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3.2.1.2 5 V Output Driving Compatibility
RTG4 I/Os must be set either to 3.3 V LVTTL mode or 3.3 V LVCMOS mode to reliably drive 5 V TTL 
receivers. It is also critical to ensure that there is no external I/O pull-up resistor to 5 V because this 
resistor would pull the I/O pad voltage beyond the 3.6 V absolute maximum value and, consequently, 
cause damage to the I/O. When set to 3.3 V LVTTL or 3.3 V LVCMOS mode, the I/Os can directly drive 
signals into the 5 V TTL receivers. VOL = 0.4 V and VOH = 2.4 V in both 3.3 V LVTTL and 3.3 V 
LVCMOS modes exceed the VIL and VIH requirements of 5 V TTL receivers, which are 1.8 V and 2 V 
respectively. Therefore, level 1 and level 0 are recognized correctly by 5 V TTL receivers.

Note: To make MSIOD complaint with LVCMOS 33 (3.3V). Ensure that:

• Input signals do not exceed (VDDI ± 5%).
• Input signals meet the min VIH requirement of the LVCMOS 2.5V when the I/O is powered at 2.5V.
• Input signals meet the max VIL requirement of the LVCMOS 2.5V when the I/O is powered at 2.5V.
• Slew rates required by the application (thereby, IO speed) are satisfied.
• All the components needed for reducing the voltage seen by the pad must be space graded for 

space applications.

3.2.2 Temperature Sensing 
The temperature sensing feature is used as an internal thermometer to provide a way for monitoring the 
die temperature. This is a temperature sense diode located in lower left corner of the device. The 
temperature sensing diode has one dedicated pin–PTEMP–connected to the anode of the diode. The 
cathode of the diode is connected to the VSS of the die. The diode is a passive device, and the pins are 
always attached to the die. The PTEMP pin can be left floating if the feature is not being used. There is 
nothing that needs to be programmed in the software to enable this feature. To use the temperature 
sensing diode, the diode must be calibrated by user software and/or circuits. To measure the 
temperature, check the voltage drop between PTEMP and VSS.

3.3 I/Os Shared By Fabric and FDDR
3.3.1 DDRIO with FDDR

If FDDR is selected, Libero SoC automatically connects FDDR signals to the DDRIOs. Depending on the 
memory configuration, only the required DDRIOs are used by Libero SoC. Unused DDRIOs are available 
to connect to the FPGA fabric.

3.3.2 DDRIO with Fabric
If FDDR is not selected, DDRIOs are available to the FPGA fabric. The DDRIOs must be configured 
manually in Libero SoC.

3.3.3 MSIO/MSIOD with Fabric
There are two macros in the silicon called DDR_IN and DDR_OUT that can be connected to a DDR 
controller soft IP core in fabric. The MSIO and MSIOD I/O standards can be used for DDR controllers that 
cannot be supported by a dedicated DDRIO bank. MSIOs/MSIODs are available to the FPGA fabric and 
must be configured manually in Libero SoC.

3.4 JTAG I/Os
The system controller implements the functionality of a JTAG slave with IEEE 1532 support, which also 
implies IEEE 1149.1 compliance. JTAG communicates with the system controller using a command 
register that conveys the JTAG instruction to be executed and a 128-bit data I/O buffer that transfers any 
associated data. 

The JTAG pins can be run at any voltage from 1.5 V to 3.3 V (nominal). The I/O voltage of this interface 
is set by powering the VJTAG power pin with the desired I/O voltage. Core voltage must also be powered 
for the JTAG state machine to operate, even if the device is in bypass mode. VJTAG power alone is 
insufficient. Both VJTAG and core voltage to the RTG4 part must be supplied to allow JTAG signals to 
transit the RTG4 device. Isolating the JTAG power supply in a separate I/O bank gives greater flexibility 
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with supply selection and simplifies the power supply and PCB designs. If the JTAG interface is not used 
and also not planned for future use, the VJTAG pin, together with the TRSTB pin, must be tied to VSS.

The TAP controller is a state machine that controls the behavior of the JTAG system. Its transitions are 
controlled by the TMS signal. The TAP controller uses 8-bit instructions consistent with the older 
Microsemi product families. 

