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Data Sheet

Acronyms in This Dagnent

Alist of acronymaused in this document.

Acronym Definition

DFF D-style FlipFlop

DSP Digital Signal Processor

EBR Embedded Block RAM

HFOSC High Frequency Oscillator

12C Inter-Integrated Circuit

LFOSC Low Frequency Oscillator

LUT Look Up Takl

LVCMOS LowVoltage Complementary Metal Oxide Semiconductor
NVCM Non Volatile Configuration Memory
PCLK Primary Clock

PFU Programmable Functional Unit

PIC Programmable 1/O Cells

PLB Programmable Logic Blocks

PLL Phase Locked Loops

SoC System on &hip

SPI Serial Peripheral Interface

SPR Single Port RAM

WLCSP Wafer Level Chip Scale Packaging

© 2017attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvistetatticesemi.com/legalAll other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subjengeondtieout notice.
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1. General Description 1.1.

Features

1 Flexible Logic Architecture

iCE40 UltraPlusfamily from Lattice Semiconductor is
an ultralow power FPGA and sensor manager

designed for ultrdow power mobile aplications, such
as smartphones, tablets and haiheld devices. iCE40

1
1

¢s2 RSOMO P il Ka
hFFSNBRI YK MICH@|F IS

1 Ultra-low Power Devices

UltraPlus is compatible with Lattice's iCE40 Ultra family T I? gty @SYR vf 26 L26S N:] .,LJN‘E O S
devices, containing all the functions iCE40 Ultra family T ta t26 Fa man x! adkyR

has except the high current IR LED driver. In addition, 1~ Embeddedviemory . )

the iCE40 UlaPlus features an additionalMb SRAM, T w2 {Ay3ts tv2 Nl{ {w!a
additional DSP blocks, with additional LUTS, all which T 1L iG2 mnanleYaBR&SR . f20]
can be used to support an alwaga Voice Recognition f Two Hardened’C Interfaces ) ]
function in the mobile devices, without the need to T ¢62 Lkh LIAYya 02 adzZlli2Nu L
keep the higher power consuming voice codec on all 1 Two Hardened SPI Interfaces

the time. 1 Two OnChip Oscillators

The iCE40 UltraPlus family includes integrated SPI and T [26 CNBIjdzSyc@& INaOAL t 1 G2N
I°C blocks to interface with virtually all mobile sensors T I'A3K CNBI dzSofige alndOAft £ U2l
andapplication processors. In addition, the iCE40 ' 24 mA Current Drive RGB LED Outputs o
UltraPlus family also features two 1/O pins that can 1 ¢KNBbS2Z2 ®NB@ba Ay SIOK RSOA
support the interface to 13C desgs. There are two T 1aSN) astsoulotsS aAayl OdzNT
on-chip oscillators, 10 kHz and 48 MHz, the LFOSC 1 Onchip DSP

(10kHz) is ideal for lowower function in alwaysn T {A3YySR | yyo Adiy@may FRzy OG A 2
applications, while HFOSC (48 MHz) can be used for ! CdzyOGAz2ya AyOf dzRS adz (A LK
awaken activities. adzZ MAQIddEYdzZ I S oal! /0

The iCE40 UltraPlus family also features DSP functional

blockto off-load Application Processor to pprocess 1
information sent from the mobile device, such as voice

data. The RGB PWM IP, with the threen24 constant 1
current RGB outputs on the iCE40 UltraPlus provides 1

Flexible OrChip Clocking

é

OAIKG f26 a41S6NASRo0AXE 4@
0S8 RANBOGfe RNAGBSY FNRY
hyS t[[ 6AGK ReylFYAO Ayl

Flexible Device Configuration

N
é
S

all the necessary logic to directly drive thexsee LED, T {w!a Aa O2y FAIdzZNBR (KN dz:
without the need of external MOSFET or buffer. T {dFYRFNR {tL LYGSNFI OS
The iCE40 UltraPlus family of devices are targeting for 1T LYGSNytrt b2yg2ttiAatsS /2
mobile applications to perform all the functions in aSY2dNex/ ao

iCE4QUltra devices, such as Service LED, GPIO I Ultra-Small Form Factor

Expander, SDIO Level Shift, and other austo T ta avaeMmp HRON Y

functions. In addition, th&CE40 UltraPlus family 1 Applications

devices are also targeting for Voice Recognition 1 't om&a+2A0S wSO23ayAlAazy |
application. 1 { Yl NI LK 2 y Sa&

