PolarFire® SoC Datasheet
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Overview

This datasheet describes PolarFire” SoC device characteristics with industrial temperature range (-40 °C to 100
°CT)) extended commercial temperature range (0 °C to 100 °C T)), AECQ-100 qualified temperature range (-40
°Cto 125 °CT)), and Military temperature range (-55 °C to 125 °CT)) (part number prefixes MPFS025, MPFSQ95,
MPFS160, MPFS250, and MPFS460). The devices are provided with a standard speed grade (STD) and a -1
speed grade with higher performance. The device has a single core supply Vpp which can operate at 1.0V for
lower-power or 1.05V for higher performance. Similarly, the transceiver core supply Vppa can also operate at
1.0V or 1.05V. Users select the core operating voltage while creating the Libero project.
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1. Device Offering

Refer to section "PolarFire SoC Device Offering" in the PolarFire” SoC Product Overview.
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2. Silicon and Libero Tool Status
There are three status levels:

+ Advanced - Initial estimated information based on simulations.
+ Preliminary - Information based on simulation and/or initial characterization.
* Production - Final production data.

The following tables list the status of the PolarFire SoC silicon and Libero Timing and Power tool.

Table 2-1. PolarFire SoC Silicon Status

MPFS250T, TS, TL, TLS, TC Production - all temperature grades
MPFS025T, TS, TL, TLS, TC Production - all temperature grades
MPFSQ95T, TS, TL, TLS, TC Production - all temperature grades
MPF160T, TS, TL, TLS, TC Production - all temperature grades
MPFS460T, TS, TL, TLS, TC Production - all temperature grades

Note: Refer to Device Offering for the list of available part numbers.

Table 2-2. PolarFire SoC Tool Status - Extended Commercial and Industrial
Libero Timing and Power status for extended commercial and industrial temperature grade devices.

Status Minimum Libero Version that meets the Status column

Tlmlng

Extended Extended
Commercial Commercial

MPFS250T, TS, TL, TLS Production 2022.1 20221 20221 20221 20221 20221 20221 20221
MPFS025T, TS, TL, TLS Production 2022.1 2022.1 2022.1 2022.1 2022.1 20221 20221 2022.1
MPFSQ95T, TS, TL, TLS Production 2022.3 2022.3 20223 20223 20223 20223 20223 20223
MPFS160T, TS, TL, TLS Production 2022.3 20223 2022.3 20223 20223 20223 20223 20223
MPFS460T, TS, TL, TLS Production 2024.2 2024.2 2024.2 20242 20242 20242 20242 2024.2
MPFESxxxTC Production 2025.1 NA 2025.1 NA 2025.1 NA 2025.1 NA

Table 2-3. PolarFire SoC Tool Status - Military
Libero Timing and Power status for Military temperature grade devices.

MPFS250T Production 2022.3
MPFS460T — STD —
MPFS095T — STD —

Table 2-4. PolarFire SoC Tool Status - Automotive AECQ-100 T2
Libero Timing and Power status for automotive T2 temperature grade devices.

MPFS250T Production STD, -1 2024.2
MPFS025T Production STD, -1 2024.2
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Table 2-4. PolarFire SoC Tool Status - Automotive AECQ-100 T2 (continued)

MPFS095T Production STD, -1 2024.2
MPFS160T Production STD, -1 2024.2
MPFS025TC Production STD 2025.1
MPFS095TC Production STD 2025.1
MPFS160TC Production STD 2025.1
MPFS250TC Production STD 2025.1
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3. DC Characteristics

This section lists the DC characteristics of the PolarFire FPGA device.

3.1. Absolute Maximum Rating
The following table lists the absolute maximum ratings for PolarFire devices.

Table 3-1. Absolute Maximum Rating3

Voo -0.5 1.13 v

FPGA core power

supply

Transceiver Tx and Rx  Vppa -0.5 1.13 Vv
lanes supply

Programming and HSIO Vpp1g -0.5 2.0 Vv
receiver supply

FPGA core and FPGA Vbp2s -0.5 2.7 vV
PLL high-voltage supply

Transceiver PLL high-  Vppazs -0.5 2.7 \Y
voltage supply

Transceiver reference  Vpp xcvr cik -0.5 3.6 vV
clock supply

Global VRerp for XCVRyRer -0.5 3.6 \Y
transceiver reference

clocks

HSIO DC I/0 supplyz VpDix -0.5 2.0

GPIO DC I/0 supply? Vbbix -0.5 3.6

Dedicated I/0 DC Vopiz -0.5 3.6

supply for JTAG and SPI

MSSIO DC I/0 supply Vbpix -0.5 3.6

Dedicated I/0 DC Vopis -0.5 3.6 Vv
supply for MSS SGMII

(GPIO Bank 5)

Dedicated I/0 DC Vppie -0.5 3.6 \Y
supply for MSS DDR

(GPIO Bank 6)

GPIO auxiliary power VbDAUXX -0.5 3.6 Vv
supply for 1/0 bank x2

Maximum DC input ViN -0.5 3.8 Vv
voltage on GPIO

Maximum DC input Vin -0.5 2.2 Vv
voltage on HSIO

Transceiver receiver Transceiver Viy -0.5 1.26 Vv
absolute input voltage

Transceiver reference  Transceiver REFCLK V| -0.5 3.6 Vv
clock absolute input

voltage

Storage temperature Tstg -65 150 °C
(ambient)’

Junction temperature! T, =55 135 °C

@ MICROCHIP



3.2

Table 3-1. Absolute Maximum Rating3 (continued)

Maximum soldering

temperature RoHS

TsoLroHS

1. See Table 4-98 for retention time vs. temperature. The total time used in calculating the device
retention includes the device operating temperature time and temperature during storage time.

The power supplies for a given I/0 bank x are shown as Vppx and Vppauxx-

3. 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 Table 3-2 is not implied. Stresses beyond those listed in the following table might
cause permanent damage to the device. Exposure to absolute maximum rating conditions for

extended periods may affect device reliability.

Recommended Operating Conditions
The following table lists the recommended operating conditions.

Table 3-2. Recommended Operating Conditions1?

FPGA core
supply at 1.0V
mode’ &8

FPGA core
supply at 1.05V
mode’- &8

Transceiver Tx
and Rx lanes
supply (1.0V
mode)® 7.9

Transceiver Tx
and Rx lanes
supply (1.05V
mode)® 9

Programming
and HSIO

receiver supply®

FPGA core and
FPGA PLL high-
voltage supply®

Transceiver PLL
high-voltage
supply®

Transceiver
reference clock

supply®: 7

Global Vg for
transceiver
reference
clocks3:2
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Vbp

Vbpa

Vbba

Vbp1s

Vbba2s

Vbbazs

VbD_XCVR_CLK

XCVRyRer

1.02

0.97

1.02

1.71

2.425

2.425

3.135
2.375

Ground

1.00

1.05

1.00

1.05

1.80

2.50

2.50

33
2.5

1.08

1.03

1.08

1.89

2.575

2.575

3.465
2.625

VbD_XCVR_ CLK

When all lane
rates are
10.3125 Gbps or
less.!

Must when any
lane rate is
greater than
10.3125 Gbps.
Lane rates
10.3125 Gbps or
less may also be
powered in
1.05V mode.’

3.3V nominal

2.5V nominal



Table 3-2. Recommended Operating Conditions? (continued)

HSIO DC I/0
supply®

GPIO DC I/0
supply®

Dedicated I/0
DC supply for
JTAG and SPI
(GPIO Bank 3)®

MSSIO DC I/0
Supply

Dedicated I/0
DC supply for
MSS SGMII
(GPIO Bank 5)8

Dedicated I/0
DC supply for
MSS DDR (GPIO
Bank 6)8

GPIO auxiliary
supply®

Extended
commercial
temperature
range

Industrial
temperature
range

Automotive T2
temperature
range

Military
temperature
range

Extended
commercial
programming
temperature
range

Industrial
programming
temperature
range
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Vbbix

Vbpix

Vbbiz

Vbbix

Vbbis

Vbbis

VbbAUXx

Trra

Tpra

1.71

2.375

1.14
1.06
1.425
1.14
3.135

2.375

=55

Various

Various

Various

Various

Various

1.2
1.1
1.5
1.2
33

2.5

3.465

3.465

3.465

3.465

1.26
1.17
1.575
1.26V
3.465

2.625

100

100

125

125

100

100

< < < < <

°C

°C

°C

°C

°C

°C

Allowed nominal
options: 1.2V,
1.35V, 1.5V, and
1.8V4 5

Allowed nominal
options: 1.2V,
1.5V, 1.8V, 2.5V,
and 3.3v2 4.5

Allowed nominal
options: 1.8V,
2.5V, and 3.3V

Allowed nominal
options: 1.2V,
1.5V, 1.8V, 2.5V,
and 3.3V2 45
Allowed nominal
options: 2.5V,
and 3.3V

For DDR4
For LPDDR4
For DDR3

For LPDDR3

For I/0 bank x
with VDDIX =3.3V
nominal? 45

For I/0 bank x
Wlth VDDIX =2.5V
nominal or
lower2 45



1. Vpp and Vppa can independently operate at 1.0V or 1.05V nominal. These supplies are not
dynamically adjustable.

2. For GPIO buffers where I/0 bank is designated as bank number, if Vppx is 2.5V nominal or 3.3V
nominal, Vppauxx Must be connected to the Vppx supply for that bank. If Vpp), for a given GPIO
bank is <2.5V nominal, Vppauxx per /0 bank must be powered at 2.5V nominal.

3. XCVRyger globally sets the reference voltage of the transceiver's single-ended reference clock
input buffers. It is typically near Vpp_xcvr _c1Lk/2 but is allowed in the specified range.

The power supplies for a given I/0 bank x are shown as Vppx and Vppauxx-

5. At power-up and power-down, the Vpp)x and Vppauxx SUPPlY sequencing can cause signal
glitches. Refer to PolarFire FPGA and PolarFire SoC FPGA User I/0 User Guide and UG0726:
PolarFire FPGA Board Design User Guide for detailed explanation and recommended steps.

6. The recommended power supply tolerances include DC offset of the supply plus any power
supply ripple over the customer design frequencies of interest, as measured at the device
package pins. An example for a valid power supply that meets the recommendations for the
VDD supply is 1.0V £10 mV or 1.05V £10 mV for DC offset with an additional power supply ripple
of +20 mV for a total of 1.0V +£30 mV or 1.05V +30 mV.

7. Both Vppa and Vpp xcvr_cLk supplies must be powered when any of the transceivers are used.
Vbp_xcvr_cLk Must power on within the XCVR calibration time (as specified for the device in
Libero). Vppa and Vpp xcvr_cLk must both then remain powered during operation. If Vppa needs
to be powered down, Vpp xcvr_cLk must also be powered down. There is no required sequence
for powering up or down Vppa and Vpp xcvr cLk-

8. Vppis must be powered on when Vpp is powered on. Vpp s must power on within the I/0
calibration time (as specified for the device in Libero). Vppis and Vpp must both then remain
powered during operation. If Vpp needs to be powered down, then Vpp;s must also be powered
down. There is no required sequence for powering up or down of Vpp and Vppys.

9. Both Vppa and XCVRyger supplies must be powered when any of the transceivers are used.
XCVRyrer must be powered on when Vpp, is powered on. XCVRygrer must power on within the 1/0
calibration time (as specified for the device in Libero). Vppa and XCVRygrer must both then remain
powered during operation. If Vppa needs to be powered down, XCVRyrgr must also be powered
down. There is no required sequence for powering up or down Vppa and XCVRyggr.

10. This product is designed and validated for operation within the junction temperature (Tj) range
specified in the Recommended Operating Conditions in this datasheet. Device functionality and
performance outside this recommended Operating range are not supported. Customers should
account for the temperature difference between ambient (Ta) and junction (Tj) in their thermal
environment and specific use case, which may result in a different and typically narrower
ambient (Ta) operating temperature range.

3.2.1. DC Characteristics over Recommended Operating Conditions
The following table lists the DC characteristics over recommended operating conditions.