There are two types of TAP controllers: Fabric TAP and Auxiliary TAP.

The following table lists the JTAG pin names available in the RTG4 device.  

Table 16 • JTAG Pin Description

Name Type Bus Size Description
TCK In 1 Test clock that provides serial input for JTAG boundary 

scan, ISP, and UJTAG. The TCK pin does not have an 
internal pull-up/pull-down resistor. If JTAG is not used, 
Microsemi recommends tying off TCK to VSS or VJTAG 
through a resistor placed close to the FPGA pin. This 
prevents JTAG operation in case TMS enters an 
undesired state.
To operate at all VJTAG voltages, the resistor values 
mentioned in Table 6-13 on page 112 are recommended.

TDI In 1 Serial test data input for JTAG boundary scan, ISP, and 
UJTAG usage has a 10 K internal weak pull-up resistor.

TDO Out 1 Serial test data output for JTAG boundary scan, ISP, and 
UJTAG.

TMS 1 Test Mode Select. Controls the use of the IEEE1532 
boundary scan pins (TCK, TDI, TDO, and TRSTB). Has a 
10 K internal weak pull-up resistor.

TRSTB 1 Boundary scan reset pin. Functions as an active low 
input to asynchronously initialize (or reset) the boundary 
scan circuitry. Has a 10 K internal weak pull-up resistor. If 
JTAG is not used, an external pull-down resistor must be 
included to ensure the TAP is held in reset mode. The 
resistor values must be selected from Table 17, page 27 
and must satisfy the parallel resistance value 
requirement. The values in Table 17, page 27 correspond 
to the resistor recommended when a single device is 
used. The values correspond to the equivalent parallel 
resistor when multiple devices are connected through a 
JTAG chain.
In safety critical applications and in a radiation mission 
critical environment (Avionics mode), an upset in the 
JTAG circuit could allow entering an undesired JTAG 
state. In such cases, Microsemi recommends tying off 
TRSTB to VSS through a resistor placed close to the 
FPGA pin. This keeps JTAG circuitry in reset state.

Table 17 • Recommended Tie-Off Values for the TCK and TRST Pins

VJTAG Tie-Off Resistance1, 2

VJTAG at 3.3 V 200 Ohm to 1 K 

VJTAG at 2.5 V 200 Ohm to 1 K 

VJTAG at 1.8 V 500 Ohm to 1 K 

VJTAG at 1.5 V 500 Ohm to 1 K 
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3.5 Dedicated I/Os
RTG4 devices have two types of dedicated I/Os: device reset I/Os and SerDes I/Os.

3.5.1 Device Reset I/Os
RTG4 devices have a dedicated input reset pin, named DEVRST_N. If then, at any time, this reset is 
asserted, the whole chip is reset as if a POR has occurred. The device reset feeds the system controller, 
which then generates the system reset for the reset controller to reset the entire device. The DEVRST_N 
pin cannot be used to reset the device during programming. When DEVRST_N is asserted before or 
during the supply ramp and deasserted after all supplies are up, the time taken by the device to come out 
of reset is less than or equal to the normal power-up to functional time (PUFT) (when DEVRST_N is not 
asserted at all). For more information about device reset, see UG0576: RTG4 FPGA System Controller 
User Guide.

The following figure shows the full chip reset flow from the device reset I/Os. Libero SoC allows the 
configuration of reset controller using the System Builder. Note that other resets such as the GRESET 
described in the Global Asynchronous Reset are meant for the digital reset of the device in user mode 
while the DEVRST_N pin is meant to re-start the device as if a POR has occurred.

