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Figure 2-5. Primary Clocks for MachXO2 Devices
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Primary clocks for MachX02-640U, MachX02-1200/U and larger devices.

Note: MachX02-640 and smaller devices do not have inputs from the Edge Clock Divider or PLL
and fewer routing inputs. These devices have 17:1 muxes instead of 27:1 muxes.

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXO2 Exter-

nal Switching Characteristics table.
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This phase shift can be either programmed during configuration or can be adjusted dynamically. In dynamic mode,
the PLL may lose lock after a phase adjustment on the output used as the feedback source and not relock until the
t ock parameter has been satisfied.

The MachXO2 also has a feature that allows the user to select between two different reference clock sources
dynamically. This feature is implemented using the PLLREFCS primitive. The timing parameters for the PLL are
shown in the sysCLOCK PLL Timing table.

The MachXO2 PLL contains a WISHBONE port feature that allows the PLL settings, including divider values, to be
dynamically changed from the user logic. When using this feature the EFB block must also be instantiated in the
design to allow access to the WISHBONE ports. Similar to the dynamic phase adjustment, when PLL settings are
updated through the WISHBONE port the PLL may lose lock and not relock until the t| ock parameter has been sat-
isfied. The timing parameters for the PLL are shown in the sysCLOCK PLL Timing table.

For more details on the PLL and the WISHBONE interface, see TN1199, MachX0O2 sysCLOCK PLL Design and
Usage Guide.

Figure 2-7. PLL Diagram
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Table 2-4 provides signal descriptions of the PLL block.
Table 2-4. PLL Signal Descriptions
Port Name /0 Description
CLKI I Input clock to PLL
CLKFB I Feedback clock
PHASESEL[1:0] I Select which output is affected by Dynamic Phase adjustment ports
PHASEDIR I Dynamic Phase adjustment direction
PHASESTEP I Dynamic Phase step — toggle shifts VCO phase adjust by one step.
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Figure 2-9. Memory Core Reset
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For further information on the sysMEM EBR block, please refer to TN1201, Memory Usage Guide for MachXO2
Devices.

EBR Asynchronous Reset

EBR asynchronous reset or GSR (if used) can only be applied if all clock enables are low for a clock cycle before
the reset is applied and released a clock cycle after the reset is released, as shown in Figure 2-10. The GSR input
to the EBR is always asynchronous.

Figure 2-10. EBR Asynchronous Reset (Including GSR) Timing Diagram
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If all clock enables remain enabled, the EBR asynchronous reset or GSR may only be applied and released after
the EBR read and write clock inputs are in a steady state condition for a minimum of 1/fyax (EBR clock). The reset
release must adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

If an EBR is pre-loaded during configuration, the GSR input must be disabled or the release of the GSR during
device wake up must occur before the release of the device I/Os becoming active.

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-10. The reset timing
rules apply to the RPReset input versus the RE input and the RST input versus the WE and RE inputs. Both RST
and RPReset are always asynchronous EBR inputs. For more details refer to TN1201, Memory Usage Guide for
MachXO2 Devices.

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.
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Table 2-11. I/O Support Device by Device

MachX02-256,
MachX02-640

MachX02-640U,
MachX02-1200

MachX02-1200U
MachX02-2000/U,
MachX02-4000,
MachX02-7000

Number of I/O Banks 4

4

6

Single-ended (all I/0 banks)

Type of Input Buffers Differential Receivers (all /0
banks)

banks)

Single-ended (all I/O banks)

Differential Receivers (all I/0

Differential input termination
(bottom side)

Single-ended (all I/O banks)

Differential Receivers (all I/0
banks)

Differential input termination
(bottom side)

Single-ended buffers with
complementary outputs (all I/O

Single-ended buffers with
complementary outputs (all I/O

Single-ended buffers with banks) banks)
Types of Output Buffers complementary outputs (all /O | ) ) ] ) )
banks) Differential buffers with true Differential buffers with true
LVDS outputs (50% on top LVDS outputs (50% on top
side) side)
Differential Output Emulation
Capability All I/O banks All I/O banks All I/O banks
PCI Clamp Support No Clamp on bottom side only Clamp on bottom side only

Table 2-12. Supported Input Standards

VCCIO (Typ.)

Input Standard 3.3V \ 25V \ 1.8V \ 1.5 \ 1.2V
Single-Ended Interfaces
LVTTL v v? v?2 v?2
LVCMOS33 v v?2 v? v?
LVCMOS25 v? v v? v?
LVCMOS18 v? v? v v?
LVCMOS15 v? v?2 v? v v?
LVCMOS12 v? v?2 v? v? v
PCI' v
SSTL18 (Class |, Class Il) v v v
SSTL25 (Class |, Class Il) v v
HSTL18 (Class I, Class Il) v v v
Differential Interfaces
LVDS v v
BLVDS, MVDS, LVPECL, RSDS v v
MIPI® v v
Differential SSTL18 Class |, Il v v v
Differential SSTL25 Class |, Il v v
Differential HSTL18 Class |, Il v v v

1. Bottom banks of MachX02-640U, MachX02-1200/U and higher density devices only.
2. Reduced functionality. Refer to TN1202, MachXO2 sysIO Usage Guide for more detail.
3. These interfaces can be emulated with external resistors in all devices.
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Programming and Erase Flash Supply Current — ZE Devices" >3 *

Symbol Parameter Device Typ.® Units

LCMXO02-256ZE 13 mA
LCMXO02-640ZE 14 mA
LCMX02-1200ZE 15 mA

lcc Core Power Supply
LCMX02-2000ZE 17 mA
LCMXO02-4000ZE 18 mA
LCMX02-7000ZE 20 mA

lccio Bank Power Supply® | All devices 0 mA

. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.
. Assumes all inputs are held at Vo or GND and all outputs are tri-stated.

