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1 Revision History

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the most current publication.

1.1 Revision 1.3

Revision 1.3 was published in June 2018. The following is a summary of changes.

® The System Services section was updated. For more information, see

System Services (see page 59).

The Non-Volatile Characteristics section was updated. For more information, see Non-Volatile

Characteristics (see page 51).

The Fabric Macros section was updated. For more information, see Fabric Macros (see page 60).

® The Transceiver Switching Characteristics section was updated. For more information, see
Transceiver Switching Characteristics (see page 42).

1.2 Revision 1.2

Revision 1.2 was published in June 2018. The following is a summary of changes.

® The datasheet has moved to preliminary status. Every table has been updated.

1.3 Revision 1.1

Revision 1.1 was published in August 2017. The following is a summary of changes.

® LVDS specifications changed to 1.25G. For more information, see HSIO Maximum Input Buffer Speed
and HSIO Maximum Output Buffer Speed.

® | VDS18, LVDS25/LVDS33, and LVDS25 specifications changed to 800 Mbps. For more information,

see /0 Standards Specifications.

A note was added indicting a zeroization cycle counts as a programming cycle. For more

information, see Non-Volatile Characteristics.

A note was added defining power down conditions for programming recovery conditions. For more

information, see Power-Supply Ramp Times.

1.4 Revision 1.0

Revision 1.0 was the first publication of this document.
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2 Overview

This datasheet describes PolarFire® FPGA device characteristics with industrial temperature range

(40 °Cto 100 °C T)) and extended commercial temperature range (0 °C to 100 °C T:). The devices are
provided with a standard speed grade (STD) and a —1 speed grade with higher performance. The FPGA
core supply Voo can operate at 1.0 V for lower-power or 1.05 V for higher performance. Similarly, the
transceiver core supply Vooa can also operate at 1.0 V or 1.05 V. Users select the core operating voltage
while creating the Libero project.
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6.2.1 DC Characteristics over Recommended Operating Conditions
The following table lists the DC characteristics over recommended operating conditions.

Table 5 e DC Characteristics over Recommended Operating Conditions

Parameter Symbol Min Max Unit Condition
Input pin capacitance! Ci (dedicated GPIO) 5.6 pf

Cin (GPIO) 5.6 pf

Cn (HSIO) 2.8 pf
Input or output leakage current per pin 1L (GPIO) 10 UHA 1/0 disabled, high -z

I (HSIO) 10 pA 1/0 disabled, high -2
Input rise time (10%—90% of Vooix)% 4 Trise 0.66 2.64 ns Voox=3.3V
Input rise time (10%—90% of Vooix)% 34 0.50 2.00 ns Vooix = 2.5V
Input rise time (10%—90% of Vooix)? 34 0.36 1.44 ns Voox = 1.8V
Input rise time (10%—90% of Vooix)? 34 0.30 1.20 ns Voox=1.5V
Input rise time (10%—90% of Vooix)? 34 0.24 0.96 ns Voox=1.2V
Input fall time (90%—-10% of Vooix)% >4 Traw 0.66 2.64 ns Voox=3.3V
Input fall time (90%—-10% of Vooix)% 34 0.50 2.00 ns Vooix = 2.5V
Input fall time (90%—10% of Vooi)> 34 0.36 1.44 ns Voow= 1.8V
Input fall time (90%—-10% of Vooix)? 34 0.30 1.20 ns Vooix = 1.5V
Input fall time (90%—-10% of Vooix)% 34 0.24 0.96 ns Voox=1.2V
Pad pull-up when Vin = 0° Ipu 137 220 UA Voox=3.3V
Pad pull-up when Vin = 0° 102 166 HA Voox=2.5V
Pad pull-up when Vin =0 68 115 HA Voox = 1.8V
Pad pull-up when Vin =0 51 88 HA Voox=1.5V
Pad pull-up when Vin = 0° 29 73 WA Voox =1.35V
Pad pull-up when Vin =0 16 46 UA Voox=1.2V
Pad pull-down when Vin = 3.3 V° Iro 65 187 HA Voox=3.3V
Pad pull-down when Vin = 2.5 V> 63 160 HA Vooix = 2.5V
Pad pull-down when Vin=1.8V 60 117 HA Voox=1.8V
Pad pull-down when Vin=1.5V 57 95 WA Voox = 1.5V
Pad pull-down when Vin=1.35V 52 86 UHA Voo =1.35V
Pad pull-down when Vin=1.2 V 47 79 HA Voox=1.2V

1. Represents the die input capacitance at the pad not the package.

N

. Voltage ramp must be monotonic.

3. Numbers based on rail-to-rail input signal swing and minimum 1 V/ns and maximum 4 V/ns. These
are to be used for input delay measurement consistency.

