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Table 1-1. iCE40 Ultra Family Selection Guide

Part Number iCE5LP1K iCESLP2K iCE5LP4K

Logic Cells (LUT + Flip-Flop) 1100 2048 3520
EBR Memory Blocks 16 20 20
EBR Memory Bits 64 k 80 k 80 k
PLL Block 1 1 1
NVCM Yes Yes Yes
DSP Blocks (MULT16 with 32-bit Accumulator) 2 4 4
Hardened 12C, SPI 1,1 2,2 2,2
HF Oscillator (48 MHz) 1 1 1
LF Oscillator (10 kHz)
24 mA LED Sink 3 3 3
500 mA LED Sink 1 1 1
Embedded PWM IP Yes Yes No

Packages, ball pitch, dimension Total User I/0 Count

36-ball WLCSP, 0.35 mm, 2.078 mm x 2.078 mm 26 26 26
36-ball ucfBGA, 0.40 mm, 2.5 mm x 2.5 mm 26 26 26
48-ball QFN Package, 0.5 mm, 7.0 mm x 7.0 mm 39 39 39

Introduction

The iCE40 Ultra family of ultra-low power FPGAs has three devices with densities ranging from 1100 to 3520 Look-
Up Tables (LUTSs) fabricated in a 40 nm Low Power CMOS process. In addition to LUT-based, low-cost programma-
ble logic, these devices also feature Embedded Block RAM (EBR), on-chip Oscillators (LFOSC, HFOSC), two
hardened I°C Controllers, two hardened SPI Controllers, three 24 mA RGB LED open-drain drivers, a 500 mA IR
LED open-drain drivers, and DSP blocks. These features allow the devices to be used in low-cost, high-volume
consumer and mobile applications.

The iCE40 Ultra FPGAs are available in very small form factor packages, as small as 2.078 mm x 2.078 mm. The
small form factor allows the device to easily fit into a lot of mobile applications, where space can be limited. Table 1-1
shows the LUT densities, package and I/O pin count.

The iCE40 Ultra devices offer I/O features such as pull-up resistors. Pull-up features are controllable on a “per-pin”
basis.

The iCE40 Ultra devices also provide flexible, reliable and secure configuration from on-chip NVCM. These devices
can also configure themselves from external SPI Flash, or be configured by an external master such as a CPU.

Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the iCE40
Ultra family of devices. Popular logic synthesis tools provide synthesis library support for iCE40 Ultra. Lattice
design tools use the synthesis tool output along with the user-specified preferences and constraints to place and
route the design in the iCE40 Ultra device. These tools extract the timing from the routing and back-annotate it into
the design for timing verification.

Lattice provides in the iCE40 Ultra 1K and 2K device the embedded RGB PWM IP at no extra cost of LUT available
to the user, to perform controlling the RGB LED function. This embedded IP allow users to control color, LED ON/
OFF time, and breathe rate of the LED. For more information, please refer to Usage Guide in Lattice Design Soft-
ware.

Lattice provides many pre-engineered IP (Intellectual Property) modules, including a number of reference designs,
licensed free of charge, optimized for the iCE40 Ultra FPGA family. Lattice also can provide fully verified bitstream
for some of the widely used target functions in mobile device applications, such as ultra-low power sensor manage-
ment, gesture recognition, IR remote, barcode emulator functions. Users can use these functions as offered by Lat-
tice, or they can use the design to create their own unique required functions. For more information regarding
Lattice's reference designs or fully-verified bitstreams, please contact your local Lattice representative.
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Architecture Overview

The iCE40 Ultra family architecture contains an array of Programmable Logic Blocks (PLB), two Oscillator Genera-
tors, two user configurable I°C controllers, two user configurable SPI controllers, and blocks of sysMEM™ Embed-
ded Block RAM (EBR) surrounded by Programmable 1/O (PIO). Figure 2-1shows the block diagram of the iCE5LP-
4K device.

Figure 2-1. iCE5LP-4K Device, Top View
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The Programmable Logic Blocks (PLB) and sysMEM EBR blocks, are arranged in a two-dimensional grid with rows
and columns. Each column has either PLB or EBR blocks. The PIO cells are located at the top and bottom of the
device, arranged in banks. The PLB contains the building blocks for logic, arithmetic, and register functions. The
PIOs utilize a flexible 1/0O buffer referred to as a syslO buffer that supports operation with a variety of interface stan-
dards. The blocks are connected with many vertical and horizontal routing channel resources. The place and route
software tool automatically allocates these routing resources.

In the iCE40 Ultra family, there are three syslO banks, one on top and two at the bottom. User can connect some
Vccios together, if all the 1/Os are using the same voltage standard. Refer to the details in later sections of this doc-
ument on Power Up Sequence. The sysMEM EBRs are large 4 kbit, dedicated fast memory blocks. These blocks
can be configured as RAM, ROM or FIFO with user logic using PLBs.