. Typical user pattern.

. JTAG programming is at 25 MHz.

. TJ = 25 °C, power supplies at nominal voltage.

. Per bank. Vggi0 = 2.5 V. Does not include pull-up/pull-down.

OO WN =
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syslO Recommended Operating Conditions

Veeio (V) Vrer (V)

Standard Min. Typ. Max. Min. Typ. Max.
LVCMOS 3.3 3.135 3.3 3.6 — — —
LVCMOS 2.5 2.375 25 2.625 — — —
LVCMOS 1.8 1.71 1.8 1.89 — — —
LVCMOS 1.5 1.425 1.5 1.575 — — —
LVCMOS 1.2 1.14 1.2 1.26 — — —
LVTTL 3.135 3.3 3.6 — — —
PCI® 3.135 3.3 3.6 — — —
SSTL25 2.375 25 2.625 1.15 1.25 1.35
SSTL18 1.71 1.8 1.89 0.833 0.9 0.969
HSTL18 1.71 1.8 1.89 0.816 0.9 1.08
LVCMOS25R33 3.135 3.3 3.6 1.1 1.25 1.4
LVCMOS18R33 3.135 3.3 3.6 0.75 0.9 1.05
LVCMOS18R25 2.375 25 2.625 0.75 0.9 1.05
LVCMOS15R33 3.135 3.3 3.6 0.6 0.75 0.9
LVCMOS15R25 2.375 25 2.625 0.6 0.75 0.9
LVCMOS12R33* 3.135 3.3 3.6 0.45 0.6 0.75
LVCMOS12R25* 2.375 25 2.625 0.45 0.6 0.75
LVCMOS10R33* 3.135 3.3 3.6 0.35 0.5 0.65
LVCMOS10R25* 2.375 25 2.625 0.35 0.5 0.65
LvDS25"2 2.375 25 2.625 — — —
LvVDS33"2 3.135 3.3 3.6 — — —
LVPECL' 3.135 3.3 3.6 — — —
BLVDS' 2.375 25 2.625 — — —
RSDS' 2.375 25 2.625 — — —
SSTL18D 1.71 1.8 1.89 — — —
SSTL25D 2.375 25 2.625 — — —
HSTL18D 1.71 1.8 1.89 — — —

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.

2. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers.

3. Input on the bottom bank of the MachX02-640U, MachX02-1200/U and larger devices only.

4. Supported only for inputs and BIDIs for all ZE devices, and —6 speed grade for HE and HC devices.
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LVDS Emulation

MachXO2 devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs on all devices. The scheme shown in
Figure 3-1 is one possible solution for LVDS standard implementation. Resistor values in Figure 3-1 are industry
standard values for 1% resistors.

Figure 3-1. LVDS Using External Resistors (LVDS25E)
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Note: All resistors are +1%.

Table 3-1. LVDS25E DC Conditions

Over Recommended Operating Conditions

Parameter Description Typ. Units
Zout Output impedance 20 Ohms
Rg Driver series resistor 158 Ohms
Rp Driver parallel resistor 140 Ohms
Rt Receiver termination 100 Ohms
VoH Output high voltage 1.43 \"
VoL Output low voltage 1.07 \
Vob Output differential voltage 0.35 Vv
Vewm Output common mode voltage 1.25 \
Zaack Back impedance 100.5 Ohms
Ioc DC output current 6.03 mA
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-6 -5 -4

Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-1200HC-HE | 0.41 — 0.48 — 0.55 — ns
oL g|09k to Data Hold — PIO Input |MachX02-2000HC-HE | 0.42 — 0.49 — 0.56 — ns
egister MachX02-4000HC-HE | 0.43 — 0.50 — 0.58 — ns
MachX02-7000HC-HE | 0.46 — 0.54 — 0.62 — ns
MachX02-1200HC-HE | 2.88 — 3.19 — 3.72 — ns
Clock to Data Setup —PIO  f\MachX02-2000HC-HE| 287 | — | 318 | — [ 370 | — | ns

tsu peLpLL |Input Register with Data Input

- Delay MachX02-4000HC-HE | 2.96 — 3.28 — 3.81 — ns
MachX02-7000HC-HE | 3.05 — 3.35 — 3.87 — ns
MachX02-1200HC-HE| 083 | — |-083| — |-0.83| — ns
4 DELPLL Cloqk to Dgta Hold — P1O Input |MachX02-2000HC-HE| -0.83 | — |-0.83 | — |-083| — ns
- Register with Input Data Delay |MachX02-4000HC-HE| -0.87 | — [-0.87 | — |-0.87 | — ns
MachX02-7000HC-HE | —0.91 — -0.91 — -0.91 — ns

Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock

Input — GDDRX1_RX.SCLK.Aligned® 2

tova Input Data Valid After CLK — 0317 — |0.344| — |0.368| Ul
tove Input Data Hold After CLK All MachXO2 devices, | 0.742 | — | 0702 | — |0.668| — ul
fDATA DDRX1 Input Data Speed all sides — |80 | — | 250 | — | 208 | Mbps
foDRX1 DDRX1 SCLK Frequency — 150 — 125 — 104 | MHz
Generic DDRX1 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input - GDDRX1_RX.SCLK.Centered® '
tsu Input Data Setup Before CLK 0566 | — |0560| — |0538| — ns
tho Input Data Hold After CLK All MachXO2 devices, | 0-778 | — | 0.879 — 1.090 | — ns
foATA DDRX1 Input Data Speed all sides — | 30 | — | 250 | — | 208 | Mbps
foDRX1 DDRX1 SCLK Frequency — 150 — 125 — 104 | MHz
Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX2_RX.ECLK.Aligned® 2
tova Input Data Valid After CLK — | 0316 — |0342| — |[0.364| Ul
tove Input Data Hold After CLK MachX02-640U, 0710 — |0675| — |0679| — ul
foata gEeZ)éZ Serial Input Data Il\gfgcgrxd?esi g eZSS)’O/U and | 664 . 554 . 462 | Mbps
foDRX2 DDRX2 ECLK Frequency | Pottom side only™ — [ 32 | — | 277 | — | 231 | MHz
fscLk SCLK Frequency — 166 — 139 — 116 | MHz
Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input - GDDRX2_RX.ECLK.Centered® '2
tsu Input Data Setup Before CLK 0233 — |0219| — |0.198 | — ns
tho Input Data Hold After CLK MachXO2-640U, 0287 | — |0287| — |0344| — ns
foaTa gFI)DeF;)éz Serial Input Data M%C:rxd(()asic: é2£O/U and | 664 _ 554 _ 462 | Mbps
foDRX2 DDRX2 ECLK Frequency __|Pottom side only™ — |82 | — | 277 | — | 231 | MHz
fscLk SCLK Frequency — 166 — 139 — 116 | MHz