4. 1/0 signal standards with smaller than rail-to-rail input swings can use a nominal value of
200 ps 20%—80% of swing and maximum value of 500 ps 20%—80% of swing.

5. GPIO only.

6.2.2 Maximum Allowed Overshoot and Undershoot

During transitions, input signals may overshoot and undershoot the voltage shown in the following
table. Input currents must be limited to less than 100 mA per latch-up specifications.
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Table 13 e DC Output Levels

1/0 Voo Voot Vool Vo Vou Vou VoH lo26 lon26
Standard Min (V) Typ (V) Max (V) Min (V) Max (V) Min (V) Max (V) mA mA
PCIt 3.15 33 3.45 0.1 0.9 1.5 0.5
x x
Vooi Vooi
LVTTL 3.15 33 3.45 0.4 2.4
LVCMOS33 3.15 33 3.45 0.4 Vooi
0.4
LVCMOS25 2.375 2.5 2.625 0.4 Vooi
0.4
LVCMOS18 1.71 1.8 1.89 0.45 Vooi
0.45
LVCMOS15 1.425 15 1.575 0.25 0.75
x x
Vooi Vool
LVCMOS12 1.14 1.2 1.26 0.25 0.75
x x
Vooi Vooi
SSTL2513 2.375 2.5 2.625 Vrr Vrr 8.1 8.1
- +
0.608 0.608
SSTL25113 2.375 2.5 2.625 VT VT 16.2 16.2
- +
0.810 0.810
SSTL18I? 1.71 1.8 1.89 Vrr VT 6.7 6.7
- +
0.603 0.603
SsTLi8IR 1.71 1.8 1.89 Vrr Vrr 134 13.4
- +
0.603 0.603
SSTL1514 1.425 15 1.575 0.2 0.8 Voi/40 (Voo — Vou)
x x /40
Vooi Vooi
SSTL15114 1.425 15 1.575 0.2 0.8 Voi/34 (Voo — Vou)
x x /34
Vobi Vool
SSTL13514 1.283 1.35 1.418 0.2 0.8 Voi/40 (Voo — Vou)
x x /40
Vool Vool
SSTL135114 1.283 1.35 1.418 0.2 0.8 Voi/34 (Voo — Vor)
x x /34
Vooi Vooi
HSTL15I 1.425 1.5 1.575 0.4 Vool 8 8
0.4
HSTL1511 1.425 15 1.575 0.4 Vooi 16 16
0.4
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1/0 Bank VICM_RANGE Viem®? Viecm3 Viem®® Vip? Vio Vio
Standard Type Libero Setting Min (V) Typ (V) Max (V) Min (V) Typ (V) Max (V)
HCSL25¢ GPIO Mid (default) 0.6 1.25 2.35 0.1 0.55 1.1
Low 0.05 0.35 0.8 0.1 0.55 11
HCSL18> HSIO Mid (default) 0.6 1.0 1.65 0.1 0.55 11
Low 0.05 0.4 0.8 0.1 0.55 11
BUSLVDSE25 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.1 Vobin
Low 0.05 0.4 0.8 0.05 0.1 Vooin
MLVDSE25 GPIO Mid (default) 0.6 1.25 2.35 0.05 0.35 2.4
Low 0.05 0.4 0.8 0.05 0.35 24
LVPECL33 GPIO Mid (default) 0.6 1.65 2.35 0.05 0.8 24
Low 0.05 0.4 0.8 0.05 0.8 2.4
LVPECLE33 GPIO Mid (default) 0.6 1.65 2.35 0.05 0.8 24
Low 0.05 0.4 0.8 0.05 0.8 2.4
MIPI25 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. Viem is the input common mode.

N

. Viois the input differential voltage.
3. Viem rules are as follows:

. Viem must be less than Vooi— 0.4 V;

b. Viem + Vio/2 must be <Vooi + 0.4 V;

c. Viem — Vio/2 must be >VSS - 0.3 V;

d. Any differential input with Viem 0.6 V requires the low common mode setting in Libero
(VICM_RANGE=LOW).

. VDDI=1.8V, VDDAUX=2.5V.
. HSIO receiver only.
6. GPIO receiver only.