Every device in the family has two user SPI ports, one of these (right side) SPI port also supports programming
and configuration of the device. The iCE40 Ultra also includes two user I2C ports, two Oscillators, and high current
RGB and IR LED sinks.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. 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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Routing

There are many resources provided in the iCE40 Ultra devices to route signals individually with related control sig-
nals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.

The inter-PLB connections are made with three different types of routing resources: Adjacent (spans two PLBs), x4
(spans five PLBs) and x12 (spans thirteen PLBs). The Adjacent, x4 and x12 connections provide fast and efficient
connections in the diagonal, horizontal and vertical directions.

The design tool takes the output of the synthesis tool and places and routes the design.

Clock/Control Distribution Network
Each iCE40 Ultra device has six global inputs, two pins on the top bank and four pins on the bottom bank

These global inputs can be used as high fanout nets, clock, reset or enable signals. The dedicated global pins are
identified as Gxx and each drives one of the eight global buffers. The global buffers are identified as GBUF[7:0].
These six inputs may be used as general purpose /O if they are not used to drive the clock nets.

Table 2-2 lists the connections between a specific global buffer and the inputs on a PLB. All global buffers optionally
connect to the PLB CLK input. Any four of the eight global buffers can drive logic inputs to a PLB. Even-numbered
global buffers optionally drive the Set/Reset input to a PLB. Similarly, odd-numbered buffers optionally drive the
PLB clock-enable input. GBUF[7:6, 3:0] can connect directly to G[7:6, 3:0] pins respectively. GBUF4 and GBUF5
can connect to the two on-chip Oscillator Generators (GBUF4 connects to LFOSC, GBUF5 connects to HFOSC).

Table 2-2. Global Buffer (GBUF) Connections to Programmable Logic Blocks

Global Buffer LUT Inputs Clock Clock Enable Reset
GBUFO0 v v
GBUF1 v v
GBUF2 v v
GBUF3 Yes, any 4 of 8 v v
GBUF4 GBUF Inputs v v
GBUF5 v v
GBUF6 v v
GBUF7 v v

The maximum frequency for the global buffers are shown in the iCE40 Ultra External Switching Characteristics
tables later in this document.

Global Hi-Z Control

The global high-impedance control signal, GHIZ, connects to all I/O pins on the iCE40 Ultra device. This GHIZ sig-
nal is automatically asserted throughout the configuration process, forcing all user I/O pins into their high-imped-
ance state.

Global Reset Control

The global reset control signal connects to all PLB and PIO flip-flops on the iCE40 Ultra device. The global reset
signal is automatically asserted throughout the configuration process, forcing all flip-flops to their defined wake-up
state. For PLB flip-flops, the wake-up state is always reset, regardless of the PLB flip-flop primitive used in the
application.
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sysCLOCK Phase Locked Loops (PLLs)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The iCE40 Ultra devices have one sys-
CLOCK PLL. REFERENCECLK is the reference frequency input to the PLL and its source can come from an exter-
nal I/O pin, the internal Oscillator Generators from internal routing. EXTFEEDBACK is the feedback signal to the
PLL which can come from internal routing or an external I/O pin. The feedback divider is used to multiply the refer-
ence frequency and thus synthesize a higher frequency clock output.

The PLLOUT output has an output divider, thus allowing the PLL to generate different frequencies for each output.
The output divider can have a value from 1 to 64 (in increments of 2X). The PLLOUT outputs can all be used to
drive the iCE40 Ultra global clock 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 2-3.

The timing of the device registers can be optimized by programming a phase shift into the PLLOUT output clock
which will advance or delay the output clock with reference to the REFERENCECLK clock. 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 tLOCK parameter has
been satisfied.

There is an additional feature in the iCE40 Ultra PLL. There are 2 FPGA controlled inputs, SCLK and SDI, that
allows the user logic to serially shift in data thru SDI, clocked by SCLK clock. The data shifted in would change the
configuration settings of the PLL. This feature allows the PLL to be time multiplexed for different functions, with dif-
ferent clock rates. After the data is shifted in, user would simply pulse the RESET input of the PLL block, and the
PLL will re-lock with the new settings. For more details, please refer to TN1251, iCE40 sysCLOCK PLL Design and
Usage Guide.

Figure 2-3. PLL Diagram
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Table 2-3 provides signal descriptions of the PLL block.
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Table 2-3. PLL Signal Descriptions

Signal Name Direction Description

REFERENCECLK Input Input reference clock

BYPASS Input The BYPASS control selects which clock signal connects to the PLL-
OUT output.

0 = PLL generated signal
1 = REFERENCECLK

EXTFEEDBACK Input External feedback input to PLL. Enabled when the FEEDBACK_PATH
attribute is set to EXTERNAL.

DYNAMICDELAY[7:0] Input Fine delay adjustment control inputs. Enabled when
DELAY_ADJUSTMENT_MODE is set to DYNAMIC.