The iCE40 UltraPlus family features two device T ¢lot S l{ a LyR |/ 2ya dzY SNJ | Ly F
densities, 2800 to 5280 Look Up Tables (LUTSs) of logic T IFYRKSER /2YYSNDALFE FyR I
with programmable 1/Os that can be used either f adz GA {Syaz2NJalyl3SySyd !
SPIAI AYGSNFIFOS LRNI& 2N ISy SNY { SydaNambB NBIAGKA gAD | cyﬁz (BY &

the iCE40 UltraPlus 1/0Os can be used to interface to 9 't om&Fay{a@ NI ! LILX AOF A2y a
higher performance I13C. It also has up to 120 kb of T '{. oodm ¢@LIS / [/ +06fS 5SGF

Block RAMSs, plus 1024 kb of Single Port SRAMs to work
with user logic.

| LILX AOFGA2Y &
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Table2.1 lists device information and packages of &40 UltraPluamily.

Table2.1. iCE40 UltraPlus Family Selection Guide

Part Number iICE40UP3K iCE40UP5K
Logic Cells (LUT + Fiop) 2800 5280
EBR Memory Blocks 20 30
EBR Memory Bits (Kbits) 80 120
SPRAM Memory Blocks 4 4
SPRAM Memory Bits (Kbits) 1024 1024
NVCM Yes Yes
PLL 1 1
DSP Blocks (MULT16 with-8i2 Accumulator 4 8
HardeneddC, SPI 2,2 2,2
HF Oscillator (48 MHz)

LF Oscillator (10 KHz)

24 mA LED Sink

PWM IP Block Yes Yes
Packages, ball pitch, dimension Total User I/O Count

30-ball WLCSM.4 mm, 2.15 mm x 2.55 mm 21 21
48-ball QFN, 0.5 mm, 7.0 mm x 7.0 mm - 39

2.1. Overview

The iCE40 UltraPlus family of ultoav power FPGAs has three devices with densities ranging from 2800 to 5280 Look
Up Tables (LUTSs) fabricated in a 40 nm Low Power Qr©&ss. In addition to LLased, lowcost programmable

logic, these devices also feature Embedded Block RAM (EBR), Single Port RAM (SRedipMDseitlators (LFOSC,
HFOSC), two hardeneClControllers, two hardened SPI Controllers, PWM IP, three/2RGB LED opeinain

drivers, 13C interface pins, and DSP blocks. These features allow the devices to be usexét, Ibighvolume

consumer and mobile applications.

The iCE40 UltraPlus FPGAs are available in very small form factor packages, as2sttathen x 2.55 mm. Tlsenall
form factor allows the device to easily fit into a lot of mobile applications, where space can be lifaEtde?.1 lists

the LUT densities, package and 1/O pin count.

The iCE40 UlPlus devices offer 1/O features such as-pplresistors. PultizL) F S| G dzNBa + NB O2y i NRf |
basis. In addition, the iCE40 UltraPlus devices tifferl/Os with dynamic control on the pulip resistors to support

I3C interface.

The RGB PWNP in the iCE40 UltraPlus devices provides casitooldriving the 24 mA LED Sink driver, including color

controls, LED ON/OFF time, and breathe rate.

The iCE40 UltraPlus devices also provide flexible, reliable and secure configuration ftbip BivCMThese devices
can also configure themselves from external SPI Flash, or be configured by an external master §iRb.as a
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Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the iCE40
UltraPlus familyf devices. Popular logic synthesis tools provide synthesis library support for iCE40 UltraPlus. Lattice
design tools use the synthesis tool output along with the tsgecified preferences and constraints to place and route
the design in the iCE40 UltraBldevice. These tools extract the timing from the routing and {zexriotate it into the
design for timing verification.

Lattice provides many prengineered IP (Intellectual Property) modules, including a number of reference designs,
licensed free of chae, optimized for the iCE40 UltraPlus FPGA family. Lattice also can provide fully verified bitstream
for some of the widely used target functions in mobile device applications, such asowtower sensor

management, gesture recognition, IR remote, lmate emulator functions. Users can use these functionsfiesed by
Lattice, or they can use the design to create their own unique required functions. For more informegféoding

Lattice's reference designs or fulrgrified bitstreams, contact your latLattice representative.
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3. Architecture

3.1. Architecture Overview

The iCE40 UltraPlus family architecture contains an array of Programmable Logic Blocks (PLB), two Oscillator

Generators, two user configurabfCl controllers, two user configurable SPIconBdlE = 6 f 2 O] Embadledd @ & a 9 a u
Block RAM (EBRnd Single Port RAM (SPRAM) surrounded by Programmable I/ORBL®33.1 shows the block

diagram of the iCE40UP5K device.