a

v b

Table 15 e Differential DC Output Levels

1/0 Bank Vocm? Vocm Vocm Vop? Von? Von?
Standard Type Min (V) Typ (V) Max (V) Min (V) Typ (V) Max (V)
LVDS33 GPIO 1.2 0.25 0.35 0.45
LVDS25 GPIO 1.2 0.25 0.35 0.45
LCMDS33 GPIO 0.6 0.25 0.35 0.45
LCMDS25 GPIO 0.6 0.25 0.35 0.45
RSDS33 GPIO 1.2 0.17 0.2 0.23
RSDS25 GPIO 1.2 0.17 0.2 0.23
MINILVDS33 GPIO 1.2 0.3 0.4 0.6
MINILVDS25 GPIO 1.2 0.3 0.4 0.6
SUBLVDS33 GPIO 0.9 0.1 0.15 0.3
SUBLVDS25 GPIO 0.9 0.1 0.15 0.3
PPDS33 GPIO 0.8 0.17 0.2 0.23
PPDS25 GPIO 0.8 0.17 0.2 0.23
SLVSE153 GPIO, 0.2 0.12 0.135 0.15
HSIO
BUSLVDSE253 GPIO 1.25 0.24 0.262 0.272
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Min (%) Typ Max (%) Unit Condition
=20 60 20 Q Voo =1.2V
-20 120 20 Q Voo = 1.2V
Note: Thevenin impedance is calculated based on independent P and N as measured at 50% of Vooi. For
50 Q/75 Q/150 Q cases, nearest supported values of 40 Q/60 Q/120 Q are used.
Table 19 ¢ Single-Ended Termination to VDDI (Internal Parallel Termination to VDDI)
Min (%) Typ Max (%) Unit Condition
-20 34 20 Q Voo = 1.2V
=20 40 20 Q Voo =1.2V
-20 48 20 Q Voo = 1.2V
-20 60 20 Q Voo = 1.2V
-20 80 20 Q Voo = 1.2V
-20 120 20 Q Voo = 1.2V
-20 240 20 Q Voo = 1.2V
Note: Measured at 80% of Voo!.
Table 20 e Single-Ended Termination to VSS (Internal Parallel Termination to VSS)
Min (%) Typ Max (%) Unit Condition
-20 120 20 Q Vooi=1.8V/1.5V
-20 240 20 Q Vooi= 1.8 V/1.5V
-20 120 20 Q Voo = 1.2V
-20 240 20 Q Voo = 1.2V
Note: Measured at 50% of Voo
6.3.5 GPIO On-Die Termination
The following table lists the on-die termination calibration accuracy specifications for GPIO bank.
Table 21 e On-Die Termination Calibration Accuracy Specifications for GPIO Bank
Parameter Description Min (%) Typ Max (%) Unit Condition
Differential Internal -20 100 20 Q Viem< 0.8V
o ) )
termination differential -20 100 40 Q 0.6V <Viw< 165V
termination
-20 100 80 Q 1.4V < View
Single-ended Internal -40 50 20 Q Voo =1.8V/1.5V
i H 3 2,3
thevenin termination parallel _10 75 20 Q Voor= 1.8V
thevenin
termination -40 150 20 Q Voo = 1.8V
-20 20 20 Q Voo = 1.5V
=20 30 20 Q Voor=1.5V
=20 40 20 Q Vooi=1.5V
-20 60 20 Q Vooi = 1.5V
-20 120 20 Q Voo = 1.5V

DS0141 Datasheet Revision 1.3
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Standard Description Vi Vil Vip? Viem? Vmeas® 4 Vrerk 5 Unit
HSUL18I HSUL 1.8V VRer — VRer + VRer 0.90 \%
Class | 0.54 0.54
HSUL18II HSUL 1.8 V VRer — Vrer + Vrer 0.90 \%
Class Il 0.54 0.54
HSUL12 HSUL 1.2V VRer — VRer + VRer 0.60 \Y
22 .22
POD12I Pseudo open VRer — Vrer + Vrer 0.84 \"
drain (POD) .15 .15
logic1.2V
Class |
POD12II POD 1.2V Vrer — Vrer + Vrer 0.84 \%
Class Il .15 .15
LVDS33 Low-voltage Viem — Viem + 0.250 1.250 0 \
differential 125 125
signaling
(LVDS) 3.3V
LVDS25 LVDS 2.5V Viem — Viem + 0.250 1.250 0 \
125 125
LvVDS18 LVvDS 1.8V Viem — Viem + 0.250 0.900 0 \
125 125
RSDS33 RSDS 3.3V Viem — Viem + 0.250 1.250 0 \
125 125
RSDS25 RSDS 2.5V Viem — Viem + 0.250 1.250 0 \Y
125 125
RSDS18 RSDS 1.8V Viem — Viem + 0.250 1.250 0 \
125 125
MINILVDS33 Mini-LVDS Viem — Viem + 0.250 1.250 0 \
33V 125 125
MINILVDS25 Mini-LVDS Viem — Viem + 0.250 1.250 0 \
25V 125 125
MINILVDS18 Mini-LVDS Viem — Viem + 0.250 1.250 0 \
1.8V 125 125
SUBLVDS33 Sub-LVDS Viem — Viem + 0.250 0.900 0 \
33V 125 125
SUBLVDS25 Sub-LVDS Viem — Viem + 0.250 0.900 0 \
25V 125 125
SUBLVDS18 Sub-LVDS Viem — Viem + 0.250 0.900 0 \
1.8V 125 125
PPDS33 Point-to-point Viem — Viem + 0.250 0.800 0 \
differential 125 125
signaling
3.3V
PPDS25 PPDS 2.5V Viem — Viem + 0.250 0.800 0 Vv
125 125
PPDS18 PPDS 1.8V Viem — Viem + 0.250 0.800 0 \
125 125
SLVS33 Scalable low- Viem — Viem + 0.250 0.200 0 \
voltage 125 125
signaling
3.3V
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Standard Description Vi Vil Vip? Viem? Vmeas® 4 Vrerk 5 Unit

