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DC Characteristics

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

6.1 Absolute Maximum Rating
The following table lists the absolute maximum ratings for PolarFire devices.
Table 3 ¢ Absolute Maximum Rating
Parameter Symbol Min Max Unit
FPGA core power supply Voo -0.5 1.13 \Y
Transceiver Tx and Rx lanes supply Vooa -0.5 1.13 Vv
Programming and HSIO receiver supply Vop1s -0.5 2.0 Vv
FPGA core and FPGA PLL high-voltage supply Voo2s -0.5 2.7 \"
Transceiver PLL high-voltage supply Vopazs -0.5 2.7 \%
Transceiver reference clock supply VoD _XCVR_CLk -0.5 3.6 \"
Global Vrer for transceiver reference clocks XCVRvrer -0.5 3.6 Vv
HSIO DC 1/ supply? Vooix -0.5 2.0 v
GPIO DC I/0 supply? Vooix -0.5 3.6 v
Dedicated I/O DC supply for JTAG and SPI Vooiz -0.5 3.6 Vv
GPIO auxiliary power supply for I/0 bank x2 Vopauxx -0.5 3.6 Vv
Maximum DC input voltage on GPIO Vin -0.5 3.8 \
Maximum DC input voltage on HSIO Vin -0.5 2.2 \Y
Transceiver Receiver absolute input voltage Transceiver Vin -0.5 1.26 Vv
Transceiver Reference clock absolute input voltage Transceiver REFCLK Vi -0.5 3.6 Vv
Storage temperature (ambient)! Tste -65 150 °C
Junction temperature?! T -55 135 °C
Maximum soldering temperature RoHS TsoLroHs 260 °C
Maximum soldering temperature leaded Tsotes 220 °C
1. See FPGA Programming Cycles vs Retention Characteristics for retention time vs. temperature. The
total time used in calculating the device retention includes storage time and the device stored
temperature.
2. The power supplies for a given 1/0 bank x are shown as VDDIx and VDDAUXx.
6.2 Recommended Operating Conditions

The following table lists the recommended operating conditions.

Table 4 ¢ Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
FPGA core supply at 1.0 V mode! Voo 0.97 1.00 1.03 Vv
FPGA core supply at 1.05 V mode? Voo 1.02 1.05 1.08 \"
Transceiver TX and RX lanes supply at 1.0 V mode Vooa 0.97 1.00 1.03 Y,

(when all lane rates are 10.3125 Gbps or less)?
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1/0 Vool Vool Vool Vi Vi Vi Vit

Standard Min (V) Typ (V) Max (V) Min (V) Max (V) Min (V) Max (V)

SSTL135I 1.283 1.35 1.418 -0.3 Vrer Vrer 1.418
- +
0.09 0.09

SSTL135I1 1.283 1.35 1.418 -0.3 Vrer Vrer 1.418
- +
0.09 0.09

HSTL15I 1.425 1.5 1.575 -0.3 Vrer Vrer 1.575
- +
0.1 0.1

HSTL15II 1.425 1.5 1.575 -0.3 Vrer Vrer 1.575
- +
0.1 0.1

HSTL135I 1.283 1.35 1.418 -0.3 Vrer Vrer 1.418
- +
0.09 0.09

HSTL135I1 1.283 1.35 1.418 -0.3 Vrer Vrer 1.418
- +
0.09 0.09

HSTL12I 1.14 1.2 1.26 -0.3 Vrer Vrer 1.26
- +
0.1 0.1

HSTL1211 1.14 1.2 1.26 -0.3 VRrer Vrer 1.26
- +
0.1 0.1

HSUL18I 1.71 1.8 1.89 -0.3 0.3 0.7 1.89
X X
Voo Voo

HsUL18II 1.71 18 1.89 -03 03 0.7 1.89
X X
Voo Voo

HSUL12I 1.14 1.2 1.26 -0.3 Vrer Vrer 1.26
- +
0.1 0.1

POD12I 1.14 1.2 1.26 -0.3 Vrer Vrer 1.26
- +
0.08 0.08

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

1. GPIO Vit max is 3.45 V with PCI clamp diode turned off regardless of mode, that is, over-voltage

tolerant.

