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Figure 2-6. Secondary High Fanout Nets for MachXO3L/LF Devices
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sysCLOCK Phase Locked Loops (PLLs)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. All MachXO3L/LF devices have one or
more sysCLOCK PLL. CLKI is the reference frequency input to the PLL and its source can come from an external
I/O pin or from internal routing. CLKFB is the feedback signal to the PLL which can come from internal routing or an
external 1/0 pin. The feedback divider is used to multiply the reference frequency and thus synthesize a higher fre-
quency clock output.

The MachXOBSL/LF sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency
synthesis allows the user to generate an output clock which is a non-integer multiple of the input frequency. For
more information about using the PLL with Fractional-N synthesis, please see TN1282, MachXO3 sysCLOCK PLL
Design and Usage Guide.

Each output has its own output divider, thus allowing the PLL to generate different frequencies for each output. The
output dividers can have a value from 1 to 128. The output dividers may also be cascaded together to generate low
frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the MachXO3L/LF
clock distribution network directly or general purpose routing resources can be used.

The LOCK signal is asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is
detected. A block diagram of the PLL is shown in Figure 2-7.

The setup and hold times of the device can be improved by programming a phase shift into the CLKOS, CLKOS2,
and CLKOSS3 output clocks which will advance or delay the output clock with reference to the CLKOP output clock.
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Figure 2-14. Output Gearbox
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More information on the output gearbox is available in TN1281, Implementing High-Speed Interfaces with

MachXO3 Devices.
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syslO Buffer

Each 1/O is associated with a flexible buffer referred to as a syslO buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The syslO buffers allow users to implement a wide variety of
standards that are found in today’s systems including LVCMOS, TTL, PCI, LVDS, BLVDS, MLVDS and LVPECL.

Each bank is capable of supporting multiple 1/0 standards. In the MachXO3L/LF devices, single-ended output buf-
fers, ratioed input buffers (LVTTL, LVCMOS and PCI), differential (LVDS) input buffers are powered using I/O sup-
ply voltage (Vo). Each syslO bank has its own Vg0

MachXO3L/LF devices contain three types of syslO buffer pairs.

1. Left and Right syslO Buffer Pairs
The syslO buffer pairs in the left and right banks of the device consist of two single-ended output drivers and
two single-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the left and
right of the devices also have differential input buffers.

2. Bottom syslO Buffer Pairs
The syslO buffer pairs in the bottom bank of the device consist of two single-ended output drivers and two sin-
gle-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the bottom also have
differential input buffers. Only the 1/0Os on the bottom banks have programmable PCI clamps and differential
input termination. The PCI clamp is enabled after Vo and Vg o are at valid operating levels and the device

has been configured.

3. Top syslO Buffer Pairs
The syslO buffer pairs in the top bank of the device consist of two single-ended output drivers and two single-
ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the top also have differ-
ential I/0 buffers. Half of the syslO buffer pairs on the top edge have true differential outputs. The syslO buffer
pair comprising of the A and B PIOs in every PIC on the top edge have a differential output driver.

Typical I/O Behavior During Power-up

The internal power-on-reset (POR) signal is deactivated when V¢ and V09 have reached Vppogyp level defined
in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. After the
POR signal is deactivated, the FPGA core logic becomes active. It is the user's responsibility to ensure that all
Vcceio banks are active with valid input logic levels to properly control the output logic states of all the I/O banks that
are critical to the application. The default configuration of the I/O pins in a blank device is tri-state with a weak pull-
down to GND (some pins such as PROGRAMN and the JTAG pins have weak pull-up to V¢ o as the default func-
tionality). The 1/O pins will maintain the blank configuration until Vs and V¢ g (for I/O banks containing configura-
tion I/Os) have reached Vpgoryp levels at which time the I/Os will take on the user-configured settings only after a
proper download/configuration.

There are various ways a user can ensure that there are no spurious signals on critical outputs as the device pow-
ers up. These are discussed in more detail in TN1280, MachXO3 syslO Usage Guide.