HSTL13511 Differential Viem — Viem + 0.250 0.675 0 \Y
HSTL1.35V 125 125
Class Il

HSTL12 Differential Viem — Viem + 0.250 0.600 0 \%
HSTL1.2V 125 125

HSUL18lI Differential Viem — Viem + 0.250 0.900 0 \
HSUL 1.8 V 125 125
Class |

HSuL18lII Differential Viem — Viem + 0.250 0.900 0 \"
HSUL 1.8 V 125 125
Class Il

HSUL12 Differential Viem — Viem + 0.250 0.600 0 \Y
HSUL1.2V 125 125

POD12I Differential Viem — Viem + 0.250 0.600 0 \%
POD 1.2V 125 125
Class |

POD12II Differential Viem — Viem + 0.250 0.600 0 \
POD 1.2V 125 125
Class Il

MIPI125 Mobile Viem — Viem + 0.250 0.200 0 \
Industry 125 125
Processor
Interface

1. Measurements are made at typical, minimum, and maximum Vrer values. Reported delays reflect
worst-case of these measurements. Vrer values listed are typical. Input waveform switches between
Vi and V. All rise and fall times must be 1 V/ns.

2. Differential receiver standards all use 250 mV Vo for timing. Vem is different between different

standards.

. Input voltage level from which measurement starts.

. The value given is the differential input voltage.

5. This is an input voltage reference that bears no relation to the Vrer/Vmeas parameters found in IBIS
models or shown in Output Delay Measurement—Single-Ended Test Setup (see page 27).

6. Emulated bi-directional interface.

B~ w

7.1.2 Output Delay Measurement Methodology
The following section provides information about the methodology for output delay measurement.

Table 23 e Output Delay Measurement Methodology

Standard Description Reer (Q) Crer (pF) Vmeas (V) Vker (V)
PCI PCIE3.3V 25 10 1.65

LVTTL33 LVTTL3.3V 1M 0 1.65

LVCMOS33 LVCMOS 3.3V i\ 0 1.65

LVCMOS25 LVCMOS 2.5V M 0 1.25

LVCMOS18 LVCMOS 1.8 V 1M 0 0.90

LVCMOS15 LVCMOS 1.5V M 0 0.75

LVCMOS12 LVCMOS 1.2V 1M 0 0.60

SSTL25I Stub-series terminated logic 50 0 Vrer 1.25

2.5VClass|
SSTL2511 SSTL2.5V Class Il 50 0 Vrer 1.25

DS0141 Datasheet Revision 1.3
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Standard Description Reer (Q) Crer (pF) Vmeas (V) Vker (V)
SSTL18I SSTL1.8V Class | 50 0 Vrer 0.9
SSTL18II SSTL1.8V Class I 50 0 Vrer 0.9
SSTL15I SSTL1.5V Class | 50 0 Vrer 0.75
SSTL15II SSTL1.5V Class I 50 0 Vrer 0.75
SSTL135I SSTL1.35V Class | 50 0 Vrer 0.675
SSTL135lI SSTL1.35V Class Il 50 0 Vrer 0.675
HSTL15I High-speed transceiver logic (HSTL) 50 0 Vrer 0.75
1.5V Class|
HSTL151I HSTL 1.5V Class Il 50 0 Vrer 0.75
HSTL135I HSTL 1.35V Class | 50 0 Vrer 0.675
HSTL135I1 HSTL 1.35V Class Il 50 0 Vrer 0.675
HSTL12 HSTL1.2V 50 0 Vrer 0.6
HSUL18I High-speed unterminated logic 50 0 Vrer 0.9
1.8V Class|
HSuUL18II HSUL 1.8 V Class Il 50 0 Vrer 0.9
HSUL12 HSUL 1.2V 50 0 Vrer 0.6
POD12I Pseudo open drain (POD) logic 50 0 Vrer 0.84
1.2V Class|
POD12II POD 1.2 V Class Il 50 0 Vrer 0.84
LVDS33 LVDS 3.3V 100 0 0! 0
LvVDS25 LVDS 2.5V 100 0 0! 0
LvDS18 LVDS 1.8V 100 0 ot 0
RSDS33 Reduced swing differential signaling 3.3 V 100 0 0t 0
RSDS25 RSDS 2.5V 100 0 0! 0
RSDS18 RSDS 1.8V 100 0 0! 0
MINILVDS33 Mini-LVDS 3.3 V 100 0 0! 0
MINILVDS25 Mini-LVDS 2.5V 100 0 0! 0
SUBLVDS33 Sub-LVDS 3.3V 100 0 0! 0
SUBLVDS25 Sub-LVDS 2.5V 100 0 0! 0
PPDS33 Point-to-point differential signaling 3.3 V 100 0 ot 0
PPDS25 PPDS 2.5V 100 0 0! 0
BUSLVDSE25 Bus LVDS 100 0 0! 0
MLVDSE25 Multipoint LVDS 2.5V 100 0 0! 0
LVPECLE33 Low-voltage positive emitter-coupled logic 100 0 ot 0
MIPIE25 Mobile industry processor interface 2.5V 100 0 ot 0