Table 3-3. DC Characteristics over Recommended Operating Conditions

Input pin capacitance’ Cin (GPIO)
Dedicated input pins
Cn (HSIO) = 2.8 pf —
Input or output leakage IL (GPIO) — 10 HA I/0 disabled, high—Z

current per pin I (HSIO) — 10 LA 1/0 disabled, high—z
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Table 3-3. DC Characteristics over Recommended Operating Conditions (continued)

Pad pull-up when V| =0 137 Vppix = 3.3V
Pad pull-up when Vi =0 102 166 HA Vppix = 2.5V
Pad pull-up when V| =0 68 115 HA Vppix = 1.8V
Pad pull-up when Vi =0 51 88 HA Vppix = 1.5V
Pad pull-up when V| =0 29 73 HA Vppix = 1.35V
Pad pull-up when V|\ =0 16 46 HA Vppix = 1.2V
Pad pull-down when Vi = 3.3V Ipp 3 65 187 A Vppix = 3.3V
(GPIO only)

Pad pull-down when V| = 2.5V 63 160 HA Vppix = 2.5V
(GPIO only)

Pad pull-down when V5 = 1.8V 60 117 HA Vppix = 1.8V
Pad pull-down when V|\ = 1.5V 57 95 HA Vppix = 1.5V
Pad pull-down when V| = 52 86 HA Vppix = 1.35V
1.35V

Pad pull-down when V| = 1.2V 47 79 HA Vppix = 1.2V

1. Represents the die input capacitance at the pad (not the package).
2. Weak pullup resistance (Rpy) = VDDI/IPU.
3. Weak pull-down resistance (Rpp) = VIN/IPD.

Table 3-4. Minimum and Maximum Rise and Fall Times

Parameter Symbol Maximum | Condition
Frequency

Input rise time'4 Trise 200 ps?3 10% signal period F<100KHz  Min (10% S|gnal
Input fall time'# TraLL period, 1 ps)®
12.5% signal period ps 100 KHz < F £ Min (12.5% signal
400 KHz period, 300 ns)®
20% signal period ps 400 KHz < F < Min (20% signal
50 MHz period, 50 ns)’
4 ns 50 MHz < F< Not to exceed 4 ns®
125 MHz
50% signal period ns 125 MHz <F  Sawtooth waveform?
<800 MHz

1. Voltage ramp must be monotonic. For single-ended I/0 standards, input rise time is specified
from 10%-90% of Vppix and input fall time is specified from 90%-10% of Vpp)x. For voltage
referenced and differential I/0 configurations, ramp times must always comply with I/0
standard requirements to ensure compliance.

2. Input slew rates must be controlled to never exceed PAD overshoot/undershoot requirements.
Input pad overshoot and undershoot specifications are shown in Maximum Allowed Overshoot
and Undershoot.

3. Rise and fall times in this table are for unterminated inputs. When inputs are terminated,
minimum ramp time is not restricted. Recommended minimum ramp time is 25% of bit period,
not to exceed a rate of 5 V/ns.

4, Ramp times must not exceed I/0 standard requirements to ensure compliance.
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5. For signal frequencies <100 KHz, maximum rise time is 1 ys. For example, if signal frequency
(F) is 100 KHz, 10% of signal period is 1 ps. The maximum ramp time allowed is the 1 ps limit.
However, if signal frequency is 10 KHz, then 10% of signal period is 10 ps which exceeds the
maximum limit of 1 ys. The maximum ramp time allowed is therefore 1 ps.

6. For 100 KHz < signal frequencies < 400 KHz, maximum rise time is 300 ns. For example, if signal
frequency is 400 KHz, then 12.5% of signal period is 312.5 ns. The maximum ramp time allowed
is 300 ps. If the signal frequency is 200 KHz, then 12.5% of signal period is 625 ns. The maximum
ramp time allowed is therefore 300 ns.

7. For 400 KHz < signal frequencies < 50 MHz, maximum rise time is 50 ns or 20% of signal period,
whichever is less. For example, if signal frequency is 50 MHz, then 20% of signal period is 4 ns.
The maximum ramp time allowed is therefore 4 ns, even if the max limit is 50 ns. If the signal
frequency is 1 MHz, then 20% of signal period is 200 ns. The maximum ramp time allowed is
therefore 50 ns.

8. For 50 MHz < signal frequencies < 125 MHz, maximum rise time is 4 ns. For example, if signal
frequency is 125 MHz, then the maximum ramp time allowed is 4 ns (sawtooth signal). If the
signal frequency is 75 MHz, the maximum ramp time allowed at 75 MHz is still 4 ns.

9. For 125 MHz < signal frequencies < 800 MHz, maximum rise time is 50% of signal frequency
(sawtooth signal). For example, if signal frequency is 250 MHz, then the maximum ramp time
allowed is 2 ns. If the signal frequency is 800 MHz, the maximum ramp time allowed is 0.625 ns.

3.2.2. Maximum Allowed Overshoot and Undershoot

During transitions, input signals may overshoot and undershoot the voltage listed as follows. Input
currents must be limited to less than 100 mA per latch-up specifications.

The maximum overshoot duration is specified as a high-time percentage over the lifetime of the
device. A DC signal is equivalent to 100% of the duty cycle.

The following tables list the maximum AC input voltage (V|\) overshoot duration for HSIO.

Table 3-5. Maximum Overshoot During Transitions for HSIO at T; = 100 °C

AC (V|y) Overshoot Duration as % at T; = 100 °C Condition (V)

100 1.8
100 1.85
100 1.9
100 1.95
100 2
100 2.05
100 2.1
100 2.15
100 2.2
90 2.25
30 23
7.5 2.35
1.9 24

Note: Overshoot level is for Vpp, at 1.8V.
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Table 3-6. Maximum Overshoot During Transitions for HSIO at T; = 125 °C

AC (V|y) Overshoot Duration as % at Ty = 125 °C Condition (V)

100 1.8
100 1.85
100 1.9
100 1.95
100 2
100 2.05
100 2.1
100 2.15
100 2.2
35 2.25
2.3
2.35
0.5 2.4

Note: Overshoot level is for Vpp, at 1.8V.

The following table lists the maximum AC input voltage (V|y) undershoot duration for HSIO.

Table 3-7. Maximum Undershoot During Transitions for HSIO at T, = 100 °C

AC (V|y) Undershoot Duration as % at T;= 100 °C Condition (V)

100 -0.05
100 -0.1
100 -0.15
100 -0.2
100 -0.25
100 -0.3
100 -0.35
100 -0.4
44 -0.45
14 -0.5
4.8 -0.55
1.6 -0.6

Table 3-8. Maximum Undershoot During Transitions for HSIO at T, = 125 °C

AC (V|n) Undershoot Duration as % at Ty = 125 °C Condition (V)

100 -0.05
100 -0.1
100 -0.15
100 -0.2
100 -0.25
100 -0.3
86 -0.35
26 -0.4
8 -0.45
2.6 -0.5
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Table 3-8. Maximum Undershoot During Transitions for HSIO at T, = 125 °C (continued)

AC (Vin) Undershoot Duration as % at T; = 125 °C Condition (V)

0.8 -0.55
0.3 -0.6

The following table lists the maximum AC input voltage (V|y) overshoot duration for GPIO.

Table 3-9. Maximum Overshoot During Transitions for GPIO at T, = 100 °C

AC (Vi) Overshoot Duration as % at Tj= 100 °C Condition (V)

100 3.8
100 3.85
100 3.9
100 3.95
70 4

50 4.05
33 4.1
22 4.15
14 4.2
9.8 4.25
6.5 43
4.4 435
3 4.4
2 4.45
1.4 4.5
0.9 4.55
0.6 4.6

Note: Overshoot level is for Vpp, at 3.3V.

Table 3-10. Maximum Overshoot During Transitions for GPIO at T, = 125 °C

AC (V|y) Overshoot Duration as % at Ty = 125 °C Condition (V)

100 3.8
84 3.85
54 3.9
35 3.95
23 4

15 4.05
10 4.1
6.6 415
4.4 4.2
29 4.25
1.9 4.3
1.3 4.35
0.9 4.4
0.6 4.45
0.4 4.5
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Table 3-10. Maximum Overshoot During Transitions for GPIO at T, = 125 °C (continued)

AC (Viy) Overshoot Duration as % at T; = 125 °C Condition (V)

0.28 4.55
0.19 4.6

Note: Overshoot level is Vpp, at 3.3V.

The following table lists the maximum AC input voltage (V) undershoot duration for GPIO.

Table 3-11. Maximum Undershoot During Transitions for GPIO at T; = 100 °C

AC (Vin) Undershoot Duration as % at T)= 100 °C Condition (V)

100 -0.5
100 -0.55
100 -0.6
100 -0.65
100 -0.7
100 -0.75
100 -0.8
100 -0.85
100 -0.9
100 -0.95
100 -1
100 -1.05
100 -1.1
100 -1.15
100 -1.2
69 -1.25
45 -1.3

Table 3-12. Maximum Undershoot During Transitions for GPIO at T, = 125 °C

AC (Vin) Undershoot Duration as % at T; = 125 °C Condition (V)

100 -0.5
100 -0.55
100 -0.6
100 -0.65
100 -0.7
100 -0.75
100 -0.8
100 -0.85
100 -0.9
100 -0.95
100 -1
100 -1.05
78 -1.1
50 -1.15
32 -1.2
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3.2.2.1.

3.2.2.2.

Table 3-12. Maximum Undershoot During Transitions for GPIO at T; = 125 °C (continued)
20 -1.25
13 -1.3

Power Supply Ramp Times

The following table lists the allowable power-up ramp times. Times shown correspond to the
ramp of the supply from 0V to the minimum recommended voltage as specified in the section
Recommended Operating Conditions. All supplies must rise and fall monotonically.

Table 3-13. Power Supply Ramp Times

I I o

FPGA core supply

Transceiver core supply Vbpa 0.2 50 ms
Must connect to 1.8V supply Vopi1g 0.2 50 ms
Must connect to 2.5V supply Vbp2s 0.2 50 ms
Must connect to 2.5V supply Vbpa2s 0.2 50 ms
HSIO bank I/0 power supplies Vbpifo,1,6,71 0.2 50 ms
GPIO bank I/0 power supplies Vobiz,4,5] 0.2 50 ms
Bank 3 dedicated I/0 buffers (GPIO) Vpoi3 0.2 50 ms
GPIO bank auxiliary power supplies VDDAUX[2,4,5] 0.2 50 ms
Transceiver reference clock supply VbD_XCVR_CLK 0.2 50 ms
Global Vg for transceiver reference clocks XCVRyRer 0.2 50 ms

Note: For proper operation of programming recovery mode, if a Vpp supply brown-out occurs
during programming, a minimum supply ramp down time for only the Vpp supply is recommended
to be 10 ms or longer by using a programmable regulator or on-board capacitors.

Hot Socketing

The following table lists the hot socketing DC characteristics over recommended operating
conditions.

Table 3-14. Hot Socketing DC Characteristics over Recommended Operating Conditions

0 s

Current per transceiver Rx input pin (P or N single- IxcvRRx HS — — ¥4 mMA  Vppa =0V

ended)" 2

Current per transceiver Tx output pin (P or N single- IxcvRx Hs — — £10 mA  Vppa =0V

ended)3

Current per transceiver reference clock input pln (PorN IXCVRREF_HS — — %1 mA VDD_XCVR_CLK =0V

single-ended)*

Current per GPIO pin (P or N single-ended)® lgpons — — *1  mMA Vppx=0V

Current per HSIO pin (P or N single-ended) — — — — — Hotsocketing is not supported
in HSIO.

1. Assumes device is powered-down, all supplies are grounded, AC-coupled interface, and input pin
pairs are driven by a CML driver at the maximum amplitude (1V pk-pk) that is toggling at any
rate with PRBS7 data.

2. Each P and N transceiver input has less than the specified maximum input current.
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3.3.

3.3.1.

3. Each P and N transceiver output is connected to a 40Q resistor (50Q CML termination—20%
tolerance) to the maximum allowed output voltage (Vppamax + 0.3V = 1.4V) through an AC-
coupling capacitor with all PolarFire device supplies grounded. This shows the current for a
worst-case DC-coupled interface. As an AC-coupled interface, the output signal will settle at
ground and no hot socket current will be seen.

4, VDD_XCVR_CLK is pOWGI’Ed down and the device is driven to -0.3V < V| < VDD_XCVR_CLK-

5. Vppix is powered down and the device is driven to -0.3V < V|y < GPIO Vppimax-

Note: The following dedicated pins do not support hot socketing: TMS, TDI, TRSTB, and DEVRST_N.

Weak pull-up (as specified in GPIO) is always enabled.

Input and Output

The following section describes DC I/0 levels, differential and complementary differential DC I/0
levels, HSIO and GPIO on-die termination specifications, and LVDS specifications.

DC Input and Output Levels
The following tables list the DC I/0O levels.

