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specific needs of the application.

Details

Product Status Active

Number of LABs/CLBs -

Number of Logic Elements/Cells 12084

Total RAM Bits 933888

Number of I/O 138

Number of Gates -

Voltage - Supply 1.14V ~ 2.625V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 256-LFBGA

Supplier Device Package 256-FPBGA (14x14)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/m2gl010ts-1vf256

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/m2gl010ts-1vf256-4483718
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array


Table 51 LVCMOS 1.8 V Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Table 52 LVCMOS 2.5 V Transmitter Characteristics for MSIOD Bank (Output and Tristate Buffers)  . . . . . 29
Table 53 LVCMOS 1.8 V Receiver Characteristics (Input Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 54 LVCMOS 1.8 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 55 LVCMOS 1.8 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 56 LVCMOS 1.8 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Table 57 LVCMOS 1.8 V Transmitter Characteristics for DDRIO I/O Bank with Fixed Code (Output and 

Tristate Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Table 58 LVCMOS 1.5 V DC Recommended Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 59 LVCMOS 1.5 V DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 60 LVCMOS 1.8 V Transmitter Characteristics for MSIO I/O Bank . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 61 LVCMOS 1.8 V Transmitter Characteristics for MSIOD I/O Bank  . . . . . . . . . . . . . . . . . . . . . . . . . 32
Table 62 LVCMOS 1.5 V DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 63 LVCMOS 1.5 V AC Minimum and Maximum Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 64 LVCMOS 1.5 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 65 LVCMOS 1.5 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 66 LVCMOS 1.5 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Table 67 LVCMOS 1.5 V Receiver Characteristics for DDRIO I/O Bank with Fixed Codes (Input Buffers)  . 34
Table 68 LVCMOS 1.5 V Receiver Characteristics for MSIO I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . 34
Table 69 LVCMOS 1.5 V Receiver Characteristics for MSIOD I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . 34
Table 70 LVCMOS 1.5 V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)  . . 34
Table 71 LVCMOS 1.5 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)  . . . 35
Table 72 LVCMOS 1.2 V DC Recommended DC Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 73 LVCMOS 1.2 V DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 74 LVCMOS 1.2 V DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 75 LVCMOS 1.2 V Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Table 76 LVCMOS 1.5 V Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)  . . 36
Table 77 LVCMOS 1.2 V Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input Buffers)  . . 37
Table 78 LVCMOS 1.2 V Receiver Characteristics for MSIO I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . . 37
Table 79 LVCMOS 1.2 V AC Calibrated Impedance Option . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 80 LVCMOS 1.2 V AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 81 LVCMOS 1.2 V Transmitter Drive Strength Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Table 82 LVCMOS 1.2 V Receiver Characteristics for MSIOD I/O Bank (Input Buffers) . . . . . . . . . . . . . . . . 38
Table 83 LVCMOS 1.2 V Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers)  . . 38
Table 84 LVCMOS 1.2 V Transmitter Characteristics for MSIO I/O Bank (Output and Tristate Buffers)  . . . 38
Table 85 PCI/PCI-X DC Recommended Operating Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 86 PCI/PCI-X DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 87 PCI/PCI-X DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 88 PCI/PCI-X Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 89 PCI/PCI-X AC Test Parameter Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Table 90 LVCMOS 1.2 V Transmitter Characteristics for MSIOD I/O Bank (Output and Tristate Buffers)  . . 39
Table 91 PCI/PCIX AC Switching Characteristics for Receiver for MSIO I/O Bank (Input Buffers) . . . . . . . . 40
Table 92 PCI/PCIX AC switching Characteristics for Transmitter for MSIO I/O Bank (Output and 