1. The value given is the differential output voltage.
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Standard STD -1 Unit

LVCMOS12 (8 mA) 250 300 Mbps

Table 27 e GPIO Maximum Output Buffer Speed

Standard STD -1 Unit

LVDS25/LCMDS25 1250 1250 Mbps
LVDS33/LCMDS33 1250 1600 Mbps
RSDS25 800 800 Mbps
MINILVDS25 800 800 Mbps
SUBLVDS25 800 800 Mbps
PPDS25 800 800 Mbps
SLVSE15 500 500 Mbps
BUSLVDSE25 500 500 Mbps
MLVDSE25 500 500 Mbps
LVPECLE33 500 500 Mbps
SSTL251 800 800 Mbps
SSTL25II 800 800 Mbps
SSTL25I (differential) 800 800 Mbps
SSTL25II (differential) 800 800 Mbps
SSTL18I 800 800 Mbps
SSTL18II 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
HSTL151I 900 900 Mbps
HSTL15I (differential) 900 900 Mbps
HSTL151I (differential) 900 900 Mbps
HSUL18I 400 400 Mbps
HSuUL18II 400 400 Mbps
HSUL18I (differential) 400 400 Mbps
HSUL18II (differential) 400 400 Mbps
PCl 500 500 Mbps
LVTTL33 (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 500 500 Mbps
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Parameter Interface Name Topology STD STD STD -1 -1 -1 Unit Clock-to-
Min Typ Max Min Typ Max Data
Condition
Fmax 4:1 RX_DDRX_B_A Rx DDR MHz From a
digital HS_I0_CLK
mode clock
source,
aligned
Fuwax 8:1 RX_DDRX_B_A Rx DDR MHz From a
digital HS_10_CLK
mode clock
source,
aligned
Fuax 2:1 RX_DDRX_B_C Rx DDR MHz Froma
digital HS_IO_CLK
mode clock
source,
centered
Fmax 4:1 RX_DDRX_B_C Rx DDR MHz From a
digital HS_IO_CLK
mode clock
source,
centered
Fuwax 8:1 RX_DDRX_B_C Rx DDR MHz From a
digital HS_10_CLK
mode clock
source,
centered
Fmax 2:1 RX_DDRX_BL_A Rx DDR MHz From a
digital HS_IO_CLK
mode clock
source,
aligned
Fmax 4:1 RX_DDRX_BL_A Rx DDR MHz From a
digital HS_IO_CLK
mode clock
source,
aligned
Fmax 8:1 RX_DDRX_BL_A Rx DDR MHz From a
digital HS_I0_CLK
mode clock
source,
aligned
Fmax 2:1 RX_DDRX_BL_C Rx DDR MHz From a
digital HS_10_CLK
mode clock
source,
centered
Fmax 4:1 RX_DDRX_BL_C Rx DDR MHz From a
digital HS_IO_CLK
mode clock
source,
centered
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Parameter Interface Name Topology STD STD STD -1 -1 -1 Unit Clock-to-
Min Typ Max Min Typ Max Data
Condition
Fmax 8:1 RX_DDRX_BL_C Rx DDR MHz From a
digital HS_I0_CLK
mode clock
source,
centered
Table 32 ¢ 1/0 Digital Transmit Single-Data Rate Switching Characteristics
Parameter Interface Topology STD STD STD -1 -1 -1 Unit Forwarded
Name Min Typ Max Min Typ Max Clock-to-Data
Skew
Output TX_SDR_G_A Tx SDR MHz From a global
Fmax clock source,
aligned?
TX_SDR_G_C Tx SDR MHz From a global
clock source,
centered!
1. A centered clock-to-data interface can be created with a negedge launch of the data.
Table 33 ¢ I/0 Digital Transmit Double-Data Rate Switching Characteristics
Parameter Interface Topology STD STD STD -1 -1 -1 Unit Forwarded
Name Min Typ Max Min Typ Max Clock-to-
Data Skew
Output TX_DDR_G_A Tx DDR 335 335 MHz From a
Fmax global clock
source,
aligned
TX_DDR_G_C Tx DDR 335 335 MHz From a
global clock
source,
centered
TX_DDR_L_A Tx DDR 250 250 MHz From a lane
clock source,
aligned
TX_DDR_L_C Tx DDR 250 250 MHz From a lane
clock source,
centered
Output TX_DDRX_B_A Tx DDR MHz From a
Fumax 2:1 digital HS_IO_CLK
mode clock source,
aligned
Output TX_DDRX_B_A Tx DDR MHz From a
Fumax 4:1 digital HS_1O_CLK
mode clock source,
aligned
Output TX_DDRX_B_A Tx DDR MHz From a
Fumax 8:1 digital HS_1O_CLK
mode clock source,
aligned
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Parameter Interface Topology STD STD STD -1 -1 -1 Unit Forwarded
Name Min Typ Max Min Typ Max Clock-to-
Data Skew
Output TX_DDRX_B_C Tx DDR MHz From a
Fawax 2:1 digital HS_l0_CLK
mode clock source,
centered
with PLL
Output TX_DDRX_B_C  TxDDR MHz From a
Fuax 4:1 digital HS_10_CLK
mode clock source,
centered
with PLL
Output TX_DDRX_B_C Tx DDR MHz From a
Fmax 8:1 digital HS_IO_CLK
mode clock source,
centered
with PLL
In delay, 12.7 30 35 12.7 25 29.5 ps
out delay,
DLL delay
step sizes