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

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

DS0141 Datasheet Revision 1.3
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Table 13 e DC Output Levels

1/0 Voo Voot Vool Vo Vou Vou VoH lo26 lon2é
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 Vocm?! Vocm Vocm Vop? Voo? Vop?
Standard Type Min (V) Typ (V) Max (V) Min (V) Typ (V) Max (V)
MLVDSE253 GPIO 1.25 0.396 0.442 0.453
LVPECLE333 GPIO 1.65 0.664 0.722 0.755
MIPIE253 GPIO 0.25 0.1 0.22 0.3

1. Vocm is the output common mode voltage.
2. Voo is the output differential voltage.
3. Emulated output only.

6.3.3 Complementary Differential DC Input and Output Levels
The following tables list the complementary differential DC 1/0 levels.

Table 16 ® Complementary Differential DC Input Levels

1/0 Vooi Voo Vooi Viemi3 Viemt2 Viemd3 Vip? Vio
Standard Min (V) Typ (V) Max (V) Min (V) Typ (V) Max (V) Min (V) Max (V)
SSTL25I 2.375 2.5 2.625 1.164 1.250 1.339 0.1

SSTL25I1 2.375 2.5 2.625 1.164 1.250 1.339 0.1

SSTL18I 1.71 1.8 1.89 0.838 0.900 0.964 0.1

SsTL18lI 1.71 1.8 1.89 0.838 0.900 0.964 0.1

SSTL15I 1.425 15 1.575 0.698 0.750 0.803 0.1

SSTL15II 1.425 1.5 1.575 0.698 0.750 0.803 0.1

SSTL135I 1.283 1.35 1.418 0.629 0.675 0.723 0.1

SSTL13511 1.283 1.35 1.418 0.629 0.675 0.723 0.1

HSTL15I 1.425 1.5 1.575 0.698 0.750 0.803 0.1

HSTL15I1 1.425 1.5 1.575 0.698 0.750 0.803 0.1

HSTL135I 1.283 1.35 1.418 0.629 0.675 0.723 0.1

HSTL135lI 1.283 1.35 1.418 0.629 0.675 0.723 0.1

HSTL12I 1.14 1.2 1.26 0.559 0.600 0.643 0.1

HSuUL18I 1.71 1.8 1.89 0.838 0.900 0.964 0.1

HSUL18II 1.71 1.8 1.89 0.838 0.900 0.964 0.1

HSUL12I 1.14 1.2 1.26 0.559 0.600 0.643 0.1

POD12I 1.14 1.2 1.26 0.787 0.840 0.895 0.1

POD12II 1.14 1.2 1.26 0.787 0.840 0.895 0.1

1. Viem is the input common mode voltage.
2. Vo is the input differential voltage.
3. Viem rules are as follows:

a. Viem must be less than Vooi -0.4V;

b. Viem + Vio/2 must be <Vooi + 0.4 V;
c. Viem — Vio/2 must be >VSS—-0.3 V.
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Standard Description Vi Vi! Vip? Viem? Vmeas® 4 Vrerd 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 STD -1 Unit

HSTL15I 900 1100 Mbps
HSTL151I 900 1100 Mbps
HSTL135I 1066 1066 Mbps
HSTL13511 1066 1066 Mbps
HSUL18I 400 400 Mbps
HSuUL18lII 400 400 Mbps
HSUL12 1066 1333 Mbps
HSTL12 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

1. Performance is achieved with Vio 2200 mV.

Table 25 ¢ GPIO Maximum Input Buffer Speed

Standard STD -1 Unit

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 800 800 Mbps
SLVSE15 800 800 Mbps
HCSL25/HCSL33 800 800 Mbps
BUSLVDSE25 800 800 Mbps
MLVDSE25 800 800 Mbps
LVPECL33 800 800 Mbps
SSTL25I 800 800 Mbps
SSTL25II 800 800 Mbps
SSTL18I 800 800 Mbps
SSTL18Il 800 800 Mbps
SSTL15I 800 1066 Mbps
SSTL15II 800 1066 Mbps
HSTL15I 800 900 Mbps
HSTL151I 800 900 Mbps
HSUL18I 400 400 Mbps
HSUL18II 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
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7.1.5 Maximum PHY Rate for Memory Interface IP
The following tables provide information about the maximum PHY rate for memory interface IP.

