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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

DC Direct Current

HPIO High Speed I/O

LVDS Low-voltage Differential Signaling
LVDSE Emulated LVDS

SLVS Scalable Low Voltage Signaling
WRIO Wide Range I/0
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All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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1. Introduction

This Lattice Nexus 2™ Data Sheet includes the electrical characteristics, configuration specifications, and timing
information. This data sheet progresses with increasing levels of accuracy through stages advance, preliminary, and
final. Until the data sheet status for a device reaches final, the specifications included in this document are subject to
change without prior notice. Refer to Lattice Nexus 2 Platform — Overview Data Sheet (FPGA-DS-02122) for related
information.

1.1. Specification Status for Nexus 2 Devices

Table 1.1. Specification Status for Nexus 2 Devices

Device Package Grade Status
ASG187
ASG273 . .
LN2-CT-06 CBG256 Commercial and Industrial Advance
CBG484
ASG187

ASG273 2l and Ind ial g
LN2-CT-10 CBG256 Commercial and Industria Advance

Certus-N2 CBG484

ASG410
LN2-CT-16 CBG484 Commercial and Industrial Advance
LFG676
ASG410
LN2-CT-20 CBG484 Commercial and Industrial Advance
LFG676
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2. DC and Switching Characteristics

All specifications in this section are characterized within recommended operating conditions unless otherwise
specified.

2.1. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings for Nexus 2-CT Devices

Symbol Parameter Min Max Unit
Vee, Veea piL Core Supply Voltage -0.5 0.90 Vv
Veeaux, Vecauxa Aucxiliary Supply Voltage -0.5 1.98 Vv
Vee_sat Supply Voltage -0.5 1.65 v
Veeioo, 1, 2,12, 13, 14 1/0 Driver Supply Voltage -0.5 3.63 Vv
Veci03,4,5,6,7, 8,9, 10, 11 1/0 Driver Supply Voltage -0.5 1.98 Vv
Veea Mpao, 1, 2, 3, 4, 5,6 SERDES Supply Voltage -0.5 0.99 \Y
VeeH_mpao, 1, 2, 3, 4,5, 6 SERDES Supply Voltage -0.5 1.98 \Y
. Ilnzpjlgacl)qul/l(;\/Bc;lr:ela(gle4AppI|ed, Bank 0, Bank 1, Bank 2, Bank 05 3.63 v
. Input or 1/0 Voltage Applied, Bank 3, Bank 4, Bank 5, Bank 05 1.98 v
6, Bank 7, Bank 8, Bank 9, Bank 10, Bank 11
— Voltage Applied on SERDES Pins -0.5 1.98 Vv
Ta Storage Temperature (Ambient) —65 +150 °C
T Junction Temperature — +125 °C
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2.2. Recommended Operating Conditions

Table 2.2. Recommended Operating Conditions for Nexus 2-CT Devices >3
Symbol Parameter Conditions Min Typ Max Unit
Vee, Veea piL Core Supply Voltage — 0.795 0.82 0.845 Vv
Veeaux, Vecauxa C;ﬁ”alggy Supply — 1.746 1.80 1.854 \Y
Vec_par Supply Voltage — 1.0 1.50 1.55 Y%
V =3.3V, Bank 0, Bank 1, Bank 2,
B;cr;cl)( 12, Bank 13, Bank 14 3.201 3.30 3.399 v
VCCIO = 2.5V, Bank 0, Bank 1, Bank
2, Bank 12, Bank 13, Bank 14 2.425 2:50 2.575 v
Vceao = 1.8V, All Banks 1.746 1.80 1.854 \'
Vcao = 1.5V, Bank 3, Bank 4, Bank 5,
Bank 6, Bank 7, Bank 8, Bank 9, Bank 1.455 1.5 1.545 Y,
10, Bank 11
Vceo =1.35V, Bank 3, Bank 4, Bank 5,
1/O Driver Supply Bank 6, Bank 7, Bank 8, Bank 9, 1.310 1.35 1.391 Vv
Vecio Voltage Bank 10, Bank 11
Vceio = 1.2V, All Banks 1.164 1.20 1.236 \'
Vcao =1.1V, Bank 3, Bank 4, Bank 5,
Bank 6, Bank 7, Bank 8, Bank 9, 1.067 1.10 1.133 Y,
Bank 10, Bank 11
Vcao = 1.0V, Bank 3, Bank 4, Bank 5,
Bank 6, Bank 7, Bank 8, Bank 9, 0.97 1.0 1.03 \
Bank 10, Bank 11
Vcao = 0.9V, Bank 3, Bank 4, Bank 5,
Bank 6, Bank 7, Bank 8, Bank 9, 0.873 0.90 0.927 \
Bank 10, Bank 11
I ESD Diode Forward . . . 10 mA

Current®

SERDES External Power Supplies

SERDES Supply

VCCA_MPQO, 1,2,3,4,56 Voltage Data rate <16 Gbps 0.776 0.80 0.927 \Y
ERDE |
VCCH_MPQOI 1,2,3,4,56 \S/oltagz Supply Data rate <16 Gbps 1.455 1.50 1.854 \Y

Operating Temperature

Junction Temperature,
t . . — 0 — 85 °C
Jcom Commercial Operation

Junction Temperature,
t . . — -40 - 100 °C
JIND Industrial Operation

Notes:

1. For correct operation, all supplies must be held in their valid operation voltage range.

2. All supplies with same voltage should be from the same voltage source. Proper isolation filters are needed to properly isolate
noise from each other.

3. Common supply rails must be tied together except SERDES.

4. An average of eight (8) mA per I/O across an I/0 bank should not be exceeded.

5. Current through any pin when the ESD protection diode is forward biased. The ESD protection diode should not be used in the

forward bias condition for extended periods. Lifetime use of ESD protection diode should not exceed 1%.
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2.3. Power Supply Ramp Rates

Table 2.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit

tramp Power Supply ramp rates for all supplies, non Vccio? 0.1 — V/0.2 V/ms

trampIiO Power Supply ramp rates for all Vccio supplies? 0.1 — 20 V/ms
Notes:

1. Assumes monotonic ramp rates.

2. All supplies need to be in the operating range as defined in Stress above those listed under the Absolute Maximum Ratings may
cause permanent damage to the device. Functional operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.

Compliance with the Lattice Thermal management document is required.

All voltage referenced to GND.

All VCCAUX should be connected to PCB.

Recommended Operation Conditions when the device has completed configuration and entering into User Mode. Supplies that
are not in the operating range need to be adjusted to faster ramp rate, or you have to delay configuration or wake up.

o U kW

2.3.1. Power Supply Sequencing

Lattice Nexus 2 device does not require any specific power rail sequence, either for power-up or power-down, if
supplies are ramped in accordance with specs above. This can significantly reduce power system cost and complexity.

2.4. On-Chip Programmable Termination

Nexus 2 devices support a variety of programmable on-chip terminations options including:

e  Dynamically switchable Single-Ended Termination with programmable resistor values of 34 Q, 40 Q, 48 Q, 60 Q,
80Q, 120 Q, or 240 Q.

e Common mode termination of 100 Q for differential inputs.

20-340,400,480,60Q, '<° Z0 = 50
TERM

80 Q, 120 Q, or 240 Q control
to Veco/2

Zo

i
1
VREFﬁi'

_OFF-chip | ON-chip (OFF-chip | ON-chip R

[ L

Parallel Single-Ended Input Differential Inp ut

Figure 2.1. On-Chip Termination

See Table 2.4 for termination options for input modes.

Table 2.4. On-Chip Termination Options for Input Modes

1/0 Type Differential Termination Resistor? 2 Single-Ended Termination Resistor® 2
LVDS 100, OFF OFF
subLVDS 100, OFF OFF
SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
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1/0 Type Differential Termination Resistor®:2 Single-Ended Termination Resistor®. 2
SSTL135D 100, OFF OFF
HSUL12 OFF (OFF, 40, 60)3
HSUL12D 100, OFF OFF, 40, 60
LVSTL11_| OFF (34, 40, 48, 60, 80, 120, 240)*
LVSTL11D | OFF 34, 40, 48, 60, 80, 120, 240
LVSTL11_II OFF (34, 40, 48, 60, 80, 120, 240)*
LVSTL11D_II OFF 34, 40, 48, 60, 80, 120, 240
POD11_| OFF (34, 40, 48, 60, 80, 120, 240)5
POD11D_| OFF 34, 40, 48, 60, 80, 120, 240
POD12_1I OFF (34, 40, 48, 60, 80, 120, 240)°>
POD12D_lI OFF 34, 40, 48, 60, 80, 120, 240
SSTL135 OFF (OFF, 40, 60)3

Notes:

1. TERMINATE (Single-Ended) and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have one setting per bank. Only
bottom banks have this feature.

Use of single ended termination and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in an 1/0 bank.

Terminate to Vccaio/2.

Terminate to GND.

Terminate to Vccio.

R W

Refer to Lattice Nexus 2 sysl/O User Guide (FPGA-TN-02365) for on-chip termination usage and value ranges.

2.5. ESD Performance

Refer to Lattice Nexus 2 Product Family Qualification Summary for complete Commercial and Industrial grade
qualification data, including ESD performance.

2.6. DC Electrical Characteristics (WRIO/HPIO)

Table 2.5. DC Electrical Characteristics — Wide Range

Input/Output

standard Description Condition Min Typ Max Unit

Symbol

_ nopull Input or I/0 _ _ _
hn Leakage current 10 MA

_ nopull Input or I/O _ _ _
he Leakage current 10 MA

|/O Weak Pull-down
— < < — A
|p[) Resistor Current V||_( |ax) < V|N < Vcc|o 30 150 W

I/0 Weak Pull-up Resistor

| —_ SVin<0.7xV -1 —_ - A
U Current 0 in < 0.7 Veaio >0 30 H
LVCMOS12,
LVCMOS18, Bus Hold Low Sustaining B
lobs LVCMOS25, Current Vi = Vi (max) 30 KA
LVCMOS33
LVCMOS12,
LVCMOS18, Bus Hold High Sustaining _
lobs LVCMOS25, Current Vin'=0.7x Veao 30 WA
LVCMOS33
LVCMOS12,
LVCMOS18 Bus hold low Overdrive
’ SVpn< - - 1
letio LVCMOS25, Current 0 Vin < Veco >0 KA

LVCMOS33
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Input/Output

SYEES Standard

Description

Condition

Min

Typ

Max

Unit

LVCMOS12,
LVCMOS18,
LVCMOS25,
LVCMOS33

IsHHO

Bus hold high Overdrive
Current

0<Vin<Veao

-150

HA

LVCMOS12,
LVCMOS18,
LVCMOS25,
LVCMOS33

Veur

Bus Hold Trip Points

ViL(max)

Viu
(min)

Notes:

1. Inputor /O leakage current is measured with the pin configured as an input or as an 1/O with the output tri-stated. Bus

Maintenance circuits are disabled.
2. Theinput leakage current |,y is the worst case input leakage per GPIO when the pad signal is high and also higher than the bank
Vcaio. This is considered a mixed mode input.

Table 2.6. DC Electrical Characteristics — High Performance

Symbol | Input/Output Standard | Description Condition Min Typ Max Unit
nopull Input or 1/0
hn Leakage current 10 WA
nopull Input or 1/0
e Leakage current 10 WA
1/0 Weak Pull-up 0<VN<0.7 %
leu Resistor Current Vcao 165 30 MA
I/0 Weak Pull-down Vi (max) < Viy <
Ieo Resistor Current Vcao 30 150 MA
LVCMOS09, LVCMO0S10, | Bus Hold Low Sustaining _
lebis LVCMOS12, LVCMOS18 | Current Vin = Vi (max) 30 WA
LVCMOS09, LVCMO0S10, | Bus Hold High Sustaining _
lets LVCMOS12, LVCMOS18 | Current Vin=0.7xVeao 30 WA
LVCMOS09, LVCMOS10, | Bus hold low Overdrive
<V < - —
lahio LVCMOS12, LVCMOS18 | Current 0% Vin < Veao 150 MA
LVCMOS09, LVCMOS10, | Bus hold high Overdrive
<V < - — —
lato LVCMOS12, LVCMOS18 | Current 0% Vin < Veao 150 MA
LVCMOSO09, LVCMOS10, . .

Veur LVCMOS12, LVCMOS18 Bus Hold Trip Points 0.3 x Vceio 0.7 xVceo Vv
Note: Input or I/O leakage current is measured with the pin configured as an input or as an I/0 with the output tri-stated. Bus
Maintenance circuits are disabled.

Table 2.7. Capacitors — Wide Range and High Performance
Symbol Parameter Condition Min Typ Max Unit
Vcc=0.82V, WRIOV =33V,
Cwr! WRIO 1/O Capacitance cc cco — 6 — pF
HPIO Vcc|o =18V
Vcc=0.82V, WRIOV =33V,
Cup? HPIO 1/O Capacitance cc cco — 6 — pF
HPIO Vcc|o =18V
Vcc=0.82V, WRIOV =33V,
Cwro?! WRIO Dedicated I/O Capacitance ce cao — 6 — pF
HPIO Vcc|o =18V
Vcc=0.82V, WRIOV =33V,
Chpp?t HPIO Dedicated I/O Capacitance ce cao — 6 — pF
HPIO Vcc|o =18V
Note:
1. T,25°C.
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Table 2.8. Single Ended Input Hysteresis — Wide Range

1/0 Type vccio TYP Hysteresis Min Typ Max Unit
LVCMOS12 1.2V — — 25 — mV
LVCMOS18 1.8V — — 100 — mV
LVCMOS25 25V — — 200 — mV
LVCMOS33 33V — — 290 — mV

Table 2.9. Single Ended Input Hysteresis — High Performance

1/0 Type VCccCio TYP Hysteresis Min Typ Max Unit

LVCMOS18 1.8V — — 100 — mV

2.7. Supply Currents

For estimating and calculating current, use the Power Calculator in Lattice Design Software.

This operating and peak current is design dependent, and can be calculated in Lattice Design Software. Some blocks
can be placed into low current standby modes. Refer to Lattice Nexus 2 Power User Guide (FPGA-TN-XXXXX).