Supported Standards

The MachXO3L/LF syslO buffer supports both single-ended and differential standards. Single-ended standards can be
further subdivided into LVCMOS, LVTTL, and PCI. The buffer supports the LVTTL, PCI, LWCMOS 1.2V, 15V, 1.8V,
2.5V, and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individually configurable options for drive
strength, bus maintenance (weak pull-up, weak pull-down, bus-keeper latch or none) and open drain. BLVDS, MLVDS
and LVPECL output emulation is supported on all devices. The MachXO3L/LF devices support on-chip LVDS output
buffers on approximately 50% of the 1/0Os on the top bank. Differential receivers for LVDS, BLVDS, MLVDS and LVPECL
are supported on all banks of MachXO3L/LF devices. PCI support is provided in the bottom bank of the MachXO3L/LF
devices. Table 2-11 summarizes the I/O characteristics of the MachXO3L/LF PLDs.
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Table 2-11 shows the I/O standards (together with their supply and reference voltages) supported by the
MachXO3L/LF devices. For further information on utilizing the syslO buffer to support a variety of standards please
see TN1280, MachXOS3 syslO Usage Guide.

Table 2-11. Supported Input Standards

VCCIO (Typ.)

Input Standard 33V |25V [ 18V |15V | 12V
Single-Ended Interfaces
LVTTL Yes
LVCMOS33 Yes
LVCMOS25 Yes
LVCMOS18 Yes
LVCMOS15 Yes
LVCMOS12 Yes
PCI Yes
Differential Interfaces
LVDS Yes Yes
BLVDS, MLVDS, LVPECL, RSDS Yes Yes
MIPI! Yes Yes
LVTTLD Yes
LVCMOS33D Yes
LVCMOS25D Yes
LVCMOS18D Yes

1. These interfaces can be emulated with external resistors in all devices.
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Hot Socketing

The MachXO3L/LF devices have been carefully designed to ensure predictable behavior during power-up and
power-down. Leakage into 1/O pins is controlled to within specified limits. This allows for easy integration with the
rest of the system. These capabilities make the MachXO3L/LF ideal for many multiple power supply and hot-swap
applications.

On-chip Oscillator

Every MachXO3L/LF device has an internal CMOS oscillator. The oscillator output can be routed as a clock to the
clock tree or as a reference clock to the sysCLOCK PLL using general routing resources. The oscillator frequency
can be divided by internal logic. There is a dedicated programming bit and a user input to enable/disable the oscil-
lator. The oscillator frequency ranges from 2.08 MHz to 133 MHz. The software default value of the Master Clock
(MCLK) is nominally 2.08 MHz. When a different MCLK is selected during the design process, the following
sequence takes place:

1. Device powers up with a nominal MCLK frequency of 2.08 MHz.

2. During configuration, users select a different master clock frequency.

3. The MCLK frequency changes to the selected frequency once the clock configuration bits are received.
4

If the user does not select a master clock frequency, then the configuration bitstream defaults to the MCLK fre-
quency of 2.08 MHz.

Table 2-13 lists all the available MCLK frequencies.

Table 2-13. Available MCLK Frequencies

MCLK (MHz, Nominal) MCLK (MHz, Nominal) MCLK (MHz, Nominal)
2.08 (default) 9.17 33.25
2.46 10.23 38
3.17 13.3 4433
429 14.78 53.2
5.54 20.46 66.5
7 26.6 88.67
8.31 29.56 133
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Configuration and Testing

This section describes the configuration and testing features of the MachXOS3L/LF family.

IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO3L/LF devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant test
access port (TAP). This allows functional testing of the circuit board, on which the device is mounted, through a
serial scan path that can access all critical logic nodes. Internal registers are linked internally, allowing test data to
be shifted in and loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test
access port consists of dedicated I/Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with
Vcelo Bank 0 and can operate with LVCMOS3.3, 2.5, 1.8, 1.5, and 1.2 standards.

For more details on boundary scan test, see AN8066, Boundary Scan Testability with Lattice syslO Capability and
TN1087, Minimizing System Interruption During Configuration Using TransFR Technology.