Table 28 ¢ Maximum PHY Rate for Memory Interfaces IP for HSIO Banks

Memory Gearing Vopaux Vooi STD -1 Fabric Fabric -1
Standard Ratio {Mbps) (Mbps) STD (MHz)
(MHz)

DDR4 8:1 1.8V 1.2v 1333 1600 167 200
DDR3 8:1 1.8V 1.5V 1067 1333 133 167
DDR3L 8:1 1.8V 135V 1067 1333 133 167
LPDDR3 8:1 1.8V 1.2V 1067 1333 133 167
QDRI+ 8:1 1.8V 1.5V 900 1100 112.5 137.5
RLDRAM31 8:1 1.8V 135V 1067 1067 133 133
RLDRAM3? 4:1 1.8V 135V 667 800 167 200
RLDRAM31 2:1 1.8V 135V 333 400 167 200
RLDRAM?2: 8:1 1.8V 1.8V 800 1067 100 133
RLDRAM?2: 4:1 1.8V 1.8V 667 800 167 200
RLDRAM?2: 2:1 1.8V 1.8V 333 400 167 200

1. RLDRAM2 and RLDRAMS3 are not supported with a soft IP controller currently.

Table 29 ¢ Maximum PHY Rate for Memory Interfaces IP for GPIO Banks

Memory Gearing Vbpaux Vool STD -1 Fabric Fabric -1

Standard Ratio (Mbps) (Mbps) STD (MHz)
(MHz)

DDR3 8:1 25V 15V 800 1067 100 133

QDRI+ 8:1 25V 15V 900 900 113 113

RLDRAM?2? 4:1 25V 1.8V 800 800 200 200

RLDRAM?2* 2:1 25V 1.8V 400 400 200 200

1. RLDRAM?2 is currently not supported with a soft IP controller.
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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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7.3 Fabric Specifications
The following section describes specifications for the fabric.

7.3.1 Math Blocks

The following tables describe math block performance.

Table 41 e Math Block Performance Extended Commercial Range (0 °C to 100 °C)

Parameter Symbol Modes Voo = Voo = Voo = Voo = Unit
1.0V-STD 10v-1 1.05V-STD 105v-1

Maximum Fmax 18 x 18 370 470 440 500 MHz

operating multiplication

frequency 18 x 18 370 470 440 500 MHz

multiplication
summed with
48-bit input

18x 19 365 465 435 500 MHz
multiplier

pre-adder

ROM mode

Two 9x9 370 470 440 500 MHz
multiplication

9 x9dot 370 470 440 500 MHz
product

(DOTP)

Complex 360 455 430 500 MHz
18x19

multiplication

Table 42 e Math Block Performance Industrial Range (40 °C to 100 °C)

Parameter Symbol Modes Voo = Voo = Vo = Vo = Unit
1.0V-STD i10v-1 1.05V-STD 105v-1

Maximum Fmax 18 x 18 365 465 435 500 MHz

operating multiplication

frequency 18 x 18 365 465 435 500 MHz

multiplication
summed with
48-bit input

18 x 19 355 460 430 500 MHz
multiplier

pre-adder

ROM mode

Two9x9 365 465 435 500 MHz
multiplication

9x 9 DOTP 365 465 435 500 MHz

Complex 350 450 425 500 MHz
18 x 19
multiplication
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5. Improved jitter characteristics for a specific industry standard are possible in many cases due to
improved reference clock or higher Vco rate used.
6. Tx jitter is specified with all transmitters on the device enabled, a 10—12-bit error rate (BER) and Tx

data pattern of PRBS7.

7. From the PMA mode, the TX_ELEC_IDLE port to the XVCR TXP/N pins.
FTxRefClk = 75 MHz with typical settings.
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). (see page 6)

Receiver Performance

The following table describes performance of the receiver.

Table 53 ® PolarFire Transceiver Receiver Characteristics

Parameter Symbol Min Typ Max Unit Condition

Input voltage range Vin 0 Vooa + 0.3 Vv

Differential peak-to-peak Vioep 140 1250 mV

amplitude

Differential termination Virerm 85 Q
Viterm 100 Q
Viterm 150 Q

Common mode voltage Viemoc * 0.7 x Vooa 0.9 x Vopa Vv DC coupled

Exit electrical idle detection time Teioer 50 100 ns

Run length of consecutive Cio 200 ul

identical digits (CID)