LATCHINPUTVALUE Input When enabled, puts the PLL into low-power mode; PLL output is held
static at the last input clock value. Set ENABLE ICEGATE_PORTA and
PORTB to ‘1’ to enable.

PLLOUTGLOBAL Output Output from the Phase-Locked Loop (PLL). Drives a global clock net-
work on the FPGA. The port has optimal connections to global clock
buffers GBUF4 and GBUF5.

PLLOUTCORE Output Output clock generated by the PLL, drives regular FPGA routing. The
frequency generated on this output is the same as the frequency of the
clock signal generated on the PLLOUTLGOBAL port.

LOCK Output When High, indicates that the PLL output is phase aligned or locked to
the input reference clock.

RESET Input Active low reset.

SCLK Input Input, Serial Clock used for re-programming PLL settings.

SDI Input Input, Serial Data used for re-programming PLL settings.

sysMEM Embedded Block RAM Memory

Larger iCE40 Ultra device includes multiple high-speed synchronous sysMEM Embedded Block RAMs (EBRs),
each 4 kbit in size. This memory can be used for a wide variety of purposes including data buffering, and FIFO.

sysMEM Memory Block

The sysMEM block can implement single port, pseudo dual port, or FIFO memories with programmable logic
resources. Each block can be used in a variety of depths and widths as shown in Table 2-4.
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Table 2-4. sysMEM Block Configurations’

Block RAM
Configuration

Block RAM
Configuration
and Size

WADDR Port
Size (Bits)

WDATA Port
Size (Bits)

RADDR Port
Size (Bits)

RDATA Port
Size (Bits)

MASK Port
Size (Bits)

SB_RAM256x16
SB_RAM256x16NR
SB_RAM256x16NW
SB_RAM256x16NRNW

256x16 (4 k)

8 [7:0]

16 [15:0]

8[7:0]

16 [15:0]

16 [15:0]

SB_RAM512x8
SB_RAM512x8NR
SB_RAM512x8NW
SB_RAM512x8NRNW

512x8 (4 k)

9[8:0]

8[7:0]

9[8:0]

8[7:0]

No Mask Port

SB_RAM1024x4
SB_RAM1024x4NR
SB_RAM1024x4NW
SB_RAM1024x4NRNW

1024x4 (4 k)

10 [9:0]

4[3:0]

10 [9:0]

4[3:0]

No Mask Port

SB_RAM2048x2
SB_RAM2048x2NR
SB_RAM2048x2NW
SB_RAM2048x2NRNW

2048x2 (4 k)

11 [10:0]

2[1:0]

11 [10:0]

2[1:0]

No Mask Port

1. For iCE40 Ultra, the primitive name without "Nxx" uses rising-edge Read and Write clocks. "NR" uses rising-edge Write clock, falling-edge
Read clock. "NW" uses falling-edge Write clock and rising-edge Read clock. "NRNW" uses falling-edge clocks on both Read and Write.
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RAM Initialization and ROM Operation
If desired, the contents of the RAM can be pre-loaded during device configuration.

By preloading the RAM block during the chip configuration cycle and disabling the write controls, the sysMEM block
can also be utilized as a ROM.

Memory Cascading
Larger and deeper blocks of RAM can be created using multiple EBR sysMEM Blocks.

RAM4k Block
Figure 2-4 shows the 256x16 memory configurations and their input/output names. In all the sysMEM RAM modes,
the input data and addresses for the ports are registered at the input of the memory array.

Figure 2-4. sysMEM Memory Primitives
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Table 2-5. EBR Signal Descriptions

Signal Name Direction Description
WDATA[15:0] Input Write Data input.
Masks write operations for individual data bit-lines.
MASK][15:0] Input 0 = write bit
1 = do not write bit
WADDR][7:0] Input Write Address input. Selects one of 256 possible RAM locations.
WE Input Write Enable input.
WCLKE Input Write Clock Enable input.
WCLK Input Write Clock input. Default rising-edge, but with falling-edge option.
RDATA[15:0] Output |Read Data output.
RADDR]J7:0] Input Read Address input. Selects one of 256 possible RAM locations.
RE Input Read Enable input.
RCLKE Input Read Clock Enable input.
RCLK Input Read Clock input. Default rising-edge, but with falling-edge option.

For further information on the sysMEM EBR block, please refer to TN1250, Memory Usage Guide for iCE40
Devices.
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sysDSP

The iCE40 Ultra family provides an efficient sysDSP architecture that is very suitable for low-cost Digital Signal
Processing (DSP) functions for mobile applications. Typical functions used in these applications are Multiply, Accu-
mulate, and Multiply-Accumulate. The block can also be used for simple Add and Subtract functions.

iCE40 Ultra sysDSP Architecture Features
The iCE40 Ultra sysDSP supports many functions that include the following:

* Single 16-bit x 16-bit Multiplier, or two independent 8-bit x 8-bit Multipliers

Optional independent pipeline control on Input Register, Output Register, and Intermediate Reg faster clock
performance

Single 32-bit Accumulator, or two independent 16-bit Accumulators

Single 32-bit, or two independent 16-bit Adder/Subtracter functions, registered or asynchronous

Cascadable to create wider Accumulator blocks

Figure 2-5 shows the block diagram of the sysDSP block. The block consists Multiplier section, with an bypassable
Output register. The Input Register, Intermediate register between Multiplier and AC timing to achieve the highest
performance.