Device Configuration

All MachXO3L/LF devices contain two ports that can be used for device configuration. The Test Access Port (TAP),
which supports bit-wide configuration and the sysCONFIG port which supports serial configuration through I°C or
SPI. The TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532
In-System Configuration specification. There are various ways to configure a MachXOS3L/LF device:

1. Internal NVCM/Flash Download

2. JTAG

3. Standard Serial Peripheral Interface (Master SPI mode) — interface to boot PROM memory
4. System microprocessor to drive a serial slave SPI port (SSPI mode)

5. Standard I°C Interface to system microprocessor

Upon power-up, the configuration SRAM is ready to be configured using the selected sysCONFIG port. Once a
configuration port is selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be
activated any time after power-up by sending the appropriate command through the TAP port. Optionally the de-
vice can run a CRC check upon entering the user mode. This will ensure that the device was configured correctly.

The sysCONFIG port has 10 dual-function pins which can be used as general purpose I/Os if they are not required
for configuration. See TN1279, MachXO3 Programming and Configuration Usage Guide for more information
about using the dual-use pins as general purpose I/Os.

Lattice design software uses proprietary compression technology to compress bit-streams for use in MachXO3L/
LF devices. Use of this technology allows Lattice to provide a lower cost solution. In the unlikely event that this
technology is unable to compress bitstreams to fit into the amount of on-chip NVCM/Flash, there are a variety of
techniques that can be utilized to allow the bitstream to fit in the on-chip NVCM/Flash. For more details, refer to
TN1279, MachXO3 Programming and Configuration Usage Guide.

The Test Access Port (TAP) has five dual purpose pins (TDI, TDO, TMS, TCK and JTAGENB). These pins are dual
function pins - TDI, TDO, TMS and TCK can be used as general purpose /O if desired. For more details, refer to
TN1279, MachXO3 Programming and Configuration Usage Guide.

TransFR (Transparent Field Reconfiguration)

TransFR is a unique Lattice technology that allows users to update their logic in the field without interrupting sys-
tem operation using a simple push-button solution. For more details refer to TN1087, Minimizing System Interrup-
tion During Configuration Using TransFR Technology for details.
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DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. | Units
Clamp OFF and VCC|O < V|N < V|H (MAX) — — +175 HA
Clamp OFF and VIN = VCC|O -10 —_— 10 IJ.A
Clamp OFF and VCC|O -0.97V< VIN < — —
14 -175 WA
e hn" Input or I/O Leakage Veceio
Clamp OFF and0V <V <Vggi0o-097V| — — 10 WA
Clamp OFF and V|, = GND — — 10 HA
Clamp ONand0OV< VIN < VCCIO — — 10 IJ.A
Ipy I/0 Active Pull-up Current |0 < V|y < 0.7 Vegio -30 — -309 pA
I/0O Active Pull-down —
D Current ViL (MAX) < ViN < Vecio 30 305 HA
Bus Hold Low sustainin — —
IBHLS current 9 vy = Vi (MAX) 30 UA
Bus Hold High sustainin
lBHHs current d 9 |Vin=0.7Vecei0 -30 — — LA
Bus Hold Low Overdrive
lBHLO current 0<Vin=Vccio — — | 305 | pA
Bus Hold High Overdrive
lBHHO corent 9 0 < VN <Vecio — | — | 809 | pA
Vet Bus Hold Trip Points Vi | | Vi v
BHT (MAX) (MIN)
. 2 Vecio=33V,25V,1.8V,15V,1.2V,
C1 1/0 Capacitance Vee = Typ., Vio = 0 10 Vi (MAX) 3 5 9 pf
Dedicated Input Vecio=33V,25V,1.8V,15V, 1.2V,
c2 Capacitance® Ve = Typ., Vio = 0 to V) (MAX) 3 55 / pf
Veeio = 3.3V, Hysteresis = Large — 450 — mV
Vceio = 2.5V, Hysteresis = Large — 250 — mV
Veeio = 1.8V, Hysteresis = Large — 125 — mV
v Hysteresis for Schmitt Vcceio = 1.5V, Hysteresis = Large — 100 — mV
HYST Trigger Inputs® Vocio = 3.3 V, Hysteresis = Small — [ 250 | — mv
Vceio = 2.5V, Hysteresis = Small — 150 — mV
Veeio = 1.8V, Hysteresis = Small — 60 — mV
Vceio = 1.5V, Hysteresis = Small — 40 — mV

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is not measured
with the output driver active. Bus maintenance circuits are disabled.