Tristate Buffers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 93 HSTL Recommended DC Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 94 HSTL DC Input Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Table 95 HSTL DC Output Voltage Specification Applicable to DDRIO I/O Bank Only . . . . . . . . . . . . . . . . . 41
Table 96 HSTL DC Differential Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 97 HSTL AC Differential Voltage Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 98 HSTL Minimum and Maximum AC Switching Speed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 99 HSTL Impedance Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Table 100 HSTL Receiver Characteristics for DDRIO I/O Bank with Fixed Code (Input Buffers) . . . . . . . . . . 42
Table 101 HSTL Transmitter Characteristics for DDRIO I/O Bank (Output and Tristate Buffers) . . . . . . . . . . 42
Table 102 HSTL AC Test Parameter Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Table 103 DDR1/SSTL2 DC Recommended Operating Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 104 DDR1/SSTL2 DC Input Voltage Specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 105 DDR1/SSTL2 DC Output Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 106 DDR1/SSTL2 DC Differential Voltage Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Table 107 SSTL2 Receiver Characteristics for DDRIO I/O Bank (Input Buffers)  . . . . . . . . . . . . . . . . . . . . . . 44
DS0128 Datasheet Revision 11.0 vi



IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.2 References
The following documents are recommended references:

• PB0121: IGLOO2 Product Brief 
• DS0124: IGLOO2 Pin Descriptions 
• PB0115: SmartFusion2 SoC FPGA Product Brief 
• DS0115: SmartFusion2 Pin Descriptions 

All product documentation for IGLOO2 and SmartFusion2 is available at: 
http://www.microsemi.com/products/fpga-soc/fpga/igloo2-fpga 
http://www.microsemi.com/products/fpga-soc/soc-fpga/smartfusion2#overview 

2.3 Electrical Specifications

2.3.1 Operating Conditions
The following table lists the stress limits. Stress applied above the specified limit may cause permanent 
damage to the device. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability.

Absolute maximum ratings are stress ratings only; functional operation of the device at these or any 
other conditions beyond those listed under the recommended operating conditions specified in the 
following table are not implied.

Table 3 • Absolute Maximum Ratings

Parameter Symbol Min Max Unit

DC core supply voltage. Must always power this pin. VDD –0.3 1.32 V

Power supply for charge pumps (for normal operation 
and programming). Must always power this pin.

VPP –0.3 3.63 V

Analog power pad for MDDR PLL MSS_MDDR_PLL_VDDA –0.3 3.63 V

Analog power pad for MDDR PLL HPMS_MDDR_PLL_VDDA –0.3 3.63 V

Analog power pad for FDDR PLL FDDR_PLL_VDDA –0.3 3.63 V

Analog power pad for MDDR PLL PLL0_PLL1_MSS_MDDR_VDDA –0.3 3.63 V

Analog power pad for MDDR PLL PLL0_PLL1_HPMS_MDDR_VDDA –0.3 3.63 V

Analog power pad for PLL0–5 CCC_XX[01]_PLL_VDDA –0.3 3.63 V

High supply voltage for PLL SerDes[01] SERDES_[01]_PLL_VDDA –0.3 3.63 V

Analog power for SerDes[01] PLL lane0 to lane3. 
This is a 2.5 V SerDes internal PLL supply.

SERDES_[01]_L[0123]_VDDAPLL –0.3 2.75 V

TX/RX analog I/O voltage. Low voltage power for the 
lanes of SerDesIF0. This is a 1.2 V SerDes PMA supply.

SERDES_[01]_L[0123]_VDDAIO –0.3 1.32 V

PCIe/PCS power supply SERDES_[01]_VDD –0.3 1.32 V

DC FPGA I/O buffer supply voltage for MSIO I/O bank VDDIx –0.3 3.63 V

DC FPGA I/O buffer supply voltage for MSIOD/DDRIO 
I/O banks

VDDIx –0.3 2.75 V

I/O Input voltage for MSIO I/O bank VI –0.3 3.63 V

I/O Input voltage for MSIOD/DDRIO I/O bank VI –0.3 2.75 V

Analog sense circuit supply of embedded nonvolatile 
memory (eNVM). Must be shorted to VPP.