Figure 2-5. sysDSP Functional Block Diagram (16-bit x 16-bit Multiply-Accumulate)
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Primitive Port Input /
Signal Name Width Output Function Default
OHLDA OLOADTOP 1 Input High-order (upper half) Accumulator Register 0: Accumu-
Accumulate/Load control. late
0 = Accumulate, register is loaded with Adder/Sub-
tracter results
1 = Load, register is loaded with Input C or C Reg-
ister
OHADS ADDSUBTOP 1 Input High-order (upper half) Accumulator Add or Sub- 0: Add
tract select.
0 = Add
1 = Subtract
OLHLD OHOLDBOT 1 Input Low-order (lower half) Accumulator Register Hold. | 0: Update
0 = Update
1 =Hold
OLRST ORSTBOT 1 Input Reset input to Low-order (lower half) bits of the 0: No Reset
Accumulator Register.
0 =No Reset
1 = Reset
OLLDA OLOADBOT 1 Input Low-order (lower half) Accumulator Register Accu- | 0: Accumu-
mulate/Load control. late
0 = Accumulate, register is loaded with Adder/Sub-
tracter results
1 = Load, register is loaded with Input C or C Reg-
ister
OLADS ADDSUBBOT 1 Input Low-order (lower half) Accumulator Add or Sub- 0: Add
tract select.
0 =Add
1 = Subtract
CICAS ACCUMCI 1 Input Cascade Carry/Borrow input from previous sys-
DSP block
Cl Cl 1 Input Carry/Borrow input from lower logic tile
COCAS ACCUMCO 1 OQutput |Cascade Carry/Borrow output to next sysDSP
block
CcO CcO 1 Output | Carry/Borrow output to higher logic tile
SIGNEXTIN SIGNEXTIN 1 Input Sign extension input from previous sysDSP block
SIGNEXTOUT | SIGNEXTOUT 1 Output  |Sing extension output to next sysDSP block

The iCE40 Ultra sysDSP can support the following functions:

* 8-bit x 8-bit Multiplier

* 16-bit x 16-bit Multiplier
* 16-bit Adder/Subtracter
» 32-bit Adder/Subtracter

¢ 16-bit Accumulator

e 32-bit Accumulator

e 8-bit x 8-bit Multiply-Accumulate
e 16-bit x 16-bit Multiply-Accumulate

Figure 2-6 shows the path for an 8-bit x 8-bit Multiplier using the upper half of sysDSP block.
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Figure 2-9. iCE I/O Register Block Diagram
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Table 2-7. PIO Signal List

Pin Name 1/0 Type Description
OUTPUT_CLK Input Output register clock
CLOCK_ENABLE Input Clock enable
INPUT_CLK Input Input register clock
OUTPUT_ENABLE Input Output enable
D_OUT_0/1 Input Data from the core
D_IN_0AM Output Data to the core
LATCH_INPUT_VALUE Input Latches/holds the Input Value

syslO Buffer

Each I/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 with LVCMOS interfaces.
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There is one output on each device that can sink up to 500 mA current. This output is open-drain, and provides
sinking current to drive an external IR LED connecting to the positive supply. This IR drive current is user program-
mable from 50 mA to 500 mA in increments of 50 mA. This output functions as General Purpose I/O with open-
drain when the high current LED drive is not needed.

Embedded PWM IP

To provide an easier usage of the RGB high current drivers to drive RGB LED, a Pulse-Width Modulator IP can be
embedded into the user design. This PWM IP provides the flexibility for user to dynamically change the settings on
the ON-time duration, OFF-time duration, and ability to turn the LED lights on and off gradually with user set
breath-on and breath-off time.

For additional information on the embedded PWM IP, please refer to TN1288, iCE40 LED Driver Usage Guide.

Non-Volatile Configuration Memory

All iCE40 Ultra devices provide a Non-Volatile Configuration Memory (NVCM) block which can be used to configure
the device.

For more information on the NVCM, please refer to TN1248, iCE40 Programming and Configuration.

iCE40 Ultra Programming and Configuration

This section describes the programming and configuration of the iCE40 Ultra family.

Device Programming

The NVCM memory can be programmed through the SPI port. The SPI port is located in Bank 1, using
SPI_V¢cio1 power supply.