2. Tp25°C, f=1.0 MHz.

3. Please refer to V|_and V| in the syslO Single-Ended DC Electrical Characteristics table of this document.

4. When V) is higher than Vg 0, @ transient current typically of 30 ns in duration or less with a peak current of 6mA can occur on the high-to-
low transition. For true LVDS output pins in MachXO3L/LF devices, V| must be less than or equal to Vgo.

5. With bus keeper circuit turned on. For more details, refer to TN1280, MachXO83 syslO Usage Guide.
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Static Supply Current — C/E Devices"?*%°®

Symbol Parameter Device Typ.* Units
lcc Core Power Supply LCMXOBSL/LF-1300C 256 Ball Package 4.8 mA
LCMXOS3L/LF-2100C 4.8 mA
LCMXO3L/LF-2100C 324 Ball Package 8.45 mA
LCMXO3L/LF-4300C 8.45 mA
LCMXOB3L/LF-4300C 400 Ball Package 12.87 mA
LCMXO3L/LF-6900C” 12.87 mA
LCMXO3L/LF-9400C” 17.86 mA
LCMXOB3L/LF-640E 1.00 mA
LCMXOSL/LF-1300E 1.00 mA
LCMXO3L/LF-1300E 256 Ball Package 1.39 mA
LCMXOSL/LF-2100E 1.39 mA
LCMXO3L/LF-2100E 324 Ball Package 2.55 mA
LCMXO3L/LF-4300E 2.55 mA
LCMXOSL/LF-6900E 4.06 mA
LCMXOSL/LF-9400E 5.66 mA
lccio Bank Power Supply® All devices 0 mA
VCCIO =25V

\S]

No oA ®

or GND, on-chip oscillator is off, on-chip PLL is off.

. Frequency = 0 MHz.

T, =25 °C, power supplies at nominal voltage.
Does not include pull-up/pull-down.

. To determine the MachXOBSL/LF peak start-up current data, use the Power Calculator tool.
. Determination of safe ambient operating conditions requires use of the Diamond Power Calculator tool.

. For further information on supply current, please refer to TN1289, Power Estimation and Management for MachXO3 Devices.
. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at Vg0
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syslO Single-Ended DC Electrical Characteristics®?

Input/Output ViL Vin VoL Max. | VouMin. | o, Max.® | Iy Max.*
Standard Min. (V)? Max. (V) Min. (V) Max. (V) V) V) (mA) (mA)
4 -4
0.4 v 0.4 i -
LVCMOS 3.3 : cclo - Y-
LVTTL -0.3 0.8 2.0 3.6 12 -12
16 -16
0.2 Veecio-0.2 0.1 -0.1
4 -4
8 -8
0.4 Vecio-0.4
LVCMOS 2.5 -0.3 0.7 1.7 3.6 12 -12
16 -16
0.2 Vecio-0.2 0.1 -0.1
4 —4
0.4 Vecio-0.4 8 -8
LVCMOS 1.8 -0.3 0.35Vgeio | 0.65Vieio 3.6 2 5
0.2 Veecio-0.2 0.1 -0.1
4 -4
0.4 Vecio-0.4
LVCMOS 1.5 -0.3 0.35Vgcio | 0.65Vieio 3.6 8 -8
0.2 Veecio-0.2 0.1 -0.1
4 -2
0.4 Vecio-0.4
LVCMOS 1.2 -0.3 0.35Vgcio | 0.65Vieio 3.6 8 -6
0.2 Veecio-0.2 0.1 -0.1
LVCMOS25R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS18R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS18R25 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS15R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS15R25 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
_ - NA Open | 24,16, 12, | NA Open
LVCMOS12R33 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 8 4 Drain
_ - NA Open NA Open
LVCMOS12R25 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 16,12,8,4| "5y
_ - NA Open | 24,16, 12, | NA Open
LVCMOS10R33 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 8 4 Drain
) : NA Open NA Open
LVCMOS10R25 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 16,12,8,4| 5o

1. MachXOB3L/LF devices allow LVCMOS inputs to be placed in I/O banks where Vg g is different from what is specified in the applicable
JEDEC specification. This is referred to as a ratioed input buffer. In a majority of cases this operation follows or exceeds the applicable
JEDEC specification. The cases where MachXO3L/LF devices do not meet the relevant JEDEC specification are documented in the table

below.