Table 34 ¢ 1/0 CDR Switching Characteristics

Parameter Min Max Unit
Data rate 266 1250 Mbps
Receiver Sinusoidal jitter tolerance! 0.2 ul

1. Jitter values based on bit error ratio (BER) of 10—12, 80 MHz sinusoidal jitter injected to Rx data.
Note: See the LVDS output buffer specifications for transmit characteristics.

Clocking Specifications
This section describes the PLL and DLL clocking and oscillator specifications.

Clocking

The following table provides clocking specifications.

Table 35 ¢ Global and Regional Clock Characteristics (—40 °C to 100 °C)

Parameter Symbol Vop= Vo= Vop= Vop= Unit Condition
1.0V STD 10v-1 1.05V STD 1.05v-1

Global clock Fmaxe 500 500 500 500 MHz
Frmax
Regional Fmaxr 375 375 375 375 MHz Transceiver
clock interfaces
Fmax only

Fmaxr 250 250 250 250 MHz All other

interfaces

Global clock Tocoe 190 190 190 190 ps At
duty cycle 500 MHz
distortion
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Parameter Symbol Min Typ Max Unit
Operating current (Voois) RCscvep 0.1 MA
Operating current (Voo) RCscvop 60.7 MA
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Parameter Symbol STD STD STD -1 -1 -1 Unit
Min Typ Max Min Typ Max

Reference clock input FxcvrReFcLkMAX 20 156 20 156 MHz

rate® 23 CASCADE

Reference clock rate at FrxRercLkpFD 20 156 20 156 MHz

the PFD*

Reference clock rate FrxrercLkprp106 75 156 75 156 MHz

recommended at the

PFD for Tx rates 10 Gbps

and above*

Tx reference clock Frxrerpn -110 -110 dBc

phase noise /Hz

requirements to meet

jitter specifications (156

MHz clock at reference

clock input)®

Phase noise at 10 KHz Frxrerpn -110 -110 dBc
/Hz

Phase noise at 100 KHz Frxrerpn -115 -115 dBc
/Hz

Phase noise at 1 MHz Frxrerpn -135 -135 dBc
/Hz

Reference clock input TRerRISE 200 500 200 500 ps

rise time (10%—90%)

Reference clock input TrerrALL 200 500 200 500 ps

fall time (90%—10%)

Reference clock duty TrerpuTY 40 60 40 60 %

cycle

Spread spectrum Mod_Spread 0.1 3.1 0.1 3.1 %

modulation spread®

Spread spectrum Mod_Freq TxREF 32 TxREF TxREF 32 TxREF KHz

modulation frequency’ CLKPFD/ CLKPFD/ CLKPFD/ CLKPFD/

(128) (128*63) (128) (128*63)

1. See the maximum reference clock rate allowed per input buffer standard.

2. The minimum value applies to this clock when used as an XCVR reference clock. It does not apply
when used as a non-XCVR input buffer (DC input allowed).