Device Configuration
There are various ways to configure the Configuration RAM (CRAM), using SPI port, including:
¢ From a SPI Flash (Master SPI mode)
e System microprocessor to drive a Serial Slave SPI port (SSPI mode)
For more details on configuring the iCE40 Ultra, please see TN1248, iCE40 Programming and Configuration.

Power Saving Options

The iCE40 Ultra devices feature iCEGate and PLL low power mode to allow users to meet the static and dynamic
power requirements of their applications. Table 2-10 describes the function of these features.

Table 2-10. iCE40 Ultra Power Saving Features Description

Device Subsystem Feature Description

PLL When LATCHINPUTVALUE is enabled, puts the PLL into low-power mode; PLL output held static at
last input clock value.

To save power, the optional iCEGate latch can selectively freeze the state of individual, non-regis-
iCEGate tered inputs within an 1/0O bank. Registered inputs are effectively frozen by their associated clock or
clock-enable control.
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Internal Oscillators (HFOSC, LFOSC)'

Parameter Parameter Description Spec/Recommended Units
Symbol Conditions Min Typ Max
; Commercial Temp |HFOSC clock frequency (t; = 0 °C—85 °C) —10% 48 10% MHz
CLKHF Industrial Temp HFOSC clock frequency (t; = —40 °C—100 °C)| —20% 48 20% MHz
foLKLF LFOSC CLKK clock frequency —10% 10 10% kHz
DCHeykir Commercial Temp |HFOSC clock frequency (t; = 0 °C—85 °C) 45 50 55 %
Industrial Temp HFOSC clock frequency (t; = —45 °C—100 °C) 40 50 60 Y%
DCHckLF LFOSC Duty Cycle (Clock High Period) 45 50 55 %
Tsync_on Oscillator output synchronizer delay — — 5 Cycles
Tsync_off Oscillator output disable delay — — 5 Cycles
1. Glitchless enabling and disabling OSC clock outputs.
syslO Recommended Operating Conditions
Veeio (V)
Standard Min. Typ. Max.
LVCMOS 3.3 3.14 3.3 3.46
LVCMOS 2.5 2.37 2.5 2.62
LVCMOS 1.8 1.71 1.8 1.89
syslO Single-Ended DC Electrical Characteristics
Input/ ViL Viu
Output VoL Max. Vou Min. loL Max. | lgy Max.
Standard Min. (V) Max. (V) Min. (V) Max. (V) (V) v) (mA) (mA)
LVCMOS 3.3 0.3 0.8 2.0 Vecio + 0.2V 04 Vecio — 04 8 8
0.2 Veeio — 0.2 0.1 -0.1
0.4 Veeio— 0.4 6 -6
LVCMOS 2.5 -0.3 0.7 1.7 Veeio + 0.2V
0.2 Veeio—0.2 0.1 —-0.1
LVCMOS 1.8 0.3 0.35Veeo | 065Vooo | Vooio + 02V o Vecio — 04 4 —
0.2 Veeio — 0.2 0.1 -0.1
Differential Comparator Electrical Characteristics
Parameter Test
Symbol Parameter Description Conditions Min. Max. Units
VRer Reference Voltage to compare, on Vg Vecio=25V 0.25 Veeio —0.25V \'
VDIEEIN_H Differential input HIGH (Vinp - Vinm) Vecio=25V 250 — mV
VDIFFIN_L Differential input LOW (V\np - Vinm) Vecio=25V — —250 mV
N Input Current, V\\p and Viym Vecio=25V -10 10 HA
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sysCLOCK PLL Timing
Over Recommended Operating Conditions
Parameter Descriptions Conditions Min. Max. Units
Input Clock Frequency
fin (REFERENCECLK, EXTFEEDBACK) 10 133 | MHz
fouT Output Clock Frequency (PLLOUT) 16 275 MHz
fvco PLL VCO Frequency 533 1066 MHz
fPED Phase Detector Input Frequency 10 133 MHz
AC Characteristics
tort Output Clock Duty Cycle 40 60 %
ten Output Phase Accuracy — +-12 deg
f =100 MHz — 450 s p-
Output Clock Period Jitter out > bS PP
fout < 100 MHz — 0.05 uUIlPP
fout >= 100 MHz — 750 s p-
topuit"® Output Clock Cycle-to-cycle Jitter out PS PP
fOUT< 100 MHz —_— 0.10 UIPP
f =25 MHz — 275 S p-
Output Clock Phase Jitter PFD > PS PP
fPFD <25 MHz —_— 0.05 UIPP
tw Output Clock Pulse Width At 90% or 10% 1.33 — ns
tLock®?® PLL Lock-in Time — 50 Hs
tunLocK PLL Unlock Time — 50 ns
fprp = 20 MHz — 1000 s p-
tpurt Input Clock Period Jitter PFD PS PP
forp < 20 MHz — 0.02 uUIlPP
tsTABLE® LATCHINPUTVALUE LOW to PLL Stable — 500 ns
tstasLE pW’ LATCHINPUTVALUE Pulse Width 100 — ns
trsT RESET Pulse Width 10 — ns
trRsTREC RESET Recovery Time 10 — us
) VCO
tDYNAM|C7WD DYNAMICDELAY Pulse Width 100 —_— CyCleS

1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock. Cycle-to-cycle jitter is taken over
1000 cycles. Phase jitter is taken over 2000 cycles. All values per JESD65B.

a b~ whD

sysDSP Timing

. Output clock is valid after t ock for PLL reset and dynamic delay adjustment.
. At minimum fpep. As the fpgp increases the time will decrease to approximately 60% the value listed.