Table 3-15. DC Input Levels3

1/0 Standard

PCl

LVTTL
LVCMOS33
LVCMOS25
LVCMOS18
LVCMOS15
LVCMOS12
SSTL2512
SSTL25I12
SSTL18I2
SSTL18I12
SSTL15I
SSTL15II
SSTL135I
SSTL135lI
HSTL15I
HSTL15ll
HSTL135I
HSTL135l1
HSTL12I
HSTL12II
HSUL18I
HSUL18II
HSUL12I
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Vbl
Min (V)
3.15
3.15
3.15
2.375
1.71
1.425
1.14
2.375
2.375
1.71
1.71
1.425
1.425
1.283
1.283
1.425
1.425
1.283
1.283
1.14
1.14
1.71
1.71
1.14

Voo
Typ (V)
33
3.3
3.3
2.5
1.8
1.5
1.2
2.5
2.5
1.8
1.8
1.5
1.5
1.35
1.35
1.5
1.5
1.35
1.35
1.2
1.2
1.8
1.8
1.2

Vb
Max (V)
3.45
3.45
3.45
2.625
1.89
1.575
1.26
2.625
2.625
1.89
1.89
1.575
1.575
1.418
1.418
1.575
1.575
1.418
1.418
1.26
1.26
1.89
1.89
1.26

Vi
Min (V)
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3

Vi

Max (V)
0.3 x Vpp,
0.8

0.8

0.7

0.35 x Vpp,
0.35 x Vpp,
0.35 % Vppy
Vegr - 0.15
Vigr - 0.15
Vier - 0.125
Veer - 0.125
Vigr - 0.1
Vger - 0.1
Vegr - 0.09
Vegr - 0.09
Vggr - 0.1
Vrer - 0.1
Vegr - 0.09
Vier - 0.09
Vrer - 0.1
Vger - 0.1
0.3 % Vppy
0.3 % Vpp,
Vigr - 0.1

Min (V)
0.5 x Vppy
2

2

1.7

0.65 X Vpp,
0.65 x Vpp,
0.65 % Vpp
Vegr +0.15
Vigr +0.15
Vigr + 0.125
Veer +0.125
Vi + 0.1
Vggr + 0.1
Vegr + 0.09
Vigr +0.09
Vgr + 0.1
Vegr + 0.1
Vigr + 0.09
Vger + 0.09
Vegr + 0.1
Vige + 0.1
0.7 x Vpp,
0.7 x Vpp
Vi + 0.1



Table 3-15. DC Input Levels? (continued)

1/0 Standard Vppi Vppi Vppi Vi Vi Vi Vip!
Min (V) Typ (V) Max (V) Min (V) Max (V) Min (V) Max (V)

POD12I 1.14 1.2 1.26 -03 Vger - 0.08 Vger + 0.08 1.26

POD12Il 1.14 1.2 1.26 0.3 Vrer - 0.08 Vegr + 0.08 1.26

1. GPIO V|y max is 3.45V with PCl clamp diode turned off regardless of mode, that is, over-voltage
tolerant.

For external stub-series resistance. This resistance is on-die for GPIO.

3. PolarFire FPGA inputs are designed to support mixing assignment for certain I/0 standards,
allowing 1/0 using compatible standards to be placed in the same I/O bank. Refer to the
description of the mixed I/0 receiver capability in the PolarFire FPGA and PolarFire SoC FPGA
User I/0 User Guide.

Note: 3.3V and 2.5V are only supported in GPIO banks.

Table 3-16. DC Output Levels

1/0 Standard Vbpi Vopi Vppi VoL VoH

Min (V) Typ (V) Max (V) Max (V) Min (V)
PCI’ 3.15 3.3 3.45 0.1 x Vpp 0.9 x Vpp 1.5 0.5
LVTTL 3.15 3.3 3.45 0.4 2.4 Refer to Note 2
LVCMOS33 3.15 3.3 3.45 0.4 Vppi - 0.4
LVCMOS25 2.375 2.5 2.625 0.4 Vpp - 0.4
LVCMOS18 1.71 1.8 1.89 0.45 Vppi - 0.45
LVCMOS15 1.425 1.5 1.575 0.25 X Vppy 0.75 x Vppy
LVCMOS12 1.14 1.2 1.26 0.25 x Vppy 0.75 x Vppy
SSTL2513 2.375 2.5 2.625 V1 - 0.608 V7 +0.608 8.1 8.1
SSTL25113 2.375 2.5 2.625 V17 -0.810 Vit +0.810 16.2 16.2
SSTL18I13 1.71 1.8 1.89 V17 -0.603 V17 + 0.603 6.7 6.7
SSTL18II3 1.71 1.8 1.89 V17 -0.603 V17 + 0.603 13.4 13.4
SSTL1514 1.425 1.5 1.575 0.2 x Vppy 0.8 x Vppy Vou/40  (Vppi - Von)/40
SSTL15I14 1.425 1.5 1.575 0.2 x Vppy 0.8 x Vppy Vou/34  (Vppi - Vop)/34
SSTL13514 1.283 1.35 1.418 0.2 X Vpp 0.8 x Vppy Vou/40  (Vppj - Von)/40
SSTL135114 1.283 1.35 1.418 0.2 x Vpp 0.8 x Vpp Vou/34  (Vopi - Von)/34
HSTL15I 1.425 1.5 1.575 0.4 Vppi - 0.4 8 8
HSTL15II 1.425 1.5 1.575 0.4 Vppi - 0.4 16 16
HSTL135/4 1.283 1.35 1.418 0.2 x Vppy 0.8 x Vppy Vou/50  (Vppi - Von)/50
HSTL135114 1.283 1.35 1.418 0.2 x Vppy 0.8 x Vppy Vou/25  (Vppi - Vou)/25
HSTL1214 1.14 1.2 1.26 0.1 % Vppy 0.9 x Vppy Vou/50  (Vppj - Von)/50
HSTL12114 1.14 1.2 1.26 0.1 x Vpp 0.9 x Vpp Vou/25  (Vopi - Von)/25
HSUL18I4 1.71 1.8 1.89 0.1 x Vpp, 0.9 x Vpp, Vou/55  (Vppi - Von)/55
HSUL18I14 1.71 1.8 1.89 0.1 % Vppy 0.9 x Vppy Vou/25 (Voo - Vou)/25
HSUL1214 1.14 1.2 1.26 0.1 x Vppy 0.9 x Vpp Vou/40  (Vppi - Vou)/40
POD12145 1.14 1.2 1.26 0.5 % Vpp, — Vou/48  (Vppi - Vor)/48
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Table 3-16. DC Output Levels (continued)

1/0 Standard VDDl VDDl VDD|
Min (V) Typ (V) Max (V) Max (V) Min (V)

POD12I145 1.14 0.5 x Vpp, Vo34 (Vppi - Von)/34

Drive strengths per PCl specification V/I curves.

Refer to PolarFire FPGA and PolarFire SoC FPGA User I/0 User Guide for details on supported
drive strengths.

N

For external stub-series resistance. This resistance is on-die for GPIO.
loL/lon units for impedance standards in amps (not mA).
Vo max based on external pull-up termination (pseudo-open drain).

o v AW

The total DC sink/source current of all I/0Os within a lane is limited as follows:
a. HSIO lane: 120 mA per 12 I/0 buffers.
b. GPIO lane: 160 mA per 12 1/0 buffers.

Note: 3.3V and 2.5V are only supported in GPIO banks.

3.3.2. Differential DC Input and Output Levels
The following tables list the differential DC /O levels.

Table 3-17. Differential DC Input Levels
1/0 Standard Bank Type VICM_RANGE Libero Setting VICM 1.3 VICM 13 VICM 1.3 VID 2 VID VID
Min (V) [Typ (V) | Max (V) [Min (V) |Typ (V) | Max (V)

LvDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LVDS257 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LVDS18G* GPIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LVDS187 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LCMDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LCMDS18 HSIO Mid (default) 0.6 1.25 1.65 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
LCMDS25 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.35 0.6
Low 0.05 0.4 0.8 0.1 0.35 0.6
RSDS33 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.6
Low 0.05 0.4 0.8 0.1 0.2 0.6
RSDS25 GPIO Mid (default) 0.6 1.25 2.35 0.1 0.2 0.6
Low 0.05 0.4 0.8 0.1 0.2 0.6
RSDS18° HSIO Mid (default) 0.6 1.25 1.65 0.1 0.2 0.6
Low 0.05 0.4 0.8 0.1 0.2 0.6
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Table 3-17. Differential DC Input Levels (continued)

1/0 Standard
MINILVDS33
MINILVDS25
MINILVDS18°>
SUBLVDS33
SUBLVDS25
SUBLVDS18°
PPDS33
PPDS25
PPDS18°
SLVS336
SLVS256
SLVS18°
HCSL33¢
HCSL25°
HCSL18°
BUSLVDSE25
MLVDSE25
LVPECL33

LVPECLE33
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Bank Type

GPIO

GPIO

HSIO

GPIO

GPIO

HSIO

GPIO

GPIO

HSIO

GPIO

GPIO

HSIO

GPIO

GPIO

HSIO

GPIO

GPIO

GPIO

GPIO

Vicm_rance Libero Setting

Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)
Low
Mid (default)

Low

Viem 3
Min (V)
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05
0.6
0.05

13
Viem

Typ (V)
1.25
0.4
1.25
0.4
1.25
0.4
0.9
0.4
0.9
0.4
0.9
0.4
0.8
0.4
0.8
0.4
0.8
0.4
1.25
0.2
1.25
0.2
1.00
0.4
1.25
0.35
1.25
0.35
1.0
0.4
1.25
0.4
1.25
0.4
1.65
0.4
1.65
0.4

Viem 3
Max (V)
2.35
0.8
2.35
0.8
1.65
0.8
2.35
0.8
2.35
0.8
1.65
0.8
2.35
0.8
2.35
0.8
1.65
0.8
2.35
0.8
2.35
0.8
1.65
0.8
2.35
0.8
2.35
0.8
1.65
0.8
2.35
0.8
2.35
0.8
2.35
0.8
2.35
0.8

Vip 2
Min (V)
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

Vip
Typ (V)
0.3
0.3
0.3
0.3
0.3
0.3
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.55
0.55
0.55
0.55
0.55
0.55
0.1
0.1
0.35
0.35
0.8
0.8
0.8
0.8

Vip
Max (V)
0.6
0.6
0.6
0.6
0.6
0.6
0.3
0.3
0.3
0.3
0.3
0.3
0.6
0.6
0.6
0.6
0.6
0.6
0.3
0.3
0.3
0.3
0.3
0.3
1.1
1.1
1.1
1.1
1.1
1.1
Vobin

Vbbin
2.4

2.4
2.4
2.4
2.4
24



Table 3-17. Differential DC Input Levels (continued)
1/0 Standard Bank Type VICM_RANGE Libero Setting VICM 1.3 VlCM 13 VICM 1.3 VID 2 VID VID
Min (V) |Typ (V) |Max (V) |Min (V) |[Typ (V) | Max (V)

MIPI125 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.2 0.3
Low 0.05 0.2 0.8 0.05 0.2 0.3

1. Vcmis the input Common mode.

V|p is the input differential voltage.

Vicm rules are as follows:

a. GPIO V|cpm must be less than Vpp, - 0.4V,

b. HSIO V|cm must be less than Vpp, - 0.24V;

C. Viem + Vip/2 must be <Vpp, + 0.4V;

d. Vicm - Vip/2 must be >VSS - 0.3V,

e. Any differential input with V|, 0.6 V requires the low Common mode setting in Libero
(Vicm_ranGE = Low).

Voo = 1.8V, Vppaux = 2.5V.

HSIO receiver only.

GPIO receiver only.

LVDS25 (GPIO), LVDS18G (GPIO), and LVDS18 (HSIO) configurations should be used in
conjunction with I/0 CDR when implementing SGMII receivers.

N o u oA

Table 3-18. Differential DC Output Levels

1/0 Standard Bank Voem ! Vocm Vocm
Type Min (V) Typ (V) Max (V)
LVDS33 GPIO 1.125 1.2 1.375
LVDS25 4 GPIO 1.125 1.2 1.375
LVDS18G* GPIO 1.125 1.2 1.375 0.25 035 0.45
LCMDS33 GPIO 0.45 0.6 0.7 0.25 035 0.45
LCMDS25 GPIO 0.45 0.6 0.7 0.25 0.35 0.45
RSDS33 GPIO 1.125 1.2 1.375 0.17 0.2 0.23
RSDS25 GPIO 1.125 12 1.375 0.17 0.2 0.23
MINILVDS33 GPIO 1.125 12 2.375 03 0.4 06
MINILVDS25 GPIO 1.125 1.2 2.375 03 0.4 06
SUBLVDS33 GPIO 08 0.9 1.0 0.1 0.15 03
SUBLVDS25 GPIO 08 0.9 1.0 0.1 0.15 03
PPDS33 GPIO 0.05 0.8 1.4 0.17 0.2 0.23
PPDS25 GPIO 0.05 0.8 1.4 0.17 02 0.23
SLVSE153 GPIO, 0.1 0.2 03 0.12 0.135 0.15
HSIO
BUSLVDSE253 GPIO 1.15 1.25 1.31 0.24 0.262 0.272
MLVDSE253 GPIO 1.15 1.25 1.31 0.396 0.442 0.453
LVPECLE333 GPIO 1.51 1.65 1.74 0.664 0.722 0.755
MIPIE25 3 GPIO 0.15 0.2 0.25 0.14 0.2 0.27
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Vocwm is the output Common mode voltage.
Vop is the output differential voltage.
Emulated output only, using external resistors.