VPPNVM –0.3 3.63 V 

Storage temperature1 TSTG –65 150 °C

Junction temperature TJ –55 135 °C
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
2.3.5 User I/O Characteristics
There are three types of I/Os supported in the IGLOO2 FPGA and SmartFusion2 SoC FPGA families: 
MSIO, MSIOD, and DDRIO I/O banks. The I/O standards supported by the different I/O banks is 
described in the I/Os section of the UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User 
Guide.

2.3.5.1 Input Buffer and AC Loading
The following figure shows the input buffer and AC loading.

Figure 3 • Input Buffer AC Loading
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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
 2.3.5.7 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 that are in compliance with the JEDEC specification JESD8-5A.

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 38 • LVCMOS 2.5 V DC Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit

Supply voltage VDDI 2.375 2.5 2.625 V

Table 39 • LVCMOS 2.5 V DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input logic high (for MSIOD 
and DDRIO I/O banks)

VIH (DC) 1.7 2.625 V

DC input logic high (for MSIO I/O 
bank)

VIH (DC) 1.7 3.45 V

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

Input current high1

1. See Table 24, page 22.

IIH (DC)

Input current low1 IIL (DC)

Table 40 • LVCMOS 2.5 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH
1

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

VDDI – 0.4 – V

DC output logic low VOL
2 0.4 V

Table 41 • LVCMOS 2.5 V AC Minimum and Maximum Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank) DMAX 400 Mbps AC loading: 17 pF load,
maximum drive/slew

Maximum data rate (for MSIO I/O bank) DMAX 410 Mbps AC loading: 17 pF load, 
maximum drive/slew

Maximum data rate (for MSIOD I/O bank) DMAX 420 Mbps AC loading: 17 pF load, 
maximum drive/slew

Table 42 • LVCMOS 2.5 V AC Calibrated Impedance Option

Parameter Symbol Typ Unit

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

Rodt_cal 75, 60, 50, 33, 
25, 20
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IGLOO2 FPGA and SmartFusion2 SoC FPGA
 2.3.5.8 1.8 V LVCMOS
LVCMOS 1.8 is a general standard for 1.8 V applications and is supported in IGLOO2 FPGAs and 
SmartFusion2 SoC FPGAs in compliance to the JEDEC specification JESD8-7A.

Minimum and Maximum DC/AC Input and Output Levels Specification     

Table 48 • LVCMOS 2.5 V Transmitter Characteristics for MSIOD 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 2.206 2.596 2.678 3.15 2.64 3.106 4.935 5.805 4.74 5.576 ns

4 mA Slow 1.835 2.159 2.242 2.637 2.256 2.654 5.413 6.368 5.15 6.059 ns

6 mA Slow 1.709 2.01 2.132 2.508 2.167 2.549 5.813 6.838 5.499 6.469 ns

8 mA Slow 1.63 1.918 1.958 2.303 2.012 2.367 6.226 7.324 5.816 6.842 ns

12 mA Slow 1.648 1.939 1.86 2.187 1.921 2.259 6.519 7.669 6.027 7.09 ns

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

Table 49 • LVCMOS 1.8 V DC Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

LVCMOS 1.8 V DC Recommended Operating Conditions

Supply voltage VDDI 1.710 1.8 1.89 V

Table 50 • LVCMOS 1.8 V DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input logic high (for MSIOD 
and DDRIO I/O banks)

VIH (DC) 0.65 × VDDI 1.89 V

DC input logic high (for MSIO 
I/O bank)

VIH (DC) 0.65 × VDDI 3.45 V

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

Input current high1

1. See Table 24, page 22.

IIH (DC) –

Input current low1 IIL (DC) –

Table 51 • LVCMOS 1.8 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH VDDI – 0.45 V

DC output logic low VOL 0.45 V

Table 52 • LVCMOS 1.8 V Minimum and Maximum AC Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank)1

1. Maximum Data Rate applies for Drive Strength 8 mA and above, All Slews.

DMAX 400 Mbps AC loading: 17 pF load, maximum drive/slew

Maximum data rate (for MSIO I/O bank) DMAX 295 Mbps AC loading: 17 pF load, maximum drive/slew

Maximum data rate (for MSIOD I/O bank)1 DMAX 400 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.