. Maximum limit to prevent PLL unlock from occurring. Does not imply the PLL will operate within the output specifications listed in this table.
. The jitter values will increase with loading of the PLD fabric and in the presence of SSO noise.

Over Recommended Operating Conditions

Parameter

Description

Min.

Max. Units

fmaxsxgsmuLT

Max frequency signed MULT8x8 bypassing
pipeline register

50

— MHz

fMAx16x16SMULT

Max frequency signed MULT16x16 bypass-
ing pipeline register

50

— MHz
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RGB LED and IR LED Drive
Symbol Parameter Min. Max. Units
ILED_ACCURACY |RGBO0, RGB1, RGB2 Sink Current Accuracy to selected current @ —-12 +12 %
Viepout >=05V
ILED_MATCH RGBO0, RGB1, RGB2 Sink Current Matching among the 3 outputs @ -5 +5 %
Viepout >=05V
IIR_ACCURACY IR LED Sink Current Accuracy to selected current @ V|goyt >= 0.8V -14 +14 %

Switching Test Conditions

Figure 3-3 shows the output test load used for AC testing. The specific values for resistance, capacitance, voltage,
and other test conditions are shown in Table 3-1.

Figure 3-3. Output Test Load, LVCMOS Standards

DUT

Vr

R1

® Test Point

—~ CL

Table 3-1. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R, CL Timing Reference Vr
LVCMOS 3.3=15V —

LVCMOS settings (L ->H, H -> L) 0 0pF |LVCMOS 2.5 = V¢ o/2 —
LVCMOS 1.8 = Vg 0/2 —

LVCMOS 3.3 (Z -> H) 1.5V VoL
LVCMOS 3.3 (Z-> L) 1.5V Von
Other LVCMOS (Z -> H) 188 0 pF Veeio/2 VoL
Other LVCMOS (Z -> L) Veciof2 VoH
LVCMOS (H -> 2) Voyq—0.15V VoL
LVCMOS (L -> 2) VoL—0.15V Von

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Signal Descriptions

Signal Name Function 1/0 Description
Power Supplies
Vee Power — Core Power Supply
Veeio o SPI_Veeiot: Vecio 2 Power — Power for I/Os in Bank 0, 1 and 2.
Vpp ovs Power — Power for NVCM programming and operations.
VeepLL Power — Power for PLL
GND GROUND — Ground
GND_LED GROUND — Ground for LED drivers. Should connect to GND on
board.
Configuration
CRESETB Configuration | Configuration Reset, active LOW. No internal pull-up
resistor. Either actively driven externally or connect
an 10 kOhm pull-up to Vg _1-
CDONE Configuration /0 Configuration Done. Includes a weak pull-up resistor
to SP'—VCC|O1'
General I/0 /0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function.
Config SPI
Primary Secondary
CRESETB — Configuration | Configuration Reset, active LOW. No internal pull-up
resistor. Either actively driven externally or connect
an 10 kOhm pull-up to SPI_V¢go1.
PIOB_xx CDONE Configuration 1/0 Configuration Done. Includes a weak pull-up resistor
to SP'—VCC|O1.
General /0 /0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function.
Config SPI
Primary Secondary
PIOB_34a SPI_SCK Configuration I/0 This pin is shared with device configuration. During
configuration:
In Master SPI mode, this pin outputs the clock to
external SPI memory.
In Slave SPI mode, this pin inputs the clock from
external processor.
General I/0 1/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
PIOB_32a SPI_SDO Configuration Output This pin is shared with device configuration. During
configuration:
In Master SPI mode, this pin outputs the command
data to external SPI memory.
In Slave SPI mode, this pin connects to the MISO pin
of the external processor.
General I/0 /0 In user mode, after configuration, this pin can be pro-

grammed as general I/O in user function.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. 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.