2. MachXOS3L/LF devices allow for LVCMOS referenced I/Os which follow applicable JEDEC specifications. For more details about mixed
mode operation please refer to please refer to TN1280, MachXO3 syslO Usage Guide.
3. The dual function I*C pins SCL and SDA are limited to a V_min of —=0.25 V or to —0.3 V with a duration of <10 ns.

4. For electromigration, the average DC current sourced or sinked by 1/O pads between two consecutive VCCIO or GND pad connections, or

between the last VCCIO or GND in an I/O bank and the end of an I/O bank, as shown in the Logic Signal Connections table (also shown as
1/0 grouping) shall not exceed a maximum of n * 8 mA. “n” is the number of I/0 pads between the two consecutive bank VCCIO or GND con-
nections or between the last VCCIO and GND in a bank and the end of a bank. 10 Grouping can be found in the Data Sheet Pin Tables,
which can also be generated from the Lattice Diamond software.
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syslO Differential Electrical Characteristics
The LVDS differential output buffers are available on the top side of the MachXO3L/LF PLD family.

LVDS

Over Recommended Operating Conditions

Parameter
Symbol Parameter Description Test Conditions Min. Typ. Max. Units
Input Voltage Vecio=33V 0 — 2.605 \"
Vinp Vinm Vecio=25V 0 2.05 v
CCIO = &- — :
V1D Differential Input Threshold +100 — mV
Veeio=33V 0.05 — 2.6 \%
Vem Input Common Mode Voltage
Vecio=25V 0.05 — 2.0 \%
N Input current Power on — — +10 HA
VoH Output high voltage for Vop or Vom Rt =100 Ohm — 1.375 — Vv
VoL Output low voltage for Vop or Vo Rt =100 Ohm 0.90 1.025 — \
Vob Output voltage differential (Vop - Vowm), Bt =100 Ohm 250 350 450 mV
AVop Change in Vop between high and low — — 50 mV
Vos Output voltage offset (Vop - Vom)/2, Rt = 100 Ohm 1.125 1.20 1.395 \%
AVog Change in Vgg between H and L — — 50 mV
losp Output short circuit current Vop = 0 V driver outputs shorted — — 24 mA
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LVDS Emulation

MachXO3L/LF devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using comple-
mentary 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)

VCCIO =25
: 158 H
8mA {1 . . L
Zo =100
VCCIO =25 140 100
158
8mA 1 d C
On-chip Off-chip Off-chip On-chip
E— <+—
Emulated
LVDS
Buffer

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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MIPI D-PHY Emulation

MachXO3L/LF devices can support MIPI D-PHY unidirectional HS (High Speed) and bidirectional LP (Low Power)
inputs and outputs via emulation. In conjunction with external resistors High Speed 10s use the LVDS25E buffer
and Low Power IOs use the LVCMOS buffers. The scheme shown in Figure 3-4 is one possible solution for MIPI D-
PHY Receiver implementation. The scheme shown in Figure 3-5 is one possible solution for MIPI D-PHY Transmit-
ter implementation.

Figure 3-4. MIPI D-PHY Input Using External Resistors
MIPI D-PHY Input

|
|
|
|
|
|
|
|
|
|
|
|
Dp I
|

LVDS

LVCMOS

—

Dn

Table 3-4. MIPI DC Conditions’