Table 62 • LVCMOS 1.5 V DC Output Voltage Specification

Parameter Symbol Min Max Unit

DC output logic high VOH VDDI × 0.75 V

DC output logic low VOL VDDI × 0.25 V

Table 63 • LVCMOS 1.5 V AC Minimum and Maximum Switching Speed

Parameter Symbol Max Unit Conditions

Maximum data rate (for DDRIO I/O bank) DMAX 235 Mbps AC loading: 17 pF load, maximum 
drive/slew

Maximum data rate (for MSIO I/O bank) DMAX 160 Mbps AC loading: 17 pF load, maximum 
drive/slew

Maximum data rate (for MSIOD I/O bank) DMAX 220 Mbps AC loading: 17 pF load, maximum 
drive/slew

Table 64 • LVCMOS 1.5 V AC Calibrated Impedance Option 

Parameter Symbol Typ Unit

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

RODT_CA
L

75, 60, 
50, 40



Table 65 • LVCMOS 1.5 V AC Test Parameter Specifications

Parameter Symbol Typ Unit

Measuring/trip point VTRIP 0.75 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 66 • LVCMOS 1.5 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 6 mA 6 mA VDDI × 0.75 VDDI × 0.25 6 6

8 mA 8 mA VDDI × 0.75 VDDI × 0.25 8 8

10 mA VDDI × 0.75 VDDI × 0.25 10 10

12 mA VDDI × 0.75 VDDI × 0.25 12 12
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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
DS0128 Datasheet Revision 11.0 64



IGLOO2 FPGA and SmartFusion2 SoC FPGA
AC Switching Characteristics

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

 2.3.8  I/O Register Specifications
This section describes input and output register specifications.

 2.3.8.1 Input Register
Figure 6 • Timing Model for Input Register

Table 215 • LVPECL DC Input Voltage Specification

Parameter Symbol Min Max Unit

DC input voltage VI 0 3.45 V

Table 216 • LVPECL DC Differential Voltage Specification

Parameter Symbol Min Typ Max Unit

Input common mode voltage VICM 0.3 2.8  V 

Input differential voltage VIDIFF 100 300 1,000  mV 

Table 217 • LVPECL Minimum and Maximum AC Switching Speeds 

Parameter Symbol Max Unit

Maximum data rate DMAX 900 Mbps

Table 218 • LVPECL Receiver Characteristics for MSIO I/O Bank

On-Die Termination (ODT)

TPY

Unit –1 –Std

None 2.572 3.025 ns

100 2.569 3.023 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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2.3.10.2 Timing Characteristics
The following table lists the combinatorial cell propagation delays in worst commercial-case conditions 
when TJ = 85 °C, VDD = 1.14 V.

2.3.10.3 Sequential Module
IGLOO2 and SmartFusion2 SoC FPGAs offer a separate flip-flop which can be used independently from 
the LUT. The flip-flop can be configured as a register or a latch and has a data input and optional enable, 
synchronous load (clear or preset), and asynchronous load (clear or preset).

Figure 15 • Sequential Module

Table 223 • Combinatorial Cell Propagation Delays

Combinatorial Cell Equation Symbol –1 –Std Unit

INV Y = !A TPD 0.1 0.118 ns

AND2 Y = A · B TPD 0.164 0.193 ns

NAND2 Y = !(A · B) TPD 0.147 0.173 ns

OR2 Y = A + B TPD 0.164 0.193 ns

NOR2 Y = !(A + B) TPD 0.147 0.173 ns

XOR2 Y = A  B TPD 0.164 0.193 ns

XOR3 Y = A  B  C TPD 0.225 0.265 ns

AND3 Y = A · B · C TPD 0.209 0.246 ns

AND4 Y = A · B · C · D TPD 0.287 0.338 ns
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The following table lists the 010 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

The following table lists the 005 device global resources in worst commercial-case conditions when 
TJ = 85 °C, VDD = 1.14 V.