3-19



DC and Switching Characteristics
MachXO2 Family Data Sheet

= LATTICE

MachXO2 External Switching Characteristics — ZE Devices' %3 %67

Over Recommended Operating Conditions

-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax PR | rogueney for Primary Glock™ | o) Machxo2 devices| — | 150 | — | 125 | — | 104 | MHz
tw PR Sjock Pulse Width for Primary | o) pachxoz devices| 1.00 | — | 120 | — | 140 [ — | ns
MachX02-256ZE — 1250 — 1272 — 1296 ps
MachX02-640ZE — 1161 — 1183 — 1206 ps
tskew PR grimary Clock Skew Withina |MachX02-1200ZE — 1213 — 1267 — 1322 ps
- evice MachX02-2000ZE — 1204 — 1250 — 1296 ps
MachX02-4000ZE — 1195 — 1233 — 1269 ps
MachX02-7000ZE — 1243 — 1268 — 1296 ps
Edge Clock
fuax_£pce® | Frequency for Edge Clock :\gf‘g"ehrxd(gsi';gfo and | o0 | — | 175 | — | 146 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfﬁh;ﬁsgngriﬁ‘ﬁ‘“m delay | Al MachXO2 devices| — | 935 | — | 978 | — |1021| ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256ZE — 10.46 — 10.86 — 11.25 ns
MachX02-640ZE — 10.52 — 10.92 — 11.32 ns
o S'“ﬂk to Output — PIO Output |MachX02-1200ZE — | 1124 — [1168| — [1212] ns
egister MachX02-2000ZE — 11.27 — 11.71 — 12.16 ns
MachX02-4000ZE — 11.28 — 11.78 — 12.28 ns
MachX02-7000ZE — 11.22 — 11.76 — 12.30 ns
MachX02-256ZE -0.21 — -0.21 — -0.21 — ns
MachX02-640ZE -0.22 — | -0.22 — | -0.22 — ns
tsu |C|0Ck to Data Setup - PIO MachX02-1200ZE -025| — |-025| — |-025| — ns
nput Register MachX02-2000ZE | -0.27 | — |-027| — |-027| — ns
MachX02-4000ZE -0.31 — | -0.31 — | -0.31 — ns
MachX02-7000ZE -0.33 — | -0.33 — | —0.33 — ns
MachX02-256ZE 3.96 — 4.25 — 4.65 — ns
MachX02-640ZE 4.01 — 4.31 — 4.71 — ns
t Cloqk to Data Hold — PIO Input |MachX02-1200ZE 3.95 — 4.29 — 4.73 — ns
Register MachX02-2000ZE 3.94 — 4.29 — 4.74 — ns
MachX02-4000ZE 3.96 — 4.36 — 4.87 — ns
MachX02-7000ZE 3.93 — 4.37 — 4.91 — ns
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-256ZE 262 | — | 291 | — |314 | — ns
MachX02-640ZE 256 | — | 285 | — | 308 | — ns
Clock to Data Setup — PIO MachX02-1200ZE 230 | — | 257 | — |279 | — ns
tsu DEL Input Register with Data Input
- Delay MachX02-2000ZE 225 | — | 250 | — |270 | — ns
MachX02-4000ZE 239 | — | 260 | — | 276 | — ns
MachX02-7000ZE 217 | — | 233 | — | 243 | — ns
MachX02-256ZE 044 | — |-044| — [-044| — ns
MachX02-640ZE 043 — |-043| — [-043| — ns
; Clock to Data Hold — P10 Input |MachX02-1200ZE -028| — |-028| — |-028| — ns
H_DEL Register with Input Data Delay [MachX02-2000ZE | -0.31 | — | -031| — |-031| — | ns
MachX02-4000ZE | -0.34| — |[-034| — [-034| — ns
MachX02-7000ZE | -021| — |[-021| — [-021| — ns
fax 10 SE’SKR'ZQE&‘;”CV of /Oand || Machx02 devices| — | 150 | — | 125 | — | 104 | MHz
General I/0 Pin Parameters (Using Edge Clock without PLL)
MachX02-1200ZE — 1110 — [1181] — [1191] ns
t Clock to Output — PIO Output |MachX02-2000ZE — 1110 — [1181] — [1191] ns
COE Register MachX02-4000ZE — [1089| — [1128] — [1167] ns
MachX02-7000ZE — 1110 — [1181| — [1191] ns
MachX02-1200ZE | -023| — [-023| — [-023| — ns
t Clock to Data Setup — PIO MachX02-2000ZE | -023| — |-023| — [-023| — ns
SUE Input Register MachXO2-4000ZE | -0.15| — |-0.15| — |-0.15| — | ns
MachX02-7000ZE | -023| — [-023| — [-023| — ns
MachX02-1200ZE 381 | — [ 411 | — | 452 | — ns
; Clock to Data Hold — P10 Input |MachX02-2000ZE 3.81 — 4.11 — 4.52 — ns
HE Register MachX02-4000ZE | 360 | — | 389 | — | 428 | — ns
MachX02-7000ZE 381 | — [ 411 | — | 452 | — ns
MachX02-1200ZE 278 | — | 311 | — | 340 | — ns
Clock to Data Setup — PIO MachX02-2000ZE 278 | — | 311 | — | 340 | — ns
tsu DELE Input Register with Data Input
- Delay MachX02-4000ZE 311 | — [ 348 | — [379 | — ns
MachX02-7000ZE 294 | — [ 33 | — |360 | — ns
MachX02-1200ZE | -029 | — [-029 | — [-029| — ns
¢ Clock to Data Hold — PIO Input MachX02-2000ZE -0.29 — -0.29 — | -0.29 — ns
H_DELE Register with Input Data Delay [MachX0O2-4000ZE | —-0.46 | — | -046 | — | -046| — | ns
MachX02-7000ZE | -037| — |-037| — [-037| — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachX02-1200ZE — | 795 — [807| — [819 | ns
t Clock to Output — PIO Output |MachX02-2000ZE — | 797 | — [ 810 — [822] ns
COPLL Register MachX02-4000ZE — [798 | — [810| — |[823 ]| ns
MachX02-7000ZE — [ 802 — [814| — [826 | ns
MachX02-1200ZE 085 | — |08 | — |08 | — ns
t Clock to Data Setup — PIO MachX02-2000ZE 084 | — |08 | — |08 | — ns
SUPLL Input Register MachXO2-4000ZE | 084 | — | 084 | — | 085 | — | ns
MachX02-7000ZE 083 | — |08 | — |o081 | — ns
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Parameter

Description

Device

-3

-2

-1

Min. | Max.

Min. | Max.

Min. | Max.

Units

Generic DDRX2 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX2_TX.ECLK.Centered® 2

Output Data Valid Before CLK

tbve Output 1.445 — 1.760 — 2.140 — ns
Output Data Valid After CLK
tDVA OUtpUt MaChX02'640U, 1.445 — 1.760 — 2.140 — ns
- MachX02-1200/U
foaa DDRX2 Serial Output Data | anq larger devices, | — | 280 | — | 234 | — | 194 | Mops
P top side only
DDRX2 ECLK Frequency . . .
foorxe (minimum limited by PLL) 140 7 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz

Generic DDRX4 Outputs with Clock and Data Aligned at Pin Using PCLK Pin

for Clock Input — GDDRX4_TX.ECLK.Aligned® '?

Output Data Invalid After CLK

toia Output — | 0270 — |0300| — |0.330| ns
Output Data Invalid Before
t MachX02-640U, — | 0270 — |0300| — |0.330| ns
o® CLK Output MachX02-1200/U
DDRX4 Serial Output Data and larger devices, . . .
foaTa Speed top side only 420 852 292 | Mbps
foDRX4 DDRX4 ECLK Frequency — 210 — 176 — 146 | MHz
fscLk SCLK Frequency — 53 — 44 — 37 MHz

Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin

for Clock Input — GDDRX4_TX.ECLK.Centered® '?