‘ Description Min. Typ. Max. Units
Receiver
External Termination
RT 1% external resistor with VCCIO=2.5 V — 50 — Ohms
1% external resistor with VCCIO=3.3 V — 50 — Ohms
High Speed
VCCIO VCCIO of the Bank with LVDS Emulated input — 25 — \
buffer
VCCIO of the Bank with LVDS Emulated input — 3.3 — \Y
buffer
VCMRX Common-mode voltage HS receive mode 150 200 250 mV
VIDTH Differential input high threshold — — 100 mV
VIDTL Differential input low threshold -100 — — mV
VIHHS Single-ended input high voltage — — 300 mV
VILHS Single-ended input low voltage 100 — — mV
ZID Differential input impedance 80 100 120 Ohms
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Description Min. Typ. Max. ‘ Units
Low Power
VCCIO VCCIO of the Bank with LVCMOS12D 6 mA 1.2 \
drive bidirectional 1O buffer
VIH Logic 1 input voltage — — 0.88 \Y
VIL Logic 0 input voltage, not in ULP State 0.55 — — \
VHYST Input hysteresis 25 — — mV
1. Over Recommended Operating Conditions
Figure 3-5. MIPI D-PHY Output Using External Resistors
MIPI D-PHY Output
|
|
|
|
|
|
|
|
|
| ——
i RH Dp
—— LVDS I
|
I RH Dn
|
|
|
|
|
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6 5

Parameter Description Device Min. | Max. | Min. | Max. | Units
MachXO3L/LF-1300 287 | — | 318 | — | ns

_ MachXO3L/LF-2100 287 | — | 318 | — | ns

tsu DELPLL \?v:?thDgaD|?1t§u?gt:|g§ PIO Input Register ;2 chXO3L/LF-4300 206 | — | 328 | — | ns
MachXO3L/LF-6900 305 | — |33 | — | ns

MachXO3L/LF-9400 306 | — | 337 | — | ns

MachXO3L/LF-1300 ~083| — | 083 — | ns

~ [MachXO3L/LF-2100 —083| — |-083| — | ns

4 DELPLL &'gﬁl‘g;gaéi E}‘j’d'P'o Input Register with - o XO3L/LF-4300 ~087| — |-087| — | ns
MachXO3L/LF-6900 091| — |—0901| — | ns

MachXO3L/LF-9400 093] — |03 — | ns
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Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Units

-6 -5

Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —
GDDRX4_TX.ECLK.Centered®®

tove Output Data Valid Before CLK Output 0455 | — |0570 | — ns
tova Output Data Valid After CLK Output 0455 | — |0570 | — ns
foaTA DDRX4 Serial Output Data Speed MaCh;(OSL(LF devices, — 800 — 630 | Mbps
top side only

foomxt | (minimum imied by PLL) — |40 | — |35 | e
fsoLk SCLK Frequency — 100 — 79 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1%?

tois Output Data Invalid Before CLK Output — |0160| — |0.180| ns
tpia Output Data Invalid After CLK Output — |0160| — |0.180 | ns
foaTA DDR?71 Serial Output Data Speed MachXOB3L/LF devices, — 756 — 630 | Mbps
T— DDR71 ECLK Frequency top side only — | 378 | — | 315 | MHz
foLkoUT 7:1 Output Clock Frequency (SCLK) (mini- . 108 . 20 MHz

mum limited by PLL)

MIPI D-PHY Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input
GDDRX4_TX.ECLK.Centered'® " '2

tovs Output Data Valid Before CLK Output 0200 — |[0.200| — Ul
tova Output Data Valid After CLK Output 0200 — |0.200| — ul
foata™ MIPI D-PHY Output Data Speed All MachXO3L/LF — 900 — 900 | Mbps

fDDRX414 —_— 450 —_— 450 MHz

MIPI D-PHY ECLK Frequency (minimum | devices, top side only
limited by PLL)

fsc™ SCLK Frequency — | 1125 | — |[1125| MHz

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.

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

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

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

For Generic DDRX1 mode tgy = tyo = (tpye - tpya - 0.03 ns)/2.

The tgy_peL and ty_pg values use the SCLK_ZERHOLD default step size. Each step is 105 ps (-6), 113 ps (-5), 120 ps (-4).

This number for general purpose usage. Duty cycle tolerance is +/-10%.

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

Performance is calculated with 0.225 UI.

. Performance is calculated with 0.20 UI.

. Performance for Industrial devices are only supported with VCC between 1.16 V to 1.24 V.

. Performance for Industrial devices and —5 devices are not modeled in the Diamond design tool.

. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.
. Above 800 Mbps is only supported with WLCSP and csfBGA packages

. Between 800 Mbps to 900 Mbps:

a. VIDTH exceeds the MIPI D-PHY Input DC Conditions Table 3-4 and can be calculated with the equation tSU or tH = -0.0005*VIDTH +
0.3284
b. Example calculations
i. tSU and tHO = 0.28 with VIDTH = 100 mV
ii. tSU and tHO = 0.25 with VIDTH = 170 mV
iii. tSU and tHO = 0.20 with VIDTH = 270 mV

3-22



= LATTICE

DC and Switching Characteristics
MachXO3 Family Data Sheet

JTAG Port Timing Specifications

Symbol Parameter Min. Max. Units
fMAX TCK clock frequency — 25 MHz
t8TCPH TCK [BSCAN] clock pulse width high 20 — ns
tgTepL TCK [BSCAN] clock pulse width low 20 — ns
teTs TCK [BSCAN] setup time 10 — ns
t8TH TCK [BSCAN] hold time 8 — ns
tsTco TAP controller falling edge of clock to valid output — 10 ns
tsTcopis TAP controller falling edge of clock to valid disable — 10 ns
tBTCOEN TAP controller falling edge of clock to valid enable — 10 ns
tsTCRS BSCAN test capture register setup time 8 — ns
tsTCRH BSCAN test capture register hold time 20 — ns
tsutco BSCAN test update register, falling edge of clock to valid output — 25 ns
tsTUODIS BSCAN test update register, falling edge of clock to valid disable — 25 ns
tBTUPOEN BSCAN test update register, falling edge of clock to valid enable — 25 ns

Figure 3-8. JTAG Port Timing Waveforms
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Signal Descriptions (Cont.)

Signal Name | I/0 ‘ Descriptions

Configuration (Dual function pins used during sysCONFIG)

PROGRAMN | Initiates configuration sequence when asserted low. This pin always has an active pull-up.
Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up

INITN /o |,
is enabled.

DONE /O Open Drain pin. Indicates that the configuration sequence is complete, and the start-up
sequence is in progress.

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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MachXO3 Family Data Sheet