Eal o

LVDS25 and LVDS18G configuration should be used when implementing SGMII transmitters.

3.3.3. Complementary Differential DC Input and Output Levels
The following tables list the complementary differential DC I/0O levels.

Table 3-19. Complementary Differential DC Input Levels
1/0 Standard Vbbi Vbpi Vbpi Viem™ |[Viem™'® [Viem"® |Vip? Vip?

Min (V) |[Typ (V) [Max (V) [Min (V) [Typ(V) |Max(V) |Min (V) | Max (V)

SSTL25I 2375 25 2.625 1164 1250  1.339 0.1 Vppaux (GPIO)

SSTL25II 2375 25 2.625 1164 1250  1.339 0.1 Vppaux (GPIO)

SSTL18I 1.71 1.8 1.89 0.838  0.900  0.964 0.1 Vppaux (GPIO) Vpp, (HSIO)
SSTL18II 1.71 1.8 1.89 0.838 0900  0.964 0.1 Vppaux (GPIO) Vpp, (HSIO)
SSTL15I 1425 15 1.575 0.698  0.750  0.803 0.1 Vppaux (GPIO) Vpp, (HSIO)
SSTL15lI 1425 15 1.575 0.698  0.750  0.803 0.1 Vipaux (GPIO) Vpp, (HSIO)
SSTL135! 1283  1.35 1.418 0629 0675  0.723 0.1 Vppi (HSIO)

SSTL135lI 1283  1.35 1.418 0629 0675  0.723 0.1 Vppi (HSIO)

HSTL15! 1425 15 1.575 0.698  0.750  0.803 0.1 Vopaux (GPIO) Vpp, (HSIO)
HSTL15II 1425 15 1.575 0.698  0.750  0.803 0.1 Vppaux (GPIO) Vpp, (HSIO)
HSTL135! 1283  1.35 1.418 0629 0675  0.723 0.1 Vppi (HSIO)

HSTL135ll 1283  1.35 1.418 0629 0675  0.723 0.1 Vppi (HSIO)

HSTL12I 1.14 1.2 1.26 0.559  0.600  0.643 0.1 Vppi (HSIO)

HSTL12Il 1.14 1.2 1.26 0559  0.600  0.643 0.1 Vppi (HSIO)

HSUL18I 1.71 1.8 1.89 0.838 0900  0.964 0.1 Vppi (HSIO)

HSUL18II 1.71 1.8 1.89 0.838 0900  0.964 0.1 Vppi (HSIO)

HSUL12I 1.14 1.2 1.26 0559  0.600  0.643 0.1 Vppi (HSIO)

POD12I 1.14 1.2 1.26 0.787  0.840  0.895 0.1 Vppi (HSIO)

POD12lI 1.14 1.2 1.26 0.787  0.840  0.895 0.1 Vppi (HSIO)

1. Vicmis the input Common mode voltage.
2. Vppis the input differential voltage.

Vicm rules are as follows:

a. Vou must be less than Vpp, - 0.4V;

b. Vicm + Vip/2 must be <Vpp, + 0.4V,

C. Viem - Vip/2 must be >VSS - 0.3V.

Table 3-20. Complementary Differential DC Output Levels

1/0 Standard VDDl VDDI VDDI VOL V0|_ ' IOH 2
Min (V) [Typ (V) |[Max(V) |Min(V) |Max (V) Min (V) Min (mA) Min (mA)

SSTL25I 2.375 2.5 2.625 — V1 -0.608 V1 +0.608 8.1 8.1
SSTL25II 2.375 2.5 2.625 = Vi7-0.810 Vi7+0.810 16.2 16.2
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Table 3-20. Complementary Differential DC Output Levels (continued)

1/0 Standard Vppi /o Vppi VoL VoL Vou 13

Min (V) [Typ(V) [Max (V) |[Min (V) |Max (V) Min (V) Min (mA) Min (mA)
SSTL18I 1.71 1.8 1.89 — V11 -0.603 V17 + 0.603 6.7 6.7
SSTL18II 1.71 1.8 1.89 — V7 - 0.603 V17 +0.603 13.4 13.4
SSTL1514 1425 15 1.575 — 02xVpp  0.8xVpp  Vou/40 (Vopi - Vor)/40
SSTL15I14 1425 15 1.575 — 02xVpp  0.8xVpp  Vou/34 (Vopi - Vor)/34
SSTL13514 1.283 135 1.418 — 0.2xVpp 0.8 Vpp, Vo /40 (Vooi - Vor)/40
SSTL135114 1283  1.35 1.418 — 02xVpp  0.8xVpy  Vou/34 (Vopi - Vor)/34
HSTL15I 1.425 1.5 1.575 — 0.4 Vpp - 0.4 8 8
HSTL15II 1.425 1.5 1.575 — 0.4 Vpp, - 0.4 16 16
HSTL13514 1283  1.35 1.418 — 02xVpp  0.8xVpp  Vou/50 (Vooi - Vor)/50
HSTL135114 1283 135 1.418 — 02xVpp  0.8xVpp  Vou/25 (Vopi - Vor)/25
HSTL1214 1.14 1.2 1.26 — 0.1%xVpp 0.9 Vpp, Vol /50 (Vooi - Vor)/50
HSTL12114 1.14 1.2 1.26 — 01xVpp  09xVpp  Vou/25 (Vooi - Vor)/25
HSUL18I4 1.71 1.8 1.89 — 01xVpp  0.9%xVpp  Voo/55 (Voo - Von)/55
HSUL18I14 1.71 1.8 1.89 — 0.1xVpp  0.9%Vpp Vol /25 (Vooi - Vor)/25
HSUL1214 1.14 1.2 1.26 — 0.1 % Vpp 0.9 x Vpp, VoL /40 (Vi - Von)/40
POD1234 1.14 12 1.26 — 05xVpp ~ — VoL/48 (Voor - Von)/48
POD12I134 1.14 1.2 1.26 — 0.5xVpp ~ — Vou/34 (Voo - Vor)/34

1. Vpp is the single-ended high-output voltage.

2. The total DC sink/source current of all I/0s within a lane is limited as follows:
a. HSIO lane: 120 mA per 12 1/0 buffers.
b. GPIO lane: 160 mA per 12 I/0 buffers.

3. Von_max is based on external pull-up termination (pseudo-open drain).
lor/lon units for impedance standards are in amps (not mA).

3.3.4. HSIO On-Die Termination
The following tables list the on-die termination calibration accuracy specifications for the HSIO bank.

Table 3-21. Slngle Ended (Internal Parallel) Thevenin Termination

Q Vppr = 1.8V/1.5V/1.35V/1.2V
-40 75 20 Q Vpp! = 1.8V

-40 150 20 Q Vpp) = 1.8V

-20 20 20 Q Vppr = 1.5V/1.35V

-20 30 20 Q Vpp = 1.5V/1.35V

-20 40 20 Q Vpp = 1.5V/1.35V

-20 60 20 Q Vppr = 1.5V/1.35V

-20 120 20 Q Vppr = 1.5V/1.35V

-20 60 20 Q Vppi = 1.2V

-20 120 20 Q Vppr = 1.2V
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Note: Thevenin impedance is calculated based on independent P and N as measured at 50% of Vpp,.
For 50Q0/75Q/150Q cases, the nearest supported values of 40Q0/60Q/120Q are used.

Table 3-22. Single-Ended (Internal Parallel) Termination to Vpp,

-20 40
-20 48
-20 60
-20 80
-20 120
-20 240

Note: Measured at 80% of Vpp.

20
20
20
20
20
20

Table 3-23. Single-Ended (Internal Parallel) Termination to Vsg

S T O

Vpp = 1.8V/1.5V

120
-20 240
-20 120
-20 240

Note: Measured at 50% of Vpp.

3.3.5. GPIO On-Die Termination

20
20
20

00 0 o0

o0 O P O OO

Vppi = 1.2V
Vg = 1,29
Vppi = 1.2V
Vppi = 1.2V
Vppi = 1.2V
Vppi = 1.2V
Vppi = 1.2V

VDDI =1.8V/1.5V

VDDI =1.2v

VDDI =1.2V

The following table lists the on-die termination calibration accuracy specifications for the GPIO bank.

Table 3-24. On-Die Termination Calibration Accuracy Speciﬁcations for GPIO Bank

Internal differential termination -20

Differential termination’

Single-ended Thevenin
termination? 3

Single-ended termination to Vss*
5

1. Measured across P to N with 400 mV bias.
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Internal parallel thevenin
termination

Internal parallel termination to

Vss

-20
-20

-20
-20

100 2
100
100
50
75
150
20
30
40
60
120
120
240

40
80
20
20
20
20
20
20
20
20
20
20

Vicm < 0.8V6

0.6V < Vi < 1.65V6

1.4V < Vi 6

Vppi = 1.8V/1.5V

Vppi = 1.8V

Vpp, = 1.8V

Vpp; = 1.5V

Vppi = 1.5V

Vpp, = 1.5V

Vopr = 1.5V

Vppi = 1.5V

Vi) = 2.5V/1.8V/1.5V/1.2V
Vppi = 2.5V/1.8V/1.5V/1.2V

O 0O OO O PO oD o oo
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Thevenin impedance is calculated based on independent P and N as measured at 50% of Vpp,.
For 50Q/75Q/150Q) cases, the nearest supported values of 40Q0/60Q/120Q are used.
Measured at 50% of Vpp,.

Supported terminations vary with the 1/0 type regardless of Vpp nominal voltage. Refer to
Libero for available combinations and default settings.

ok W

6. When V| complies with more than one range, use the maximum percentage tolerance of the
two ranges.
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4.1.

4.1.1.

4.1.2.

AC Switching Characteristics

This section contains the AC switching characteristics of the PolarFire SoC FPGA device.

Microprocessor Subsystem

The following tables describe the microprocessor subsystem. The dedicated MSS DDR IO use the
same |0 buffers as the HSIO FPGA 10, likewise the dedicated MSSIO or the IO associated with the
hardened MSS peripherals use the GPIO FPGA 10 type.

CPU Performance
The following tables describe CPU performance.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-1. CPU Performance (T;: 55 °C-125 °C)

. --__“

Maximum CPU Fepucik
clock frequency

Maximum E51  Fesqcpuctk — FepuctLk — Fcpuctk MHz
CPU clock
frequency

Maximum U54  Fysacpuctk — Fepucik - FepucLk MHz
CPU clock
frequency
AXI Interconnect FAXICLK — FCPUCLK/2 — FCPUCLK/2 MHz

maximum clock
frequency

AHB bus FanBcLk — FepucLk/4 - FepucLi/4 MHz
maximum clock
frequency

APB bus FapBCLK = FepucLk/4 = FepucLi/4 MHz
maximum clock
frequency

MSS PLL — Refer to PLL
characteristics

Table 4-2. MSS Input Clock

MSSPLL Reference FMSSREFCLK From dedicated
clock input
125 125 MHz From dedicated
input
Refer to PLL — From Fabric input

(Excluding SGMII)

Real Time Counter
The following table describes the RTC clock characteristics
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Table 4-3. Real Time Counter

RTC Clock FeLock

4.1.3. MSS DDR*>7
The following table describes the MSS DDR speed grades.

Table 4-4. MSS DDR Speed Grades

Memory Standard Package DRAM Type
Min?

DDR4 Single rank component 1333 1333 1333 1600  Mbps
All 1 rank DIMM'. 2 1333 1333 1333 1600  Mbps
All 2 rank DIMM?. 3.8 1333 1333 1333 1333 Mbps
LPDDR4 All Single die package 1333 1333 1333 1600 Mbps
All Dual die package® 1333 1333 1333 1600 Mbps
DDR3 All Single rank component 1067 1067 1067 1333  Mbps
All 1 rank DIMM' 2 1067 1067 1067 1333  Mbps
All 2 rank DIMM?. 3.8 1067 1067 1067 1333 Mbps
DDR3L All Single rank component 1067 1067 1067 1333  Mbps
All 1 rank DIMM'- 2 1067 1067 1067 1333 Mbps
All 2 rank DIMM". 3.8 1067 1067 1067 1333 Mbps
LPDDR3 All Single die package 1067 1067 1067 1333 Mbps
All Dual die package 1067 1067 1067 1333  Mbps
Notes:

1. Dual In-line Memory Module (DIMM) includes RDIMM, SODIMM, and UDIMM.
2. Includes: 1 rank 1 slot, dual-die package 2 rank.

3. Includes: 2 rank 1 slot.
4

The JEDEC JESD79-4B standard for DDR4 SDRAM limits the maximum tCK to 1.6 ns. Because
of this limitation, Microchip recommends working with your DRAM vendor to verify support for
data rates at or less than 1066 Mbps.