PLB
/OBank 0 ol =)
|50 nsDelay ~
§ § 50 nsFilter 8
50 ns Filter [aa)
2 = & 7: EI} L
0 © — 3
Q
= =
g g % 5 PLB Rows @ Q_D %
- g s S 5
; : N S LTy g
] ] 1%}
: : g
& 5 5 & Q_D 2
— : : — =
(o)
_ [ config %
a[ I/ O Bank 2 ][I/O k1S a Carry Logic —
— 4-Input Look-up 7

Table (LUT)

Rip-flop with Enableand Reset Controls

Figure3.1. iCE40UP5K Device, Top View

The Programmable Logic Blocks (PLB) and sysMEM EBR blocks, are arrangediimansionalrid with rows and

columns. Each column has eitielBor EBR blocks. The PO cellslacated at thetop 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/O buffer referred to as a syslO buffer that supports operation with a vasfétyterface standards. The blocks

are connected with many vertical and horizontal routing channel resoufides place and route software tool

automatically allocates these routing resources.

In the iICE40 UltraPlus family, there are three syslO bankspotop and two at the bottom. User can connsome

Vceis together, if all the 1/0Os are using the same voltage standaedthe Powerup SupplySequencesection.The
sysMEM EBRs are large 4 kb, dedicated fashamy blocks. Thedglocks can be configured as RAM, ROM or FIFO with
user logic using PLBs.

In addition to the EBR, the iCE40 UltraPlus devices also fdaturg56 kb SPRAM blocksathcan be cascaded to
create up tol Mb block.It is useful for temporey storage of large quantities of information.
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Every device in the family has two user SPI ports, one of these (right side) SRlIgmosupports programming and
configuration of the device. The iCE40 UltraPlus also includes two?Gsgoits, twooscilators, and high currenRGB
LED sink.

3.1.1. PLBBIlocks

The core of the iCE40 UltraPlus device consists of Programmable Logic Blocks (PLB) which can be programmed to
perform logic and arithmetic functions. Each PLB consists of eight interconnected LogiddJaltsqhown in
Figure3.2. Each LC contains one LUT and one register.

Shared Block-Level Controls

Programmable ( Qock )
Logic Block (PLB) Ehable '
(A FOOUT} 1 E
; Set/Resetil ) P
: 0 P Logic Cell
Carry Logic
10
%) 11 8
\_qu 2l LUT
T 13 H
8~ ﬁ\:
(@]
g \ :
® :
FON !
Four-input Hip-flop with
Look-Up Table optional enable and
(19))] set or reset controls
g D) =satically defined by configuration program
Figure3.2. PLB BloclDiagram
[ 23750 t &

Each Logic Cell includes three primary logic elements shotigume3.2.

1 A fourinput LookUp Table (LUT) builds any combinational logic function, of any complexity, requprtodour
inputs. Similarly, the LUT element behaves as a 16x1-R@agdMemory (ROM). Combine and cascaustiple
LUTs to create wider logic functions.

T ! iglaXrlipFlop (DFF), with an optional cleekable and reset control input, builds sequehtizgic functions.
Each DFF also connects to a global reset signal that is automatically asserted immediately fdéoigig
configuration.

1 Carry Logic boosts the logic efficiency and performance of arithmetic functions, including adders, subtracters,
comparators, binary counters and some wide, cascaded logic functions.

Table3.1 lists the logic cell signals.

Table3.1. Logic Cell Signal Descriptions

Function Type Sighal Name Description
Input Data signal 10, 11, 12, 13 Inputs to LUT
Input Control signal Enable Clock enable shared by all LCs in the PLB
Input Control signal Set/Reset* Asynchronous or synchronous local set/reset shared
Input Catrol signal Clock Clock one of the eight Global Buffers, or from the
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Function Type Sighal Name Description

Input Inter-PLB signal FCIN Fast carry in
Output Data signals (0] LUT or registered output
Output Inter-PFU signal FCOU Fast carry out

*Note: If Set/Reset is not used, then the filpp is never set/reset, except when cleared immediately after configuration.