Figure 8 • Chip Level Resets From Device Reset I/Os

3.5.1.1 Port List and I/O Pins
The following table lists the port name and other details for the device reset. 

3.5.2 SerDes I/Os
The SerDes I/Os available in RTG4 devices are dedicated to high-speed serial communication protocols. 
For more information about SerDes, see the UG0567: RTG4 FPGA High Speed Serial Interfaces User 
Guide. The SerDes I/O supports protocols such as PCI Express 2.0, XAUI, serial gigabit media 
independent interface (SGMII), serial rapid I/O (SRIO), and any user-defined high-speed serial protocol 
implementation in the fabric. These protocols access the SerDes lanes through the physical media 
attachment (PMA) and physical coding sub layer (PCS) of SerDes interface. The detailed configuration of 
the SerDes interface for various protocols is explained in the SerDesIF Block chapter of the UG0567: 
RTG4 FPGA High Speed Serial Interfaces User Guide. 

This section describes the SerDes I/O pins, banks, standards, and board-level design considerations for 
RTG4 devices.

1. The TCK pin can be pulled-up/down. If it is pulled-up, it must be based on the 
VJTAG voltage.

2. The TRSTB pin can only be pulled down. If there is more than one device on a 
JTAG chain, all the devices must have equal parallel resistance.

Table 18 • Device Reset I/O Pin Details

Pin Type I/O Description
DEVRST_N Analog Input Device reset, asserted low, and powered by VPP.

System Controller Reset Contreoller Chip Level Resets

DEVRST_N

http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134411
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134411
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
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3.5.2.1 SerDes I/O Banks
SerDes I/Os reside in dedicated I/O banks. The number of SerDes I/Os depends on the device size and 
pin count. For example, the RT4G150 device has four SerDes_IFs (SERDES_IF0, SERDES_IF1, 
SERDES_IF2, and SERDES_IF3) that reside in four I/O banks. 

For more information about I/O bank locations and electrical specifications, see the UG0567: RTG4 
FPGA High Speed Serial Interfaces User Guide.

3.5.2.2 SerDes I/O Pins
Each SerDes interface in an RTG4 device has four SerDes I/O data lanes or 16 SerDes I/Os available for 
accessing the SerDes interface (SERDESIF block). Each data lane has two pairs of differential signals. 
The TxDP and TxDN signals are for transmit data and the RxDP and RxDN signals are for receive data. 
Data lanes are multiplexed to support different serial protocols and are scalable to various link widths 
such as ×1, ×2, and ×4. These settings can be configured in the SERDES_IF macro using Libero SoC. 
Each SERDES_IF macro has two sets of dedicated power, clock, and reference signals. One set for data 
lanes 0 and 1 and another for data lanes 2 and 3. For more information about SerDes I/Os, and for power 
pin names and descriptions, see DS0130: RTG4 FPGA Pin Descriptions.

3.6 Dedicated Global I/Os
Dedicated global I/Os are dual-use I/Os that can drive the global blocks directly or through clock 
conditioning circuits (CCC). They can also be used as regular user I/Os. Global I/Os are the primary 
source to bring external clock inputs into the RTG4 device. 

Unused dedicated global I/Os behave similar to unused regular user I/Os (MSIO, MSIOD, and DDRIO). 
Libero SoC configures unused user I/Os as the input buffer, which is disabled by default and the output 
buffer is tristated with weak pull-up. RTG4 devices have 36 I/Os dedicated for global clocks, and have12 
of clocks dedicated for SerDes clocks.

The GRESET block generates a global asynchronous reset signal during power-up or programming, and 
allows the user to apply an asynchronous reset on the fabric flip-flops globally. For more information 
about Global I/Os, see UG0586: RTG4 FPGA Clocking Resources User Guide.

3.6.1 Global Asynchronous Reset
An RTG4 device contains the following chip-wide resources to implement asynchronous reset/set 
signals. Note that regardless of the user selected asynchronous reset function during power-on and 
programming all fabric and IP blocks in the design are set or reset globally. See the 
power-up-to-functional information in the UG0576: RTG4 FPGA System Controller User Guide to show 
when the device’s controlled reset is released to allow the following user resets to take effect:

• GRESET: This is a single resource that has hardwired connections from four semi-dedicated MSIO 
I/O pads. It can also be driven by an internal fabric signal. A GRESET macro in the design is 
mapped to this resource. If the MSIO pads are not used for the GRESET function, they behave 
similar to regular user I/Os and can be used for other I/O interface pins. The output of the GRESET 
block is the ARST_N signal that is routed to the RGRESET block and can be selected as an option 
for each half-row of the device as needed.

