tccy Write Clock Period 4 – ns

tcclkmpwh Write Clock Minimum Pulse Width High 1.8 – ns

tcclkmpwl Write Clock Minimum Pulse Width Low 1.8 – ns

tblkcsu Write Block Setup Time 0.417 – ns

tblkchd Write Block Hold Time 0.007 – ns

tdincsu Write Input Data setup Time 0.104 – ns

tdinchd Write Input Data hold Time 0.142 – ns

taddrcsu Write Address Setup Time 0.091 – ns

taddrchd Write Address Hold Time 0.253 – ns

twecsu Write Enable Setup Time 0.41 – ns

twechd Write Enable Hold Time -0.027 – ns

fmax Maximum Frequency – 250 MHz

Table 130 • uSRAM (RAM512x2) in 512x2 Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Description

Speed Grade 
–1

UnitsMin Max

tcy Read Clock Period 4 – ns

tclkmpwh Read Clock Minimum Pulse Width High 1.8 ns

Table 129 • uSRAM (RAM256x4) in 256x4 Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Description

Speed Grade 
–1

UnitsMin Max
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tr2q
Read Asynchronous Reset to Output Propagation Delay (With
Pipe-Line Register Enabled)

– 0.862 ns

tsrstsu Read Synchronous Reset Setup Time 0.279 – ns

tsrsthd Read Synchronous Reset Hold Time 0.062 – ns

tccy Write Clock Period 4 – ns

tcclkmpwh Write Clock Minimum Pulse Width High 1.8 – ns

tcclkmpwl Write Clock Minimum Pulse Width Low 1.8 – ns

tblkcsu Write Block Setup Time 0.417 – ns

tblkchd Write Block Hold Time 0.007 – ns

tdincsu Write Input Data setup Time 0.003 – ns

tdinchd Write Input Data hold Time 0.142 – ns

taddrcsu Write Address Setup Time 0.091 – ns

taddrchd Write Address Hold Time 0.255 – ns

twecsu Write Enable Setup Time 0.41 – ns

twechd Write Enable Hold Time -0.027 – ns

fmax Maximum Frequency – 250 MHz

Table 131 • uSRAM (RAM1024x1) in 1024x1 Mode
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V (continued)

Parameter Description

Speed Grade 
–1 Units

Min 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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Table 159 • I2C Switching Characteristics
Worst-Case Military Conditions: TJ = 125°C, VDD = 1.14 V

Parameter Definition Conditions

Speed Grade
–1

UnitsMin Max

tLOW Low period of I2C_x_SCL – 1 – pclk cycles

tHIGH High period of I2C_x_SCL – 1 – pclk cycles

tHD;STA START hold time – 1 – pclk cycles

tSU;STA START setup time – 1 – pclk cycles

tHD;DAT DATA hold time – 1 – pclk cycles

tSU;DAT DATA setup time – 1 – pclk cycles

tSU;STO STOP setup time – 1 – pclk cycles

Figure 16 • I2C Timing Parameter Definition
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Figure 17 • SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)
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Datasheet Categories

Categories
In order to provide the latest information to designers, some datasheet parameters are published before
data has been fully characterized from silicon devices. The data provided for a given device, as
highlighted in Table 1 on page 10 is designated as either "Product Brief," "Advance," "Preliminary," or
“Production.” The definitions of these categories are as follows:

Product Brief
The product brief is a summarized version of a datasheet (advance or production) and contains general
product information. This document gives an overview of specific device and family information.

Advance
This version contains initial estimated information based on simulation, other products, devices, or speed
grades. This information can be used as estimates, but not for production. 

This label only applies to the DC and Switching Characteristics chapter of the datasheet and will only be
used when the data has not been fully characterized.

Preliminary
The datasheet contains information based on simulation and/or initial characterization. The information is
believed to be correct, but changes are possible.

Production
This version contains information that is considered to be final.

Export Administration Regulations (EAR) 
The products described in this document are subject to the Export Administration Regulations (EAR).
They could require an approved export license prior to export from the United States. An export includes
release of product or disclosure of technology to a foreign national inside or outside the United States.
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