2.3.12 FPGA Fabric SRAM
See UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User Guide for more information.

2.3.12.1 FPGA Fabric Large SRAM (LSRAM)
The following table lists the RAM1K18 – dual-port mode for depth × width configuration 1K × 18 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.  

Table 229 • 010 Device Global Resource

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.626 0.669 0.627 0.668 ns 

Input high delay for global clock TRCKH 1.112 1.182 1.308 1.393 ns 

Maximum skew for global clock TRCKSW 0.07 0.085 ns 

Table 230 • 005 Device Global Resource

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Input low delay for global clock TRCKL 0.625 0.66 0.628 0.66 ns 

Input high delay for global clock TRCKH 1.126 1.187 1.325 1.397 ns 

Maximum skew for global clock TRCKSW 0.061 0.072 ns 

Table 231 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 1K × 18

Parameter Symbol

 –1 –Std

UnitMin Max Min Max

Clock period TCY 2.5 2.941 ns

Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns

Clock minimum pulse width low TCLKMPWL 1.125 1.323 ns

Pipelined clock period TPLCY 2.5 2.941 ns

Pipelined clock minimum pulse width high TPLCLKMPWH 1.125 1.323 ns

Pipelined clock minimum pulse width low TPLCLKMPWL 1.125 1.323 ns

Read access time with pipeline register

TCLK2Q 

0.334 0.393 ns

Read access time without pipeline register 2.273 2.674 ns

Access time with feed-through write timing 1.529 1.799 ns

Address setup time TADDRSU 0.441 0.519 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.341 0.401 ns

Data hold time TDHD 0.107 0.126 ns

Block select setup time TBLKSU 0.207 0.244 ns
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The following table lists the RAM1K18 – dual-port mode for depth × width configuration 16K × 1 in worst 
commercial-case conditions when TJ = 85 °C, VDD = 1.14 V.