Output Data Valid Before CLK

tove Output 0873| — |1.067| — [1319| — | ns
Output Data Valid After CLK
tova Outgut MachX02-640U, 0873 — |[1.067| — [1319| — | ns
- MachX02-1200/U
fonTa QDRX4 Serial Output Data | ang larger devices, | — | 420 | — | 352 | — | 202 | Mbps
P top side only
DDRX4 ECLK Frequency
fopRx4 (minimum limited by PLL) — | 210 — | 176 | — | 146 | MHz
fsoLk SCLK Frequency — 53 — 44 — 37 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1% "2
o 85:?&?:&? Invalid Before — |o240| — |0270| — [0300]| ns
Output Data Invalid After CLK
toia — |0240| — |0270| — |0.300]| ns
Output MachX02-640U,
DDR71 Serial Output Data MachX02-1200/U
foaTa Speed and larger devices, - 420 - 852 - 292 | Mbps
fooR71 DDR71 ECLK Frequency | 1OP Side only. — 210 [ — [ 176 | — | 146 | MHz
7:1 Output Clock Frequency
foLKOUT (SCLK) (minimum limited by — | 60 | — | 50 | — | 42 | MHz

PLL)
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
LPDDR® "
tovana :283} Data Valid After DQS — |o349| — |o0s81| — [039%6| UI
Input Data Hold After DQS
tovenQ ,ngut 0665 — |0630| — [0613| — | Ul
Output Data Invalid Before
'oqves DQS Output MachXO2-12000y | 025 | — | 025 | — 025 — | U
- and larger devices
Output Data Invalid After DQS | : ’
tpavas Output right side only.' 025 | — 025 | — |025| — | U
MEM LPDDR Serial Data
foata Speed — | 120 | — | 110 | — 96 | Mbps
fscLk SCLK Frequency — 60 — 55 — 48 MHz
fLPDDR LPDDR Data Transfer Rate 0 120 0 110 0 96 | Mbps
DDR® "
tovana :233: Data Valid After DQS — |o0347| — |o0374| — |o0393| wi
tovEDQ eyt Dota Rold After bas 0665| — |0637| — |0616| — | UI
Output Data Invalid Before
tbaves MachX02-1200/U 0.25 — 0.25 — 0.25 — ul
DQS Output and larger devices,
Output Data Invalid After DQS |right side only." . . .
tbauas Output 0.25 0.25 0.25 ul
foaTA MEM DDR Serial Data Speed — 140 — 116 — 98 | Mbps
fscLk SCLK Frequency — 70 — 58 — 49 MHz
fMEM_DDR MEM DDR Data Transfer Rate N/A 140 N/A 116 N/A 98 Mbps
DDR2% 2
tovaDQ :223: Data Valid After DQS — |os72| — |0394| — |o0410| ul
toveDQ :223: Data Hold After DQS 0690 | — |0658| — |o0618| — | Ul
Output Data Invalid Before
'baves DQS Output MachxO2-1200u | 925 | — | 025 — 10251 — | Ul
: and larger devices,
toquas ouiput Data Invalid After DAS | igh side only. 025 | — [025| — |025| — | Ul
utput
foATA MEM DDR Serial Data Speed — | 140 | — [ 116 | — | 98 | Mbps
fsoLk SCLK Frequency — 70 — 58 — 49 MHz
fuem_pore | DDR2 Data Transter N/A | 140 | N/A | 116 | N/A | 98 | Mbps

1. Exact performance may vary with device and design implementation. Commercial timing numbers are shown at 85 °C and 1.14 V. Other
operating conditions, including industrial, can be extracted from the Diamond software.

2. General I/O timing numbers based on LVCMOS 2.5, 8 mA, 0 pf load, fast slew rate.

3. Generic DDR timing numbers based on LVDS /O (for input, output, and clock ports).

4. DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18. LPDDR timing numbers based in LVCMOS18.

5. 7:1 LVDS (GDDR71) uses the LVDS 1/O standard (for input, output, and clock ports).

6. For Generic DDRX1 mode tsu=tho = (tDVE -tova - 0.03 ns)/2.

7. Thetgy pgL and ty pgp values use the SCLK_ZERHOLD default step size. Each step is 167 ps (-3), 182 ps (-2), 195 ps (-1).

8. This number for geﬁeral purpose usage. Duty cycle tolerance is +/—10%.

9. Duty cycle is +/— 5% for system usage.

10. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.