U

Byte-mode LPDDR4 devices are not supported.
Dual die package includes single die with ECC.

MSS DDR supports both 16-bit and 32-bit data width, but if the FCSG325 device package is
selected then only 16-bit is supported.

Refer to board design guidelines for trace matching requirements.
The values in this “STD Min" column correspond to the minimum speed tested.

4.1.4. Gigabit Ethernet MAC
The following tables describe the Gigabit Ethernet MAC (GEM).

Table 4-5. Serial-GMII Protocol Characteristics of Dedicated MSS SGMIO PHY (T;—40 °C-100 °C)

Line rate 1250 1250 1250 1250 Mbps
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4.1.5.

Table 4-5. Serial-GMII Protocol Characteristics of Dedicated MSS SGMIO PHY (T, —40 °C—100 °C) (continued)

Parameter -STD

SGMII deterministic — 0.175 0.175
transmitter jitter

SGMII total — 0.25 — 0.25 ul
transmitter jitter

SGMII total receiver 0.25 — 0.25 — Ul
jitter tolerance

TX to RX frequency — +300 — +300 ppm
offset

Table 4-6. Serial-GMII Protocol Characteristics of Dedicated MSS SGMIO PHY (T, 55 °C-125 °C)

Parameter -STD Unit
Line rate 1250 1250 Mbps
SGMII deterministic — 0.175 Ul
transmitter jitter

SGMII total jitter — 0.25 —
SGMII total receiver jitter 0.25 — ul
tolerance

TX to RX frequency offset — +200 ppm

Table 4-7. Ml Protocol (Interface to FPGA Fabric)

m_m

Input setup to MII clocks, all inputs Tmipck

Input hold to MII clocks, all inputs Tmickp — 0.0 ns
MII clock to output valid, all outputs Tmiicko 5.0 — ns
MIl device clock frequency FamicLk — 2.5 (at 10 Mbps), MHz

25 (at 100 Mbps)

Table 4-8. GMII Protocol (Interface to FPGA Fabric)

T 7 N S S

Input setup to GMII clocks, all inputs TeMIDCcK

Input hold to GMII clocks, all inputs TeMIIcKD 0.0 — ns
GMII clock to output valid, all outputs Temiicko 2.0 — ns
GMII device clock frequency FamicLk 125 125 MHz
SD_SDIO

The following tables describe SD_SDIO. The test conditions for SD/SDIO Standard mode (default
Speed mode) use an 8 mA drive strength, fast slew rate, and a 30 pF load. For SD/SDIO High-Speed
mode, the test conditions use a 12 mA drive strength, fast slew rate, and a 30 pF load. For other
SD/SDIO High-Speed modes, the test conditions use a 12 mA drive strength, fast slew rate, and a 15
pF load.

Table 4-9. SD/SDIO Interface DDR50 Mode

T T B S S TS

SD device clock duty cycle Tocopretk

Clock to output delay, data TSDDDRCKO1 1.0 — 6.8 ns

@ MICROCHIP

27



Table 4-9. SD/SDIO Interface DDR50 Mode (continued)

T 7 N TS 730 S

Input valid data window
Input setup time, command
Input hold time, command

Clock to output delay, command’

High-speed mode SD device clock frequency

Tsopprivw

Tsppprock2 4.7 — — ns
Tsppprekp2 1.5 — — ns
TspppRreko2 1.0 — 13.8 ns
Fspbppreik 50 — 50 MHz

1. This timing arc is trained at start-up and will be adjusted to match the board characteristics.

Table 4-10. SD/SDIO Interface SDR104

N TN 70 N

SD device clock duty cycle
Clock to output delay, all outputs
Input valid data window

SDR104 mode device clock frequency

Table 4-11. SD/SDIO Interface SDR50/25

TDCSDHSCLK

TSpsSDRCKO1 1.0 — 3.2 ns
Tspsprivw 0.5 — — ul
FspspreLki 200 — 200 MHz

7 B 3 30 7S S

SD device clock duty cycle

Clock to output delay, all outputs
Input valid data window

SDR50 mode device clock frequency

SDR25 mode device clock frequency

Table 4-12. SD/SDIO Interface SDR12

TocspHscLk2

TspSprcko2 1.0 — 6.8 ns
Tspspraivw 0.3 — — ul
Fspspreika — — 100 MHz
Fspspreka 50 — 50 MHz

T 7 N TN 730 T

SD device clock duty cycle

Clock to output delay, all outputs
Input setup time, all inputs

Input hold time, all inputs

SDR12 mode device clock frequency

Table 4-13. SD/SDIO Interface High-Speed Mode

TocspHscLks

TspspRcko3 1.0 — 36.8 ns
Tspsprocks 10.0 — — ns
TspsprekD3 13 — — ns
Fspspreiks 25 — 25 MHz

T 7 B T 738 W T

SD device clock duty cycle

Clock to output delay, all outputs '

Input valid data window

High-speed mode SD device clock frequency

ToespHscLk

TspHscko 2.2 — 13.8 ns
TspHspivw 0.4 — — ul
FspHSCLK 50 — 50 MHz

1. This timing arc is trained at start-up and will be adjusted to match the board characteristics.

Table 4-14. SD/SDIO Interface Standard Mode

T 7 O TN 3 TS

SD device clock duty cycle

Clock to output delay, all outputs
Input setup time, all inputs

Input hold time, all inputs

Clock frequency in Identification mode
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TocspHscLk

Tspscko -2.0 — 6.5 ns
Tspspck 2.0 — — ns
Tspsckp 2.0 = = ns
FspipcLk 400 — 400 KHz



Table 4-14. SD/SDIO Interface Standard Mode (continued)

T 7 N S 730 S

Standard SD device clock frequency

4.1.6. eMMC

FspscLk

The following tables describe the eMMC. The test conditions for eMMC Standard mode use an 8 mA
drive strength, fast slew rate, and a 30 pF load (I/0O voltage of 3V/1.8V/1.2V). For eMMC High-Speed
mode, the test conditions use a 12 mA drive strength, fast slew rate, and 30 pF load (I/0 voltage of
3V/1.8V/1.2V). For other eMMC modes, the test conditions use a 12 mA drive strength, fast slew rate,

and 15 pF load (I/0 voltage of 1.8V/1.2V).

Table 4-15. eMMC Standard Interface

T N W 7 T

eMM clock duty cycle

Clock to output delay, all outputs
Input setup time, all inputs

Input hold time, all inputs

eMMC clock frequency

Table 4-16. eMMC High-Speed SDR Interface

TpcemmcHsCLK

TemmcHscKo -2.0
TemmcHsDCK 2.0
TEMMCHSCKD 2.0
FemmcrscLk 25

33 ns
— ns
— ns
25 MHz

e —

eMMC high-speed SDR clock duty cycle
Clock to output delay, all outputs’
Input valid data window?

eMMC high-speed SDR clock frequency

TDCEMMCHSCLK

TEMMCHSCKO 3.2
Temmcoivw 0.4
TEMMCHSCLK 50

1. Clock to output delay valid after completion of tuning/training.

2. Input valid data window valid after completion of tuning/training.

Table 4-17. eMMC High-Speed DDR Interface

16.8 ns
— ul
50 MHz

T 7 B [T T T

eMMC high-speed DDR clock duty cycle
Data clock to output delay

Input valid data window!

Command clock to output delay
Command input setup time

Command input hold time

eMMC high-speed DDR clock frequency

TDCEMMCDDRCLK

TEMMCDDRSCKO1 2.7
TEMMCDDRIVW 3.5
TEMMCDDRSCKO2 3.2
TEMMCDDRSCK2 3.9
TEMMCDDRSCKD2 2.5
TEMMCDDRCLK 50

1. Inputvalid data window valid after completion of tuning/training.

Table 4-18. eMMC HS200 Interface

7.3 ns
— ns
16.0 ns
— ns
— ns
50 MHz

T T N T 7 S

eMMC HS200 clock duty cycle
Clock to output delay, all outputs’
Input valid data window?

eMMC HS200 clock frequency

TDCEMMCHS200CLK

TEMMCHS200CKO 1.0
TEMMCSDR1IVW 0.4
TEMMCHS200CLK 200

1. Clock to output delay valid after completion of tuning/training.
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4.1.7.

4.1.8.

4.1.9.

2. Inputvalid data window valid after completion of tuning/training.

Table 4-19. eMMC HS400 Interface

m-mm

eMMC HS400 clock duty cycle TDCEMMCHS400CLK

Clock to output delay, all outputs’ T DCEMMCHS400CKO 1.0 — 3.4 ns
Input valid data window? TDCEMMCSDRIVW 0.4 — — ul
eMMC HS400 clock frequency TEMMCHS400CLK 200 — 200 MHz

1. Clock to output delay valid after completion of tuning/training.
2. Inputvalid data window valid after completion of tuning/training.

Table 4-20. eMMC HS400 Enhanced Strobe Interface

W-WW

eMMCHS400ES clock duty cycle TDCEMMCHS400ESCLK

Clock to output delay, command TDCEMMCHS400ESCKOCMD 0.8 — 3.4 ns
Clock to output delay, data TDCEMMCHS400ESCKODAT 1.0 — 2.2 ns
Input valid data window TDCEMMCSDRIVW 0.4 — — Ul
eMMCHS400ES clock frequency TEMMCHS400ESCLK 200 — 200 MHz

usB

The following table describes the USB. Test conditions are LVCMOS33, slow slew rate, 8 mA drive
strength, 15 pF loads, and 60 MHz device clock frequency.

Table 4-21. USB

7 N T T

Input setup to ULPI clocks, all inputs TuLPIDCK

Input hold to ULPI clocks, all inputs TuLpIckD 0.0 — ns
ULPI clock to poutput valid, all outputs TuLpicko 2.0 8.5 ns
ULPI device clock frequency FuLpicLk 60 60 MHz

CAN

The following table describes CAN. The reference clock should be fixed to achieve the 1 Mbps bus
rate.

Table 4-22. CAN

Receive pulse TpwcANRX

width

Transmit pulse TpwCANTX 0.8 1.0 1.2 Us
width

CAN reference FeanckL 80 — 80 MHz

clock frequency

MMUART
The following table describes MMUART.

Table 4-23. MMUART

Transmit baud rate BAUDTxmax .25 Mbps
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Table 4-23. MMUART (continued)

T 7 N TS 7 S
Receive baud rate BAUDRxmAx 6.25 Mbps
UART reference clock frequency FUART REF_CLK 156.25 156.25 MHz

4.1.10. QSPI
The following table describes the QSPI switching characteristics.

Table 4-24. QSPI Switching Characteristics

SCK frequency sp1_gspi CLKRATE=2,
CPU at 625 MHz
(-STD)
41.625 MHz CLKRATE=2,
CPU at 667 MHz
(=1

SCK minimum pulse width  sp2_gspi SCK_period/2 — ns —

high

SCK minimum pulse width  sp3_qgspi SCK_period/2 — ns —

low

Rise and fall times sp4_gspi — — ns Refer to PolarFire SoC IBIS

sp5_gspi models’
SCK to SDO sp6_qspi -1.0 4.0 ns —
SDI setup time to SCK sp7_qgspi 10.0 - (SCK_period/ — ns —
(2*CLKRATE))
SDI hold time from SCK sp8_qgspi SCK_period / (2*CLKRATE) — — —

Note: CLKRATE refers to the value of the corresponding field in the appropriate QSPI register.

1. For specific rise/fall times, board design considerations, and detailed output buffer resistances,
use the corresponding IBIS models located online at IBIS Models: PolarFire.
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Figure 4-1. QSPI Timing for a Single Frame Transfer

The following timing diagram specifies the meaning of the various QSPI timing parameters.

SCK
(SPO =0}

5CK

(SPO =1)

55

50O

.H

.l

4.1.11. SPI

The following tables describes the SPI Initiator and Target mode switching characteristics. The test
conditions are configured to the LVCMOS 3.3V I/0 standard with a 12 mA drive strength, fast slew

rate, and a 30 pF load.

Table 4-25. SPI Initiator Mode Switching Characteristics

SCK frequency spli_mss
SCK minimum sp2i_mss
pulse width high

SCK minimum sp3i_mss
pulse width

low

Rise and fall times  sp4i_mss
sp5i_mss
SCK to SDO Sp6i_mss

SDI setup timeto  sp7i_mss
SCK

SDI hold time from sp8i_mss
SCK

SCK_period/2

SCK_period/2

-6.0
10.0

0.0

7.0

ns

ns

ns

ns

ns

ns

CPU at 667 MHz (-1),
ns Flash access t|me

Refer to PolarFire SoC
IBIS models’

1. For specific rise/fall times, board design considerations, and detailed output buffer resistances,

use the corresponding IBIS models located online at IBIS Models: PolarFire.
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Figure 4-2. SPI Timing Diagram for a Single Frame Transfer in Motorola Mode (SPH=1)

The following timing diagram specifies the meaning of the various SPI timing parameters in Initiator
and Target modes.