Table 235 • RAM1K18 – Dual-Port Mode for Depth × Width Configuration 16K × 1

Parameter Symbol

–1 –Std

UnitMin Max Min Max

Clock period TCY 2.5 2.941 ns

Clock minimum pulse width high TCLKMPWH 1.125 1.323 ns

Clock minimum pulse width low TCLKMPWL 1.125 1.323 ns

Pipelined clock period TPLCY 2.5 2.941 ns

Pipelined clock minimum pulse width high TPLCLKMPWH 1.125 1.323 ns

Pipelined clock minimum pulse width low TPLCLKMPWL 1.125 1.323 ns

Read access time with pipeline register

TCLK2Q 

0.32 0.377 ns

Read access time without pipeline register 2.269 2.669 ns

Access time with feed-through write timing 1.51 1.777 ns

Address setup time TADDRSU 0.626 0.737 ns

Address hold time TADDRHD 0.274 0.322 ns

Data setup time TDSU 0.322 0.378 ns

Data hold time TDHD 0.082 0.096 ns

Block select setup time TBLKSU 0.207 0.244 ns

Block select hold time TBLKHD 0.216 0.254 ns

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

TBLK2Q 1.51 1.777 ns

Block select minimum pulse width TBLKMPW 0.186 0.219 ns

Read enable setup time TRDESU 0.53 0.624 ns

Read enable hold time TRDEHD 0.071 0.083 ns

Pipelined read enable setup time (A_DOUT_EN, B_DOUT_EN) TRDPLESU 0.248 0.291 ns

Pipelined read enable hold time (A_DOUT_EN, B_DOUT_EN) TRDPLEHD 0.102 0.12 ns

Asynchronous reset to output propagation delay TR2Q 1.547 1.82 ns

Asynchronous reset removal time TRSTREM 0.506 0.595 ns

Asynchronous reset recovery time TRSTREC 0.004 0.005 ns

Asynchronous reset minimum pulse width TRSTMPW 0.301 0.354 ns

Pipelined register asynchronous reset removal time TPLRSTREM –0.279 –0.328 ns

Pipelined register asynchronous reset recovery time TPLRSTREC 0.327 0.385 ns

Pipelined register asynchronous reset minimum pulse width TPLRSTMPW 0.282 0.332 ns

Synchronous reset setup time TSRSTSU 0.226 0.265 ns

Synchronous reset hold time TSRSTHD 0.036 0.043 ns

Write enable setup time TWESU 0.454 0.534 ns

Write enable hold time TWEHD 0.048 0.057 ns

Maximum frequency FMAX 400 340 MHz
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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 0.835 0.982 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

Write address setup time TADDRCSU 0.088 0.104 ns

Write address hold time TADDRCHD 0.128 0.15 ns

Write enable setup time TWECSU 0.397 0.467 ns

Write enable hold time TWECHD –0.026 –0.03 ns

Maximum frequency FMAX 250 250 MHz

Table 240 • µSRAM (RAM128x8) in 128 × 8 Mode (continued)

Parameter Symbol

–1 –Std

UnitMin Max Min Max
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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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2.3.30 SerDes Electrical and Timing AC and DC Characteristics
PCIe is a high-speed, packet-based, point-to-point, low-pin-count, serial interconnect bus. The IGLOO2 
and SmartFusion2 SoC FPGAs has up to four hard high-speed serial interface blocks. Each SerDes 
block contains a PCIe system block. The PCIe system is connected to the SerDes block.

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

Table 296 • Transmitter Parameters

Symbol Description Min Max Unit

VTX-DIFF-PP  Differential swing (2.5 Gbps, 5.0 Gbps) 0.8 1.2 V

VTX-CM-AC-P Output common mode voltage (2.5 Gbps) 20 mV

VTX-CM-AC-PP Output common mode voltage (5.0 Gbps) 100 mV

VTX-RISE-FALL Rise and fall time (20% to 80%, 2.5 Gbps) 0.125 UI

Rise and fall time (20% to 80%, 5.0 Gbps) 0.15 UI

ZTX-DIFF-DC Output impedance–differential 80 120 

LTX-SKEW Lane-to-lane TX skew within a SerDes block (2.5 
Gbps)

500 ps + 2 UI ps

Lane-to-lane TX skew within a SerDes block (5.0 
Gbps)

500 ps + 4 UI ps

RLTX-DIFF Return loss differential mode (2.5 Gbps) –10 dB

Return loss differential mode (5.0 Gbps)
0.05 GHz to 1.25 GHz –10 dB

1.25 GHz to 2.5 GHz –8 dB

RLTX-CM Return loss common mode (2.5 Gbps, 5.0 Gbps) –6 dB

TX-LOCK-RST Transmit PLL lock time from reset 10 µs

VTX-AMP 100 mV setting 90 150 mV

400 mV setting 320 480 mV

800 mV setting 660 940 mV

1200 mV setting 950 1400 mV
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Figure 22 • SPI Timing for a Single Frame Transfer in Motorola Mode (SPH = 1)

2.3.32 CAN Controller Characteristics
The following table lists the CAN controller characteristics in worst-case industrial conditions when TJ = 
100 °C, VDD = 1.14 V.