3.1.2. Routing

There are many resources provided in the iCE40 UltraPlus devices to route signals individually witlcoziabl

signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.
The interPLB connections are made with three different types of routing resources: Adjacent (spans two PLBs), x4

(spans five PLBahd 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.

3.1.3. Clock/Control Distribution Network
Each iCE40 UltraPlus 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 GBUE§£O0].
six inputs may be used as general purpose /O if they are not used to drive the clock nets.

Table3.2 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 PhBribeeed global
buffers optionally drive the Set/Reset input to a PLB. Similarly;muohdbered buffers optionally drive theLB clock
enable input. GBUF[7:6, 3:0] can connect directly to G[7:6, 3:0] pins respectively. GBUF4 andaBRIdRbect to the
two on-chip Oscillator Generators (GBUF4 connects to LFOSC, GBUF5 connects to HFOSC).

Table3.2. Global Buffer (GBUF) Connections to Programmable Logic Blocks

Global Buffer LUT Inputs Clock Reset Clock Enable
GBUFO \Y, \Y T
GBUF1 \% T \%
GBUF2 \% \% T
GBUF3 Yes, any 4 of 8 GBUR \ T \
GBUF4 Inputs \Y/ \Y T
GBUF5 \Y, 1 Y,
GBUF6 \% \% T
GBUF7 \% T \%

The maximum frequency for the global buffers dstedin Table4.21.

Df 2o0Msf / BN ( NP ¢

The global higlimpedance control signal, GHIZ, connects to all /0 pins on the iCE40 UltraPlus device. T8ignh&@HIZ
is automatically asserted throughout the configuration process, forcing all user I/O pins into theimpigbance
state.

Dt 20+t wSasSh /2y GNRt

The global reset control signal connects to all PLB and Pifippon the iCE40 UltraPlus device. The glodsdt
signal is automatically asserted throughout the configuration process, forcing dlbfipto their definedvake-up
state. For PLB flifiops, the wakeup state is always reset, regardless of the PLEI8jpprimitive used irthe
application.
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3.1.4. sysCLOCK Phase Locked Loops (PLLS)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The iCE4Gelicdlisve onsysCLOCK

PLL. REFERENCECLK is the reference frequency input to the PLL and its source can coexteinoah 40 pin, the

internal Oscillator Generators from internal routing. EXTFEEDBACK is the feedback signal to the PLL whieh can com
from internal routing or an external 1/O pin. The feedback divider is used to multiply the reference frequency and thus
synthesize a higher frequency clock output.

The PLLOUT output has an output divider, thus allowing the PLL to generate differeenicexgufor each outpuiThe
output divider can have a value from 1 to 64 (in increments of 2X). The PLLOUT outputs can all bensethe
iCE40 UltraPlus global clock network directly or general purpose routing resources can be used.

The LOCK signialasserted when the PLL determines it has achieved lock andsdgted if a loss of lockdetected. A
block diagram of the PLL is showrFigure3.3.

The timing of the device registers can be optimized by ogning a phase shift into the PLLOUT output clelich

will advance or delay the output clock with reference to the REFERENCECLK clock. This phase stéfthean be
programmed during configuration or can be adjusted dynamically. In dynamic mode Ltmeallose locfter a phase
adjustment on the output used as the feedback source and not relock until the tLOCK paramdieehastisfied.

There is an additional feature in the iCE40 UltraPlus PLL. Theme@F*GA controlled inputs, SCLK and $Bt, t

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
different clock rées. After the data is shifted in, user would simply pulse the RESET input of the PLL blockPand the
will re-lock with the new settings. For more details, refefmid1251iCE40 sysCLOCK PLL Desighlaage Guide

RESE
—>]
BYPASS
‘Il BYPASS Il
GNDPLL Ve pie
S !
DIVR etector | RANG Vo@age DIVQ
REFERENCE( _K Input Low-Pass| Controlled VvCo |
Divider Filter Oscillator Divider,
(Ve
SCLK = SIMPLE
Foodbach . — PLLOUTCORE
i Fine Delay
Divider " .
Fine Del A
SD] Adustment Phase éﬂ’tﬁmpin:{l PLLOUTGL OB/
Feedback| Shiter ]
DYNAMIC DELEN0] | LOCK
EXTFEEDBACK EXTERNAL
LATCHINPUTVALUE
» Low Powermod

Figure3.3. PLLDiagram

Table3.3 provides signal descriptions of the PLL block.
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Table3.3. PLL Signal Descriptions

Signal Name Direction Description

REFERENCECLK Input Input reference clok

BYPASS Input The BYPASS control selects whioklkcsignal connects to the RDUT output.
0¢ PLL generated signal
1 ¢ REFERENCECLK

EXTFEEDBACK Input External feedback input to PLL. Enabled when the FEEDBACK_PATH attributg
to EXTERNAL.