2.8. sysl/O Recommended Operating Conditions
Table 2.10. sysl/O Recommended Operating Conditions

Standard Support Banks Veao (Input) Veao (Output)
Typ Typ
Single-Ended
LVCMOS33 0,1,2,12,13,14 3.3 3.3
LVCMOS25 0,1,2,12,13,14 2.5 2.5
LVCMOS18 All Banks 1.8 1.8
LVCMOS12 All Banks 1.2,1.8 1.2
LVCMOS10 3,4,5,6,7,8,9,610, 11 1.0,1.2,1.8 1.0
LVCMOS09 3,4,5,6,7,8,9,610, 11 0.9,1.0,1.2,1.8 0.9
SSTL135 3,4,5,6,7,8,9, 10,11 1.35 1.35
HSUL12 3,4,5,6,7,8,9, 10,11 1.2 1.2
LVSTL11_| 3,4,5,6,7,8,9, 10,11 1.1 1.1
LVSTLL1_II 3,4,5,6,7,8,9,10, 11 1.1 1.1
POD12 3,4,5,6,7,8,9,10,11 1.2 1.2
POD11 3,4,5,6,7,8,9, 10,11 1.1 1.1
Differential
LVDS 3,4,5,6,7,8,9, 10,11 1.8 1.8
subLVDS 3,4,5,6,7,8,9,10, 11 1.2,1.35,1.8 —
subLVDSE All Banks — 1.8
LVDSE 0,1,2,12,13,14 — 2.5
SLVS 3,4,5,6,7,8,9, 10,11 1.2,1.35,1.8 1.2,1.8
SSTL135D 3,4,5,6,7,8,9, 10,11 1.35 1.35
HSUL12D 3,4,5,6,7,8,9,10,11 1.2 1.2
LVSTL11D_| 3,4,5,6,7,8,9,10, 11 1.1 1.1
LVSTL11D Il 3,4,5,6,7,8,9,10, 11 1.1 1.1
POD11D 3,4,5,6,7,8,9, 10,11 1.1 1.1
POD12D 3,4,5,6,7,8,9, 10,11 1.2 1.2
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2.9. sysl/O Single-Ended DC Electrical Characteristics
Table 2.11. sysl/O DC Electrical Characteristics — Wide Range 1/0
Input/Output Vi Viu Vo. Vou lov lon
Standard! Min (V) | Max (V) Min (V) Max (V) | Max(V) | Min(V) (mA) (mA)
4,8,12, -4,-8,-12,
LVCMOS33 — 0.8 2.0 3.465 0.4 Veao—0.4 “5ORS”2 “5ORS"2
4,8,12, -4,-8,-12,
LVCMO0S25 — 0.7 1.7 3.465 0.4 Veao—0.4 “5ORS”2 “5ORS"2
4,8,12, -4,-8,-12,
LVCMOS18 — 0.35 x Vceio 0.65 % Vccio 3.465 0.4 Vcco— 0.4 “gRS”2 “50RS”2
LVCMOS12 — 0.35x Vo | 0.65 x Vecio 3.465 0.4 Veao—0.4 6,8 -6,-8
Notes:

1. For the types of /O standard supported in which bank, refer to Lattice Nexus 2 sysl/O User Guide (FPGA-TN-02365) for details.

1. Select “50RS” in driver strength is selecting 50 Q series impedance driver.

Table 2.12. sysl/O DC Electrical Characteristics — High Performance 1/0

Input/Output Vi Viu Vo. Vou lov lon
Standard? Min (V) | Max (V) Min (V) Max (V) | Max (V) Min (V) | Typ(V) | Max (V) | (mA) | (mA)
;\r/iF\)/i: fsl 8,
LVCMOS18  |Vss—0.3| 0.3xVeeo | 0.7%Veao  |Veeo +0.3 0.4 Veao—0.4 — — ag 10| 12
“yonsri 508"
Typical | 48
LVCMOS12 Vss—0.3| 0.3 xVccio 0.7 %xVcao  |Veao +0.3 0.4 Vcco—0.4 — — drivers T
4,812 12
Typical -
LVCMOS10 Vss—0.2| 0.35x Vceo | 0.65 % Veaio |Veao +0.2(0.25 x Veeio|0.75 % Vecio — — drivers LS !
2,4,83
Typical 2
LVCMOS09 Vss—0.2| 0.35 % Vceio | 0.65 xVeao |Veao +0.2]0.25 % Vecio | 0.75 X Vecio - — drivers LS ’
2,4,83
SSTL135 Vss Vrer —0.075 | Vger + 0.075 Veao — — — — — —
HSUL12 Vss | Veer—0.100 | Vger +0.100 | Vo — — — — — —
LVSTL11_| Vss Vger —0.075 | Vger + 0.075 Vcaio — 0.85xTyp | Vcao/3 |1.15xTyp — —
LVSTL11_II Vss | Vrer—0.075 | Vger +0.075 Vo — 0.85xTyp | Vcao/2.5 |1.15xTyp| — -
POD11 Vss Vger —0.075 | Vger +0.075 Vcaio — — — — — —
POD12 Vss Vger —0.075 | Vger +0.075 Vcao — — — — — —
Notes:

1. For electro-migration, the average DC current drawn by the I/O pads within a bank of 1/0 shall not exceed 10 mA per I/O

average.

2. Forthe types of I/O standard supported in which bank, refer to Lattice Nexus 2 sysl/O User Guide (FPGA-TN-02365) for details.

3. Select “50RS” in driver strength is selecting 50 Q series impedance driver.
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Parameter Description Test Conditions Min Typ Max Unit
Output Drive Resistance when _
50RS SORS Drive Strength Selected Veco=1.8V,2.5V,0r3.3V 42,5 50 57.5 Q
Roser Inpgt Differential Termination Bottom Banks fo_r 1/0 _ 85 100 115 o
Resistance selected to be differential
28.9 34 39.1
34 40 46
40.8 48 55.2
SE Input Input Single Ended Bottom Banks for I/0 51 60 69 Q
Termination Termination Resistance selected to be Single Ended
68 80 92
96 120 144
192 240 288

2.10. sysl/O Differential DC Electrical Characteristics

2.10.1.

LVvDS

LVDS input buffer on Nexus 2 devices is powered by VCCAUX = 1.8 V, and protected by the bank Vccio. Therefore, the
LVDS input voltage cannot exceed the bank Vccio voltage. LVDS output buffer is powered by the Bank Vccio at 1.8 V.

LVDS can only be supported in bottom banks. LVDS output can be emulated with LVDSE in top banks. This is described
in LVDSE (Output Only) section.

Table 2.14. LVDS DC Electrical Characteristics*

Parameter | Description Test Conditions Min Typ Max Unit

Vine, Vinm Input Voltage — 0 — 1.6 Vv

Viem low Input Common Mode Voltage Half the sum of the two — 30.00 —2 mV
Inputs

Viem med Input Common Mode Voltage Half the sum of the two — 0.72 —2 Vv
Inputs

Viem high Input Common Mode Voltage Half the sum of the two — 1.40 —2 Vv
Inputs

V1Hp Differential Input Threshold Difference between the two — — 100 mV
Inputs

Iin Leakage | Input Current Power On or Power Off — — 10 MA

Von Output High Voltage for Vop or Vom Rr=100Q — 1.425 1.6 Vv

VoL Output Low Voltage for Vop or Vom Rr=100Q 0.9 1.075 — \

Vob Output Voltage Differential (Vop - Vom), Rr=100 Q 0.25 0.35 0.45 mV

DVop Change in Vop Between High and _ _ . 50 mv

Low
Vocm Output Common Mode Voltage (Vop + Vom)/2, Rr=100 Q 1.125 1.25 1.375 Y
DVocm Change in Vocwm, Voemmax) - Voemming | — - - 50 mV
- Vop =0V Driver outputs
Isas Output Short Circuit Current shorted to each other 12 mA
DVos Change in Vos between H and L — — — 50 mV
Notes:

1. LVDS input or output are supported in bottom banks. LVDS input uses Vccaux on the differential input comparator, and can be
located in any Vccio voltage bank. LVDS output uses Vccio on the differential output driver, and can only be located in bank with
Vcc|o =1.8V.

2. Viemis depending on VID, input differential voltage, so the voltage on pin cannot exceed Vinp/inm(min/max) requirements. Vicmmin) =

V|Np/|NM (min) + Y% V|D, VICM(max) = V|Np/|N|v| (max) — YA Vip. Values in the table is based on minimum Vip of +/- 100 mV.
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3. Viwr and Vinm (max) must be less than or equal to Vccio in all cases.

2.10.2. LVDSE (Output Only)

Top side of the Nexus 2 devices support LVDS outputs with emulated complementary LVCMOS outputs in conjunction
with a parallel resistor across the driver outputs. The scheme shown in Figure 2.2 is one possible solution for
point-to-point signals.

Table 2.15. LVDS25E DC Conditions

Parameter Description Typical Unit
Vcao Output Driver Supply (£5%) 2.5 Vv
Zout Driver Impedance 20.0 Q
Rs Driver Series Resistor (+1%) 158.0 Q
Rp Driver Parallel Resistor (+1%) 140.0 Q
Rt Receiver Termination (+1%) 100.0 Q
Vou Output High Voltage 14 Vv
Vo Output Low Voltage 1.1 Vv
Vob Output Differential Voltage 0.4 Vv
Vem Output Common Mode Voltage 1.3 Vv
Zsack Back Impedance 100.5 w
Inc DC Output Current 6.0 mA

VCCIO = 2.5V (+5%)

'
H
H
: RS = 158 O
' (£ 1%)
g mA —W
LVCMOS25
E RP =140 Q RT = 100 Q +
VCCIO = 2.5V (£ 5%) ' o o
: RS =158 Q (£1%) (£1%) P
(+1%)
H
8 mA ] VAVA
LVCMOS25 1 o ' ) :
H Transmission line, Zo = 100 Q differential H
H H
H H
ON-chip ; OFF-chip OFF-chip ¥ ON-chip
44— > 44— —>

Figure 2.2. LVDSE Output Termination Example

2.10.3. SubLVDS (Input Only)

SubLVDS is a reduced-voltage form of LVDS signaling, very similar to LVDS. It is a standard used in many camera types
of applications. Being similar to LVDS, the Nexus 2 devices can support the subLVDS input signaling with the same LVDS
input buffer. The output for subLVDS is implemented in subLVDSE with a pair of LVCMOS18 output drivers. See
SubLVDSE (Output Only) section.

Table 2.16. SubLVDS Input DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit

Vi Input Differential Threshold Voltage | Over Vicu range — — 70 mV

Viem Input Common Mode Voltage Half the sum of the two Inputs? — — 0.9 Vv
Note:

1. Viem + 1/2 Vipcannot exceed the bank Vo in all cases.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Sub-LVDS Driver PCB Traces, Connectors or Cables

\ 2p=50
+
RT::IOOQ:

vy

100 Q differential + o
“l

r' 3
v

Off-chip On-chip

Figure 2.3. SubLVDS Input Interface

2.10.4. SubLVDSE (Output Only)

SubLVDSE output uses a pair of LVCMOS18 drivers with True and Complement outputs. The VCCIO of the bank used for
subLVDSE needs to be powered by 1.8 V. SubLVDSE can be used for both top and bottom banks.

Performance of the subLVDSE/subLVDSEH driver is limited to the performance of LVCMOS18.
Table 2.17. SubLVDSE Output DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit

Vob Output Differential Voltage Swing - - 150.0 - mV

Vocm Output Common Mode Voltage Half the sum of the two Outputs — 900.0 — Vv
VCaO =+1.8V P@B Traces, Connectorsor Gables

=
e —————————— e e e —
i

Zp=50
Rs=267 Q +1%
AAA °
VVv

+

SubLVDS Output Rp=121Q+1% 100 Q differential 100 O +1% Sub-LVDS Recevier
SubLVDSE
AAA
-_— \AA4 v

Rs =267 Q+1% F%

1 Z0=50 1
o

On-chip Off-chip On-chip Off-chip

Figure 2.4. SubLVDSE Output Interface

2.10.5. SLVS

Scalable Low-Voltage Signaling (SLVS) is based on a point-to-point signaling method defined in the JEDEC JESD8-13
(SLVS-400) standard. This standard evolved from the traditional LVDS standard with smaller voltage swings and a lower
common-mode voltage. The 200 mV (400 mV p-p) SLVS swing contributes to a reduction in power.

Nexus 2 devices receive SLVS differential input with the LVDS input buffer. This LVDS input buffer is design to cover
wide input common mode range that can meet the SLVS input standard specified by the JEDEC standard.
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Table 2.18. SLVS Input DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input Differential Threshold Voltage | Over Vcm range — — 70.0 mV
Viem low Input Common Mode Voltage Half the sum of the two Inputs — — 70.0 mV
Viem mid Input Common Mode Voltage Half the sum of the two Inputs — — 200.0 mV
Viem high Input Common Mode Voltage Half the sum of the two Inputs — — 330.0 mV

The SLVS output on Nexus 2 devices is supported with the LVDS drivers found in bottom banks. The LVDS driver on
Nexus 2 devices is a current controlled driver. It can be configured as LVDS driver, or configured with the 100 Q
differential termination with center-tap set to Vocm at 200 mV. This means the differential output driver can be placed
into bank with Vccio=1.2 Vor 1.8V, even if it is powered by Vccio.

Table 2.19. SLVS Output DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vcaio Bank Vccio — -5% 1.2 +5% \Y,
Vob Output Differential Voltage Swing — 140.0 200.0 270.0 mV
Vocw Output Common Mode Voltage gi'tf;:ti sum of the two 140.0 2000 | 2700 | mv
Zos Single-Ended Output Impedance — 35.0 — 75.0 Q

SLVS Receiver

I
|100 QDiff
)] 0, AAA I I:] +
SLVS | 20=50 _
Y D WW I
I I
I I
On Chi
ne I I SLVS Driver
I I
D) D
+ | < +
LVDS 20=50
) D I
I
I
!

Figure 2.5. SLVS Interface

2.10.6. Soft MIPI D-PHY

When Soft D-PHY is implemented inside the FPGA logic, the I/O interface needs to use sysl/O buffers to connect to
external D-PHY pins.

Nexus 2 sysl/O provides support for SLVS, as described in SLVS section, plus the LVCMOS12 input/output buffers
together to support the High Speed (HS) and Low Power (LP) mode as defined in MIPI Alliance Specification for D-PHY.

To support MIPI D-PHY with SLVS (LVDS) and LVCMOS12, the bank Vccio cannot be set to 1.8 V. It has to connect to
12Vorl.lV.
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Advance Data Sheet

All other DC parameters are the same as listed in SLVS section. DC parameters for the LP driver and receiver are the
same as listed in LVCMOS12.