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

Table 306 • CAN Controller Characteristics 

Parameter Description –1 –Std Unit

FCANREFCLK1

1. PCLK to CAN controller must be a multiple of 8 MHz.

Internally sourced CAN reference 
clock frequency

160 136 MHz

BAUDCANMAX Maximum CAN performance baud 
rate

1 1 Mbps

BAUDCANMIN Minimum CAN performance baud 
rate

0.05 0.05 Mbps

Table 307 • USB Characteristics 

Parameter Description –1 –Std Unit

FUSBREFCLK Internally sourced USB reference clock 
frequency

166 142 MHz

TUSBCLK USB clock period 16.66 16.66 ns

TUSBPD Clock to USB data propagation delay 9.0 9.0 ns

TUSBSU Setup time for USB data 6.0 6.0 ns

TUSBHD Hold time for USB data 0 0 ns
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50% 50% 50%
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2.3.34 MMUART Characteristics
The following table lists the MMUART characteristics in worst-case industrial conditions when 
TJ = 100 °C, VDD = 1.14 V.

2.3.35 IGLOO2 Specifications

2.3.35.1 HPMS Clock Frequency
The following table lists the maximum frequency for HPMS main clock in worst-case industrial conditions 
when TJ = 100 °C, VDD = 1.14 V.

2.3.35.2 IGLOO2 Serial Peripheral Interface (SPI) Characteristics
This section describes the DC and switching of the SPI interface. Unless otherwise noted, all output 
characteristics given are for a 35 pF load on the pins and all sequential timing characteristics are related 
to SPI_0_CLK. For timing parameter definitions, see Figure 23, page 131.

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

Table 308 • MMUART Characteristics

Parameter Description –1 –Std Unit

FMMUART_REF_CLK Internally sourced MMUART 
reference clock frequency.

166 142 MHz

BAUDMMUARTTx Maximum transmit baud rate 10.375 8.875 Mbps

BAUDMMUARTRx Maximum receive baud rate 10.375 8.875 Mbps

Table 309 • Maximum Frequency for HPMS Main Clock

Symbol Description –1 –Std Unit

HPMS_CLK Maximum frequency for the HPMS main clock 166 142 MHz

Table 310 • SPI Characteristics for All Devices

Symbol Description Min Typ Max Unit Conditions

SPIFMAX Maximum operating 
frequency of SPI interface

20 MHz

sp1 SPI_[0|1]_CLK minimum period 

SPI_[0|1]_CLK = PCLK/2 12 ns

SPI_[0|1]_CLK = PCLK/4 24.1 ns

SPI_[0|1]_CLK = PCLK/8 48.2 ns

SPI_[0|1]_CLK = PCLK/16 0.1 µs

SPI_[0|1]_CLK = PCLK/32 0.19 µs

SPI_[0|1]_CLK = PCLK/64 0.39 µs

SPI_[0|1]_CLK = PCLK/128 0.77 µs
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sp2 SPI_[0|1]_CLK minimum pulse width high 

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

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%)1

2.77 ns I/O Configuration: 
LVCMOS 2.5 V - 
8 mA
AC loading: 35 pF
test conditions: 
Typical voltage, 
25 °C

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

2.906 ns I/O Configuration: 
LVCMOS 2.5 V - 
8 mA
AC loading: 35 pF
test conditions: 
Typical voltage, 
25 °C

SPI master configuration (applicable for 005, 010, 025, and 050 devices)

sp6m SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 8.0 ns

sp7m SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) – 2.5 ns

sp8m SPI_[0|1]_DI setup time2 12 ns

sp9m SPI_[0|1]_DI hold time2 2.5 ns

SPI slave configuration (applicable for 005, 010, 025, and 050 devices)

sp6s SPI_[0|1]_DO setup time2 (SPI_x_CLK_period/2) – 17.0 ns

sp7s SPI_[0|1]_DO hold time2 (SPI_x_CLK_period/2) + 3.0 ns

sp8s SPI_[0|1]_DI setup time2 2 ns

sp9s SPI_[0|1]_DI hold time2 7 ns

Table 310 • SPI Characteristics for All Devices (continued)

Symbol Description Min Typ Max Unit Conditions
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