DYNAMCDELAY[7:0] Input Fine delay adjustment control inputs. Enabled when DELAY_ADJUSTMENT _N
is set to DYNAMIC.

LATCHINPUTVALUE Input When enabled, puts the PLL into lgpower mode; PLL output is held static at the
last input clock value. Set ENABLE ICEGATEW ¢! YR t hwe .

PLLOUTGLOBAL Output Output from the Phasé&ocked Loop (PLL). Drives a global clock network on the
FPGA. The port has optimal connections to global clock buffers GBUF4 and G

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

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

RESET Input Active low reset.

SCLK Input Input, Serial Clock used for-ppogramming PLL settings.

SDI Input Input, Serial Data used for-ogramming PLL settings.

3.1.5. sysMEM Embedded Block RAM Memory

Larger iCE40 UltraPlus devicelimes multiple higkspeed synchronous sysMEM Embedded Block REBRS), each
4 kbit in size. This memory can be used for a wide variety of purposes including data bufferirig-@nd
deédaa9a aSY2NER . ft20]

The sysMEM block can implement single port, psedigial port, or FIFO memories with programmable log&ources.
Each block can be used in a variety of depths and widths as lisTebie3.4.
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Table3.4. sysMEM Blok Configurations

Block RAM
Configuration
and Size

WADDR Port| WDATA Port | RADDR Port| RDATA Port MASK Port
Size (Bits) Size (Bits) Size (Bits) Size (Bits) Size (Bits)

Block RAM
Configuration

SB_RAM256x16
SB_RAM256x16NR
SB_RAM256x16NW
SB_RAM256x16NRNW

SB_RAM512x8
SB_RAM512x8NR
SB_RAMS512x8NW
SB_RAMS512x8NRNW

SB_RAM1024x4
SB_RAM1024x4NR
SB_RAM1024x4NW
SB_RAM1024x4NRNW

SB_RAM2048x2
SB_RAM2048x2NR
SB_RAM2048x2NW
SB_RAM2048x2NRNW

Note: C2NJ A/ 9nn ' fGaNItfdAT G(KS LINGdYeRéEak &h8 Wifd clv@ ®6 A b K v dedgd /il E N dzd § 3
clockand faling R3S wSI R Of 2 Ol-etige Witk Gloek anddiSsi RABf WS YR Of 2 O dedgeiclooksh 2 ¢ dz&
on both Read and Write.

256x16 (4 k) 8[7:0] 16 [15:0] 8[7:0] 16 [15:0] 16 [15:0]

512x8 (4 k) 9 [8:0] 8 [7:0] 9 [8:0] 8 [7:0] No Mask Port

1024x4 (4 k) 10[9:0] 4[3:0] 10[9:0] 4[3:0] No Mask Port

2048x2 (4 k) 11 [10:0] 2[1:0] 11 [10:0] 2 [1:0] No Mask Port

w!a LYAGAFEATFGARZ2Y FYR wha hLISNIGAZ2Y
If desired, the contents of #@RAM can be prwaded 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.

aSY2NE /I aOl RAy3

Larger and deeper blocks of RAM can fEated using multiple EBR sysMEM Blocks.
wlanl .f20]

Figure3.4 shows the 256x16 memory configurations and their input/output names. In all the sysMEM RAM ihedes,
input data and adcesses for the ports are registered at the input of the memory array.

Write Port Read Port
A A
4 N\ r N\
WDATA[15:0] RDATA[15:0]
MAXK([15:0]
WADDR 7:0] RADDR7:0]
> RAM4K <
RAM Block
WE > (256x16) - FE
WOLKE _ ‘ ROLKE
WAK QE @ RAK

Figure3.4. sysMEM Memory Primitives
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Table3.5 lists the EBR sigrsl
Table3.5. EBR Signal Descriptions

Signal Name Direction Description
WDATA[15:0] Input Write Data input.
MASK]15:0] Input Masks write operations for individual data fiites.
0 ¢ Write bit
1 ¢ Do not wite 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 risingdge, but with fallingedge option.
RDATA[15:0] Ouput Read Data output.
RADDR[7:0] 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 riskegige, but with fallingedge option.