LVCMOS12
LP Data_P | |
I I
I I
I I
LPenable | |
HSenable : : MIPI Receiver
I I
| | 100 Q Diff
+ ] n T ] ° +
I I
HS Data : Z0=50 :
- : ) O : 73 _
SLVS ! '
LPenable —’\I\
LP Data_N
| LVCMOS12
MIPI_LP_RX
| On-Chip | |
RXLP_P ! !
| | I
: : MIPI Driver
I I
I I
I I
+ . ) X + +
I I
HS Data [ : 20=50 :
: e : .
LVDS : :
MIPI_LP_RX |

RXLP_N |

Figure 2.6. MIPI Interface
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Table 2.20. Soft D-PHY Input Timing and Levels
Symbol | Description Conditions Min Typ | Max | Unit
High Speed (Differential) Input DC Specifications

Vemrx(oo) Common-mode Voltage in High Speed Mode — 70 — 330 mV
) ) <=1.5Gbps - - 70 mV
VipTH Differential Input HIGH Threshold
> 1.5Gbps — — 100 mV
) ) <=1.5Gbps -70 — — mV
Vipr Differential Input LOW Threshold
> 1.5Gbps -100 — — mV
ViHHs Input HIGH Voltage (for HS mode) — — — 460 mV
Vitks Input LOW Voltage — -40 — _ mv
Viermen Single-ended voltage for HS Termination _ _ _ 450 mv
Enable*
Zip Differential Input Impedance — 80 100 130 Q
High Speed (Differential) Input AC Specifications
AVempx (et Common-mode Interference (> 450 MHz) > 1.5Gbps - - 50 mV

Common-mode Interference (50 MHz — 450

AVemrxr)?® 3 MHz2) > 1.5Gbps -25 — 25 mV
Cem Common-mode Termination — — — 60 pF
Low Power (Single-Ended) Input DC Specifications

<=1.5Gbps 880 - - mV
Vin Low Power Mode Input HIGH Voltage

> 1.5Gbps 740 - -
Vi Low Power Mode Input LOW Voltage — — — 520 mV
ViL-up Ultra Low Power Input LOW Voltage — — — 300 mV
Vhyst Low Power Mode Input Hysteresis — 25 — — mV
€spike Input Pulse Rejection — — — 300 V-ps
TmIN-RX Minimum Pulse Width Response — 20 — — ns
VinT Peak Interference Amplitude — — — 200 mV
fint Interference Frequency — 450 — — MHz

Notes:

1. Thisis peak amplitude of sine wave modulated to the receiver inputs.

2. Input common-mode voltage difference compared to average common-mode voltage on the receiver inputs.
3.  Exclude any static ground shift of 50 mV.

4. High Speed Differential Rrerm is enabled when both Dp and Dy are below this voltage.
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Table 2.21. Soft D-PHY Output Timing and Levels

Symbol | Description Conditions | Min | Typ | Max | Unit
High Speed (Differential) Output DC Specifications

Vemrx Common-mode Voltage in High Speed Mode — 150 200 250 mV

| AV eurxcwol ?_/(c),\\/;x Mismatch Between Differential HIGH and . . . 5 "y

[ Vool Output Differential Voltage | D-PHY-P — D-PHY-N| 140 200 270 mV

| AVoo| ?_IS%VMismatch Between Differential HIGH and . . . 20 mv
VoHHs Single-Ended Output HIGH Voltage — — — 360 mV
Zos Single Ended Output Impedance — — 50 — Q
AZps Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications

AVemx(Lr) Common-Mode Variation, 50 MHz—450 MHz — — — 25 MVerus
AVemrx(Hr) Common-Mode Variation, above 450 MHz — — — 15 mMVerus

Low Power (Single-Ended) Output DC Specifications

Vou Low Power Mode Output HIGH Voltage - 0.95 - 1.3 Vv

Vor Low Power Mode Input LOW Voltage — -50 — 50 mV
Low Power (Single-Ended) Output AC Specifications

trep 15%—-85% Rise Time — — — 25 ns
trp 85%—15% Fall Time — - - 25 ns
treoT HS — LP Mode Rise and Fall Time, 30%—85% — — — 35 ns

First LP XOR Clock
Pulse after STOP

Tipuserx | Pulse Width of the LP Exclusive-OR Clock State or Last Pulse 40 B B "
before STOP State
All Other Pulses 20 — — ns
Tip-PER-TX Period of the LP Exclusive-OR Clock — 90 — — ns
Croap Load Capacitance — 0 — 70 pF
Table 2.22. Soft D-PHY Clock Signal Specification
Symbol Description Conditions I Min I Typ | Max I Unit
Clock Signal Specification
Ul Instantaneous Ulinst — — — 12.5 ns
Ul Variation AUI Ul >0.833 ns 10% - 10% Ul
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Table 2.23. Soft D-PHY Data-Clock Timing Specifications

= LATTICE

Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications
< <
g.t())ssGbps < Tseewing <1.00 -0.15 - 0.15 | Ulnst
Tskew(rx) Data to Clock Skew
1.00 GbpS < TSKEW[TX] <1.50
-0.2 — 0.2 Ulinst
Gbps
Tskewrx Static Static Data to Clock Skew | Tskewirx;> 1.5Gbps -0.2 — 0.2 Ulinst
< <
0.08 Gbps < TSETUP[RX] <1.00 0.15 _ _ ul
T Input Data Setup Before | Gbps
SETUPIR CLK 1.00 Gbps < Tseruppaq < 1.50
0.2 — — ul
Gbps
< <
0.08 GbpS < THQLD[RX] <1.00 0.15 _ _ ul
T Input Data Hold After Gbps
HOLDIR CLK 1.00 Gbps < Trowoirx < 1.50
0.2 — — Ul
Gbps
D ic T D icD lock
ynamic Tsetup[rx] + ynamlg ata to Cloc Toxewieq > 1.50 Gbps 05 _ _ ul
THOLD[RX] Skew Window

2.10.7.

Differential SSTL135D (Output Only)

All differential SSTL outputs are implemented as a pair of complementary single-ended SSTL outputs. All allowable
single-ended output classes (class | and class Il) are supported.

2.10.8. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in LPDDR3 memory interface. All differential HSUL outputs are
implemented as a pair of complementary single-ended HSUL12 outputs. All allowable single-ended drive strengths are

supported.

2.10.9. Differential LVSTLD (Output Only)

Differential LVSTL is used for differential clock in LPDDR4 memory interface. All differential LVSTL outputs are
implemented as a pair of complementary single-ended LVSTL outputs. All allowable single-ended drive strengths are

supported.

2.10.10. Differential POD11D/POD12D (Output Only)

Differential POD is used for differential clock in DDR4/DDR5 memory interface. All differential POD outputs are
implemented as a pair of complementary single-ended POD outputs. All allowable single-ended drive strengths are

supported.

2.11. Maximum sysl/O Buffer Speed

Table 2.24. Nexus 2 Maximum 1/0 Buffer Speed

Buffer | Description Banks Max Unit
Maximum sysl/O Input Frequency

Single-Ended

LVCMOS33 LVCMOS33, Veco=3.3V Top 200 MHz
LVCMOS25 LVCMOS25, Vep=2.5V Top 200 MHz
LVCMOS18 LVCMOS18, Veco=1.8V Top 200 MHz
LVCMOS18 LVCMOS18, Vccio=1.8V Bottom 250 MHz
LVCMOS12 LVCMOS12, Veeo=1.2V Top 100 MHz
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Buffer Description Banks Max Unit
LVCMOS12 LVCMOS12, Vceo=1.2V Bottom 200 MHz
LVCMOS10 LVCMOS10, V=10V Bottom 300 MHz
LVCMOS09 LVCMOO09, Vegio=0.9 V Bottom 300 MHz
SSTL135 SSTL_135, Veeio=1.35V Bottom 1866 Mbps
HSUL12 HSUL_12, Ve p=1.2V Bottom 2133 Mbps
LVSTL12_I/1 LVSTL, Vecio=1.1V Bottom 2400 Mbps
POD11 POD11, Vego=1.1V Bottom 2100 Mbps
POD12 POD12, Vegio=1.2V Bottom 2400 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, V¢cio=1.2V Bottom 10 Mbps
Differential

LVDS LVDS, Vccio independent Bottom 1600 Mbps
subLVDS subLVDS, Vccio independent Bottom 1600 Mbps
SLVS SLVS similar to MIPI HS, Vccio independent Bottom 1800 Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Vcco=1.2V Bottom 1200 Mbps
SSTL135D Differential SSTL135, Vccio = 1.35V Bottom 1866 Mbps
HSUL12D Differential HSUL12, Vcco=1.2 V Bottom 2133 Mbps
LVSTL11D_I/Il LVSTL, Vegio=1.1V Bottom 1600 Mbps
POD11D POD11, Veo=1.1V Bottom 2100 Mbps
POD12D POD12,V¢o=1.2V Bottom 1600 Mbps
Maximum sysl/O Output Frequency

Single-Ended

i/rang(t)rff (all drive LVCMOS33, Veaio=3.3V Top 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vecio= 3.3V, Rseries = 50 Q Top 200 MHz
Is-:/r(e:nMg?:sz)S (all drive LVCMOS25, Vo = 2.5 V Top 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vo = 2.5 V, Rseries = 50 Q Top 200 MHz
t:’rgnMg?ssl)S (all drive LVCMOS18, Vcaio= 1.8V Al 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vo= 1.8V, Rseries = 50 Q All 200 MHz
EX'ZnMg(t)ssl)z (all drive LVCMOS12, Veeo= 1.2V Top 100 MHz
t:,ang?ssl)z (all drive LVEMOS12, Veo=1.2V Bottom 200 MHz
EX'ZnMg(t)ssl)o (all drive LVCMOS10, Veeio = 1.0V Bottom 300 Mbps
t:/anMg?ss)g (all drive LVCMOS09, Veeio=0.9 V Bottom 300 Mbps
SSTL135 SSTL_135, Veeio=1.35V Bottom 1866 Mbps
HSUL12 (all drive strengths) HSUL_12, Vcqo=1.2V Bottom 2133 Mbps
LVSTL11_I/1I LVSTL, Vegio=1.1V Bottom 2200 Mbps
POD11 POD11, Vego=1.1V Bottom 2100 Mbps
POD12 POD12, Vegio=1.2V Bottom 2100 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vo= 1.2V Bottom 10 Mbps
Differential

LVDS LVDS, Vcaio = 1.8V Bottom 1600 Mbps
LVDS25E LVDS25, Emulated, Vego= 2.5V Al 400 Mbps
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Buffer Description Banks Max Unit
Buffer

SubLVDSE subLVDS, Emulated, Vccio=1.8V Top 400 Mbps
SubLVDSE subLVDS, Emulated, Vccio=1.8V Bottom 800 Mbps
SLVS SLVS similar to MIPI, Vcco=1.2V Bottom 1800 Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Vcco=1.2V Bottom 1200 Mbps
SSTL135D Differential SSTL135, Vo = 1.35V Bottom 1866 Mbps
HUSL12D Differential HSUL12, Vcco=1.2 V Bottom 2133 Mbps
LVSTL11D_I/1I Differential LVSTL, V¢go=1.1V Bottom 1600 Mbps
POD11D Differential POD11, Vo=1.1V Bottom 2100 Mbps
POD12D Differential POD12, Vgp=1.2V Bottom 1600 Mbps

2.12. Typical Building Block Function Performance

These building block functions can be generated using Lattice Design software tool. Exact performance may vary with
the device and the design software tool version. The design software tool uses internal parameters that have been
characterized but are not tested on every device.

Table 2.25. Pin-to-Pin Performance

Function Typ. @ VCC=0.82V Unit
16-bit Decoder (I/0O configured with LVCMOS33, Left and Right Banks) 9.055 ns
16-bit Decoder (I/0O configured with LVCMOS18H_|, Bottom Banks) 5.219 ns
16:1 Mux (/0 configured with LVCMOS18, Left and Right Banks) 9 ns
16:1 Mux (I/O configured with HSTL15_1|, Bottom Banks) 5.209 ns

Note: These functions are generated using Lattice Radiant Design software tool. Exact performance may vary with the device and
the design software tool version. The design software tool uses internal parameters that have been characterized but are not tested
on every device.

Table 2.26. Register-to-Register Performance

Function Typ. @ VCC=0.82 V Unit
Basic Functions

16-bit Adder 6252 MHz
32-bit Adder 599 MHz
16-bit Counter 6252 MHz
32-bit Counter 566 MHz
Embedded Memory Functions

512 x 36 Single Port RAM, with Output Register 6252 MHz
1024 x 18 True-Dual Port RAM using same clock, with EBR Output Registers 4482 MHz
1024 x 18 True-Dual Port RAM using asynchronous clocks, with EBR Output 4482 MHz
Distributed Memory Functions

16 x 4 Single Port RAM (One PFU) 6252 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 6252 MHz
16 x 4 Pseudo-Dual Port (Two PFUs) 6252 MHz
9 x 9 Multiplier with Input Output Registers 6252 MHz
18 x 18 Multiplier with Input/Output Registers 6252 MHz
36 x 36 Multiplier with Input/Output Registers 259 MHz
MAC 9 x 9 with Input/Output Registers 461 MHz
MAC 9 x 9 with Input/Pipelined/Output Registers 607 MHz
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Notes:

1. The Clock port is configured with LVDS 1/0 type. Performance Grade: 3.

2. Limited by the Minimum Pulse Width of the component

3. These functions are generated using Lattice Radiant Design Software tool with LN2-CT as the target device. Exact performance
may vary with the device and the design software tool version. The design software tool uses internal parameters that have
been characterized but are not tested on every device.

2.13. LMMI

Table 2.27 and Table 2.28 summarize the performance of the LMMI interface with supported IPs. Additional timing
requirement and constraint can be identified through the Lattice Radiance design tools.

Table 2.27. LMMI Fmax Summary for Nexus 2-CT Devices

P Fvax (MHz)

DDRPHY 180

SERDES 180
PCle 180
PLL 180
CRE 180

Table 2.28. LMMI Fmax Summary for Nexus 2-CT Devices

P Fvax (MHz)

DDRPHY 180
PLL 180
CRE 180

2.14. Derating Timing Tables

Logic timing provided in the following sections of this data sheet and the Lattice Radiant design tools are worst case
numbers in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much
better than the values given in the tables. The Lattice Radiant design tool can provide logic timing numbers at a
particular temperature and voltage.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

2.15. External Switching Characteristics

Over recommended commercial operating conditions.