• Global Resources: Up to 17 half-chip global resources asynchronous reset per vertical half-row of 
the device. These signals must drive the RGRESET block to control the asynchronous reset of a 
half-row of the fabric. This feature is not available in the RT4G150_ES device.

• Asynchronous Resets: Up to 206 asynchronous resets are available. This is the number of 
half-row fabric interfaces that are driven by the RGRESET block on the RT4G150 device.

• RGRESET: This is a single resource that serves each half-row of logic clusters in the fabric and 
resides in the two RGB stripes of a device. Each RGRESET resource spans half a row. It has a 
hardwired connection from the GRESET resource. In addition, it has hardwired connections from 17 
GB resources through an RGB resource (for all RTG4 devices except the RT4G150_ES device). It 
can also be driven by three internal fabric signals, the drivers of which are triplicated from the same 
source, which must be either three separate SET mitigated flip-flops or three separate input buffers. 
An RGRESET macro in the design is mapped to this resource. This feature is not available in the 
RT4G150_ES device.

The following figure shows the asynchronous reset/set.

http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134410
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134409
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134411
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=134406
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Figure 9 • Asynchronous Reset/Set

3.6.1.1 Software Implementation
When the design uses an asynchronous reset signal, the software automatically instantiates the 
GRESET macro, and the output of this macro drives the asynchronous reset ports of all the flip-flops in 
the design, including RAM flip-flops, mathblock flip-flops, fabric flip-flops, and I/O 
flip-flops if used. The software automatically instantiates a GRESET macro where the output of that 
macro is the ARST_N signal that feeds to the entire chip, as shown in the following figure.

Note: The GRESET macro can be instantiated only once.

Figure 10 • GRESET I/O Chip Layout

The three dedicated GRESET pads are multifunction I/Os. The pads:

• Serve as regular MSIO, 
• Directly feed specific GBs, and 
• Are directly hardwired to the GRESET.
The following figure shows the three I/Os in the CG1657 package.

Figure 11 • Dedicated GRESET I/O

3.6.1.2 Use Models
In RT4G150_ES silicon, row global asynchronous reset is directly sourced from the GRESET block. In 
production silicon, row global asynchronous reset can be programmed to keep the same configuration as 
that of revision A and revision B to tie with the global reset signal from GRESET block. Alternatively, it 
can use the routing resource from the clock network (physically located at RGB block) to select the local 
reset.
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This section describes different methods users may use to drive the asynchronous reset, including 
software examples for each scenario.

3.6.1.2.1 Case 1
Dedicated reset pad > CLKINT > RST.

The following figure shows Pin A assigned to one of the dedicated reset pads in this scenario.

Figure 12 • Software Netlist Viewer Optimized View

ClKINT is optimized out. The net highlighted in yellow, which is the output of the GRESET, is hardwired.

Figure 13 • GRESET Output – Case 1

The software automatically instantiates a GRESET instance macro. The output of this macro is the 
ARST_N signal that is fed to the entire chip.
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The following figure shows the ARST_N signal on the chip.

Figure 14 • ARST_N Signal

3.6.1.2.2 Case 2
Regular I/O pad > CLKINT > RST.

The following figure shows the pin A assigned to a regular I/O pad in this scenario.

Figure 15 • Regular I/O Pad – Case 2
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Figure 16 • GRESET Output – Case 2

3.6.1.2.3 Case 3
Regular I/O pad > Fabric Routing > CLKINT > RST.

The CLKINT signal is removed by the software. The signal is routed from port A to AND2_0; from 
AND2_0:Y, the GRESET signal is routed, and from GRESET:Y, the reset pin of the flip flop is hardwired.

The following figure shows how a regular I/O pad is routed in this scenario.

Figure 17 • Regular I/O Pad – Case 3

Figure 18 • GRESET Output – Case 3
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3.6.1.2.4 Case 4
Dedicated GRESET I/O pad > Fabric Routing > CLKINT > RST. 