CDR PPM tolerance? Corepm 1.15 % Ul

CDR lock-to-data time Tuo CDRRercik

Ul
CDR lock-to-ref time Ture CDRRrercLk
ul

Loss-of-signal detect (Peak VDETLHIGH mV Setting =1

Detect Range setting = high)?® Voeren mv Setting = 2
VDETLHIGH mV Setting =3
VpETLHIGH mV Setting =4
VDETLHIGH mV Setting =5
VpETLHIGH mV Setting =6
VDETLHIGH mV Setting =7

Loss-of-signal detect (Peak Voetow 65 175 mV Setting = PCle3”

Detect Range setting = low)” Vormow 95 190 mv Setting = SATA%3
Voeriow 75 170 mV Setting =1
VoerLow 95 185 mV Setting = 2
Voetlow 100 190 mV Setting =3
Voetiow 140 210 mV Setting =4
VoetLow 155 240 mV Setting =5
Voetlow 165 245 mV Setting =6
VoerLow 170 250 mV Setting =7

Sinusoidal jitter tolerance Tsito Ul >8.5 Gbps —

12.7 Gbps 5 1©

DS0141 Datasheet Revision 1.3
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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.

DS0141 Datasheet Revision 1.3
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Table 55 ¢ PCI Express Gen2

Parameter Data Rate Min Max Unit
Total transmit jitter 5.0 Gbps 0.35 ul
Receiver jitter tolerance 5.0 Gbps 0.4 Ul

Note: With add-in card as specified in PCl Express CEM Rev 2.0.

7.5.2 Interlaken
The following table describes Interlaken.

Table 56 ¢ Interlaken

Parameter Data Rate Min Max Unit

Total transmit jitter 6.375 Gbps 0.3 ul
10.3125 Gbps 0.3 ul
12.7 Gbps? Ul

Receiver jitter tolerance 6.375 Gbps 0.6 ul
10.3125 Gbps 0.65 ul
12.7 Gbpst ul

1. 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).

7.5.3 10GbE (10GBASE-R, and 10GBASE-KR)
The following table describes 10GbE (10GBASE-R).

Table 57 ¢ 10GbE (10GBASE-R)

Parameter Data Rate Min Max Unit
Total transmit jitter 10.3125 Gbps 0.28 Ul
Receiver jitter tolerance 10.3125 Gbps 0.7 Ul

The following table describes 10GbE (10GBASE-KR).

Table 58 ¢ 10GbE (10GBASE-KR)

Parameter Data Rate Min Max Unit
Total transmit jitter 10.3125 Gbps ul
Receiver jitter tolerance 10.3125 Gbps ul

The following table describes 10GbE (XAUI).

Table 59 ¢ 10GbE (XAUI)

Parameter Data Rate Min Max Unit
Total transmit jitter (near end) 3.125 Gbps 0.35 ul
Total transmit jitter (far end) 0.55 ul
Receiver jitter tolerance 3.125 Gbps 0.65 ul

The following table describes 10GbE (RXAUI).
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Table 60 e 10GbE (RXAUI)

Data Rate Min Max Unit
Total transmit jitter 6.25 Gbps Ul
Receiver jitter tolerance 6.25 Gbps ul
1GbE (1000BASE-T)
The following table describes 1GbE (1000BASE-T).
Table 61 ¢ 1GbE (1000BASE-T)
Data Rate Min Max Unit
Total transmit jitter 1.25 Gbps ul
Receiver jitter tolerance 1.25 Gbps ul
The following table describes 1GbE (1000BASE-X).
Table 62 e 1GbE (1000BASE-X)
Data Rate Min Max Unit
Total transmit jitter 1.25 Gbps Ul
Receiver jitter tolerance 1.25 Gbps ul
SGMII and QSGMII
The following table describes SGMII.
Table 63 e« SGMII
Parameter Data Rate Min Max Unit
Total transmit jitter 1.25 Gbps 0.24 Ul
Receiver jitter tolerance 1.25 Gbps 0.749 ul
The following table describes QSGMII.
Table 64 ¢ QSGMII
Parameter Data Rate Min Max Unit
Total transmit jitter 5.0 Gbps 0.3 ul
Receiver jitter tolerance 5.0 Gbps 0.65 ul
SDI
The following table describes SDI.
Table 65 ¢ SDI
Parameter Data Rate Min Max Unit
Total transmit jitter Ul
Receiver jitter tolerance ul
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Parameter Typ Max Unit Conditions
Time to destroy data in non-volatile memory (non-recoverable)* * ms One iteration of
scrubbing
Time to scrub the fabric data! s Full scrubbing
Time to scrub the pNVM data (like new)*? s Full scrubbing
Time to scrub the pNVM data (recoverable)® 3 s Full scrubbing
Time to scrub the fabric data pNVM data (non-recoverable)? s Full scrubbing
Time to verify® s
1. Total completion time after entering zeroization.
2. Like new mode—zeroizes user design security setting and sSNVM content.
3. Recoverable mode—zeroizes user design security setting, SNVM and factory keys.
4. Non-recoverable mode—zeroizes user design security setting, SNVM and factory keys, and factory
data required for programming.
5. Time to verify after scrubbing completes.
7.6.7 Verify Time