Table 2.29. Nexus 2 External Switching Characteristics (Vcc = 0.82 V)

= LATTICE

-3 -2 -1
Parameter Description - - - Unit
Min | Max Min | Max Min Max
Clocks
Global Clock
fMAX_PRI Frequency for Primary — 625 — 500 — 375 MHz
- Clock
tw_pri Ck.)Ck Pulse Width for 0.75 - 0.94 - 0.94 — ns
- Primary Clock
Primary Clock Skew
tskew_pri Within a Device 822 891 891 ps
Regional Clock
Region Clock skew within
tsKEw_R1B 1 HPIO Bank 151 177 177 ps
Region Clock skew within
tsKEw_R28 2 adjacent HPIO Bank 375 401 401 ps
Edge Clock
T Frequency for Edge Clock . 1200 _ 1067 _ 934 MHz
- Tree
tw toce Clock Pulse Width for 0.39 _ 0.44 _ 0.44 _ ns
- Edge Clock
Edge Clock skew within
tskew_E1B 1 HPIO Bank — 108 — 116 — 116 ps
Edge Clock skew within
tskew_E28 2 adjacent HPIO Bank — 112 — 112 — 112 ps
PHY Clock
faax_pHY Frequency for PHY Clock - 2400 | — | 2133 - 1866 MHz
Tree
Clock Pulse Width for
tw_pHY PHY Clock 0.19 — 0.22 — 0.22 — ns
PHY Clock skew within 1
tSKEW_PHY1B HPIO Bank — 109 — 122 — 122 ps
PHY Clock skew within 2
tSKEW_PHY28B adjacent HPIO Bank — 105 — 114 — 114 ps
Generic SDR Input
General I/0 Pin Parameters Using Dedicated Primary Clock Input without PLL
Clock to Output - PIO
HPI —_ 4 - 1 - 10.11
tco(HPIO) Output Register 8.40 910 0 ns
Clock to Output - PIO
WRI —_ . - . — .64
tco(WRIO) Output Register 8.06 8.68 96 ns
D -
tsu Clock to Data Setup -PIO | o — | o000 | - 0.00 - ns
Input Register
D -
tu(HPIO) Clock to Data Hold - PIO 4.91 - 4.91 - 5.46 - ns
Input Register
D -
t4(WRIO) Clock to Data Hold - PIO 4.09 — 4.09 - 4.54 - ns
Input Register
Clock to Data Setup - PIO
tsu_pel(HPIO) Input Register with Data 2.79 — 2.79 — 3.10 — ns
Input Delay
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-3 -2 -1
Parameter Description - - - Unit
Min Max Min Max Min Max

Clock to Data Setup - PIO

tsu_oer(WRIO) Input Register with Data 1.60 — 2.02 — 2.24 — ns
Input Delay
Clock to Data Hold - PIO

tH DEL Input Register with Data 0.00 — 0.00 — 0.00 — ns
Input Delay

General /0 Pin Parameters Using Dedicated Primary Clock Input with PLL
Clock to Output - PIO

tcop(HPIO) Output Register 6.02 6.02 6.69 ns
Clock to Output - PIO

tcoru(WRIO) Output Register 6.56 6.56 7.29 ns

tsup Clock to Qata Setup - PIO 1.98 _ 198 _ 220 _ ns
Input Register

lock to Data Hold - PI

thpue Clock to Data Hold -PI0 |, ;g — | 259 | - 2.88 — ns
Input Register
Clock to Data Setup - PIO

tsu_pELPLL Input Register with Data 4.55 — 4.55 — 5.06 — ns
Input Delay
Clock to Data Hold - PIO

tH_pELPLL Input Register with Data 0.00 — 0.00 — 0.00 — ns
Input Delay

General 1/0 Pin Parameters Using Regional Clock Input without PLL

tco(HPIO) Clock to Output - PIO - 6.10 — 6.68 - 7.42 ns
Output Register

tco(WRIO) Clock to Output - PIO - 7.14 — 7.74 - 8.60 ns
Output Register

tsu Clock to Data Setup-PIO | — | o000 | - 0.00 — ns
Input Register

t Clockto Data Hold -PIO_ |5 5 — | 364 | — 4.04 - ns
Input Register
Clock to Data Setup - PIO

tsu_beL Input Register with Data 1.60 — 2.02 — 2.24 — ns
Input Delay
Clock to Data Hold - PIO

tH_DEL Input Register with Data 0.00 — 0.00 - 0.00 - ns
Input Delay

General I/0 Pin Parameters Using Regional Clock Input with PLL
Clock to Output - PIO

HPI — . — . — 77

tcorLL(HPIO) Output Register 6.09 6.09 6 ns

Clock to Output - PIO
WRI — .51 - .51 - 7.2

teopLy( 0) Output Register 6.5 6.5 3 ns

tsupLL Clockto Data Setup - PIO |, g¢ — |19 | - 2.18 — ns
Input Register

theuL Clockto Data Hold -PIO | ;5 — | 283 | - 2.70 — ns
Input Register
Clock to Data Setup - PIO

TsuU_DELPLL Input Register with Data 4.89 - 4.89 — 5.43 — ns
Input Delay
Clock to Data Hold - PIO

tH_DELPLL Input Register with Data 0.00 — 0.00 — 0.00 — ns
Input Delay
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Parameter

Description

-3

-2

-1

Min

Max

Min

I Max

Min

Unit

Max

Generic DDR Input/Output

Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input

—Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 — Figure 2.7 and Figure 2.9

Input Data Setup Before 0.50 — 0.50 - 0.56 — ns
tsu_cpoRr1
CLK 0.20 — 0.20 — 0.22 — Ul
0. G00RL Ié’nLFI)(ut Data Hold After 0.50 _ 0.55 _ 061 _ ns
Output Data Valid Before 0.75 — 0.75 — 0.68 — ns
tove_GDDR1
CLK Output -0.5 — -0.5 — -0.45 — ns+1/2 Ul
toava GooR1 Output Data Valid After 0.75 — 0.75 — 0.68 — ns
- CLK Output -0.5 — -0.5 — -0.45 — ns+1/2 Ul
foata_cDDRXL Input/Output Data Rate — 400 — 400 — 360 Mbps
fmax_GopRx1 Frequency of PCLK — 200 — 200 — 180 MHz
% Ul :g';ggfrzzt: BitTime, or | 55 — | 125 — 1.39 — ns
Output TX to Input RX Margin per Edge 0.25 — 0.25 — 0.12 — ns
Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input —
Bank 0, Bank 1, Bank 2, Bank 6,and Bank 7 — Figure 2.8 and Figure 2.10
) — -0.5 — -0.5 — -0.56 ns+1/2 Ul
tpva_GDDR1 I(?L[:')(ut Data Valid After — 0.75 — 0.75 — 0.83 ns
— 0.3 — 0.3 — 0.33 Ul
0.5 — 0.56 — 0.62 — ns+1/2 Ul
tove_cDDR1 I(I:'I&Ut Data Hold After 1.75 — 1.81 - 2.01 — ns
0.7 - 0.72 - 0.80 - ul
tpia_GpDR1 Stj;%ﬁtii;a Invalid After — 0.5 — 0.5 — 0.56 ns
tpi_cDDR1 g:::thCDLaKt?DTt\;aL::‘.d — 0.5 — 0.5 — 0.45 ns
foata_cpoRx1 Input/Output Data Rate — 400 — 400 — 360 Mbps
fmax_coorxt Frequency for PCLK — 200 — 200 — 180 MHz
% Ul :g';:;rzztsa BitTime, or 1 1 55 — | 125 — 1.39 — ns
Output TX to Input RX Margin per Edge 0.25 — 0.19 — 0.28 — ns

Generic DDRX1 Inputs/Outputs with Clock an

d Data Centered at Pin (GDDRX1_RX/TX.

SCLK.Centered) using Regional Clock

Input — Bank 0, Bank1, Bank 2, Bank 12, Bank 13, and Bank 14 — Figure 2.7 and Figure 2.9

Input Data Setup Before 0.50 — 0.50 - 0.56 - ns
tsu_cpoRr1

CLK 0.20 - 0.20 — 0.22 — ul

| D Hold Af
tho_cDbR1 nput Data Hold After 0.50 — 0.55 — 0.61 — ns

- CLK

Output Data Valid 0.75 — 0.75 - 0.68 — ns
tpve_GpDR1

Before CLK Output 0.5 — 0.5 — -0.45 - ns +1/2 Ul
; Output Data Valid After 0.75 - 0.75 — 0.68 — ns
PAVA-GODRI CLK Output 0.5 — | -os5 — ~0.45 — ns +1/2 Ul
fDATA_GDDRX1 Input/Output Data Rate — 400 — 400 — 360 Mbps
fmax_GopRx1 Frequency of PCLK — 200 — 200 — 180 MHz
% Ul Half of Data Bit Time, or 195 _ 1.95 _ 139 . ns

90 degrees
Output TX to Input RX Margin per Edge 0.25 — 0.25 — 0.12 — ns
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Parameter

Description

-3

-2

-1

Min I

Max

Min I Max

Min

Max

Unit

Generic DDRX1 Inputs/Outputs with Clock an
—Bank 0, Bank 1, Bank 2, Bank 12, Bank 13, a

d Data Aligned at Pin
nd Bank 14 - Figure 2.8 and Figure 2.10

(GDDRX1_RX/TX.S

CLK.Aligned) using Regional Clock Input

) — -0.5 — -0.5 — -0.56 ns+1/2 Ul
- Iélel)(ut Data Valid After — 0.75 — 0.75 — 0.83 s
— 0.3 — 0.3 — 0.33 Ul
0.5 — 0.56 — 0.62 — ns+ 1/2 Ul
tove_cobht '(:‘Lrl’(“t Data Hold After 1.75 — 11| — 2.01 — ns
0.7 — 0.72 — 0.80 — Ul
Output Data Invalid
tpia_ppR1 After CLK Output 0.5 0.5 0.56 ns
Output Data Invalid
tpi_cpDR1 Before CLK Output 0.5 0.5 0.45 ns
foaTa_cpoRx1 Input/Output Data Rate — 400 — 400 — 360 Mbps
fmax_coprxt Frequency for PCLK — 200 — 200 — 180 MHz
% Ul Half of Data Bit Time, or 1.25 _ 1.25 _ 1.39 _ ns
90 degrees
Output TX to Input RX Margin per Edge 0.25 — 0.19 — 0.28 — ns

Generic DDRX1 Inputs/Outputs with Clock an

d Data Centered at Pin (GDDRX1_RX/TX.

SCLK.Centered) using PCLK Clock Input

—Bank 3, Bank 4, and Bank 5 — Figure 2.7 and Figure 2.9

Input Data Setup Before 0.46 — 0.51 — 0.57 - ns
tsu_cpoRr1

CLK 0.28 — 0.28 — 0.31 — ul
tHo_GoDR1 Input Data Hold After 0.46 — |os1 | — 0.57 - ns

CLK

Output Data Valid 0.40 — 0.51 — 0.46 — ns
tpve_GpoR1

Before CLK Output -0.43 — -0.33 — -0.29 — ns+1/2 Ul
t Output Data Valid After 0.40 — 0.51 - 0.46 — ns

Pavh-copR1 CLK Output ~0.43 — |-033] = ~0.29 — ns+1/2 Ul

foATA_GDDRX1 Input/Output Data Rate — 600 — 534 — 481 Mbps
fmax_cDprx1 Frequency of PCLK — 300 — 267 — 240 MHz
% Ul Half of Data Bit Time, or 0.83 _ 0.94 _ 104 . ns

90 degree
Output TX to Input RX Margin per Edge 0.06 — -0.01 — 0.12 — ns

Generic DDRX1 Inputs/Outputs with Clock an

d Data Aligned at Pin

(GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input —

Bank 3, Bank 4, and Bank 5 — Figure 2.8 and Figure 2.10
. — -0.46 — -0.52 — -0.57 ns +1/2 Ul
tova_cDDR1 I(?Lim Data Valid After — 0.38 — 0.42 - 0.47 ns
— 0.23 — 0.23 — 0.25 ul
0.46 — 0.52 — 0.57 — ns +1/2 Ul
tove_ oot 'C“LF:(”t Data Hold After 1.29 — [1as | — 161 - ns
0.78 — 0.78 — 0.86 — Ul
toin_Go0R 2;2‘;‘2‘&%3:;‘[’]:“‘1 — 0.42 — 0.42 — 0.46 ns
weon— Jommoerad |~ Jow [ - Joa | - [ e [
foaTA_GDDRX1 Input/Output Data Rate — 600 — 534 - 481 Mbps
fmax_cppRx1 Frequency for PCLK — 300 — 267 - 240 MHz
% Ul :g';;’;rzzta BitTime, or | 4 g3 — | oo | - 1.04 - ns
Output TX to Input RX Margin per Edge -0.04 — 0.01 — 0.01 — ns
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Parameter

Description

-3

-2

-1

Min

Max

Min I Max

Min

Max

Unit

Generic DDRX1 Inputs/Outputs with Clock an

d Data Centered at Pin (GDDRX1_RX/TX.