Similar to Case 3, the CLKINT is removed by the software. From port A to AND2, the signal is routed; 
from AND2:Y, the GRESET signal is routed; and from GRESET:Y, the reset pin of the flip flop is 
hardwired.

Figure 19 • Regular I/O Pad – Case 4 

Figure 20 • GRESET Output– Case 4

3.6.1.2.5 Case 5
Dedicate GRESET I/O pad > Fabric Routing > RCLKINT > RST.

Similar to cases 3 and 4, the RCLKINT is removed by the software. From port A to AND2, the signal is 
routed; from AND2:Y, the GRESET signal is routed; and from GRESET:Y, the reset pin of the flip flop is 
hardwired.

Figure 21 • Regular I/O Pad – Case 5 



I/O Features

Microsemi Proprietary UG0741 Revision 7.0 35

Figure 22 • GRESET Output– Case 5

 

3.7 I/O Register Combining
I/Os are combined with a register to achieve better clock-to-out and input-to-clock timing. When 
combining these registers at the I/O buffer, some design rules must be met. This feature is supported by 
all I/O standards.

The I/O register combining rules are as follows:

• Registers combined on the Output and Output Enable must have the same configuration.
Example: If the output register is DFN1C0, the Output Enable register must also be DFN1C0.

• All registers (Input, Output, and Output Enable) connected to an I/O must share the same clear 
(CLR) or preset (PRE) pin.

• If one of the registers has a CLR pin, all the other registers that are candidates for combining in the 
I/O must have a CLR pin.

• If one of the registers has a PRE pin, all the other registers that are candidates for combining in the 
I/O must have a PRE pin.

• If one of the registers has neither a CLR nor a PRE pin, all the other registers that are candidates for 
combining must have neither a CLR nor a PRE pin.

• If the CLR or PRE pins are present, they must have the same polarity.
• If the CLR or PRE pins are present, they must be driven by the same signal (net).
• The fan-out between an I/O pin (D, Y, or E) and a register must be equal to 1.
• The register pin connected to the I/O must be the 'D' or 'Q' pin.
• Registers connected to an I/O on the Output and Output Enable pins must have the same clock and 

enable function.
• Both the Output and Output Enable registers must have an E pin (clock enable) or none at all.
• If the E pins are present, they must have the same polarity. The CLK pins must also have the same 

polarity. In some cases, you may want registers to be combined with the input of a BIBUF while 
maintaining the output as is. This can be achieved by using PDC commands as follows:
set_io <signal name> -REGISTER yes: register will combine

set_preserve <signal name>: register will not combine

In libero SoC, users can use the set_ioff command for I/O Register Combining.

The set_ioff command specifies whether or not a register is combined with an I/O during Synthesis. 
This command is placed in a Compile Netlist Constraint (*.ndc) file that the Constraint Manager passes to 
Synthesis as a constraint in the Libero SoC Enhanced Constraint Flow. The syntax is as follows:

set_ioff {<portname>}\

[-in_reg yes|no]\

[-out_reg yes|no]\

[-en_reg yes|no]
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Where:

<portname>: It specifies the name of the I/O port to be combined with a register. The port can be an 
input, output, or inout port.

-in_reg: It specifies whether the input register is combined into the port <portname>. Valid values are 
“yes” or “no”.

-out_reg: It specifies whether the output register is combined into the port <portname>. Valid values are 
“yes” or “no”.

-en_reg: It specifies whether the enable register is combined into the port <portname>. Valid values are 
“yes” or “no”.

The Netlist Attributes tab allows you to manage netlist attribute constraints to optimize your design during 
the synthesis and/or compile process.

1. Go to Constraint Manager – > Netlist Attributes tab
2. Available operations are as follows:
• New: It creates a new FDC or NDC netlist attribute constraints file in the 

<Project_location>\constraint folder.
• Import: It imports an existing FDC or NDC netlist attribute constraints file into the Libero SoC project. 

The FDC or NDC netlist attribute constraints file is copied into the <Project_location>\constraint 
folder.

• Link: It creates a link in the project’s constraint folder to an existing FDC or NDC netlist attribute 
constraints file (located and maintained outside of the Libero SoC project).