The following tables describe verify time.

Table 81 ¢ Standalone Fabric Verify Times

Parameter Devices Max Unit

Standalone verification over JTAG MPF100T, TL, TS, TLS s
MPF200T, TL, TS, TLS 531 s
MPF300T, TL, TS, TLS 90! s
MPF500T, TL, TS, TLS s

Standalone verification over SPI MPF100T, TL, TS, TLS s
MPF200T, TL, TS, TLS 37?2 S
MPF300T, TL, TS, TLS 552 s

MPF500T, TL, TS, TLS

1. Programmer: FlashPro5, TCK 10 MHz; PC configuration: Intel i7 at 3.6 GHz, 32 GB RAM, Windows 10.

2. SmartFusion2 with MSS running at 100 MHz, MSS_SPI_0 port running at 6.67 MHz. DirectC version

4.1.

Notes:

Standalone verify is limited to 2,000 total device hours ove r the industrial =40 °C to 100 °C

temperature.

Use the digest system service, for verify device time more than 2,000 hours.

Standalone verify checks the programming margin on both the P and N gates of the push-pull cell.
Digest checks only the P side of the push-pull gate. However, the push-pull gates work in tandem.
Digest check is recommended if users believe they will exceed the 2,000-hour verify time

specification.

Table 82 e Verify Time by Programming Hardware

Devices IAP FlashPro4 FlashPro5 BP Silicon Sculptor Units
MPF100T, TL, TS, TLS

MPF200T, TL, TS, TLS 9 67 53 S
MPF300T, TL, TS, TLS 14 95 90 s
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Figure 5 e Cold Reset Timing
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Notes:_

® The previous diagram showsthe case where VDDI/VDDAUX of /O banks are powered either before

or sufficiently soon after VDD/VDD18/VDD25 that the I/O bank enable time is measured from the
assertion time of VDD/VDD18/VDD25 (that is, the PUFT specification). If VDDI/VDDAUX of I/O banks
are powered sufficiently after VDD/VDD18/VDD25, then the I/0O bank enable time is measured from
the assertion of VDDI/VDDAUX and is not specified by the PUFT specification. In this case, I/0
operation is indicated by the assertion of BANK_i_VDDI_STATUS, rather than being measured
relative to FABRIC_POR_N negation.

AUTOCALIB_DONE assertion indicates the completion of calibration for any I/O banks specified by
the user for auto-calibration. AUTOCALIB_DONE asserts independently of DEVICE_INIT_DONE. It
may assert before or after DEVICE_INIT_DONE and is determined by the following:

® How long after VDD/VDD18/VDD25 that VDDI/VDDAUX are powered on. Note that if any of the
user-specified 1/0 banks are not powered on within the auto-calibration timeout window, then
AUTOCALIB_DONE doesn't assert until after this timeout.

® The specified ramp times of VDDI of each 1/0 bank designated for auto-calibration.

® How much auto-initialization is to be performed for the PCle, SERDES transceivers, and fabric
LSRAMs.

If any of the I/O banks specified for auto-calibration do not have their VDDI/VDDAUX powered on
within the auto-calibration timeout window, then it will be approximately auto-calibrated whenever
VDDI/VDDAUX is subsequently powered on. To obtain an accurate calibration however, on such 10
banks, it is necessary to initiate a re-calibration (using CALIB_START from fabric).

AVM_ACTIVE only asserts if avionics mode is being used. It is asserted when the later of
DEVICE_INIT_DONE or AUTOCALIB_DONE assert.