3. Cascaded reference clock.

4. After reference clock input divider.

5. Required maximum phase noise is scaled based on actual Frxrefcikero value by 20 x log10 (TxRefCIkPFD
/156 MHz). It is assumed that the reference clock divider of 4 is used for these calculations to always
meet the maximum PFD frequency specification.

6. Programmable capability for depth of down-spread or center-spread modulation.

7. Programmable modulation rate based on the modulation divider setting (1 to 63).

Transceiver Reference Clock 1/0 Standards
The following table describes the differential I/O standards supported as transceiver reference clocks.
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Parameter Symbol Min Typ Max Unit Condition
0.41 ul >3.2-8.5 Gbps®
0.41 Ul >1.6 to 3.2 Gbps®
0.41 ul >0.8 to 1.6 Gbps ®
0.41 ul 250 to 800 Mpbs
Total jitter tolerance with Trrouse 0.65 Ul 3.125 Gbps®
stressed eye 0.65 ul 6.25 Gbps®
0.7 ul 10.3125 Gbps®
ul 12.7 Gbpss 10
Sinusoidal jitter tolerance with Tsimose 0.1 ul 3.125 Gbps®
stressed eye 0.05 ul 6.25 Gbpss
0.05 ul 10.3125 Gbps®
ul 12.7 Gbps® 10
CTLE DC gain (all stages, max 10 dB
settings)
CTLE AC gain (all stages, max 16 dB
settings)
DFE AC gain (per 5 stages, max 7.5 dB
settings)
1. Valid at 3.2 Gbps and below.
2. Data vs. Rx reference clock frequency.
3. Achieves compliance with PCle electrical idle detection.
4. Achieves compliance with SATA OOB specification.
5. Rx jitter values based on bit error ratio (BER) of 10-12, AC coupled input with 400 mV Vo, all stages

of Rx CTLE enabled, DFE disabled, 80 MHz sinusoidal jitter injected to Rx data.

. Rx jitter values based on bit error ratio (BER) of 10-12, AC coupled input with 400 mV Vo, all stages
of Rx CTLE enabled, DFE enabled, 80 MHz sinusoidal jitter injected to Rx data.

7. For PCle: Low Threshold Setting = 1, High Threshold Setting = 2.

. For SATA: Low Threshold Setting = 2, High Threshold Setting = 3.

. Loss of signal detection is valid for input signals that transition at a density 21 Gbps for PRBS7 data
or 6 Gbps for PRBS31 data.

10. For data rates greater than 10.3125 Gbps, VDDA must be set to 1.05 V mode. See supply tolerance

in the section Recommended Operating Conditions (see page 6).

()]

O

Transceiver Protocol Characteristics
The following section describes transceiver protocol characteristics.

PCI Express

The following tables describe the PCl express.

Table 54 ¢ PCl Express Genl

Parameter Data Rate Min Max Unit
Total transmit jitter 2.5 Gbps 0.25 ul
Receiver jitter tolerance 2.5 Gbps 0.4 Ul

Note: With add-in card, as specified in PCl Express CEM Rev 2.0.
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Figure 3 ¢ UJTAG Timing Diagram
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UJTAG_SEC Switching Characteristics
The following table describes characteristics of UITAG_SEC switching.

Table 89 e UJTAG Security Performance Characteristics

Parameter Symbol Min Typ Max Unit Condition

TCK frequency Frek MHz

USPI Switching Characteristics
The following section describes characteristics of USPI switching.

Table 90 ¢ SPI Macro Interface Timing Characteristics

Parameter Symbol Voo =3.3V Voo =2.5V Voo = 1.8V Vooi=1.5V Voo =1.2V Unit
Max Max Max Max Max

Propagation TPD_MOSI 0.8 1 1.2 1.4 1.6 ns

delay from TPD_MISO 35 3.75 4 425 4.5 ns

the fabric to

pins? TPD_SS 35 3.75 4 4.25 45 ns
TPD_SCK 3.5 3.75 4 4.25 4.5 ns
TPD_MOSI_OE 3.5 3.75 4 4.25 4.5 ns
TPD_SS_OE 3.5 3.75 4 4.25 4.5 ns
TPD_SCK_OE 3.5 3.75 4 4.25 4.5 ns

1. Assumes CL of the relevant I/O standard as described in the input and output delay measurement

tables.
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Parameter Symbol Typ Max Unit
Time from negation of RESPONSE to all I/Os re-enabled TCLR_I0_DISABLE 28 38 us
Time from triggering the response to security locked Tiockpown ns
Time from negation of RESPONSE to earlier security unlock condition Tcir_tockbown ns
Time from triggering the response to device enters RESET Ter_ReseT 11.7 14 us
Time from triggering the response to start of zeroization Tr_zerouise 7.4 8.2 ms

System Controller Suspend Switching Characteristics
The following table describes the characteristics of system controller suspend switching.