SCK
(SPO =0}

5CK

(SPO =1)

55

50O

10% |

E E E 50%
Do § § | 1o
P s s : —

P

501

Table 4-26. SPI Target Mode Switching Characteristics

R
.H

SRR

A N >\
i -{-:5‘ 1005 105 :
TS
= o |

0 T\ N
*i!i'i‘. R

SCK frequency

SCK minimum
pulse width high

SCK minimum
pulse width low

Rise and fall time

SCK to SDO

SDI setup to SCK
SDI hold to SCK

sp1t_mss

sp2t_mss

sp3t_mss

sp4t_mss
sp5t_mss
sp6t_mss
sp7t_mss

sp8t_mss

SCK_period/2

SCK_period/2

3.0

4.0
3.0

External initiator with
6.0 ns SCK to data out

— ns R

Refer to PolarFire SoC
IBIS models’

13.0 ns —

— ns R

1. For specific rise/fall times, board design considerations, and detailed output buffer resistances,
use the corresponding IBIS models located online at IBIS Models: PolarFire.

4.1.12. 12C

The following table describes I2C.

Table 4-27. 12C

Input low
voltage
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See Single-Ended I/0
Standards for more
information. I/0 standard
used for illustration: MSSIO
bank-LVTTL 8 mA low drive.
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Table 4-27. 12C (continued)

Input high Viy 3.45 See Single-Ended I/0

voltage Standards for more
information. I/0 standard
used for illustration: MSSIO
bank-LVTTL 8 mA low drive.

Hysterisis of Vhys - 0.05 x Vppi - v -
Schmitt Trigger
inputs for Vpp, >

2V
Output low VoL — — 0.4 \Y See Single-Ended I/0
voltage (open Standards for more
drain) at 3 mA information. I/0 standard
sink current for used for illustration: MSSIO
Vpp| > 2V bank-LVTTL 8 mA low drive.
Rise time for t — — 1000 ns Standard mode
input clock and — — 300 ns Fast mode
data
Output fall time  tg, — 21 — ns CLoap = 400 pF
{rom Vinmin to — 6 — ns Clonp = 400 pF
ilmax
SCL clock Fioc — — 400 KHz Fast mode
frequency — — 100 KHz Standard mode
Input G — — 10 pF Vin=0,
capacitance f=1.0 MHz
Capacitive load Cy — — 400 pF —
for each bus line
[2C MSS input PCLK 156.25 — 156.25 MHz —
clock
Low period of TiocL 1 — — PCLK —
SCL clock cycles
High period of  Tjoch 1 — — PCLK —
SCL clock cycles
Setup time fora Tsystary 1 — — PCLK —
repeated START cycles
condition
Hold time fora Thestary 1 — — PCLK —
repeated START cycles
condition (after
this period, the
first clock pulse
is generated)
Data setup time  Tsydata) 1 — — PCLK —
cycles
Datainputhold  Thgata) 1 — — PCLK —
time cycles
Data output Tod(datay 1 — — PCLK —
delay time cycles
Setup time for  Tgystop) 1 — — PCLK —
STOP condition cycles
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4.1.13.

4.1.14.

4.1.15.

4.2.

4.2.1.

Table 4-27. 12C (continued)

Bus free time Touf 1 PCLK
between a STOP cycles
and START
condition

Watchdog Timer

The following table describes the Watchdog Timer (WDT).

Table 4-28. Watchdog Timer

Watchdog timer input  Fwprcik 156.25
clock frequency

Timers
The following table describes the timers.

Table 4-29. Timers

Timer input clock FTIMERCLK 156.25
frequency

Fabric Interface
The following tables describe the fabric interface.

Table 4-30. Maximum Clock Frequency

FrABRICAXICLK
APB FrABRICAHBCLK — 250 MHz

Table 4-31. Reset Characteristics

MSS RESET minimum MPW.LpsSRESETF2MN
pulse width low

I/0 Standards Specifications

This section describes I/0 delay measurement methodology, buffer speed, switching characteristics,
digital latency, gearing training calibration, and maximum physical interface (PHY) rate for memory
interface IP.

Input Delay Measurement Methodology Maximum PHY Rate for Memory Interface IP
The following table provides information about the methodology for input delay measurement.

Table 4-32. Input DeIay Measurement Methodology

Sanders Despton Vet Vi Vs Ve U

PCIE 3.3V 0 Vool Vopi/2  — v
LVTTL LVTTL 3.3V 0 Vo — (= |vop/2 |[— v
LVCMOS33  LVCMOS 3.3V 0 Voo -  —  Vpp2 — v
LVCMOS25  LVCMOS 2.5V 0 Voo - —  Vpp2 — v
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Table 4-32. Input DeIay Measurement Methodology (continued)

R e S N ) i e R

LVCMOS18
LVCMOS15
LVCMOS12
SSTL25I
SSTL25I
SSTL18I
SSTL18II
SSTL15I
SSTL15II
SSTL135I
SSTL135lI
HSTL15I
HSTL15II
HSTL135I
HSTL135Il
HSTL12I
HSTL12Il
HSUL18I
HSUL18II
HSUL12I
POD12I
POD12II
LvDS33
LVDS25
LvDS18
LCMDS33

LCMDS25
LCMDS18
RSDS33
RSDS25
RSDS18
MINILVDS33
MINILVDS25
MINILVDS18
SUBLVDS33
SUBLVDS25
SUBLVDS18
PPDS33

LVCMOS 1.8V
LVCMOS 1.5V
LVCMOS 1.2V
SSTL 2.5V Class |
SSTL 2.5V Class Il
SSTL 1.8V Class |
SSTL 1.8V Class Il
SSTL 1.5V Class |
SSTL 1.5V Class Il
SSTL 1.35V Class |
SSTL 1.35V Class Il
HSTL 1.5V Class |
HSTL 1.5V Class Il
HSTL 1.35V Class |
HSTL 1.35V Class Il
HSTL 1.2V Class |
HSTL 1.2V Class Il
HSUL 1.8V Class |
HSUL 1.8V Class Il
HSUL 1.2V

Pseudo open drain (POD) logic 1.2V Class |
POD 1.2V Class Il
Low-Voltage Differential Signaling (LVDS) 3.3V
LVDS 2.5V

LVDS 1.8V

Low-Common mode differential signaling
(LCMDS) 3.3V

LCMDS 2.5V
LCMDS 1.8V
RSDS 3.3V
RSDS 2.5V
RSDS 1.8V
Mini-LVDS 3.3V
Mini-LVDS 2.5V
Mini-LVDS 1.8V
Sub-LVDS 3.3V
Sub-LVDS 2.5V
Sub-LVDS 1.8V

Point-to-point differential signaling 3.3V
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Vi - 0.5
Vg - 0.5
Vegr - 0.5
Vigr - 0.5
Vigr - 175
Vegr - 175
Vigr - .16
Vigr - .16
VRerF - -5
VRer - .5
Vier - .45
Vrgr - .45
VRer - 4
VRer - 4
Vrgr - .54
Vigr - .54
Vigr - .22
Vegr - .15
Vi - .15
View - 125
View - .125
View - 125
View - 125

Viem - .125
Viem - .125
Viem - .125
Viem - .125
Viem - .125
Viem - .125
Viem - 125
Viem - .125
Viem - .125
Viem - .125
Viem - .125
Viem - .125

Vool
Vbl

Voo

Vegr + 0.5
Vegr + 0.5
Vi + 0.5
Vegr +.175
Vegr +.175
Vigr + .16
Vegr +.16
VRer +.5
VRer +.5
Vegr + .45
Vegr + .45
VRer + .4
VRer + .4
Vegr + .54
Vigr + 0.54
Vegr +.22
Vegr +.15
Vige + .15
View +.125
View + 125
Viey +.125
View +.125

Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125
Viem +.125

0.250
0.250
0.250
0.250

0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250

1.250
1.250
1.250
1.250

1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
0.900
0.900
0.900
0.800

Vopi/2
Vppi/2
Vppi/2
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer
VRer

VRer
0

0
0

o O O O O o o o o o o o

1.25
1.25
0.90
0.90
0.75
0.75
0.675
0.675
0.75
0.75
0.675
0.675
0.60
0.60
0.90
0.90
0.60
0.84
0.84

< < < < < < < KK £ K £ K £ K £ K £ K £ <K <K <K < < < K<
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Table 4-32. Input DeIay Measurement Methodology (continued)
B 7 7 25 7 5
PPDS25 PPDS 2.5V Viem = 125 Viem +.125 0.250 0.800 0
PPDS18 PPDS 1.8V Vicm - 125 Viem +.125 0.250 0.800
SLVS33 Scalable low-voltage signaling 3.3V Viem =125 Viem +.125 0.250 0.200
SLVS25 SLVS 2.5V Viem = 125 Viem +.125 0.250 0.200
SLVS18 SLVS 1.8V Viem - .125 Viom +.125 0.250 0.200
HCSL33 High-speed current steering logic (HCSL) 3.3V Viem = 125 Viem +.125 0.250 0.350
HCSL25 HCSL 2.5V Viem = -125 Vg +.125 0.250 0.350
HCSL18 HCSL 1.8V Viecm - 125 Viem +.125 0.250 0.350
BLVDSE256  Bus LVDS 2.5V Viewm = .125 View +.125 0.250 1.250
MLVDSE256  Multipoint LVDS 2.5V Viem = .125 View +.125 0.250 1.250
LVPECL33  Low-voltage positive emitter coupled logic Viem-.125 Vicm +.125 0.250 1.650
LVPECLE33° Low-voltage positive emitter coupled logic Viem = 125 Viem +.125 0.250 1.650
SSTL25I Differential SSTL 2.5V Class | Viem - .125 Vicm +.125 0.250 1.250
SSTL25I Differential SSTL 2.5V Class I Vicm - 125 Viem +.125 0.250 1.250
SSTL18I Differential SSTL 1.8V Class | Viem =125 Viem +.125 0.250 0.900
SSTL18lI Differential SSTL 1.8V Class II Viem - -125 Viem +.125 0.250 0.900
SSTL15! Differential SSTL 1.5V Class | Viem - .125 Viom +.125 0.250 0.750
SSTL15II Differential SSTL 1.5V Class Il Viem = .125 View +.125 0.250 0.750
SSTL135I Differential SSTL 1.35V Class | Viem = -125 Vg +.125 0.250 0.675
SSTL1351l  Differential SSTL 1.35V Class | Vicm - 125 Viem +.125 0.250 0.675
HSTL15I Differential HSTL 1.5V Class | Viem =125 Viem +.125 0.250 0.750
HSTL15II Differential HSTL 1.5V Class I Viem - .125 Viem +.125 0.250 0.750
HSTL1351  Differential HSTL 1.35V Class | Viem - .125 Viom +.125 0.250 0.675
HSTL1351l  Differential HSTL 1.35V Class I Viewm =125 View +.125 0.250 0.675
HSTL12I Differential HSTL 1.2V Class | Viem =125 Vicm +.125 0.250 0.600
HSTL12II Differential HSTL 1.2V Class Il Vicm - 125 Viem +.125 0.250 0.600
HSUL18I Differential HSUL 1.8V Class | Viewm = .125 View +.125 0.250 0.900
HSUL18Il  Differential HSUL 1.8V Class I Viem - -125 Viem +.125 0.250 0.900
HSUL12I Differential HSUL 1.2V Viem - .125 Viom +.125 0.250 0.600
POD12I Differential POD 1.2V Class | Viem =125 Viepm +.125 0.250 0.840
POD12II Differential POD 1.2V Class Il Viem = .125 Vicm +.125 0.250 0.840

O O O O O O O O O O O O O O o o o o o o o o o o o o o o o o o
|
< < < < < <K <K K K K £ K £ K £ K £ K K K K< K £ K K <K <K < < < < K<

MIPI25 Mobile Industry Processor Interface Viem =125 Viem +.125 0.250 0.200

1. Measurements are made at typical, minimum, and maximum Vg values. Reported delays
reflect worst-case of these measurements. Vger values listed are typical. Input waveform
switches between V| and V4. All rise and fall rates must be 1V/ns for non-mixed mode input
buffers as one-third the minimum period for mixed-mode input buffers.

2. Differential receiver standards all use 250 mV Vp for timing. V oy is different between different
standards.

3. Inputvoltage level from which measurement starts.
The value given is the differential input voltage.
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5. This is an input voltage reference that bears no relation to the Vger/Vieas parameters found in
IBIS models or shown in Figure 4-3.

6. Emulated bidirectional interface.
4.2.2. Output Delay Measurement Methodology
The following section provides information about the methodology for output delay measurement.