11. High-speed DDR and LVDS not supported in SG32 (32-Pin QFN) packages.

12. Advance information for MachXO2 devices in 48 QFN packages.

13. DDR memory interface not supported in QN84 (84 QFN) and SG32 (32 QFN) packages.
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Figure 3-9. GDDR71 Video Timing Waveforms

Receiver — Shown for one LVDS Channel

# of Bits 12 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
756 Mbps

Clock In
125 MHz

For each Channel:
7-bit Output Words
to FPGA Fabric

Transmitter — Shown for one LVDS Channel

# of Bits 12 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
756 Mbps
Clock Out
125 MHz — ! ‘ ! !
Bit # | Bit# ! Bit# | Bit # | i
For each Channel: 00-1! 10-8 | 2015 | 30-221 ;
7-bit Words From 01-2! 11-9 | 2116 | 31-23 |
FPGA Fabric 02-3, 12 -10! 2217 | 32-24, !
03-41 13111 2318 | 33-25! |
04-5! 14-12] 2419 | 34-26] |
05-6 15-13! 2520 | 35-27 | !
06-7 | 16-14! 2621 | 36-28| :

Figure 3-10. Receiver GDDR71_RX. Waveforms

CLK / /S
wony KO N X 2 XX o XN« AR KR e YT o Xk

>
Ptova |
D
tove

Figure 3-11. Transmitter GDDR71_TX. Waveforms
clK i/

Data i
(4-6 bits) XXX
“>

toia

o TR T 2 T = KOO = XD 0 e TR o T

—» H— tDIB
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Signal Descriptions (Cont.)

Signal Name /0 Descriptions
Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, or when
INITN I/0 ; e ;
reserved as INITn in user mode, this pin has an active pull-up.
Open Drain pin. Indicates that the configuration sequence is complete, and the start-up
DONE I/O |sequence is in progress. During configuration, or when reserved as DONE in user mode, this
pin has an active pull-up.
MCLK/CCLK /O Input Configuration Clock for configuring an FPGA in Slave SPI mode. Output Configuration
Clock for configuring an FPGA in SPI and SPIm configuration modes.
SN | Slave SPI active low chip select input.
CSSPIN I/O |Master SPI active low chip select output.
SI/SPISI I/O |Slave SPI serial data input and master SPI serial data output.
SO/SPISO /O |Slave SPI serial data output and master SPI serial data input.
SCL I/O |Slave I>C clock input and master I°C clock output.
SDA I/O |Slave I’C data input and master I°C data output.
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Pinout Information Summary

MachX02-256 MachX02-640 MachX02-640U
32 . 48 . 64 100 132 48 . 100 132 144 TQFP
QFN QFN° (ucBGA| TQFP |csBGA| QFN’ | TQFP |csBGA
General Purpose I/0 per Bank
Bank O 8 10 9 13 13 10 18 19 27
Bank 1 2 10 12 14 14 10 20 20 26
Bank 2 9 10 11 14 14 10 20 20 28
Bank 3 2 10 12 14 14 10 20 20 26
Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
Total General Purpose Single Ended I/O 21 40 44 55 55 40 78 79 107
Differential I/O per Bank
Bank 0 4 5 5 7 7 5 9 10 14
Bank 1 1 5 6 7 7 5 10 10 13
Bank 2 4 5 5 7 7 5 10 10 14
Bank 3 1 5 6 7 7 5 10 10 13
Bank 4 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0
Total General Purpose Differential 1/0 10 20 22 28 28 20 39 40 54
Dual Function I/0 | 22 | 25 | 27 [ 20 [ 20 [ 25 | 20 | 20 | 33
High-speed Differential I/O
Bank 0 | o | o [ o | o [ o | o | o [ o | 7
Gearboxes
E\L/Jgi]lgglreo(fgé; ko(r) )8.1 Output Gearbox 0 0 0 0 0 0 0 0 7
x\?;}gg{eo(l‘gélfé)SJ Input Gearbox 0 0 0 0 0 0 0 0 7
DQS Groups
Bank 1 | o [ o [ o [ o [ o [ o | o | o | 2
VCCIO Pins
Bank O 2 2 2 2 2 2 2 2 3
Bank 1 1 1 2 2 2 1 2 2 3
Bank 2 2 2 2 2 2 2 2 2 3
Bank 3 1 1 2 2 2 1 2 2 3
Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
VvCC 2 2 2 2 2 2 2 2 4
GND? 2 1 8 1 8 10 12
NC 0 0 1 26 58 0 3 32 8
Reserved for Configuration 1 1 1 1 1 1 1 1 1
Total Count of Bonded Pins 32 49 64 100 132 49 100 132 144

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
2. For 48 QFN package, exposed die pad is the device ground.
3. 48-pin QFN information is 'Advanced'.
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MachX02-4000
84 132 144 184 256 256 332 484
QFN csBGA | TQFP | csBGA | caBGA | fiBGA | caBGA | fpBGA