Table 95 e System Controller Suspend Entry and Exit Characteristics

Parameter Symbol Definition Typ Max Unit
Time from TRSTb falling Tsuspend_Trl 2 Suspend entry time from TRST_N 42 44 ns
edge to SUSPEND_EN signal assertion

assertion

Time from TRSTb rising edge Tsuspend_exit Suspend exit time from 361 372 ns
to ACTIVE signal assertion TRST_N negation

1. ACTIVE indicates that the system controller is inactive or active regardless of the state of
SUSPEND_EN.
2. ACTIVE signal must never be asserted with SUSPEND_EN is asserted.

Dynamic Reconfiguration Interface

The following table provides interface timing information for the DRI, which is an embedded APB slave
interface within the FPGA fabric that does not use FPGA resources.

Table 96 ¢ Dynamic Reconfiguration Interface Timing Characteristics

Parameter Symbol Max Unit

PCLK frequency Feo_pcik 200 MHz

Power-Up to Functional Timing

Microsemi non-volatile FPGA technology offers the fastest boot-time of any mid-range FPGA in the
market. The following tables describes both cold-boot (from power-on) and warm-boot (assertion of
DEVRST_N pin or assertion of reset from the tamper macro) timing. The power-up diagrams assume all
power supplies to the device are stable.

Power-On (Cold) Reset Initialization Sequence
The following cold reset timing diagram shows the initialization sequencing of the device.
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Design Dependence of T PUFT and T WRFT

Some phases of the device initialization are user design-dependent, as the device automatically
initializes certain resources to user-specified configurations if those resources are used in the design. It
is necessary to compute the overall power-up to functional time by referencing the following tables and
adding the relevant phases, according to the design configuration. The following equation refers to
timing parameters specified in the above timing diagrams. Please note Tecie, Txcvr, Tisram, and Tusram can
be found in the PolarFire FPGA device power-up and resets user guide UG0725.

Trurt = Tras_ready(cold) + Max((Trcie + Txcvr + Tisram + Tusram), Tcaus)
Twrer = Tras_reaDY(warm) + MaX((Tecie + Txcvr + Tisram + Tusram), Tcauis)
Note: Trcie, Txcvr, Tisram, Tusram, and Tcaus are common to both cold and warm reset scenarios.

Auto-initialization of FPGA (if required) occurs in parallel with 1/0 calibration. The device may be
considered fully functional only when the later of these two activities has finished, which may be either
one, depending on the configuration, as may be calculated from the following tables. Note that I/0
calibration may extend beyond Truer (as I/O calibration process is independent of main device power-on
and is instead dependent on 1/O bank supply relative power-on time and ramp times). The previous
timing diagram for power-on initialization shows the earliest that 1/Os could be enabled, if the /0
power supplies are powered on before or at the same time as the main supplies.

Cold Reset to Fabric and 1/0s (Low Speed) Functional

The following table specifies the minimum, typical, and maximum times from the power supplies
reaching the above trip point levels until the FPGA fabric is operational and the FPGA I0s are functional
for low-speed (sub 400 MHz) operation.

Table 99 ¢ Cold Boot

Power-On (Cold) Reset to Fabric and I/O Operational Min Typ Max Unit
Time when input pins start working — Tin_acTive(cold) 1.17 4.51 7.84 ms
Time when weak pull-ups are enabled — Teu_po_acTivE(cold) 1.17 4.51 7.84 ms
Time when fabric is operational — Teas_reaov(cold) 1.20 4.54 7.87 ms
Time when output pins start driving — Tout_active(cold) 1.22 4.56 7.89 ms

Warm Reset to Fabric and 1/0s (Low Speed) Functional

The following table specifies the minimum, typical, and maximum times from the negation of the warm
reset event until the FPGA fabric is operational and the FPGA |0s are functional for low-speed

(sub 400 MHz) operation.

Table 100 ¢ Warm Boot

Warm Reset to Fabric and 1/0 Operational Min Typ Max Unit
Time when input pins start working — Tin_active(warm) 0.91 1.76 2.62 ms
Time when weak pull-ups/pull-downs are enabled — Teu_ro_active(warm) 0.91 1.76 2.62 ms
Time when fabric is operational — Tras_reapv(warm) 0.94 1.79 2.65 ms
Time when output pins start driving — Tout_active(warm) 0.96 1.81 2.67 ms

Miscellaneous Initialization Parameters

In the following table, Tras_reaoy refers to either Tras_reapvicold) OF Tras_reapviwarm) @s specified in the previous
tables, depending on whether the initialization is occurring as a result of a cold or warm reset,
respectively.
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