MachXO3L Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free

(RoHS) Packaging

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-640E-5MG121C 640 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-6MG121C 640 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-5MG 1211 640 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-640E-6MG 1211 640 1.2V 6 Halogen-Free csfBGA 121 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-1300E-5UWG36CTR 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR50 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR1K 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36ITR 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR50 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR1K 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5MG121C 1300 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-6MG121C 1300 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-5MG121] 1300 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-6MG121] 1300 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-5MG256C 1300 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-6MG256C 1300 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-5MG256I 1300 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-1300E-6MG256I 1300 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-1300C-5BG256C 1300 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-6BG256C 1300 25V/33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-5BG256I 1300 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-1300C-6BG256I 1300 25V/33V 6 Halogen-Free caBGA 256 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-2100E-5UWG49CTR 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR50 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR1K 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49ITR 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR50 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR1K 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5MG121C 2100 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-6MG121C 2100 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-5MG121] 2100 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-6MG121] 2100 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-5MG256C 2100 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-6MG256C 2100 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-5MG256I 2100 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-6MG256I 2100 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-5MG324C 2100 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-6MG324C 2100 1.2V 6 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-5MG324| 2100 1.2V 5 Halogen-Free csfBGA 324 IND
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Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3LF-6900E-5MG256C 6900 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3LF-6900E-6MG256C 6900 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3LF-6900E-5MG2561 6900 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3LF-6900E-6MG256I 6900 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3LF-6900E-5MG324C 6900 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3LF-6900E-6MG324C 6900 1.2V 6 Halogen-Free csfBGA 324 CcOoM
LCMXO3LF-6900E-5MG324I 6900 1.2V 5 Halogen-Free csfBGA 324 IND
LCMXO3LF-6900E-6MG3241 6900 1.2V 6 Halogen-Free csfBGA 324 IND
LCMXO3LF-6900C-5BG256C 6900 25V /33V 5 Halogen-Free caBGA 256 COM
LCMXO3LF-6900C-6BG256C 6900 25V /33V 6 Halogen-Free caBGA 256 COM
LCMXO3LF-6900C-5BG256| 6900 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3LF-6900C-6BG256I 6900 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3LF-6900C-5BG324C 6900 25V /33V 5 Halogen-Free caBGA 324 COM
LCMXO3LF-6900C-6BG324C 6900 25V/33V 6 Halogen-Free caBGA 324 COM
LCMXO3LF-6900C-5BG324| 6900 25V/33V 5 Halogen-Free caBGA 324 IND
LCMXO3LF-6900C-6BG324l 6900 25V/33V 6 Halogen-Free caBGA 324 IND
LCMXO3LF-6900C-5BG400C 6900 25V/33V 5 Halogen-Free caBGA 400 COM
LCMXO3LF-6900C-6BG400C 6900 25V /33V 6 Halogen-Free caBGA 400 COM
LCMXO3LF-6900C-5BG400lI 6900 25V/33V 5 Halogen-Free caBGA 400 IND
LCMXO3LF-6900C-6BG400I 6900 25V/33V 6 Halogen-Free caBGA 400 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3LF-9400E-5MG256C 9400 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3LF-9400E-6MG256C 9400 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3LF-9400E-5MG2561 9400 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3LF-9400E-6MG2561 9400 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3LF-9400C-5BG256C 9400 25V/3.3V 5 Halogen-Free caBGA 256 COM
LCMXO3LF-9400C-6BG256C 9400 25V/3.3V 6 Halogen-Free caBGA 256 COM
LCMXO3LF-9400C-5BG256I 9400 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3LF-9400C-6BG256| 9400 25V/3.3V 6 Halogen-Free caBGA 256 IND
LCMXO3LF-9400C-5BG400C 9400 25V/3.3V 5 Halogen-Free caBGA 400 COM
LCMXO3LF-9400C-6BG400C 9400 25V/3.3V 6 Halogen-Free caBGA 400 COM
LCMXO3LF-9400C-5BG400I 9400 25V/3.3V 5 Halogen-Free caBGA 400 IND
LCMXO3LF-9400C-6BG400lI 9400 25V/33V 6 Halogen-Free caBGA 400 IND
LCMXO3LF-9400C-5BG484C 9400 25V/3.3V 5 Halogen-Free caBGA 484 COM
LCMXO3LF-9400C-6BG484C 9400 25V/3.3V 6 Halogen-Free caBGA 484 COM
LCMXO3LF-9400C-5BG484l 9400 25V/3.3V 5 Halogen-Free caBGA 484 IND
LCMXO3LF-9400C-6BG484l 9400 25V/3.3V 6 Halogen-Free caBGA 484 IND
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Revision History

February 2017 Advance Data Sheet DS1047
Date Version Section Change Summary
February 2017 1.8 Architecture Updated Supported Standards section. Corrected “MDVS” to “MLDVS” in
Table 2-11, Supported Input Standards.
DC and Switching |Updated ESD Performance section. Added reference to the MachX0O2
Characteristics Product Family Qualification Summary document.
Updated Static Supply Current — C/E Devices section.
Added footnote 7.
Updated MachXO3L/LF External Switching Characteristics — C/E
Devices section.
— Populated values for MachXOS3L/LF-9400.
— Under 7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1, corrected “tpyg”
to “tp)g” and “tpya” to “tpja” and revised their descriptions.
— Added Figure 3-6, Receiver GDDR71_RX Waveforms and Figure 3-7,
Transmitter GDDR71_TX Waveforms.
Pinout Information |Updated the Pin Information Summary section. Added MachXO3L/LF-
9600C packages.
May 2016 1.7 DC and Switching |Updated Absolute Maximum Ratings section. Modified I/O Tri-state Volt-

Characteristics

age Applied and Dedicated Input Voltage Applied footnotes.

Updated syslO Recommended Operating Conditions section.
— Added standards.

— Added VREF (V)

— Added footnote 4.

Updated syslO Single-Ended DC Electrical Characteristics section.
Added /O standards.

Ordering Information

Updated MachXO3L Ultra Low Power Commercial and Industrial Grade
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Updated MachXOS3LF Ultra Low Power Commercial and Industrial Grade
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.
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