Input — Bank 3 to Bank 11 - Figure 2.7 and Figure 2.9

SCLK.Centered) using Regional Clock

Input Data Setup Before 0.46 — 0.52 - 0.57 — ns
tsu_cpoRr1

CLK 0.28 — 0.28 — 0.31 — Ul
tho G001 Input Data Hold After 0.46 _ 0.52 . 057 _ ns

- CLK

Output Data Valid 0.50 - 0.56 — 0.51 - ns
tove_GDDR1

Before CLK Output -0.33 — | -038 - -0.34 - ns+1/2 Ul
t Output Data Valid After 0.50 — 0.56 — 0.51 — ns

PAVA_GDDRL CLK Output -0.33 — | -038| -— -0.34 - ns+1/2 Ul

foaTA_GDDRX1 Input/Output Data Rate — 600 — 534 — 481 Mbps
fMAX_GDDRXl Frequency of PCLK —_ 300 —_ 267 ol 240 MHz
% Ul Half of Data Bit Time, or 083 _ 0.94 _ 1.04 _ ns

90 degree
Output TX to Input RX Margin per Edge 0.04 — 0.05 — -0.07 — ns

Generic DDRX1 Inputs/Outputs with Clock an

d Data Aligned at Pin

(GDDRX1_RX/TX.S

CLK.Aligned) using Regional Clock Input

— Bank 3 to Bank 11 - Figure 2.8 and Figure 2.10
) — -0.46 — -0.52 — -0.57 ns+1/2 Ul
tova 60ORL I(?Lp')(ut Data Valid After — 038 _ 0.42 — 0.47 s
— 0.23 — 0.23 — 0.25 ul
0.46 — 0.52 — 0.57 — ns+1/2 Ul
tove_coDRL 'C”L‘:(”t Data Hold After 1.29 — |14 | — 1.61 — ns
0.78 - 0.78 — 0.86 - ul
Output Data Invalid
tDIA_GDDR1 Aftepr CLK Output — 0.33 — 0.38 — 0.42 ns
Output Data Invalid
tDIB_GDDR1 Befcr))re CLK Output — 0.33 — 0.38 — 0.34 ns
foATA_GDDRX1 Input/Output Data Rate — 600 — 534 — 481 Mbps
fmax_cDprx1 Frequency for PCLK — 300 — 267 — 240 MHz
% Ul :g';:;rzzta BitTime, or | g3 — | o9 | - 1.04 — ns
Output TX to Input RX Margin per Edge 0.04 — 0.05 — 0.05 — ns

Generic DDRX2 Inputs/Outputs with Clock an

— Figure 2.7 and Figure 2.9

d Data Centered at Pin (GDDRX2_RX/TX.

ECLK.Centered) using PCLK Clock Input

50 aooRc Data Setup before CLK 0.17 — 0.19 — 0.21 - ns
- Input 0.20 — 0.20 — 0.22 — ul
tHo_GDDRX2 Data Hold after CLK Input 0.17 — 0.19 - 0.21 — ns
tove SoDRKE Output Data Valid Before 0.25 — 0.28 - 0.25 — ns
- CLK Output -0.17 — -0.19 — -0.17 — ns + 1/2 Ul
toava GoDRG Output Data Valid After 0.25 — 0.28 - 0.25 - ns
- CLK Output -0.17 — -0.19 - -0.17 — ns+1/2 Ul
foaTA_GDDRX2 Input/Output Data Rate — 1200 — 1066 - 959 Mbps
fmax_coprx2 Frequency for ECLK — 600 — 533 — 480 MHz
% Ul g'g';g;rzztsa BitTime, or | o542 — | 047 — 0.52 — ns
frek PCLK frequency — 300 — 267 — 240 MHz
Output TX to Input RX Margin per Edge 0.08 — 0.09 — 0.04 — ns

Generic DDRX2 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX2_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 2.8 and Figure 2.10

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Parameter Description - -3 - 2 - -1 Unit
Min Max Min Max Min Max
) — -0.17 — -0.19 — -0.21 ns+1/2 Ul
tova_ co0RK2 Iélel)(ut Data Valid After — 0.25 — 0.28 — 031 s
— 0.30 — 0.30 — 0.33 ul
0.17 — 0.19 — 0.21 — ns+1/2 Ul
tove_cooRK2 '(:‘Lrl’(“t Data Hold After 0.58 — | oes | — 0.73 - ns
0.70 — 0.70 — 0.78 — ul
tpia_cpDRX2 gﬁzrgjljtzz:a Invalid After — 0.17 — 0.19 — 0.21 ns
tpis_cpDRX2 :::gruet(ia;aowt\:l_:;d — 0.17 — 0.19 — 0.17 ns
foaTa_cooRx2 Input/Output Data Rate — 1200 — 1066 — 959 Mbps
fmax_cporx2 Frequency for ECLK — 600 — 533 — 480 MHz
Y4 Ul Half of Data Bit Time, or 0.42 . 0.47 . 0.52 _ ns
90 degrees
frek PCLK frequency — 300 — 267 — 240 MHz
Output TX to Input RX Margin per Edge 0.08 — 0.09 — 0.10 — ns

Generic DDRX4 Inputs/Outputs with Clock an
— Figure 2.7 and Figure 2.9

d Data Centered at Pin (GDDRX4_RX/TX.

ECLK.Centered) using PCLK Clock Input

N Input Data Set-Up Before 0.14 — 0.14 — 0.16 — ns
- CLK 0.22 — 0.20 — 0.22 — Ul
tHo_GDDRx4 I(I:'I&Ut Data Hold After 0.13 — 0.16 — 0.17 — ns
tove GboRe Output Data Valid Before 0.19 — 0.21 — 0.19 — ns
- CLK Output -0.13 — -0.14 — -0.13 — ns+1/2 Ul
N— Input Data Set-Up Before 0.19 — 0.21 - 0.19 — ns
- CLK -0.13 — -0.14 — -0.13 — ns+1/2 Ul
foaTa_coDRX4 Input/Output Data Rate — 1600 — 1400 — 1260 Mbps
fmax_GoDRxa Frequency for ECLK — 800 — 700 — 630 MHz
%4 Ul Half of Data Bit Time, or 031 . 036 . 0.40 _ ns
90 degrees
frewk PCLK frequency - 200 - 175 - 158 MHz
Output TX to Input RX Margin per Edge 0.05 — 0.07 — 0.03 — ns

Generic DDRX4 Inputs/Outputs with Clock an
Left and Right sides Only — Figure 2.8 and Figure 2.10

d Data Aligned at Pin

(GDDRX4_RX/TX.E

CLK.Aligned) using PCLK Clock Input,

) — -0.14 — -0.14 — -0.16 ns+1/2 Ul
tova_cpprxa I(;E)(ut Data Valid After — 0.18 — 0.21 — 0.24 ns
- 0.28 - 0.30 - 0.33 Ul
0.14 - 0.19 - 0.21 - ns+1/2 Ul
tove_GDDRX4 I(;E)(ut Data Hold After 0.45 — 0.54 — 0.60 - ns
0.72 — 0.76 — 0.84 — Ul
Output Data Invalid After
tDIAﬁGDDRX4 CLK Output 0.13 0.14 0.16 ns
Output Data Invalid
tDIBiGDDRX4 Before CLK Output 0.13 0.14 0.13 ns
foaTa_GpDRX4 Input/Output Data Rate — 1600 — 1400 — 1260 Mbps
fmax_coorxa Frequency for ECLK — 800 — 700 — 630 MHz
Half of Data Bit Time,
% Ul all or ata BILTIme oF 1 931 — | o3| - 0.40 — ns

90 degrees
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Parameter Description - -3 - 2 - -1 Unit
Min Max Min Max Min Max
frcik PCLK frequency — 200 — 175 — 158 MHz
Output TX to Input RX Margin per Edge 0.05 - 0.03 - 0.06 - ns
Generic DDRX5 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX5_RX/TX.ECLK.Centered) using PCLK Clock Input
— Figure 2.7 and Figure 2.9
N Input Data Set-Up Before 0.16 — 0.16 — 0.18 — ns
- CLK 0.20 — 0.20 — 0.22 — Ul
tho_GDDRXS I(?LFILUt Data Hold After 0.16 — 0.17 — 0.19 — ns
twinDOW_GDDRXsC Input Data Valid Window — 0.32 — 0.33 — 0.36 ns
fovB. GDDRXS Output Data Valid Before 0.24 — 0.24 - 0.22 — ns
- CLK Output -0.16 — -0.16 — -0.14 — ns+1/2 Ul
N Output Data Valid After 0.24 — 0.24 — 0.22 — ns
- CLK Output -0.16 — -0.16 — -0.14 — ns+1/2 Ul
foaTA_GDDRXS Input/Output Data Rate - 1250 — 1250 - 1125.00 Mbps
fmax_coorxs Frequency for ECLK — 625 — 625 — 562.50 MHz
2 Ul Half of Data Bit Time, or 0.40 _ 0.40 _ 0.44 _ ns
90 degrees
frck PCLK frequency — 125 — 125 — 112.50 MHz
Output TX to Input RX Margin per Edge 0.08 — 0.08 — 0.04 — ns
Generic DDRX5 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX5_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 2.8 and Figure 2.10
) — -0.16 — -0.16 — -0.18 ns+1/2 Ul
tova_GDDRXS I(?L[:')(ut Data Valid After - 0.24 — 0.24 — 0.27 ns
— 0.30 — 0.30 — 0.33 Ul
0.16 — 0.19 — 0.21 — ns+1/2 Ul
tove_GDDRXS I(?&Ut Data Hold After 0.56 — 0.59 — 0.65 — ns
0.70 - 0.74 - 0.82 - ul
twiINDOW_GDDRX5A Input Data Valid Window - 0.32 - 0.35 - 0.39 ns
toin_GDDRS Sf;%’ljtzzia Invalid After | _ 016 | — 0.16 - 0.18 ns
toiB_GDDRXS g:::thCDLaKt?DTt\;aL::‘.d — 0.16 — 0.16 — 0.14 ns
foata_GooRXS Input/Output Data Rate — 1250 — 1250 — 1125 Mbps
fmax_coorxs Frequency for ECLK — 625 — 625 — 563 MHz
2 Ul Half of Data Bit Time, or 0.40 _ 0.40 _ 0.44 . ns
90 degrees
frewk PCLK frequency - 125 - 125 - 113 MHz
Output TX to Input RX Margin per Edge 0.08 — 0.05 — 0.09 — ns
Soft D-PHY DDRX4 Inputs/Outputs with Clock and Data Centered at Pin, using PCLK Clock Input
. Input Data Set-Up Before 0.11 — 0.13 — 0.15 — ns
- - CLK 0.20 — 0.20 — 0.22 — Ul
tHo_ GDDRYA MP 'C“LF:(“t Data Hold After 0.11 — | 013 - 0.15 — ns
tove. CoDRX MP Output Data Valid Before 0.11 — 0.13 — 0.12 — ns
- - CLK Output 0.20 — 0.20 — 0.18 - ul
toava GoORKE P Output Data Valid After 0.11 — 0.13 — 0.12 — ns
- B CLK Output 0.20 — 0.20 — 0.18 — ul
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-3 -2 -1
Parameter Description - - - Unit
Min Max Min Max Min Max
Input Data Bit Rate for
foaTa_GoDRX4_MP MIPI PHY 1200 1200 1200 Mbps
Half of Data Bit Time,
% Ul all of bata BIL Time oF 1 o 83 — | o8| - 0.83 — ns
90 degrees
frck PCLK frequency — 150 — 150 — 150 MHz
Output TX to Input RX Margin per Edge 0.00 — 0.00 — -0.04 — ns
Video DDRX71 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) using PLL Clock Input —
Figure 2.12 and Figure 2.13
Input Valid Bit "i" switch — 0.25 — 0.23 — 0.26 Ul
from CLK Rising Edge ("i"
treai_pva . : :
=0to 6, 0 aligns with — -0.26 — -0.28 - -0.26 ns+(1/2+i)*Ul
CLK)
Input Hold Bit "i" switch 0.70 — 0.70 — 0.63 — Ul
tron from CLK Rising Edge ("i"
RPBIDVE =0to 6, 0 aligns with 0.21 - 0.21 - 0.14 — ns+(1/2+i)*Ul
CLK)
Data Output Valid Bit "i"
switch from CLK Rising 5
tTPBI_DOV Edge ("i" =0to 6, 0 0.14 0.14 0.16 ns+i*Ul
aligns with CLK)
Data Output Invalid Bit
"i" switch from CLK
i . . -0.14 — -0.14 - -0.1 — +(i+ 1)*UlI
treei_pol Rising Edge ("i"=0to0 6, 0 0 0.16 nsH{i+ 1)*U
0 aligns with CLK)
tTPBi_skew_UI TX skew in Ul —_ 0.15 — 0.15 —_ 0.15 Ul
ial D Bit Ti =
ts Serial Data Bit Time, 0.95 — | 095 — 1.06 — ns
1Ul
fDATA_TX71 DDR71 Serial Data Rate —_ 945 —_ 945 — 945.00 MbpS
fmax_Tx71 DDR71 ECLK Frequency — 472.5 — 472.5 — 472.50 MHz
feuan 7:1 Clock (PCLK) — 135 | — 135 — 135 MHz
Frequency
Output TX to Input RX Margin per Edge 0.05 — 0.05 — 0.05 — ns
Memory Interface
LPDDR4 Data rate — 2133 - 2133 - 1866 Mb/s
DDR4 Data rate 1250 2400 — — — — Mb/s
DDR5 Data rate 1980 2100 —_ —_ —_ —_ Mb/s
Notes:

1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Lattice Radiant

software.

2. General I/0 timing numbers are based on LVCMOS 3.3V (WRIO), LVCMOS 1.8V (HPIO), 50RS, Fast Slew Rate, 0 pF load.
Generic DDR timing are numbers based on LVDS 1/0.