• Check: It checks the legality of the FDC and NDC file(s) associated with the Synthesis or Compile 
tools.

Figure 23 • Netlist Attributes

3.8 Failsafe Mode for Differential Receivers
The RTG4 MSIO/MSIOD buffers support the failsafe mode for differential receivers to remain in a known 
and safe state. The failsafe mode is used when the input pins are not driven externally. An ideal use case 
of the failsafe mode is at power-up in a system where the driving chip may be powered after the receiving 
chip. When an external differential driver is not powered and is in a high-Z state, the inputs to the 
receiving chip can float causing uncontrolled oscillations at the receiver.

The RTG4 failsafe mode is implemented using a 100Ω differential termination (ODT) and a weak pull-up 
or pull-down on the PAD as shown in Figure 24, page 37. RTG4 differential receiver pins can be 
configured for the failsafe mode by doing the following:

• Enabling differential termination across a differential input pair.
• Using the weak pull-up/pull-down modes on the required input pair.

•      A weak pull-up is enabled on the True PAD.
•      A weak pull-down is enabled on the Complement PAD.

Note: Pull-up and pull-down can be swapped between the True and Complement PADs.

Note: LVDS33 cannot implement the failsafe circuitry. 

Note: The SerDes Rx Inputs and SerDes reference clock inputs do not include fail-safe circuitry.
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Figure 24 • LVDS Failsafe Mode

3.8.1 Failsafe LVDS using Dynamic ODT 
• The receiver is kept in a safe state when implemented using a differential termination across a 

differential input pair. The termination is disabled when required to support fail-safe allowing the 
weak pull-up and pull-down to safely protect the pins. 

• A per IO bank dynamic, ODT_DYN signal from the fabric is used to enable or disable the differential 
termination at each pair. 
• When ODT_DYN signal=0, termination is on. When ODT_DYN signal=1, termination is off. 
• ODT_DYNAMIC PDC option for the differential pins using the ODT_DYN signal should be set to 

ODT_DYNAMIC= OFF
• A programmable bit (ODT_STATIC) is used per IO. Each IO has a PC bit to support or not support 

the bank signal ODT_DYN. 
• OFF - do not honor the ODT_DYN bank signal. ON - honor the ODT_DYN bank signal. 
• The differential pins requiring failsafe should have ODT_STATIC = ON

• It is required to enable the weak pull modes on the differential pair. A weak pull-up is enabled on the 
PADP. A weak pull-down is enabled on the PADN.

With failsafe implementation, the weak pull-up and weak pull-down are on all the time. ODT_DYN is used 
to disable the differential termination when the Pads are not driven externally. The ODT_DYN signal is 
fabric controlled from user design.

Figure 25 • ODT Control for Fail-Safe Operation
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To implement in Libero SoC, the design is required to instantiate a RTG4_ODT_DYN macro for the bank 
that is hosting the differential receiver as shown in following figure. 

Figure 26 • Simple SmartDesign for Failsafe using Dynamic ODT

Figure 27 • IOEditor Example with Failsafe Settings

Following are the PDC constraints for Failsafe receiver 

set_io {PADN_IN[0]}   \

    -pinname A5       \

    -fixed yes        \

    -iostd LVDS       \

    -ODT_STATIC On    \

    -RES_PULL Up      \

    -DIRECTION INPUT

set_io {PADP_IN[0]}   \

    -pinname A4       \

    -fixed yes        \

    -iostd LVDS       \

    -ODT_STATIC On    \

    -RES_PULL Up      \

    -DIRECTION INPUT

Note: There is a known issue only in the IO Editor and the pin report. It is specific to a software limitation where 
different values cannot be entered for the P and N sides. Currently, both must have the same value. 

Libero does program the P and N side correctly, 

• If the RES_PULL is Up on both PADP and PADN, it means the N side is program as Down. 
• If the RES_PULL is Down on both PADP and PADN, it means the N side is program as Up. 
RTG4 SerDes receivers and SerDes reference clock inputs do not support internal fail-safe circuitry. 
Microchip does not have any recommended external failsafe terminations. Unused SerDes receivers can 
be powered-off through the SerDes control registers when not in use.