Table 4-33. Output Delay Measurement Methodology

Stendard __Description [ Ra&r@ G (P
PCI 10 —

PCIE 3.3V 25 1.65
LVTTL LVTTL 3.3V ™ 0 1.65 —
LVCMOS33 LVCMOS 3.3V ™ 0 1.65 —
LVCMOS25 LVCMOS 2.5V ™ 0 1.25 =
LVCMOS18 LVCMOS 1.8V ™ 0 0.90 —
LVCMOS15 LVCMOS 1.5V ™ 0 0.75 —
LVCMOS12 LVCMOS 1.2V ™ 0 0.60 —
SSTL25I Stub-series terminated logic 2.5V Class | 50 0 VRer 1.25
SSTL25II SSTL 2.5V Class Il 50 0 VRer 1.25
SSTL18I SSTL 1.8V Class | 50 0 VRer 0.9
SSTL18II SSTL 1.8V Class I 50 0 VRer 0.9
SSTL15I SSTL 1.5V Class | 50 0 VRer 0.75
SSTL15II SSTL 1.5V Class I 50 0 VRer 0.75
SSTL135I SSTL 1.35V Class | 50 0 VRer 0.675
SSTL135lI SSTL 1.35V Class Il 50 0 VRer 0.675
HSTL15I High-Speed Transceiver Logic (HSTL) 1.5V Class | 50 0 VREr 0.75
HSTL15II HSTL 1.5V Class Il 50 0 VRer 0.75
HSTL135I HSTL 1.35V Class | 50 0 VRer 0.675
HSTL135II HSTL 1.35V Class Il 50 0 VRer 0.675
HSTL12I HSTL 1.2V Class | 50 0 VRer 0.6
HSTL12lI HSTL 1.2V Class Il 50 0 VRer 0.6
HSUL18I High-speed unterminated logic 1.8V Class | 50 0 VRer 0.9
HSUL18II HSUL 1.8V Class I 50 0 VRer 0.9
HSUL12I HSUL 1.2V Class | 50 0 VRer 0.6
POD12I Pseudo open drain (POD) logic 1.2V Class | 50 0 VRer 0.84
POD12lI POD 1.2V Class Il 50 0 VRer 0.84
LVDS33 LVDS 3.3V 100 0 ol 0
LVDS25 LVDS 2.5V 100 0 0! 0
LCMDS33 Low-Common Mode Differential Signaling (LCMDS) 3.3V 100 0 0’ 0
LCMDS25 LCMDS 2.5V 100 0 0 0
RSDS33 Reduced swing differential signaling 3.3V 100 0 0! 0
RSDS25 RSDS 2.5V 100 0 0’ 0
MINILVDS33  Mini-LVDS 3.3V 100 0 ol 0
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Table 4-33. Output DeIay Measurement Methodology (continued)

MINILVDS25 Mini-LVDS 2.5V 100 0 0
SUBLVDS33 Sub-LVDS 3.3V 100 0 ol 0
SUBLVDS25 Sub-LVDS 2.5V 100 0 0’ 0
PPDS33 Point-to-point differential signaling 3.3V 100 0 ol 0
PPDS25 PPDS 2.5V 100 0 0’ 0
SLVS33 Scalable low-voltage signaling 3.3V 100 0 ol 0
SLVS25 SLVS 2.5V 100 0 0’ 0
SLVSE15 SLVS 1.5V 100 0 ol 0
HCSL33 High-speed current steering logic 3.3V 100 0 ol 0
HCSL25 HCSL 2.5V 100 0 0’ 0
BUSLVDSE25  Bus LVDS 100 0 o 0
MLVDSE25 Multipoint LVDS 2.5V 100 0 ol 0
LVPECLE33 Low-voltage positive emitter-coupled logic 100 0 o 0
MIPIE25 Mobile industry processor interface 2.5V 100 0 ok 0
SSTL25I Differential SSTL 2.5V Class | 50 0 o 0
SSTL25I Differential SSTL 2.5V Class Il 50 0 ol 0
SSTL18I Differential SSTL 1.8V Class | 50 0 o 0
SSTL18I Differential SSTL 1.8V Class Il 50 0 ol 0
SSTL15I Differential SSTL 1.5V Class | 50 0 0’ 0
SSTL15I1I Differential SSTL 1.5V Class Il 50 0 ok 0
SSTL135I Differential SSTL 1.35V Class | 50 0 o 0
SSTL135lI Differential SSTL 1.35V Class Il 50 0 0’ 0
HSTL15I Differential HSTL 1.5V Class | 50 0 o 0
HSTL15II Differential HSTL 1.5V Class Il 50 0 ol 0
HSTL135I Differential HSTL 1.35V Class | 50 0 o 0
HSTL135Il Differential HSTL 1.35V Class Il 50 0 ok 0
HSTL12I Differential HSTL 1.2V Class | 50 0 o 0
HSTL1 2l Differential HSTL 1.2V Class Il 50 0 ol 0
HSUL18lI Differential HSUL 1.8V Class | 50 0 o 0
HSUL18II Differential HSUL 1.8V Class Il 50 0 ol 0
HSUL12I Differential HSUL 1.2V Class | 50 0 o 0
POD12I Differential POD 1.2V Class Il 50 0 ok 0
POD12II Differential POD 1.2V Class Il 50 0 o 0

1. The value given is the differential output voltage.
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Figure 4-3. Output Delay Measurement—Single-Ended Test Setup

Veer
FPGA Output % Rrer

4 O VmEas

— CREF - Probe Capacitance

Figure 4-4. Output Delay Measurement—Differential Test Setup

FPGA Output
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4.2.3. Input Buffer Speed

The following tables describe input buffer speed.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-34. HSIO Maximum Input Buffer Speed

LvDS18 1250 1250 Mbps
LCMDS18 1250 1250 Mbps
HCSL18 800 800 Mbps
RSDS18 800 800 Mbps
MINILVDS18 800 800 Mbps
SUBLVDS18 900 900 Mbps
PPDS18 800 800 Mbps
SLVS18 1200 1200 Mbps
SSTL18I 800 1066 Mbps
SSTL18II 800 1066 Mbps
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Table 4-34. HSIO Maximum Input Buffer Speed (continued)

N O N S

SSTL15I 1066 1333 Mbps
SSTL15II 1066 1333 Mbps
SSTL135I 1066 1333 Mbps
SSTL135lI 1066 1333 Mbps
HSTL15I 900 1100 Mbps
HSTL15l 900 1100 Mbps
HSTL135I 1066 1066 Mbps
HSTL135II 1066 1066 Mbps
HSUL18I 400 400 Mbps
HSUL18lI 400 400 Mbps
HSUL12l 1066 1333 Mbps
HSTL12! 1066 1266 Mbps
HSTL12ll 1066 1266 Mbps
POD12I 1333 1600 Mbps
POD12II 1333 1600 Mbps
LVCMOS18 (12 mA) 500 500 Mbps
LVCMOS15 (10 mA) 500 500 Mbps
LVCMOS12 (8 mA) 300 300 Mbps
Notes:

+ Performance is achieved with V,p =200 mV.

+ LVDS18 configuration should be used in conjunction with 1/0 CDR when implementing SGMI|
receivers.

-STD speed grade is offered for Extended Commercial (E), Industrial (I), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-35. GPIO Maximum Input Buffer Speed®.2/4

O I

LVDS18G/LVDS25/LVDS33/LCMDS25/LCMDS33 1250 1600 Mbps
RSDS25/RSDS33 800 800 Mbps
MINILVDS25/MINILVDS33 800 800 Mbps
SUBLVDS25/SUBLVDS33 800 800 Mbps
PPDS25/PPDS33 800 800 Mbps
SLVS25/SLVS33 1200 1200 Mbps
SLVSE15 800 800 Mbps
HCSL25/HCSL33 800 800 Mbps
BUSLVDSE25 800 800 Mbps
MLVDSE25 800 800 Mbps
LVPECL33 800 800 Mbps
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Table 4-35. GPIO Maximum Input Buffer Speed-24 (continued)

N N

SSTL25I Mbps
SSTL25II 800 800 Mbps
SSTL18I 800 800 Mbps
SSTL18II 800 800 Mbps
SSTL15I 800 1066 Mbps
SSTL15II 800 1066 Mbps
HSTL15I 800 900 Mbps
HSTL15II 800 900 Mbps
HSUL18I 400 400 Mbps
HSUL18II 400 400 Mbps
PCl 500 500 Mbps
LVTTL 500 500 Mbps
LVCMOS33 500 500 Mbps
LVCMOS25 500 500 Mbps
LVCMOS18 500 500 Mbps
LVCMOS15 500 500 Mbps
LVCMOS12 300 300 Mbps
MIPI253 1000 1500 Mbps
1. All SSTLD/HSTLD/HSULD/LVSTLD/POD type receivers use the LVDS differential receiver.

2. Performance is achieved with V|p =200 mV.

3. Vip2200 mV, V| 2100 mV, T;= 0.4 UL
4. LVDS25 configuration should be used in conjunction with I/0 CDR when implementing SGMII

receivers.

4.2.4. Output Buffer Speed
The following tables describe output buffer speed.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (I), and Automotive (T2)
temperature grades only.

Table 4-36. HSIO Maximum Output Buffer Speed

N N I O

SSTL18I 1066 Mbps
SSTL18II 800 1066 Mbps
SSTL18I (differential) 800 1066 Mbps
SSTL18lII (differential) 800 1066 Mbps
SSTL15I 1066 1333 Mbps
SSTL15II 1066 1333 Mbps
SSTL15I (differential) 1066 1333 Mbps
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Table 4-36. HSIO Maximum Output Buffer Speed (continued)

O N

SSTL15II (differential) 1066 1333 Mbps
SSTL1351 1066 1333 Mbps
SSTL135lI 1066 1333 Mbps
SSTL135I (differential) 1066 1333 Mbps
SSTL135II (differential) 1066 1333 Mbps
HSTL15I 900 1100 Mbps
HSTL15II 900 1100 Mbps
HSTL15I (differential) 900 1100 Mbps
HSTL15II (differential) 900 1100 Mbps
HSTL135I 1066 1066 Mbps
HSTL135II 1066 1066 Mbps
HSTL135I (differential) 1066 1066 Mbps
HSTL135II (differential) 1066 1066 Mbps
HSUL18I 400 400 Mbps
HSUL18II 400 400 Mbps
HSUL18lI (differential) 400 400 Mbps
HSUL18II (differential) 400 400 Mbps
HSUL12I 1066 1333 Mbps
HSUL12I (differential) 1066 1333 Mbps
HSTL12I 1066 1266 Mbps
HSTL12II 1066 1266 Mbps
HSTL12I (differential) 1066 1266 Mbps
HSTL12lI (differential) 1066 1266 Mbps
POD12I 1333 1600 Mbps
POD12lI 1333 1600 Mbps
LVCMOS18 (12 mA) 500 500 Mbps
LVCMOS15 (10 mA) 500 500 Mbps
LVCMOS12 (8 mA) 250 300 Mbps

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-37. GPIO Maximum Output Buffer Speed

N S

LVDS18G 1250 1250 Mbps
LVDS25/LCMDS25 1250 1250 Mbps
LVDS33/LCMDS33 1250 1600 Mbps
RSDS25 800 800 Mbps
MINILVDS25 800 800 Mbps
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Table 4-37. GPIO Maximum Output Buffer Speed (continued)

I N R S
800 800

SUBLVDS25 Mbps
PPDS25 800 800 Mbps
SLVSE15 500 500 Mbps
BUSLVDSE25 500 500 Mbps
MLVDSE25 500 500 Mbps
LVPECLE33 500 500 Mbps
SSTL25I 800 800 Mbps
SSTL25II 800 800 Mbps
SSTL25I (differential) 800 800 Mbps
SSTL25II (differential) 800 800 Mbps
SSTL18I 800 800 Mbps
SSTL18I 800 800 Mbps
SSTL18lI (differential) 800 800 Mbps
SSTL18lII (differential) 800 800 Mbps
SSTL15I 800 1066 Mbps
SSTL15II 800 1066 Mbps
SSTL15I (differential) 800 1066 Mbps
SSTL15II (differential) 800 1066 Mbps
HSTL15I 900 900 Mbps
HSTL15II 900 900 Mbps
HSTL15I (differential) 900 900 Mbps
HSTL15II (differential) 900 900 Mbps
HSUL18lI 400 400 Mbps
HSUL18II 400 400 Mbps
HSUL18I (differential) 400 400 Mbps
HSUL18II (differential) 400 400 Mbps
PCI 500 500 Mbps
LVTTL (20 mA) 500 500 Mbps
LVCMOS33 (20 mA) 500 500 Mbps
LVCMOS25 (16 mA) 500 500 Mbps
LVCMOS18 (12 mA) 500 500 Mbps
LVCMOS15 (10 mA) 500 500 Mbps
LVCMOS12 (8 mA) 250 300 Mbps
MIPIE25 1000 1000 Mbps

Note: LVDS25 configuration should be used when implementing SGMII transmitters.