Forfurther information on the sysMEM EBR block, refefti250, Memory Usage Guide for iCEB@vices

3.1.6. sysMEM Single Port RAM Memory (SPRAM)

The SPRAM block is implemented to be accessed only as single port. Each block of SPRAM is designed to be 16K x 16
(256kbits) in sizeSeeFigure3.5.

{tw!a 5F0dF 2ARGK
The SPRAM is designed with fixedblicdata width. However, the block contains nibble mask control on the write

input that allows the user logic to operate the SPRAM as x4 or x8 with this controg¢ avrite side, and user logic to
select which nible/byte in the read side.

{tw!a LYAGAIFIEATFdA2Y YR wha hLSN}IGAZ2Y

There is no préoad into the SPRAM during device configuration, therefore, the SPRAM is not initialized after
configuration.

{tw!a /I al0FrRAY3
Deeper SPRAM can be created using multiple SPRAM blocks, up to four blocks (64K x 16)

{tw!a t286SN) az2zRSa

There arehree power modes in the SPRAM that the users can select during normal operation. This reduces the SPRAM

block power when it Is not needed |@lv lower power consumption in an alwags application. Thee modes are:

1 Standby Mode SPRAM stops all activity, and SPRAM freezes in its current state. Memory contents are retained,
memory outputs are retained, and all register contents are retained.

1 Sleep Mode SPRAM block is shut down on all peripheral circuit, except the memory core. Memory contents are
retained, memory outputs and register contents are clear and become unknown.

1 Power Off Mode Power source to the SPRAM is disconnected. This is tlesi@gewer state. Memory contents
are lost. Memory outputs are unknown.
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MASKIWREN [20] . DATAOUT [15:0]

MASKWREN [3:0]  me—)

WREN > Sngle Port RAM Primitive

B FPRAM256KA
CHIPSEECT ——¥| -

AOK —»
STANDBY ———— b
P ——P

POWEROFFN ————P|

Figure3.5. SPRAM Primitive
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Table3.6. SPRAM Signal Descriptis

Signal Name Direction Description
ADDRESS[13:0] Input Address input
DATAIN[15:0] Input Write Data input
MASKWREN][3:0] Input Nibble WE control
WREN Input Write Enable
CHIPSELECT Input Enable SPRAM
CLOCK Input Clock input
STANDY Input Standby Mode
SLEEP Input Sleep Mode
POWEROFF Input Switch off power source to SPRAM
DATAOQOUT[15:0] Output Output Data

For further information on sysMEM SPRAM block, reférit314, iCE40 SPRAM Usage Guide

3.1.7.sysDSP

The iCE40 UltraPlus family provides an efficient sysDSP architecture that is very suitablectmst IDigital Signal
Processing (DSP) functions for mobile applications. Typical functions used in these applicationsijise Mult
Accumulate, and MultippAccumulate. The block can also be used for simple Add and Subtract functions.

Amoy £t NIt fdzda aeas{t ! NOKAGSOGdz2NB CSI {idzNBa

The iCE40 UltraPlus sysDSP supports many functions that include the following:

1 Single 16bit x 16bit Multiplier, or two independent &it x 8bit Multipliers

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

1 Single 32it Accumulator, or two independent 6it Accumulators

1 Single 3it, or two independent 1éit Adder/Subtracter functions, registered or asynchronous

1 Cascadable to create wider Accumulator blocks

Figure3.6 shows the block diagram of the sysDSP hldtie block consistsf the Multiplier section with a bypassable