General Purpose /O per Bank
Bank 0 27 25 27 37 50 50 68 70
Bank 1 10 26 29 37 52 52 68 68
Bank 2 22 28 29 39 52 52 70 72
Bank 3 0 7 9 10 16 16 24 24
Bank 4 9 8 10 12 16 16 16 16
Bank 5 0 10 10 15 20 20 28 28
Total General Purpose Single Ended 1/O 68 104 114 150 206 206 274 278
Differential /0 per Bank
Bank 0 13 13 14 18 25 25 34 35
Bank 1 4 13 14 18 26 26 34 34
Bank 2 11 14 14 19 26 26 35 36
Bank 3 0 3 4 4 8 8 12 12
Bank 4 4 4 5 6 8 8 8 8
Bank 5 0 5 5 7 10 10 14 14
Total General Purpose Differential 1/0 32 52 56 72 103 103 137 139
Dual Function I/O | 28 | 8 | 8 | 8 | 387 | 3 | 38 | 3
High-speed Differential I/O
Bank 0 | 8 | 8 | o | 8 | 18 | 18 [ 18 | 18
Gearboxes
Ey;wi}gglreo(fBg:ﬂfg)Sj Output Gearbox 8 8 9 9 18 18 18 18
25523{60(“87;:]&;3” Input Gearbox 11 14 14 12 18 18 18 18
DQS Groups
Bank 1 1 2 2 2 2 2 2 2
VCCIO Pins
Bank 0 3 3 3 3 4 4 4 10
Bank 1 1 3 3 3 4 4 4 10
Bank 2 2 3 3 3 4 4 4 10
Bank 3 1 1 1 1 1 1 2 3
Bank 4 1 1 1 1 2 2 1 4
Bank 5 1 1 1 1 1 1 2 3
VCC 4 4 4 4 8 8 8 12
GND 4 10 12 16 24 24 27 48
NC 1 1 1 1 1 1 5 105
Reserved for configuration 1 1 1 1 1 1 1 1
Total Count of Bonded Pins 84 132 144 184 256 256 332 484
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High-Performance Commercial Grade Devices with Voltage Regulator, Halogen Free

(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32C 256 25V/33V —4 Halogen-Free QFN 32 COM
LCMX02-256HC-5SG32C 256 25V/33V -5 Halogen-Free QFN 32 COM
LCMX02-256HC-6SG32C 256 25V/33V -6 Halogen-Free QFN 32 COM
LCMX02-256HC-4SG48C 256 25V/33V —4 Halogen-Free QFN 48 COM
LCMX02-256HC-5SG48C 256 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-256HC-6SG48C 256 25V/33V -6 Halogen-Free QFN 48 COM
LCMX02-256HC-4UMG64C 256 25V/33V —4 Halogen-Free ucBGA 64 COM
LCMX02-256HC-5UMG64C 256 25V/33V -5 Halogen-Free ucBGA 64 COM
LCMX02-256HC-6UMG64C 256 25V/33V ) Halogen-Free ucBGA 64 COM
LCMX02-256HC-4TG100C 256 25V/33V —4 Halogen-Free TQFP 100 COM
LCMX02-256HC-5TG100C 256 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-256HC-6TG100C 256 25V/33V -6 Halogen-Free TQFP 100 COoM
LCMX02-256HC-4MG132C 256 25V/33V -4 Halogen-Free csBGA 132 COoM
LCMX02-256HC-5MG132C 256 25V/33V -5 Halogen-Free csBGA 132 COM
LCMXO02-256HC-6MG132C 256 25V/33V —6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-640HC-4SG48C 640 25V/33V -4 Halogen-Free QFN 48 COM
LCMX02-640HC-5SG48C 640 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-640HC-6SG48C 640 25V/33V -6 Halogen-Free QFN 48 COM
LCMX0O2-640HC-4TG100C 640 25V/33V -4 Halogen-Free TQFP 100 COM
LCMX02-640HC-5TG100C 640 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-640HC-6TG100C 640 25V/33V ) Halogen-Free TQFP 100 COM
LCMX02-640HC-4MG132C 640 25V/33V —4 Halogen-Free csBGA 132 COM
LCMX02-640HC-5MG132C 640 25V/33V -5 Halogen-Free csBGA 132 COM
LCMX02-640HC-6MG132C 640 25V/33V -6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-640UHC-4TG144C 640 25V/33V —4 Halogen-Free TQFP 144 COM
LCMX02-640UHC-5TG144C 640 25V/33V -5 Halogen-Free TQFP 144 COM
LCMXO02-640UHC-6TG144C 640 25V/33V —6 Halogen-Free TQFP 144 COM
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Ultra Low Power Industrial Grade Devices, Halogen Free (RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-256ZE-1SG32I 256 1.2V -1 Halogen-Free QFN 32 IND
LCMXO02-256ZE-2SG32I 256 1.2V -2 Halogen-Free QFN 32 IND
LCMXO02-256ZE-3SG32I 256 1.2V -3 Halogen-Free QFN 32 IND
LCMXO2-256ZE-1UMG64I 256 1.2V -1 Halogen-Free ucBGA 64 IND
LCMXO02-256ZE-2UMG641 256 1.2V -2 Halogen-Free ucBGA 64 IND
LCMXO2-256ZE-3UMG64I 256 1.2V -3 Halogen-Free ucBGA 64 IND
LCMX02-256ZE-1TG100I 256 1.2V -1 Halogen-Free TQFP 100 IND
LCMXO02-256ZE-2TG100I 256 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-256ZE-3TG100I 256 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-256ZE-1MG132I 256 1.2V -1 Halogen-Free csBGA 132 IND
LCMXO02-256ZE-2MG132I 256 1.2V -2 Halogen-Free csBGA 132 IND
LCMX02-256ZE-3MG132I 256 1.2V -3 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640ZE-1TG100I 640 1.2V -1 Halogen-Free TQFP 100 IND
LCMX02-640ZE-2TG100I 640 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-640ZE-3TG100I 640 1.2V -3 Halogen-Free TQFP 100 IND
LCMXO02-640ZE-1MG132I 640 1.2V —1 Halogen-Free csBGA 132 IND
LCMXO02-640ZE-2MG132I 640 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO02-640ZE-3MG132I 640 1.2V -3 Halogen-Free csBGA 132 IND