3. Uses LVDS I/O standard for measurement.

Maximum clock frequencies are tested under best case conditions. System performance may vary upon the user environment.
5. All numbers are generated with the Lattice Radiant software.
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Rx CLK (in)

Rx CLK (in)
or DQS input

Rx DATA (in)
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Figure 2.7. Receiver RX.CLK.Centered Waveforms
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Figure 2.8. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms
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Figure 2.9. Transmit TX.CLK.Centered and DDR Memory Output Waveforms
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1 Ul

A

Tx CLK (out)

Tx DATA (out)

toia
4_

Figure 2.10. Transmit TX.CLK.Aligned Waveforms

Receiver — Shown for one LVDS Channel

# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data In y \
7sembss ALK N 2X3XAXSX X 01X 23X 4X X o)1 X 23X 4XeXB oK 1X2X3X4X5X8K2)
I I I I
Clockin 0! 1 2 3 4
108 MHz |
i - i !
! ! Bit# Bit # | Bit# | Bit#
L ox | 10-1 | 20-8 | 30-15 | 40-22
. 10x 1 11-2 1 21-9 1 31-16 | 41-23
For.each Channel: ! ox 12-3 52-10 32-17 Iy
7-bit Output YVords Lox | 13-4 23-11 | 33-18 D 43-25
to FPGA Fabric 30" i 14-5 2%-12 i 34-19 i 14-26
Lox | 15-6 25-13 1 35-20 ! 45-27
10x | 16-7 | 26-14 | 36-21 | 46-28
Transmitter — Shown for one LVDS Channel
# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out \ \ \
el € 6D € € £) E) 6 £ §) 8 € 6 6 0 © 656 6 € £ 5 0 6 6 S0 6 6 T
I I I I
Clockout ©| T 2] 3 4
108 MHz
| | | |
I I I I
Bit# | Bit# | Bit # Bit# | 3
For each Channel: 88‘;3 12‘2 | 20-15, 22‘;; | |
-bi —2 =9 21-16 | —23 !
7 b;;g:t;’“l: yVords 00-3 1 12-10 | 2-17 ! 32-24 ! !
to abric 00-4 | 13-11 | 23-18 33-25 | 3
00-5! 14-12 1 24-19 34-26 | !
00-6 ! 15-13 | 25-20 35-27 | !
00-7 | 16-14 | 26-21 | 36-28 | |

Figure 2.11. DDRX71 Video Timing Waveforms
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Figure 2.12. Receiver DDRX71_RX Waveforms
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Figure 2.13. Transmitter DDRX71_TX Waveforms
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2.16. sysCLOCK PLL Timing
Table 2.30. sysCLOCK PLL Timing (Vcc = 0.82 V)

= LATTICE

Parameter Descriptions Conditions Min Typ Max Unit
Input Clock Frequency
fin (CLK|, CLKFB) 10 800 MHz
four Output Clock Frequency — 15.625 — 2500 MHz
Dynamic Phase Shift disabled 1600 — 4000 MHz
fyco PLL VCO Frequency - -
Dynamic Phase Shift enabled 1600 — 3150 MHz
Internal Feedback 10 — 500 MHz
£ Phase Detector Input ECLK Feedback 10 — 500 MHz
e Frequency RCLK Feedback 10 — 150 MHz
GCLK Feedback 10 — 150 MHz
TRST RST/PUlSE width —_ 5 —_ —_ us
Setup time before
4 Vcao
TPHASESEL SETUP phasestep/phaseloadreg — — — Cycle
- . Cycle
is pulsed
Setup time before
TPHASEDIR_SETUP P . — 5 — — ns
phasestep is pulsed
Pulse width (signal used
o . 4Vco
TPHASESTEP_PULSE to initiate VCO dynamlc — — — Cycle
- . cycle
phase shift)
Pulse width (signal used
TPHASELOADREG_PULSE to initiate post—divider — 10 — — ns
dynamic phase shift)
AC Characteristics
Even Output Divider -76 0 76 ps
— S
Output Clock Duty Cycle 0Odd Output Divider, fuco 2 2500 -155 0 155 ps
tor . . MHz
Distortion 4 ——
0Odd Output Divider, fyco < 2500 ~190 0 190 ps
MHz
teea Output Phase Accuracy — -161 0 161 ps
four 2 200 MHz — — 250 S p-
Output Clock Period Jitter ot Ps PP
four < 200 MHz — — 0.05 UIPP
Output Clock Cycle-to- four 2200 MHz — — 250 ps p-p
Cycle litter four < 200 MHz — — 0.05 UIPP
frep 2 300 MHz — — 550 ps p-p
200 MHz < fpep < 300 MHz — — 800 ps p-p
toputt Output Clock Phase lJitter 60 MHz < fppp < 200 MHz — — 1300 ps p-p
30 MHz < fppp < 60 MHz — — 2000 ps p-p
10 MHz < fpep < 30 MHz — — 4800 ps p-p
Output Clock Period Jitter | four 2200 MHz — — 350 ps p-p
(Fractional-N) four < 200 MHz — — 0.07 UIPP
Output Clock Cycle-to- four 2 200 MHz — — 350 ps p-p
Cycle Jitter (Fractional-N) | four < 200 MHz — — 0.07 ulpp
tiock PLL Lock-in Time PFD Cycles — — 150 Us
PLL Unlock Time (from
tuntock RESET goes HIGH) PFD Cycles - - 03 Hs
tipr Input Clock Phase lJitter feen — — 0.02 UIPP
fosc 100 Spread Spectrum Clock . 15 . 4000 KHz
- Modulation
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Parameter Descriptions Conditions Min Typ Max Unit
Spread Spectrum Clock

fSSC_MOD_AMP Modulation Amplitude — 0 — -10 %
Range

Note:

1. Jitter sample is taken over 10,000 samples for Period jitter, and 1,000 samples for Cycle-to-Cycle jitter of the primary PLL output

with clean reference clock with no additional 1/0 toggling.

2.17. Internal Oscillators Characteristics

Table 2.31. Internal Oscillators (Vcca = 0.8 V, Vccauxa = 1.8 V)

Symbol Parameter Description Min Typ Max Unit
feiknr CLKK Clock Frequency 360 400 440 MHz
DCHcixur Duty Cycle (Clock High Period) 35 50 65 %
2.18. Hardened PCle Characteristics
2.18.1. PCle (2.5 Gbps)
Table 2.32. PCle (2.5 Gbps)
Symbol | Description Condition | Min | Typ | Max | Unit
Transmitter!
ul Unit Interval — 399.88 400 400.12 ps
BWrx Tx PLL bandwidth — 15 — 22 MHz
PKGrx Tx PLL Peaking — — — 3 dB
Differential p-p Tx voltage
V1x-DIFF-pP . PP & — 0.8 — 1.2 Vp-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP — 0.4 — 1.2 Vp-p
voltage swing
Tx de-emphasis level ratio at
V1X-DE-RATIO-3.5dB 3548 — 3 — 4 dB
TTX-RISE-FALL Transmitter rise and fall time — 0.125 — — Ul
Treeve Transmltter Eye, including all . 0.75 . _ ul
jitter sources
Max. time between jitter
TTX-EYE-MEDIAN-to—MAX-JI'I'I'ER median and max deviation —_ —_ —_ 0.125 Ul
from the median
RLoxorr Tx leferentlal Retulr.n Loss, . 10 _ _ 4B
including pkg and silicon
RLixcm Tx Common Mode Return 50MHz < freq < 2.5GHz 6 _ — dB
Loss, including pkg and silicon
Z1x-DIFE-DC DC differential Impedance — 80 — 120 Q
Vixcuace Tx AC peak common mode . _ _ 20 mV, RMS
voltage, RMS
Transmitter short-circuit
Irx-sHoRT — — — 90 mA
current
Transmitter DC common-
V1x-ne-cm — 0 — 1.2 \%
mode voltage
Electrical Idle Output peak
VTX-IDLE-DIFF-AC-p putp — — — 20 mV
voltage
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Symbol Description Condition Min Typ Max Unit
Voltage change allowed durin
V1x-RCV-DETECT R .g & gl — — — 600 mvV
eceiver Detect
TTX-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
Max. time from Electrical Idle
TTX-IDLE-SET-TO-IDLE Order Set to valid Electrical — — — 8 ns
Idle
T Max. time from Electrical Idle . . . 8 ns
TXIDLETO-DIFF-DATA to valid differential output
500 ps
Lrx.skew Lane-to-lane output skew - - - +2Ul ps
Receiver?
ul Unit Interval — 399.88 400 400.12 ps
Differential Rx peak-peak
VRX-DIFF-PP P P — 0.175 — 1.2 Vp-p
voltage
Trx-eve3 Receiver eye opening time — 0.4 — — Ul
Max time delta between
TRX—EYE—MEDIAN—to—MAX—JITTER3 median and deviation from — —_ — 0.3 Ul
median
RLacorrr Receiver dlfferentla! Beturn . 10 . . B
Loss, package plus silicon
Receiver common mode
RLgx-cm Return Loss, package plus - 6 — - dB
silicon
Recei DC singl
Zeoe . eceiver DC single ended . 40 _ 60 a
impedance
Receiver DC differential
ZRX-DIFF-DC . — 80 — 120 Q
impedance
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when powered - 200k — - Q
down
Rx A k
Vrx-cm-ac-p> x AC peak common mode — — 150 mV, peak
voltage
Electrical Idle Detect
VRX-IDLE-DET-DIFF-PP Threshold — 65 — 175 mVp-p
Lrx-skew Receiver lane-lane skew — — — 20 ns
Notes:
1. Referto PCl Express Base Specification Revision 4.0 Table 8-7 and 8-8 test conditions and requirements for respective
parameters.
2. Refer to PCl Express Base Specification Revision 4.0 Table 8-11 test conditions and requirements for respective parameters.
3. Spec compliant requirement.
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2.18.2. PCle (5 Gbps)
Table 2.33. PCle (5 Gbps)

= LATTICE

Symbol | Description Test Conditions Min Typ | Max | Unit
Transmitter!
Ul Unit Interval — 199.94 200 200.06 ps
Tx PLL bandwidth
By pre. — —
WIX-PKG-PLLL corresponding to PKGrx.pL11 8 16 MHz
Tx PLL bandwidth
Bty pre. — —
WIX-PKG-PLL2 corresponding to PKGrx.pL12 > 16 MHz
Tx PLL Peaking
P . — — — 3 dB
KGTX-PLLL corresponding to PKGrx-pL11
Tx PLL Peaking
P . — — — 1 dB
KGTX-PLL2 corresponding to PKGrx.pL12
Differential p-p Tx voltage
Vrx-DIFE- — . — 1.2 V, p-
TX-DIFF-PP swing 0.8 , P-p
Low power differential p-p Tx
V1X-DIFF-PP- — 0.4 — 1.2 V, p-
TX-DIFF-PP-LOW voltage swing » P-p
Tx de-emphasis level ratio at
V1X-DE-RATIO-3.5dB P — 3 — 4 dB
3.5dB
Tx de-emphasis level ratio at
V1X-DE-RATIO-6dB P — 5.5 - 6.5 dB
6dB
TMIN-PULSE Instantaneous lone pulse width | — 0.9 - - Ul
TTX-RISE-FALL Transmitter rise and fall time — — — —_ ul
Transmitter Eye, including all
Trx- " ! — 0.75 — — Ul
TX-EYE jitter sources
Tx deterministic jitter > 1.5
Trx- — — — 0.15 Ul

TX-DJ MHz
T Tx RMS jitter < 1.5 MHz - - - 3 Ps,

TX-RJ . RMS
TRE-MISMATCH Tx rise/fall time mismatch — — — 0.1 Ul
R Tx Differential Return Loss, 50 MHz < freq < 1.25 GHz 10 — — dB

LXCDIFE including package and silicon | 1.25 GHz < freq < 2.5 GHz 8 — — dB

Tx Common Mode Return Loss
Rirx- : ) o ’ | 50 MHz < freq < 2.5 GH 6 — — dB

LTX-CM including package and silicon z q z
Z1X-DIFF-DC DC differential Impedance — — — 120 Q
V. Tx AC peak common mode . _ _ 150 mv,

TX-CM-ACPP voltage, peak-peak p-p

Transmitter short-circuit
Iy — — — 90 A
TX-SHORT current m
Transmitter DC common-mode
Vix-pe- — 0 — 1.2 \
TX-DC-CM voltage
Electrical Idle Output DC
VI%-IDLE-DIEE- — 0 — 5 \Y,
TX-IDLE-DIFF-DC voltage m
Electrical Idle Differential
VIX-IDLE-DIFF-AC- — — — 20 \Y,
TX-IDLE-DIFF-AC-p Output peak voltage m
Voltage change allowed during
V. — — —

TX-RCV-DETECT Receiver Detect 600 mv
T %-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
T Max. time from Electrical Idle . _ _ 8 ns

TX-IDLE-SET-TO-IDLE Order Set to valid Electrical Idle
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Symbol Description Test Conditions Min Typ Max Unit
T Max. time from Electrical Idle . _ _ 8 ns
TX-IDLE-TO-DIFF-DATA |+ yalid differential output
500 +4
Lrx-skew Lane-to-lane output skew — - _ o ps
Receiver?
Ul Unit Interval — 199.94 200 200.06 ps
Differential Rx peak-peak
VRX-DIFF-PP voltage - 0.343 - 12 Vv, p-p
T Receiver random jitter 1.5 MHz - 100 MHz _ _ 42 ps,
RIRI-RMS tolerance (RMS) Random noise ’ RMS
Tecos Receiver deterministic jitter _ _ _ 88 bs
tolerance
R Receiver differential Return 50 MHz < freq < 1.25 GHz 10 — — dB
HOXDITE Loss, package plus silicon 1.25 GHz < freq < 2.5 GHz 8 — — dB
Receiver common mode
Rirx-cm Return Loss, package plus — 6 — — dB
silicon
Zooc Becelver DC single ended . 0 _ 60 a
impedance
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when powered — 200k — — Q
down
Vexcmace? Rx AC peak common mode . . . 150 mV,
voltage peak
V RX-IDLE-DET-DIFE-PP Electrical Idle Detect Threshold | — 65 — 3403 mv, pp
LRrx-skew Receiver lane-lane skew — — — 8 ns
Notes:

1. Referto PCl Express Base Specification Revision 4.0 Table 8-7 and 8-8 test conditions and requirements for respective

parameters.

2. Refer to PCl Express Base Specification Revision 4.0 Table 8-11 test conditions and requirements for respective parameters.

3. Spec compliant requirement.

2.18.3. PCle (8 Gbps)
Table 2.34. PCle (8 Gbps)

Symbol | Description Test Conditions Min | Typ | Max Unit

Transmitter!