4.2.5. Maximum PHY Rate for Memory Interface IP
The following tables describe the maximum PHY rate for memory interface IP.
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4.2.6.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-38. Maximum PHY Rate for Memory Interfaces IP for HSIO Banks
Memory Standard | Gearing Ratio | Vppaux | Vbbi STD Fabric | Fabric | Fabric | Fabric

(Mbps)

Max

DDR4 8:1 1.8V 1.2V 800 1333 800 1600 100 167 100 200
DDR3 8:1 1.8V 1.5V 800 1067 800 1333 100 133 100 167
DDR3L 8:1 1.8V 1.35V 800 1067 800 1333 100 133 100 167
LPDDR3 8:1 1.8V 1.2V 800 800 800 1333 100 100 100 167
QDRI+ 8:1 1.8V 1.5V 500 900 500 1100 62.5 1125 62.5 137.5
RLDRAM3! 8:1 1.8V 135V — 1067 = 1067 = 133 = 133
RLDRAM3! 4:1 1.8V 135V — 667 — 800 — 167 — 200
RLDRAM3! 2:1 1.8V 135V — 333 = 400 = 167 = 200
RLDRAMII 8:1 1.8V 1.8V — 800 — 1067 — 100 — 133
RLDRAMII 4:1 1.8V 1.8V — 667 = 800 = 167 = 200
RLDRAMII 2:1 1.8V 1.8V — 333 — 400 — 167 — 200

1. Simulation data only. Microchip does not provide a soft controller for RLDRAMII and RLDRAM3.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-39. Maximum PHY Rate for Memory Interfaces IP for GPIO Banks

Memory Standard | Gearing Ratio | Vppaux | Vbopi | STD Fabric | Fabric
(Mbps) | (Mbps) | (Mbps) Clock | Clock
Min i
8:1

DDR3 2.5V 1.5V 800 800 800 1067 100 100 100 133
QDRI+ 8:1 2.5V 1.5V 500 900 500 900 62.5 1125 625 112.5
RLDRAMII 4:1 2.5V 1.8V — 800 — 800 — 200 — 200
RLDRAMII 2:1 2.5V 1.8V — 400 = 400 = 200 = 200

1. Simulation data only. RLDRAMII is currently not supported with a soft IP controller.

User I/0 Switching Characteristics

The following section describes user I/O switching characteristics. The following interface names are
described in the PolarFire FPGA and PolarFire SoC FPGA User I/0 User Guide.
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4.2.6.1. 1/0 Digital
The following tables describe I/0 digital.

-STD speed grade is offered for Extended Commercial (E), Industrial (I), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-40. 1/0 Digital Receive Single-Data Rate Switching Characteristics!

Parameter| Interface Topology| 1/0 Type |STD STD -1 (Mbps)| Clock-to-Data
Name (MHz) (Mbps) Condition

Input Fyax RX_SDR_G_A Rx SDR  HSIO, GPIO 500 From a global clock
source, aligned

Input Fyax RX_SDR_R_A Rx SDR HSIO, GPIO 250 250 250 250 From a regional clock
source, aligned

Input Fyax RX_SDR_G_C Rx SDR HSIO, GPIO 500 500 500 500 From a global clock
source, centered

Input Fyax RX_SDR_R_C Rx SDR  HSIO, GPIO 250 250 250 250 From a regional clock
source, centered
1. Unless otherwise noted, all data rates listed are achieved with static IOD tap settings.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-41. /0 Digital Receive Double Data Rate Switching Characteristics%:2:34

Parameter Interface Name Topology 1/0 STD -1 ) -1 Clock-to-Data
Type |(MHz) |(MHz) |[(Mbps) |(Mbps) |Condition

Input Fyax RX_DDR_G_A Rx DDR HSIO From a global clock
GPIO 310 325 620 650 source, aligned
Input Fyax RX_DDR_R_A Rx DDR HSIO 250 250 500 500 From a regional
clock source, aligned
GPIO 250 250 500 500
Input Fyax RX_DDR_G_C Rx DDR HSIO 335 345 670 690 From a global clock
GPIO 310 325 620 650 source, centered
Input Fyax RX_DDR_R_C Rx DDR HSIO 250 250 500 500 From a regional
clock source,
GPIO 250 250 500 500 centered
Input Fyax 2:1  RX_DDRX_B_G_A Rx DDR digital HSIO 350 350 700 700 From a HS_IO_CLK
mode GPIO 300 310 600 620 dlock source,
aligned, global fabric
clock
Input Fyax 4:1  RX_DDRX_B_G_A Rx DDR digital HSIO 350 350 700 700 From a HS_IO_CLK
lock
mode GPIO 300 310 600 620 clocksouree,

aligned, global fabric
clock
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Table 4-41. 1/0 Digital Receive Double Data Rate Switching Characteristics:23# (continued)

Parameter Interface Name Topology 1/0 STD -1 STD -1
Type |(MHz) [(MHz) |(Mbps) |(Mbps)

Input Fyax 3.5:1 RX_DDRX_B_G_FA

Input Fyax 2:1

Input Fyax 4:1
Input Fyax 5:1

Input Fyax 4:1

Input Fiyax 2:1

Input Fiyax 4:1
Input Fyax 5:1

Input Fiyax 2:1

Input Fiyax 4:1
Input Fyax 5:1

MW

RX_DDRX_B_G_C

RX_DDRX_B_G_C

RX_DDRX_B_G_DYN_

MIPI3

RX_DDRX_B_R_A

RX_DDRX_B_R_A

RX_DDRX_B_R_C

RX_DDRX_B_R_C

fractional

Rx DDR digital HSIO
de f
mode for GPIO

Rx DDR digital HSIO
d
moae GPIO

Rx DDR digital HSIO
d
moae GPIO

Rx DDR digital GPIO
mode for MIPI

Rx DDR digital HSIO
d
moae GPIO

Rx DDR digital HSIO
d
moae GPIO

Rx DDR digital HSIO
mode
GPIO

Rx DDR digital HSIO
mode
GPIO

320

350
300

350
300

5004

220
205

220
205

220
205

220
205

Data rates listed are achieved using dynamic training.
V|D >200 mV, VlCl\/l >100 mV, TJ =0.4 Ul.

320

350
310

350
310

750%

270
250

270
250

270
250

270
250

640

700
600

700
600

10004

440
410

440
410

440
410

440
410

640

700
620

700
620

15004

540
500

540
500

540
500

540
500

Clock-to-Data
Condition

From a HS_IO_CLK
clock source,
aligned, global fabric
clock, fractional
input

From a HS_IO_CLK
clock source,
centered, global
fabric clock

From a HS_IO_CLK
clock source,
centered, global
fabric clock

From a HS_IO_CLK
clock source,
centered, global
fabric clock

From a HS_IO_CLK
clock source,
aligned, regional
fabric clock

From a HS_IO_CLK
clock source,
aligned, regional
fabric clock

From a HS_IO_CLK
clock source,
centered, regional
fabric clock

From a HS_IO_CLK
clock source,
centered, regional
fabric clock

A centered clock-to-data interface can be created with a negedge launch of the data.
Unless otherwise noted, all data rates listed are achieved with static IOD tap settings.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.
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Table 4-42. 1/0 Digital Transmit Single Data Rate Switching Characteristicsl2

Parameter | Interface Topology| I/0 Type |STD -1 (MHz)| STD -1 (Mbps)| Forwarded Clock-to-
Name (MHz) (Mbps) DETERY G

Output Fyax TX.SDR.GLA  TxSDR  HSIO, From a global clock
GPIO source, aligned'
TX_SDR_G_C Tx SDR HSIO, 500 500 500 500 From a global clock
GPIO source, centered'

1.

A centered clock-to-data interface can be created with a negedge launch of the data.

2. Unless otherwise noted, all data rates listed are achieved with static 10D tap settings.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-43. 1/0 Digital Transmit Double Data Rate Switching Characteristics

Parameter Interface Name | Topology 1/0 STD -1 STD -1 Forwarded Clock-to-
Type (MHz) |(MHz) |(Mbps) |(Mbps) |Data Skew

OUtpUt FI\/IAX

OUtpUt Fuvax 2:1

Output Fyax 4:1
Output Fyax 5:1

OUtpUt Fumax 2:1

OUtpUt Fmax 4:1
Output Fyax 5:1

OUtpUt Fumax 2:1

Output Fyax 4:1
Output Fyax 5:1

Output Fyax 2:1

Output Fyax 4:1
Output Fyax 5:1

Output Fyax 4:1

TX_DDR_G_A

TX_DDR_G_C

TX_DDRX_B_A

TX_DDRX_B_A

TX_DDRX_B_C

TX_DDRX_B_C

TX_DDRX_B_A

TX_DDRX_B_A

TX_DDRX_B_C

TX_DDRX_B_C

TX_DDRX_B_C_

MIPI

Tx DDR

Tx DDR

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode

Tx DDR digital
mode for MIPI

HSIO,
GPIO

HSIO,
GPIO

HSIO

HSIO

HSIO

HSIO

GPIO

GPIO

GPIO

GPIO

GPIO

500

400

667

400

667

400

625

400

625

500

500

500

800

500

800

500

800

500

800

500

1000

1000

800

1333

800

1333

800

1250

800

1250

1000

1000

1000

1000

1600

1000

1600

1000

1600

1000

1600

1000

From a global clock
source, aligned

From a global clock
source, centered

From a HS_IO_CLK
clock source, aligned

From a HS_IO_CLK
clock source, aligned

From a HS_IO_CLK
clock source,
centered with PLL

From a HS_IO_CLK
clock source,
centered with PLL

From a HS_IO_CLK
clock source, aligned

From a HS_IO_CLK
clock source, aligned

From a HS_IO_CLK
clock source,
centered with PLL

From a HS_IO_CLK
clock source,
centered with PLL

From a HS_IO_CLK
clock source,
centered with PLL

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.
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Table 4-44. Programmable Delay

In delay, out delay, DLL delay step sizes

Note: Refer to Libero timing reports for configuration specific intrinsic and incremental delays.

Figure 4-5. LVDS lJitter Tolerance Plot

Sinusoidal Jitter

17 PN SRR L R R L

B
baud/1667 20MHz Frequency

Table 4-45. 1/0 CDR Switching Characteristics

Buffer Type 1/0 Configuration | Min Data Rate Max Data Rate Max Tx to Rx Jtolnin (UD)
(Mbps) Frequency Offset
(ppm)
HSIOT 2 LVDS18 266 1250 +200 0.08
HSIO" 2 LVDS18 266 1250 +100 0.1
GPIO" 3 LVDS25 266 1250 +100 0.1
GPIO '3 LVDS18G 266 1250 +100 0.1

1. Jitter tolerance of applied sinusoidal jitter from 1 KHz to 120 MHz, as shown in Figure 4-5. It is
measured in addition to a stressed eye of T; = 0.24 Ul with V ¢y of 1.25V and V|pp, 0f 250 mV,
with the CDR operating at a rate of 1250 Mbps plus or minus the ppm offset listed.

2. HSIO LVDS uses an external 100Q differential termination resistor. For more information, see
LVDS specification in Table 3-17.

3. GPIO LVDS uses an internal 100Q differential termination resistor. For more information, see
LVDS specification in Table 3-17.
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4.3. Clocking Specifications
This section describes the PLL and DLL clocking and oscillator specifications.

4.3.1. Clocking
The following table describes clocking specifications.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-46. Global and Regional Clock Characteristics (=55 °C to 125 °C)

SymbOI w e Osv

Global clock Fumax Fmaxa MHz —
Regional clock Fyax Fuaxk 375 375 375 375 MHz Transceiver interfaces
only
Fmaxk 250 250 250 250 MHz All other interfaces
Global clock duty cycle Tocpg 190 190 190 190 ps At500 MHz
distortion
Regional clock duty cycle Tocor 120 120 120 120 ps  At250 MHz
distortion

The following table describes clocking specifications.

-STD speed grade is offered for Extended Commercial (E), Industrial (1), Military (M), and Automotive
(T2) temperature grades.

-1 speed grade is offered for Extended Commercial (E), Industrial (1), and Automotive (T2)
temperature grades only.

Table 4-47. High-Speed 1/0 Clock Characteristics (=55 °C to 125 °C)

. VDD i VDD i VDD - VDD - “

High-speed Fvaxs 1000 1250 1000 1250 HSIO and
I/0 clock Fumax GPIO
High-speed Fskews 30 20 30 20 ps HSIO without
1/0 clock bridging
skew!
" Fskews See note 3 ps HSIO with
bridging