Output register Input Registerand Intermediate register between Multiplier and AC timing to achieve the highest

performance.
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Figure3.6. sysDSP Functional Block Diagram-{itx 16-bit Multiply -Accumulate)
Table3.7. Output Block Port Description
Signal LTS Width [ Function Default
Port Name Output
CLK CIK 1 Input Clock Input. Applies to all clocked elements in the T
sysDSP block
ENA CE 1 Input Clock Enable Input. Applies to all clocked elemen| 0 ¢ Enabled
in the sysDSP block.
0¢ Notenabled
1 ¢ Enabled
A[15:0] A[15:0] 16 Input Input to the A RegistefFeeds the Multiplier or is a 16'b0
direct input to the Adder Accumulator
B[15:0] B[15:0] 16 Input Input to the B Register. Feeds the Multiplier or is 16'b0
direct input to the Adder Accumulator
C[15:0] C[15:0] 16 Input Input to the C Register. It ésdirect input to the 16'b0
Adder Accumulator
D[15:0] D[15:0] 16 Input Input to the D Register. It is a direct input to the 16'b0
Adder Accumulator
AHLD AHOLD 1 Input A Register Hold. 0¢ Update
0¢ Update
1¢Hold
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Signal

Primitive
Port Name

Width

Input/
Output

Function

Default

BHLD

BHOLD

1

Input

B Register Hold.
0 ¢ Update
1¢Hold

0¢ Update

CHLD

CHOLD

Input

C Register Hold.
0 ¢ Update
1¢Hold

0¢ Update

DHLD

DHOLD

Input

D Register Hold.
0 ¢ Update
1¢Hold

0¢ Update

IHRST

IRSTTOP

Input

Reset input to A and C input registers, and the
pipeline registers in the upper half of the Multiplier
Section.

0¢ Noreset

1¢ Reset

0¢ Noreset

ILRST

IRSBOT

Input

Reset input to B and D input registers, and the
pipeline registers in the lower half of the Multiplier
Section. It also resets the Multiplier result pipeline
register.

0¢ Noreset

1¢ Reset

0¢ Noreset

0[31:0]

0[31:0]

32

Output

Output of the sysDSP block. This output can be:

1 O[31:0]¢ 32-bit result of 16x16 Multiplier or
MAC

1 O[31:16]¢ 16-bit result of 8x8 upper half
Multiplier or MAC

1  O[15:0]¢ 16-bit result of 8x8 lower half
Multiplier or MAC

OHHLD

OHOLDTOP

Input

Highorder (upper half Accumulator Register Hold.
0 ¢ Update
1¢Hold

0¢ Update

OHRST

ORSTTOP

Input

Reset input to higlorder (upper half) bits of the
Accumulator Register.

0¢ Noreset

1¢Reset

0 ¢ Noreset

OHLDA

OLOADTOP

Input

Highorder (upper half) Accumulator Bister
Accumulate/Load control.

0 ¢ Accumulate, register is loaded with
Adder/Subtracter results

1¢ Load, register is loaded with Input C or C Regig

0¢
Accumulate

OHADS

ADDSUBTOP

Input

Highorder (upper half) Accumulator Add or Subtra
select.

0¢Add

1 ¢ Subtract

0¢Add

OLHLD

OHOLDBOT

Input

Loworder (lower half) Accumulator Register Hold.
0 ¢ Update
1¢Hold

0¢ Update

OLRST

ORSTBOT

Input

Reset input to Lovorder (lower half) bits of the
Accumulator Register.

Oc¢Noreset

1¢ Reset

0¢ Noreset
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Signal S Width it Function Default
Port Name Output
OLLDA OLOADBOT 1 Input Low-order (lower half) Accumulator Register 0¢
Accumulate/Load comol. Accumulate
0 ¢ Accumulate, register is loaded with
Adder/Subtracter results
1¢ Load, register is loaded with Input C or C Regig
OLADS ADDSUBBOT| 1 Input Low-order (lower half) Accumulator Add or Subtrag 0¢Add
select.
0¢Add
1 ¢ Subtract
CICAS ACCUMCI 1 Input Cascade Carry/Borrow input from previous sysDS T
block
Cl Cl 1 Input Carry/Borrow input from lower logic tile T
COCAS ACCUMCO 1 Output | Cascade Carry/Borrow output to next sysDSP blog T
CO CO 1 Output | Carry/Borrow output to highelogic tile T
SIGNEXTIN | SIGNEXTIN 1 Input Sign extension input from previous sysDSP block T
SIGNEXTOUT SIGNEXTOUT 1 Output | Sing extension output to next sysDSP block T

The iCE40 UltraPlus sysDSP can support the following functions:

=A =4 =4 -4 -4 -4 -4 A

8-bit x 8bit Multiplier
16-bit x 16bit Multiplier
16-bit Adder/Subtracter
32-bit Adder/Subtracter
16-bit Accumulator
32-bit Accumulator
8-bit x 8bit Multiply-Accumulate
16-bit x 16bit Multiply-Accumulate

Figure3.7 on the next pageshows the path for an-8it x 8bit Multiplier using the upper half of sysDSP block.
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Data Sheet
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Figure3.7. sysDSP -8it x 8-bit Multiplier

Figure3.8 shows the path for an 16it x 16bit Multiplier using the upper half of sysDSP block.