Part Number LUTs | Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1UWG25ITR' 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1UWG25ITR50° 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1UWG25ITR1K? 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1SG32I 1280 1.2V -1 Halogen-Free QFN 32 IND
LCMX02-1200ZE-2S5G32I 1280 1.2V -2 Halogen-Free QFN 32 IND
LCMX02-1200ZE-3SG32I 1280 1.2V -3 Halogen-Free QFN 32 IND
LCMX02-1200ZE-1TG100I 1280 1.2V —1 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-2TG100I 1280 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-3TG100I 1280 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-1MG132] 1280 1.2V -1 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-2MG132I 1280 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO02-1200ZE-3MG 132l 1280 1.2V -3 Halogen-Free csBGA 132 IND
LCMXO2-1200ZE-1TG 1441 1280 1.2V -1 Halogen-Free TQFP 144 IND
LCMXO02-1200ZE-2TG 144l 1280 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-1200ZE-3TG 144l 1280 1.2V -3 Halogen-Free TQFP 144 IND

1. This part number has a tape and reel quantity of 5,000 units with a minimum order quantity of 10,000 units. Order quantities must be in
increments of 5,000 units. For example, a 10,000 unit order will be shipped in two reels with one reel containing 5,000 units and the other
reel with less than 5,000 units (depending on test yields). Unserviced backlog will be canceled.

2. This part number has a tape and reel quantity of 1,000 units with a minimum order quantity of 1,000. Order quantities must be in increments
of 1,000 units. For example, a 5,000 unit order will be shipped as 5 reels of 1000 units each.

3. This part number has a tape and reel quantity of 50 units with a minimum order quantity of 50. Order quantities must be in increments of 50
units. For example, a 1,000 unit order will be shipped as 20 reels of 50 units each.
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-1200HC-4TG100IR1’ 1280 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX0O2-1200HC-5TG100IR1’ 1280 25V/33V -5 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-6TG100IR1’ 1280 25V/33V -6 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-4MG132IR1’ 1280 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-1200HC-5MG132IR1’ 1280 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX0O2-1200HC-6MG132IR1’ 1280 25V/33V —6 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-4TG144IR1’ 1280 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-1200HC-5TG144IR1’ 1280 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG144IR1’ 1280 25V/33V -6 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMX02-1200HC-speed package IR1” are the same as the “LCMX02-1200ZE-speed package |” devices respec-
tively, except as specified in the R1 Device Specifications section of this data sheet.
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R1 Device Specifications

The LCMX02-1200ZE/HC “R1” devices have the same specifications as their Standard (non-R1) counterparts
except as listed below. For more details on the R1 to Standard migration refer to AN8086, Designing for Migration
from MachX02-1200-R1 to Standard Non-R1) Devices.

The User Flash Memory (UFM) cannot be programmed through the internal WISHBONE interface. It can still be
programmed through the JTAG/SPI/IC ports.

The on-chip differential input termination resistor value is higher than intended. It is approximately 200Q2 as
opposed to the intended 100Q. It is recommended to use external termination resistors for differential inputs. The
on-chip termination resistors can be disabled through Lattice design software.

Soft Error Detection logic may not produce the correct result when it is run for the first time after configuration. To
use this feature, discard the result from the first operation. Subsequent operations will produce the correct result.

Under certain conditions, IIH exceeds data sheet specifications. The following table provides more details:

Pad Rising Pad Falling Steady State Pad | Steady State Pad
Condition Clamp IIH Max. IIH Min. High IIH Low IIL
VPAD > VCCIO OFF 1mA -1 mA 1mA 10 pA
VPAD = VCCIO ON 10 pA -10 pA 10 pA 10 pA
VPAD = VCCIO OFF 1mA -1 mA 1mA 10 pA
VPAD < VCCIO OFF 10 pA -10 pA 10 pA 10 pA

The user SPI interface does not operate correctly in some situations. During master read access and slave write
access, the last byte received does not generate the RRDY interrupt.

In GDDRX2, GDDRX4 and GDDR71 modes, ECLKSYNC may have a glitch in the output under certain condi-
tions, leading to possible loss of synchronization.

When using the hard I?C IP core, the I°C status registers 12C_1_SR and 12C_2_SR may not update correctly.

PLL Lock signal will glitch high when coming out of standby. This glitch lasts for about 10 psec before returning
low.

Dual boot only available on HC devices, requires tying VCC and VCCIO2 to the same 3.3 V or 2.5 V supply.
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