Ul Unit Interval — 124.9625 125 125.0375 ps
Tx PLL bandwidth

Bwrx-pPkG-pLLL corresponding to PKGresus — 2.0 — 4.0 MHz
Tx PLL bandwidth

Bwrx-pkG-pLL2 corresponding to PKGresus — 2.0 — 5.0 MHz

P Tx PLL Peaking 2.0 4B

KeTXPLLL corresponding to PKGrx-pLi1 )
p Tx PLL Peaking 10 4B
KeTXpLEZ corresponding to PKGrx-pLi2 ’

Differential p-p Tx voltage

V1x-DiFe-pp . PP & — 0.8 — 1.3 V, p-p
swing
Low power differential p-p Tx

VTx-DIFF-pP-LOW P . PP - 0.4 — 1.3 V, p-p
voltage swing
Minimum voltage swing

V1x-EIEOS-FS during EIEOS for full swing — 0.250 _ — V, p-p
signaling
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Symbol Description Test Conditions Min Typ Max Unit
Minimum voltage swing
V1x-EIEOS-RS during EIEOS for reduced — 0.232 — — V, p-p
swing signaling
Pseudo package loss of a
pS211x-RoOT-DEVICE devi P g — — — 3.0 dB
evice containing root ports
o1 Pseudo package loss of a
P32 mx-NoN-roOT- device not containing root — — — 3.0 dB
DEVICE
ports
Nominal boost beyond 8.0
v Maximum nominal Tx boost dB is limited to guarantee _ 3.0 . 4B
TXCBOOST-FS ratio for full swing that ps21TX limits are '
satisfied
Maximum nominal Tx boost
V1x-BoOST-RS . . — — 2.5 — dB
ratio for reduced swing
EQrx-COEFF-RES Tx Coefficient resolution — 1/63 — 1/24 N/A
Refer to Section 8.3.5.8 of ps PP
TXrx-uTi Tx uncorrelated total jitter the PCle 4.0 Base — — 31.25 at 10-
Specification for details 12 BER
Tx uncorrelated total jitter Refer to Section 8.3.5.8 of ps PP
TXtx-UTssRis when testing for the IR clock the PCle 4.0 Base — — 33.83 at 10-
mode with SSC Specification for details 12 BER
. Refer to Section 8.3.5.8 of
TXrxuoiop Tx uncorrelated Dj for the PCle 4.0 Base — — 12 ps PP
non-embedded Refclk e .
Specification for details
. Refer to Section 8.3.5.9 of ps PP
TXrupw-s T.:)t?rl uncorrelated pulse width | o bcie 4.0 Base - - 24 at 10-
) Specification for details 12 BER
Refer to Section 8.3.5.9 of
D inistic DjDD
TXrx-upwoipD eterministic D) S the PCle 4.0 Base — — 10 ps PP
uncorrelated pulse width jitter e s .
Specification for details
Informative parameter
" only. Range of Rj possible ps
TX1x-ri Tx Random jitter with zero to maximum 1.4 2.2 RMS
allowed TXT)(.UDJDD
Lrx-skew Lane-to-Lane Output Skew Be?tM{een fmy two Lane.s — — 15 ns
within a single Transmitter
50 MHz < freq < 1.25 GHz -10 — — dB
Tx Diff ial R L
- Tx Difterential Return Loss, 1.25 GHz < freq < 2.5 GHz -8 — — dB
including package and silicon
2.5 GHz < freq < 4.0 GHz -6 — - dB
Tx Common Mode Return 50 MHz < freq < 2.5 GHz -6 — — dB
RiTx- Loss, including package and
Lx-cm o § packag 2.5 GHz < freq < 4.0 GHz 3 _ - dB
silicon
ZTX-DIFF-DC DC differential Impedance — — — 120 Q
Tx AC peak common mode mv,
V1x-ac-cm-pp — - — 150
voltage, peak-peak p-p
Transmitter short-circuit
Irx-sHORT — — — 90 mA
current
Transmitter DC common-
Vrx-ne-cm — 0 — 1.2 \Y
mode voltage
Electrical Idle Output DC
V1X-IDLE-DIFF-DC P — 0 — 5 mV
voltage
Electrical Idle Differential
VTX-IDLE-DIFF-AC- - 0 — 20 \Y
THIDLEDIFFACD Output peak voltage m
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Symbol Description Test Conditions Min Typ Max Unit
Voltage change allowed durin
V1x-RCV-DETECT .g & g1 — — — 600 mvV
Receiver Detect
TTX-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
Max. time from Electrical Idle
TTX-IDLE-SET—TO-IDLE Order Set to valid Electrical — —_ — 8 ns
Idle
T Max. time from Electrical Idle _ . . 8 ns
TX-IDLE-TO-DIFF-DATA to valid differential output
Receiver?
Ul Unit Interval - 124.9625 125 125.0375 ps
Rx PLL bandwidth
BWhrx-pkG-pLLL corresponding to PKGaxpiis — 2.0 — 4.0 MHz
Rx PLL bandwidth
BWgx-pkG- . — 2.0 — 5.0 MH
RICPKG-PLL2 corresponding to PKGgyx-pLi2 z
PKGrxris Maximum R.x PLL peaking _ _ 20 _ dB
corresponding to BWgx-pxG-pLL1
PKGrxris Maximum R.x PLL peaking _ _ 1.0 _ dB
corresponding to BWgx-pxG-pL12
JTOL Band Mask . . 0
TRX-JTOL-BP-MASK . andpass Masks Sin sweeps with DJ & RJ — . error — BER
(Optional) in 3e9
RX input stress test
. . O error
TRX-EYE-STRESS (Amplitude and Jitter stress — — ) —_ BER
inlel2
tolerance)
50 MHz < freq < 1.25 GHz 10 — — dB
Receiver diff; tial Ret
RLaxcorrr ecelver dirterential Return 1.25 GHz < freq < 2.5 GHz _ _ dB
Loss, package plus silicon
2.5 GHz < freq < 4 GHz — — dB
Receiver common mode 50 MHz < freq < 2.5 GHz — — dB
RLrx-cm Return Loss, package plus
silicon 2.5 GHz < freq <=4 GHz 5 — — dB
RXGNp-FLoAT Rx termination float time — — — 500 ns
75 for EH
<
Measured at Rx pins into a 100mVPP iy
VRX-CM-AC-P Rx AC common mode voltage pair of 50Q terminations — — 125 for ea;<
to ground EH >= P
100
mVPP
DC input CM input impedance 10 (0-
P . P P Voltage measured with 200 mV)
ZRX-HIGH-IMP-DC-POS forvV>=0 durlng reset or — — kQ
respect to ground 20 (> 200
power-down
mV)
DC input CM input impedance
ZRX-HIGH-IMP-DC-NEG forV<o0 during reset or - 1.0 — — kQ
power-down
Electrical Idle Detect
_IDLE-DET-DIFF- — — 1753
V/RX-IDLE-DET-DIFF-PP Threshold 65 75 mv, pp
T Unexpected Electrical Idle
RX-IDLE-DET-DIFF- Enter Detect Threshold — — — 10 ms
ENTERTIME . .
Integration Time
LRx-skew Receiver —lane-lane skew — - — 6 ns
Notes:

1. Referto PCl Express Base Specification Revision 4.0 Table 8-7 and 8-8 test conditions and requirements for respective

parameters.
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2. Refer to PCl Express Base Specification Revision 4.0 Table 8-11 test conditions and requirements for respective parameters.

2.18.4. PCle (16 Gbps)
Table 2.35. PCle (16 Gbps)

Symbol | Description Test Conditions Min Typ Max Unit
Transmitter!
Ul Unit Interval - 62.48125 62.5 62.51875 ps
Tx PLL bandwidth
Bwrx-pkG-pLLL corresponding to PKGrerwit — 2.0 — 4.0 MHz
Tx PLL bandwidth
Bwrx-pkG-pLL2 corresponding to PKGreiiz — 2.0 — 5.0 MHz
Tx PLL Peaking
PxeTx- — — — 2.0 dB
KGTCPLLL corresponding to PKGrx.pL11
Tx PLL Peaking
PxeTx- — — — 1.0 dB
KGTPLL corresponding to PKGrx.pL12
Differential p-p Tx voltage
V1x-piFr-pp . PP & — 0.8 — 13 Vv, p-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP — 0.4 — 13 Vv, p-p
voltage swing
Minimum voltage swing during
Vx- ! . . . — 0.250 — — V, p-
TXEIEOSFS EIEOS for full swing signaling PP
Minimum voltage swing during
V1x-EIE0S-RS EIEOS for reduced swing — 0.232 — - V, p-p
signaling
Pseudo package loss of a
ps21tx-ro0T-DEVICE devi P . g — — — 3.0 dB
evice containing root ports
21 Pseudo package loss of a
PS& Incnon-roor- device not containing root — — — 3.0 dB
DEVICE
ports
Nominal boost beyond 8.0
v Maximum nominal Tx boost dB is limited to guarantee _ 30 _ 4B
TXCBOOST-FS ratio for full swing that ps21TX limits are )
satisfied
Maximum nominal Tx boost
V1x-B00ST-RS . ) — — 2.5 — dB
ratio for reduced swing
EQx-cOEFF-RES Tx Coefficient resolution — 1/63 — 1/24 N/A
Refer to Section 8.3.5.8 of ps PP
TXmx-ums Tx uncorrelated total jitter the PCle 4.0 Base — — 12.5 at 10-
Specification for details 12 BER
Tx uncorrelated total jitter Refer to Section 8.3.5.8 of ps PP
TX1x-UTI-sRIS when testing for the IR clock the PCle 4.0 Base — — 15.85 at 10-
mode with SSC Specification for details 12 BER
Refer to Section 8.3.5.8 of
T I Dj f
TXrx-ubsop x uncorrelated Dj for the PCle 4.0 Base - - 6.25 ps PP
non-embedded Refclk e .
Specification for details
. Refer to Section 8.3.5.9 of ps PP
TXrx-upw-1) Tl?t?rl uncorrelated pulse width | o164 0 Base - - 12.5 at 10-
) Specification for details 12 BER
T Refer to Section 8.3.5.9 of
TXreupwoion Deterministic DD the PCle 4.0 Base — — 5 ps PP
uncorrelated pulse width jitter I .
Specification for details
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Symbol Description Test Conditions Min Typ Max Unit
Informative parameter only.
. Range of Rj possible with ps
Ty Tx Random jitter zero to maximum allowed 0.45 0.89 RMS
TXrx-ubipp
Bet t L
Lrx-skew Lane-to-Lane Output Skew «.e "‘fee” fany wo ane.s — — 1.25 ns
within a single Transmitter.
- 50 MHz < freq < 1.25 GHz -10 — — dB
Tx Di tial Ret L
- [ Diterential Return Loss, 1.25 GHz < freq < 2.5 GHz 8 _ — dB
including package and silicon
2.5 GHz < freq < 8.0 GHz -6 — — dB
R Tx Common Mode Return Loss, | 50 MHz < freq < 2.5 GHz -6 — — dB
LTX-CM including package and silicon 2.5 GHz < freq < 8.0 GHz -3 — - dB
ZTX-DIFF-DC DC differential Impedance — — — 120 Q
Tx AC peak common mode mV,
V1x-Ac-cMm-pP — - - 150
voltage, peak-peak p-p
Transmitter short-circuit
Irx-sHORT — - — 90 mA
current
Transmitter DC common-mode
Vrx-nc-cm — 0 — 1.2 \%
voltage
Electrical Idle Output DC
V1X-IDLE-DIFF-DC P — 0 — 5 mV
voltage
Electrical Idle Differential
VIX-IDLE-DIFF-AC- — 0 — 20 mV
TCIDLEDIFFACD Output peak voltage
Voltage change allowed durin
V1x-RCv-DETECT .g & g - — — 600 mV
Receiver Detect
Trx-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
Max. time from Electrical Idle
TTX—IDLE—SET—TO—IDLE Order Set to valid Electrical — —_ — 8 ns
Idle
T Max. time from Electrical Idle _ _ _ 8 s
TCIDLETO-DIFE-DATA |+ valid differential output
Receiver?
ul Unit Interval — 62.48125 62.5 62.51875 ps
Rx PLL bandwidth
BWrx-pke- - 2. - 4, MH
RIPRG-PLLL corresponding to PKGgyx-pi1 0 0 z
Rx PLL bandwidth
BWrx-pka- . — 2.0 — 5.0 MH
RIPRG-PLL2 corresponding to PKGgyx-pLi2 z
Maxi Rx PLL ki
PKGRx-pLL1 aximum .X peaking — — 2.0 — dB
corresponding to BWgx-pxg-pLL1
Maxi Rx PLL ki
PKGgx-pLL2 aximum .X peaking — — 1.0 — dB
corresponding to BWgx-pxg-pLi2
JTOL Bandpass Masks . . 0 error
TRX-JTOL-BP- h D. R - —_ BER
RXITOL-BP-MASK (Optional) Sin sweeps with DJ & RJ in 3e9
T RX input stress test (Amplitude | . 0 error . BER
RX-EVE-STRESS and Jitter stress tolerance) inlel2
) ) ) 50 MHz < freq < 1.25 GHz 10 — — dB
RLexcorer Receiver d|fferent|a|. Beturn 1.25 GHz < freq < 2.5 GHz — — s
Loss, package plus silicon
2.5 GHz < freq < 4 GHz — — dB
Receiver common mode 50 MHz < freq < 2.5 GHz — — dB
RLgx-cm Return Loss, package plus
silicon 2.5 GHz < freq <=4 GHz 5 — — dB
RXGNp-FLoaT Rx termination float time - - - 500 Ns
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Symbol Description Test Conditions Min Typ Max Unit

75 for EH

<

Measured at Rx pins into a 100mVPP
VRX-CM-AC-P Rx AC common mode voltage pair of 50Q terminations to — — 125 for mv,
ground EH >= peak

100
mVPP

10 (0-

DCinput CM input impedance Voltage measured with 200 mV)

Zrx-HiGHMP-Dc-pos | for V >= 0 during reset or — — kQ

respect to ground 20 (> 200
power-down
mV)
DC input CM input impedance
ZRX-HIGH-IMP-DC-NEG forv<o0 during reset or — 1.0 — — kQ
power-down
V RX-IDLE-DET-DIFE-PP Electrical Idle Detect Threshold | — 65 - 1753 mv, pp
T Unexpected Electrical Idle
RX-IDLE-DET-DIFF- Enter Detect Threshold — — — 10 ms
ENTERTIME . .
Integration Time
LRrx-skew Receiver —lane-lane skew — — — 5 ns
Notes:
1. Referto PCl Express Base Specification Revision 4.0 Table 8-7 and 8-8 test conditions and requirements for respective
parameters.

2. Refer to PCl Express Base Specification Revision 4.0 Table 8-11 test conditions and requirements for respective parameters.