Warm Reset Initialization Sequence

The following warm reset timing diagram shows the initialization sequencing of the device when either
DEVRST_N or TAMPER_RESET_DEVICE signals are asserted.
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Figure 6 ® Warm Reset Timing
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Power-On Reset Voltages

Main Supplies

The start of power-up to functional time (Truer) is defined as the point at which the latest of the main
supplies (VDD, VDD18, VDD25) reach the reference voltage levels specified in the following table. This
starts the process of releasing the reset of the device and powering on the FPGA fabric and 10s.

Table 97 e POR Ref Voltages

Supply Power-On Reset Start Point (V) Note

VDD 0.95

Applies to both 1.0 V and 1.05 V operation.

VvDD18 1.71

VDD25 2.25

1/O-Related Supplies

For the I/Os to become functional (for low speed, sub 400 MHz operation), the (per-bank) I/0 supplies
(VDDI, VDDAUX) must reach the trip point voltage levels specified in the following table and the main
supplies above must also be powered on.

Table 98 ¢ I/O-Related Supplies

Supply 1/0 Power-Up Start Point (V)

VDDI 0.85

VDDAUX 1.6

There are no sequencing requirements for the power supplies. However, VDDI3 and must be valid at
same time as the main supplies. The other 10 supplies (VDDI, VDDAUX) have no effect on power-up of

FPGA fabric (that is, the fabric still powers up even if the 10 supplies of some 10 banks remain powered
off).
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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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Modes Message Size (bits) Athena TeraFire Crypto Core Clock-Cycles CAL Delay In CPU Clock-Cycles
HMAC-SHA-256¢, 512 7477 2361
256-bit key 64K 88367 2099
HMAC-SHA-384¢, 1024 13049 2257
384-bit key 64K 106103 2153

1. With DPA counter measures.

Table 116 ¢ CMAC

authenticated)

Modes Message Size Athena TeraFire Crypto Core Clock- CAL Delay In CPU Clock-
(bits) Cycles Cycles

AES-CMAC-256* 128 446 9058

(message is only 64K 45494 111053

1. With DPA counter measures.

Table 117 e KEY TREE

Modes Message Size (bits) Athena TeraFire Crypto Core Clock-Cycles CAL Delay In CPU Clock-Cycles
128-bit nonce + 102457 2751

8-bit optype

256-bit nonce + 103218 2089

8-bit optype

Table 118 e SHA

Modes Message Size (bits) Athena TeraFire Crypto Core Clock-Cycles CAL Delay In CPU Clock-Cycles
SHA-1! 512 2386 1579
64K 77576 990
SHA-256! 512 2516 884
64K 84752 938
SHA-384! 1024 4154 884
64K 100222 938
SHA-5121 1024 4154 881
64K 100222 935

1. With DPA counter measures.

Table 119 ¢ ECC

Modes Message Size Athena TeraFire Crypto Core Clock- CAL Delay In CPU Clock-
(bits) Cycles Cycles

ECDSA SigGen, 1024 12528912 6944

P-384/SHA-3841 8K 12540448 5643

ECDSA SigGen, 1024 5502928 6155

P-384/SHA-384
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SigVer, DSA-2048/SHA-256 1024 9810527 10884
8K 9597000 10719
Key Agreement (KAS), DH-3072 (p=3072, 4920705 9338

security=256)

Key Agreement (KAS), DH-3072 (p=3072, 78914533 9083
security=256)*

1. With DPA counter measures.

Table 122 ¢« NRBG

Modes Message Athena TeraFire Crypto CAL Delay In CPU
Size (bits) Core Clock-Cycles Clock-Cycles
Instantiate: strength, s=256, 384-bit nonce, 384-bit 18221 2841
personalization string
Reseed: no additional input, s=256 13585 1180
Reseed: 384-bit additional input, s=256 15922 1342
Generate: (no additional input), prediction 128 15262 1755
resistance enabled, s= 256 3K 27169 3223
Generate: (no additional input), prediction 128 2138 1167
resistance disabled, s= 256 3K 14045 3223
Generate: (384-bit additional input), prediction 128 21299 1944
resistance enabled, s= 256 3K 33206 3949
Generate: (384-bit additional input), prediction 128 11657 1894
resistance disabled, s= 256 8K 23564 8950
Un-instantiate 761 666

1. With DPA counter measures.
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