www.latticesemi.com

4-1

DS1048 Pinout Information_01.7



= LATTICE

Pinout Information
iCE40 Ultra Family Data Sheet

Signal Name Function 1/0 Description
PIOB_33b SPI_SI Configuration Input This pin is shared with device configuration. During
configuration:
In Master SPI mode, this pin receives data from exter-
nal SPI memory.
In Slave SPI mode, this pin connects to the MOSI pin
of the external processor.
General I/0 I/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function.
PIOB_35b SPI_SS_B Configuration I/0 This pin is shared with device configuration. During
configuration:
In Master SPI mode, this pin outputs to the external
SPI memory.
In Slave SPI mode, this pin inputs from the external
processor.
General I/O 1/10 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function.
Global Signals
Primary Secondary
PIOT_46b GO General I/0 I/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Global Input Global input used for high fanout, or clock/reset net.
The GO pin drives the GBUFO global buffer
PIOT_45a G1 General I/0 I/O In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Gilobal Input Global input used for high fanout, or clock/reset net.
The G1 pin drives the GBUF1 global buffer
PIOT_25b G3 General I/0 I/O In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Global Input Global input used for high fanout, or clock/reset net.
The G3 pin drives the GBUF3 global buffer
PIOT_12a G4 General /0 I/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Global Input Global input used for high fanout, or clock/reset net.
The G4 pin drives the GBUF4 global buffer
PIOT_11b G5 General /10 I/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Global Input Global input used for high fanout, or clock/reset net.
The G5 pin drives the GBUF5 global buffer
PIOB_3b G6 General 1/0 I/0 In user mode, after configuration, this pin can be pro-
grammed as general I/O in user function
Global Input Global input used for high fanout, or clock/reset net.
The G6 pin drives the GBUF6 global buffer
LED Signals
RGBO General /0 Open-Drain I/0 |In user mode, with user's choice, this pin can be pro-
grammed as open drain 1/O in user function
LED Open-Drain In user mode, with user's choice, this pin can be pro-
Output grammed as open drain 24mA output to drive exter-
nal LED
RGB1 General /10 Open-Drain I/0 |In user mode, with user's choice, this pin can be pro-
grammed as open drain I/O in user function
LED Open-Drain  |In user mode, with user's choice, this pin can be pro-
Output grammed as open drain 24mA output to drive exter-

nal LED
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iICE5LP Part Number Description

ICESLPXX-XXXXXITR

Device Family
iCE5LP FPGA

Logic Cells

1K = 1,100 Logic Cells
2K = 2,048 Logic Cells
4K = 3,520 Logic Cells

All parts are shipped in tape-and-reel.

Tape and Reel Quantity

TR
TR = Tape and Reel (See quantity below)
TR50 = Tape and Reel, 50 units
TR1K = Tape and Reel, 1,000 units

Grade
| = Industrial

Package
CM36 = 36-Ball ucfBGA (0.40 mm Ball Pitch)
SWG36 = 36-Ball WLCSP (0.35 mm Ball Pitch)
SG48 = 48-Pin QFN (0.50 mm Pin Pitch)

Package TR Quantity
CM36 4,000

SWG36 5,000
SG48 2,000

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. 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.

www.latticesemi.com

5-1

DS1048 Order Info_01.9



I 1] Ordering Information
= LATTICE iCE40 Ultra Family Data Sheet

Ordering Part Numbers

Industrial
Part Number LUTs Supply Voltage Package Pins Temp.

iCESLP1K-CM36ITR 1100 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP1K-CM36ITR50 1100 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP1K-CM36ITR1K 1100 1.2V Halogen-Free ucfBGA 36 IND
iICESLP1K-SWG36ITR 1100 1.2V Halogen-Free WLCSP 36 IND
iCESLP1K-SWG36ITR50 1100 1.2V Halogen-Free WLCSP 36 IND
iCE5LP1K-SWG36ITR1K 1100 1.2V Halogen-Free WLCSP 36 IND
iCESLP1K-SG48ITR 1100 1.2V Halogen-Free QFN 48 IND
iICE5LP1K-SG48ITR50 1100 12V Halogen-Free QFN 48 IND
iCE5LP2K-CM36ITR 2048 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP2K-CM36ITR50 2048 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP2K-CM36ITR1K 2048 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP2K-SWG36ITR 2048 1.2V Halogen-Free WLCSP 36 IND
iICE5LP2K-SWG36ITR50 2048 1.2V Halogen-Free WLCSP 36 IND
iCE5LP2K-SWG36ITR1K 2048 1.2V Halogen-Free WLCSP 36 IND
iCE5LP2K-SG48ITR 2048 1.2V Halogen-Free QFN 48 IND
iICE5LP2K-SG48ITR50 2048 1.2V Halogen-Free QFN 48 IND
iCE5LP4K-CM36ITR 3520 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP4K-CM36ITR50 3520 1.2V Halogen-Free ucfBGA 36 IND
iCESLP4K-CM36ITR1K 3520 1.2V Halogen-Free ucfBGA 36 IND
iCE5LP4K-SWG36ITR 3520 1.2V Halogen-Free WLCSP 36 IND
iCE5LP4K-SWG36ITR50 3520 1.2V Halogen-Free WLCSP 36 IND
iCESLP4K-SWGS36ITR1K 3520 1.2V Halogen-Free WLCSP 36 IND
iCE5LP4K-SG48ITR 3520 1.2V Halogen-Free QFN 48 IND
iCESLP4K-SG48ITR50 3520 12V Halogen-Free QFN 48 IND
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Characteristics