2.18.5. PCle Reference Clock Requirements

Table 2.36. PCle REFCLK DC Specifications and AC Timing Requirements

100 MHz Input
Symbol Description - Unit
Min Max
Rising Edge Rate Rising Edge Rate 0.6 4.0 V/ns
Falling Edge Rate Falling Edge Rate 0.6 4.0 V/ns
Viu Differential Input High Voltage +150 — mV
Vi Differential Input Low Voltage — -150 mV
Vcross Absolute crossing point voltage +250 +550 mV
Vcross DELTA Variation of Vcgoss over all rising clock edges — +140 mV
Vre Ring-back Voltage Margin -100 +100 mV
TstasLe Time before Vggis allowed 500 - ps
TrerioD AVG Average Clock Period Accuracy -300 +2800 ppm
Teentrer Cycle to Cycle Jitter — 150 ps
Vmax Absolute Max input voltage - +1.15 Vv
Vmin Absolute Min input voltage - -0.3 Vv
Duty Cycle Duty Cycle 40 60 %
Rise-Fall Matching ?Ril:g&cf)gfn;tcehi(:;FCLK+) to falling edge rate . 20 %
Zpc Clock source DC impedance 40 60 Q

Note: For additional information, refer to the PCI Express Base Specification 4.0 section 8.6.2 REFCLK AC Specifications.
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2.19. sysCONFIG Port Timing Specifications

Table 2.37. Nexus 2 sysCONFIG Port Timing Specifications

Symbol IParameter ‘ Device I Min I Typ Max Unit

Controller SPI POR/REFRESH Timing

t REFRESH command executed, to the rising _ _ _ 500 s
IcF6 edge of INITN W

Time from rising edge of INITN to the valid

t — — — 20
VMC_MASTER Controller MCLK Hs

. Default MCLK frequency (Before MCLK . . 35 _ MHz
MCLK_DEF frequency selection in bitstream) ’

Time during POR, from VCC, VCCAUX, VCCIOO,
ticre_por or VCCIO1 (whichever is the last) pass POR trip — — — 100 ms
voltage, to the rising edge if INITN

Target SPI POR

Time during POR, from Vcc, VCCAUX, Vcc|oo or
¢ Vceio1 (Whichever is the last) pass POR trip _ _ _ 25 ms
CFGMODE_INH voltage, to pull CFCGMODE LOW to prevent '

entering MSPI mode

PROGRAMN Configuration Timing

trroGRAMN PROGRAMN LOW pulse accepted — 1500 — — ns
tPROGRAMN_RJ PROGRAMN LOW pulse rejected — — — 25 ns
tiniT_Low PROGRAMN LOW to INITN LOW — — — 10 ns
tinim_miGH PROGRAMN LOW to INITN HIGH — — — 300 us
tboNE_Low PROGRAMN LOW to DONE LOW — — — 10 Us
toone_HiGH! PROGRAMN HIGH to DONE HIGH — — 700 s
tiobiss PROGRAMN LOW to I/O Disabled — — — 25 ns

Controller SPI

fmcwk Max selected MCLK output frequency — — 160 — MHz
— :::;13::3/ tolerance of Selected MCL output _ _10 _ +10 o
fmeik_pc MCLK output clock duty cycle — 40 — 60 %
tmcikn MCLK output clock pulse width HIGH - 3.5 - - ns
Ttk MCLK output clock pulse width LOW — 3.5 — — ns
tsu_wmsi MSI to MCLK setup time — 3 — — ns
tHp_msi MSI to MCLK hold time - 0.5 — — ns
tco_mso MCLK to MSO delay — — — 6 ns
Target SPI

fscik SCLK input clock frequency — — — 180 MHz
tscikn SCLK input clock pulse width HIGH — 3 — — ns
tscuke SCLK input clock pulse width LOW — 3 — — ns
fumc.stave ;’ime from rising edge of INITN to target SCLK . 50 . . ns

riven

tscik_oc SCLK input clock duty cycle — 40 — 60 %
tsu_ssi SSI to SCLK setup time — 2.5 — — ns
tHp_ssi SSI to SCLK hold time — 2 — — ns
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Symbol Parameter Device Min Typ Max Unit
tco_sso SCLK falling edge to valid SSO output — — — 8 ns
ten_sso SCLK falling edge to SSO output enabled — — — 8 ns
tois_sso SCLK falling edge to SSO output disabled — — — 8 ns
THIGH_sCsN SCSN HIGH time — 5 — — ns
tsu_scsn SCSN to SCLK setup time — 2.5 — — ns
tho_scsn SCSN to SCLK hold time — 2 — _ ns
Wake-Up Timing

fwaeup_poNE_HiGH! halthconfiguration clock cycle to DONE going _ _ _ 60 us
wor | o nen iowesetone | v 1T o | o
tI0EN_DONE_HIGH® User 1/0 enabled to DONE pin HIGH — — — 20 Us
tvcikz® Controller MCLK to Hi-Z — — — 2.5 Hs

Notes:

1. Based on LN2-CT uncompressed/unauthenticated/100 MHz x1 MCLK timing. Other permutations result in different values.
2.  Measure using LVCMOS18, default MCLK frequency, slow slew rate.

Vcc/Vecaux
Vccioo/Vecior

REFRESH Command 1& ticre

|: ticre por

INITN \\\\\\
DONE \\\\\\

PROGRAMN

Y

Y

fMCLKiD EF

Figure 2.14. Controller SPI POR/REFRESH Timing
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lwmSMW_W—\jX:FYT;\JF\/\_f\_

Veeioof Vecos tICFG_POR >
REFRESH Command E ticra >
INITN \Qkhsk\
DONE NN
l—— tcremone ini —
CFGMODE |.
SCLK
SSI
Figure 2.15. Target SPI POR/REFRESH Timing
D — UNIT_HicH -

PROGRAMN

l— teroGRAM N RI—p}/

—» tnrow [€—

INITN

DONE

MCLK

—p tDONEiLOW l—

MSI

—» topiss [€¢—

USER /O

le—— tumc masTER

Figure 2.16. Controller SPI PROGRAMN Timing
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—»| tprocRAMN

PROGRAMN
¢—teravope INH
CFGMODE
— i o ———————»
le—tini Low
INITN
DONE <—tDONE_Low
e tvMC_sLAVE

[EERNERE

SSi
—» tooiss |[€—
USER I/O |
Figure 2.17. Target SPI| PROGRAMN Timing
o fMCLK
——e———— o
tMCLKL
MCLK tsU MISO tHD_MISO
——
MSI
tco_mosi
» F

Figure 2.18. Controller SPI Configuration Timing
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< fscLk >
SCLK < CCLKH ; A\
— lcoke— P
‘ tsu_mosi ' ‘ tHD_mosi '
SSI
<_tsu_scs~_><_ tHD_scs N_>
SCSN <
< tHiGH_scsy >
—> tco_miso
SSO X
_’ ten_Miso _> tois_miso
SSO N

Figure 2.19. Target SPI Configuration Timing

PROGRAMN  /

INITN tWAKEUP_DONIi_iGH Bevice Weke-Up
[ V. d
|
DONE ] )|/
CONFIG =¥  |e= - |- | - tud e
Starts fmak oer IfMuK - l:--l ______
|
USER 1/O < tro e P'I/ :
(FAST 1/0) I\ I
|
-’: tioen k-

USER1/O
) NS

Figure 2.20. Controller SPI Wake-Up Timing
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INITN E— tWA-KE"UP_DOI\'lE__HIGH Device' Wake-Up
DONE Y ¢
CONFG | |
Starts | |
|
scix YUU\ |
I
K tro_En >|
USER I/O V/ ;
(FAST 1/Os) N :
I

USER1/O I\

Figure 2.21. Target SPI Wake-Up Timing

2.20. JTAG Port Timing Specifications

Table 2.38. JTAG Port Timing Specifications

Symbol Description Min Typ Max Units
fmax TCK clock frequency — _ 75 MHz
tarcen TCK clock pulse width high 20 — — ns
tarceL TCK clock pulse width low 20 — — ns
tars TCK TAP setup time 5 — — ns
tath TCK TAP hold time 5 — — ns
tarF TAP controller TDO rise/fall time?! 100 — — mV/ns
tarco TAP controller falling edge of clock to valid output — — 14 ns
tarconis TAP controller falling edge of clock to valid disable — - 14 ns
tarcoen TAP controller falling edge of clock to valid enable — — 14 ns
tarcrs BSCAN test capture register setup time 8 — — ns
tarcrH BSCAN test capture register hold time 25 — — ns
tsutco BSCAN test update register, falling edge of clock to valid output - - 25 ns
taTuoDIS BSCAN test update register, falling edge of clock to valid disable - - 25 ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable - - 25 ns
Note:

1. Based on default I/0 setting of slow slew rate.
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( ( X
( X

¢ tg7s P¢—— tgy —»
tgrcpy —P{€— teTcPL — ¢——tg7cp ————P
TCK —/_ —/_
tBTCOEN tBTCO tBTCODIS
TDO Valid Data Valid Data
T €—— BTCRH
BTCRS
Data to be
Captured Data Captured X
from 1/0O
€= t3TUPOEN € syt €—tzuoDs
Data to be
driven out Valid Data Valid Data
to 1/O l\

Figure 2.22. JTAG Port Timing Waveforms

2.21. Switching Test Conditions

Figure 2.23 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage, and other test conditions are listed in Table 2.39.

Vi
R1

DUT * ® Test Point
R2 —— cL*

*CL Includes Test Fixture and Probe Capacitance

J

Figure 2.23. Output Test Load, LVTTL and LVCMOS Standards
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Table 2.39. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R1 Rz C Timing Ref. A\

LVCMOS 3.3=1.5V —

LVCMOS 2.5 = Vccio/2 —

LVTTL and other LVCMOS settings (L= H, H=>L) 0 © 0 pF LVCMOS 1.8 = Vccio/2 —

LVCMOS 1.5 = Vccio/2 —

LVCMOS 1.2 = Vccio/2 —

LVCMOS 2.5 1/0 (22 H) © 1MQ 0 pF Vecio/2 —
LVCMOS 2.51/0 (Z=L) 1MQ © 0 pF Veaio/2 Vceio

LVCMOS 2.51/0 (H 2 2) o0 100 0 pF Von—0.10 —
LVCMOS 2.5 1/0 (L= 2) 100 © 0 pF Vo +0.10 Veao

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Lattice Nexus 2 web page

A variety of technical documents for the Lattice Nexus 2 platform are available.

e Lattice Nexus 2 Platform Data Sheet — Overview (FPGA-DS-02122)

e Lattice Nexus 2 Configuration Security User Guide (FPGA-TN-02369)

e Lattice Nexus 2 Embedded Memory User Guide (FPGA-TN-02366)

e Lattice Nexus 2 Device Security User Guide (FPGA-TN-02368)

e Lattice Nexus 2 Hardware Checklist (FPGA-TN-02382)

e Lattice Nexus 2 High-Speed I/O and External Memory Interface User Guide (FPGA-TN-02372)
e Lattice Nexus 2 Multi-Boot User Guide (FPGA-TN-02385)

e Lattice Nexus 2 Power User Guide (FPGA-TN-02381)

e Lattice Nexus 2 sysCLOCK PLL Design and User Guide (FPGA-TN-02364)

e Lattice Nexus 2 sysCONFIG User Guide (FPGA-TN-02370)

e Lattice Nexus 2 sysDSP User Guide (FPGA-TN-02362)

e Lattice Nexus 2 sysl/O User Guide (FPGA-TN-02365)

e Lattice Memory Mapped Interface and Lattice Interrupt Interface User Guide (FPGA-UG-02039)
e High-Speed PCB Design Considerations (FPGA-TN-02178)

e sub-LVDS Signaling Using Lattice Devices (FPGA-TN-02028)

e Thermal Management (FPGA-TN-02044)

e  Using TracelD (FPGA-TN-02084)

For more information on Lattice Nexus 2-related IP, reference designs, and board documents, refer to the following
pages:

e SGMIl and Gb Ethernet PCS IP Core — Lattice Radiant Software (FPGA-IPUG-02077)

e [P and Reference Designs for Nexus 2

e Development Kits and Boards for Nexus 2

For further information on interface standards refer to the following websites:

e JEDEC Standards (LVTTL, LVCMOS, SSTL) — www.jedec.org

e PCl—www.pcisig.com

Other references:

e Lattice Insights for Lattice Semiconductor training courses and learning plans

e Lattice Radiant FPGA design software
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Advance Data Sheet

Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
https://www.latticesemi.com/Support/AnswerDatabase.
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Revision History

Revision 0.72, July 2025

Section Change Summary

All Hid all the -MH occurrences.

Table 1.1. Specification Status for Nexus 2 Devices:

Introduction
Changed Package LFG672 to LFG676.

e  Updated table captions removing Nexus 2-MH devices globally.
e Table 2.2. Recommended Operating Conditions for Nexus 2-CT Devicesl, 2, 3:
e added Vccio = 1.5 V condition and its related data to VCCIO symbol;
e removed data rate > 16 Gbps and its related data from Vcca_mpao, 1,2, 3, 4,5,6 and
VeeH_mpao, 1, 2, 3, 4, 5,6 Symbols.
e Table 2.4. On-Chip Termination Options for Input Modes:
e updated the Single-Ended Termination Resistor column header to the current;
e newly added note 3, 4, and 5.
e SubLVDS (Input Only) section:
updated the Max value to 0.9 for Vicm parameter.
e  Differential SSTL135D (Output Only) section:
Removed Differential SSTL is used for differential clock in DDR3L memory interface from the
description.
e  Differential HSUL12D (Output Only) section:
Removed Differential SSTL is used for differential clock in DDR3L memory interface from the
description.
e Table 2.29. Nexus 2 External Switching Characteristics (VCC = 0.82 V):
Removed LPDDR3 parameter and its related information.
e  Table 2.31. Internal Oscillators (VCCa = 0.8 V, VCCauxa = 1.8 V):
Removed Duty Cycle (Clock High Period) E70B and related information from DCHcikue Symbol.
e  Table 2.38. JTAG Port Timing Specifications:
Removed the original Note 2 For E70B device JTAG-to-MSPI bridge operation, TCK fMAX is
limited to 1.5 MHz max and its reference from the table.

DC and Switching
Characteristics

References Corrected document number of Lattice Nexus 2 Hardware Checklist to FPGA-TN-02382.

Revision 0.71, November 2024

Section Change Summary

All Changed the product platform from Khronos to Nexus 2.

e  Updated device part name to Certus-N2 and the part name to LN2- in Table 1.1. Specification
Introduction Status for Nexus 2 Devices.

e  Removed Mach-KH devices from Table 1.1. Specification Status for Nexus 2 Devices.

e  Updated all the data in Table 2.25. Pin-to-Pin Performance.

e Updated all the data in Table 2.26. Register-to-Register Performance and its Note 3 adding LN2
related information.

e  Table 2.37. Nexus 2 sysCONFIG Port Timing Specifications:
e  updated all the data;
e  updated LKH-CT to LN2-CT devices;
e removed LKH-MH device.

DC and Switching
Characteristics

Revision 0.70, August 2024

Section Change Summary

All Initial Advance release.
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