Date Version Section Change Summary
Updated Supply Current section.
— Corrected IppoyssTpRY Parameter.
— Added Typ VCC =1.2 V values for ICCPEAK’ IPP72V5PEAK’
Ispi_vceiotpeak: and lcciopeak:-
— Added footnote 5.
— Corrected Sp| yccio1 character format.
Updated User SPI Specifications section. Removed parameters and
added footnotes.
Updated Internal Oscillators (HFOSC, LFOSC) section. Added Com-
mercial and Industrial Temp values for DCH¢g knE
Updated syslO Single-Ended DC Electrical Characteristics section.
Removed footnote.
Updated Register-to-Register Performance section. Modified footnotes.
Updated iCE40 Ultra External Switching Characteristics section. Modi-
fied footnote.
Updated sysCLOCK PLL Timing section. Reversed tgp 1 conditions.
Updated sysCONFIG Port Timing Specifications section.
— Modified tcg_gck Min. value.
— Added footnote 4 to tg; parameter.
— Modified tgy Min. value.
— Modified typ parameter.
Updated section heading to RGB LED and IR LED Drive. Modified
ILED_ACCURACY and IIR_ACCURACY parameters, Min. and Max.
values.
Pinout Information  |Updated Signal Descriptions section. Changed Vo 1 t0 SPI_Vicio1
in the CDONE, CRESETB and PIOB_xx descriptions.
Updated Pin Information Summary section.
— Corrected symbol character format.
— Corrected VCPP_2V5 to Vpp oys.
1.9 Introduction Updated Features section. Updated BGA package to ucfBGA.
DC and Switching  |Updated Differential Comparator Electrical Characteristics section. Cor-
Characteristics rected typo in Vggr Max. value.
Pinout Information  |Updated Signal Descriptions section.
— Changed PIOB_12a to PIOB_xx
— Changed SPI_CSN to SPI_SS_B and revised description when in
Slave SPI mode.
— Corrected minor typo errors.
Updated Pin Information Summary section. Added footnote to SG48.
Ordering Information |Updated iCE5LP Part Number Description section. Updated BGA pack-
age to ucfBGA.
Updated Ordering Part Numbers section. Updated BGA package to ucf-
BGA.
June 2015 1.8 DC and Switching Updated Internal Oscillators (HFOSC, LFOSC) section. Removed deci-

mals.

Ordering Information

Updated iCE5LP Part Number Description section.
— Added TR items.
— Corrected formatting errors.

Updated Ordering Part Numbers section. Updated CM36 and SG48
packages.
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Date

Version

Section

Change Summary

August 2014

1.4

All

Removed Preliminary document status.

Introduction

Updated General Description section. Added information on high cur-
rent driver.

Updated Features section.

— Changed standby current typical to as low as 71 pA.

— Changed feature to Embedded Memory.

— Updated Table 1-1, iCE40 Ultra Family Selection Guide. Added
NVCM and Embedded PWM IP rows. Added (MULT16 with 32-bit Accu-
mulator) to DSP Block. Added Total I/O (Dedicated 1/0) Count data.

General update to Introduction section.

Architecture

Updated Architecture Overview section.
— Revised and added information on syslO banks.
— Updated reference for embedded PWM IP.

Updated iCE40 Ultra Programming and Configuration section.
— Changed SPI1 to SPI.
— Changed VCCIO_1 to SPI_V¢gio1-

DC and Switching
Characteristics

Updated Absolute Maximum Ratings section.
Changed PLL Supply Voltage VCCPLL value.

Updated Recommended Operating Conditions section.
Added footnote to VCCPLL.

Updated Power-up Sequence section. General update.

Updated Power-On-Reset Voltage Levels section.
Changed the Vpogryp Vo Max.value.

Updated DC Electrical Characteristics section.
Added C3 and C, information.

Updated Supply Current section.
— Completed Typ. VCC =1.2 V4 data.

— Changed symbols to Isp ycciotstoey and Ispi veciotpeak:
— Added information to footnote 3.

Updated Internal Oscillators (HFOSC, LFOSC) section. General
update.

Updated iCE40 Ultra External Switching Characteristics section.
Added Max. value for toop . Added Min. values for tgyp | and typy | .

Updated sysCLOCK PLL Timing section.
Added Max. value for tOPJ|T‘

Updated sysCONFIG Port Timing Specifications section.
— Added Tgy and Typ information.
— Added footnote 3 to Master SPI.

Updated High Current LED and IR LED Drive section.
Updated Min. value.

July 2014

1.3

All

Changed document status from Advance to Preliminary.

Introduction

Updated Features section. Adjusted Ultra-low Power Devices standby
current.

DC and Switching
Characteristics

Updated AC/DC specifications numbers.
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