© 2017attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswetetatticesemi.com/legalAll other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subjetgeostioout notice.
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Figure3.8. DSP 1éit x 16-bit Multiplier

3.1.8. syslO Buffer Bnks

iCE40 UltraPlus devices have up to three I/O banks with independentails. The configuration SPI interface signals
are powered by SPI_d¢io1 Refer to the Pin Information Summartable.

t NEINF YYFEO6ES Lkh 6tLhoO

The programmable logic associated with an 1/O is called a P1O. The individual PIOs are connected to their respective
syslO buffers and pads. The PIOs are placed on the top and bottom of the devices.

© 2017.attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patedtdiselaimers are as listed wivw.latticesemi.com/legalAll other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information heseibjact to change without notice
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Figure3.9. I/O Bank and Programmable 1/0 Cell

¢tKS tLh O2yidlAya GKNBS o0t2014aY |y Ay LldzitateN&StardlacEol) of 201 =
save power, the optional ICEG&féatch can selectively freeze the state of individual, fmegistered inputswvithin an

I/0 bank. Note that the freeze signal is common to the bank. These blocks can operate in a vanetgsfilong with

the necessary clock and selection logic.

LyLI&EAwGISNI . 201

The input register blocks for the PIOs on all edges contain registers that can be used to conditepebidinterface
signals before they are passed to the device core.

hdzii Lddzi wS3IA&GSNI . £ 201

The output register block can optionally regissggnals from the core of the device before they are passed taysEO
buffers.

Figure3.10 shows the input/output register block for the PI1Os.
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Figure3.10. iCE 1/O Register Block Diagram

Table3.8. PIO Signal List

PinName 1/0 Type Description

OUTPUT_CLK Input Output register clock
CLOCK_ENABLE Input Clock @able

INPUT_CLK Input Input register clock
OUTPUT_ENABLE Input Output enable

D_OuUT_0/1 Input Data from the core

D_IN_0/1 Output Data to the core
LATCH_INPUT_VALU Input Latches/holds the Input Value

© 2017attice Semiconductor Corp. All Lattice trademarks, registered trademarks, patedtdisalaimers are as listed wtvw.latticesemi.com/legalAll other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information heseibjact to change without notice
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3.1.9. syslO Buffer

Each I/O is associated with a flegitdluffer 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
adl yRFNR&a GKIFIG INB F2dzyR Afflcesi2 R 28Qa aedaidsSvya oAGK [/ ah/{

¢C@LIAOIE Lkh . SKizZIOA2NI 5dzNAy 3 t26SNI

The internal poweon-reset (POR) signal is deactivated whig SPI_Ycioand \bp_avdeach the level defined ifable
4.4. After the PORignal is deactivated, the BAcore logic becomeactive. You must ensure that alb¥ dpanks are
active withvalid input logic levels tproperly control the output logic states of all the 1/0O banks that are critical to the
application The default configuration of the 1/0O pinsardevice prior to configuration is tstated with a weak puilip

to Vccio The I/O pins maintain the preonfiguration state untiVcg SPI_¥cioiand \ép_2vgeach the defined levels. The
I/Ostake on the software usetonfigured setting®nly afterPORsignal is deactivatednd the device performs a
proper download/configuration. Unused I/Os are automatically blocked and theupuirmination is disabled

{ dzLILI2 NG SR {dF yRIFNRA
The iCE40 UltraPlus syslO buffer supports both semgdedinput/output standards, and used as differential

comparators The buffer supports the LVCMOS Y,8.5V, and 3.3 V standards. The buffer has individually
configurable options for bus maintenance (weak fydlor none).

Table3.9 and Table3.10 show the 1/O standards (together with their supply and reference voltages) supported by the
iCE40 UltraPlus devices.
SATFSNBYGRNR / 2YLI NI

The iCE40 UltraPlus devices provide differential comparator on pairs of I/O pins. These comparators aresaseéul in
mobile applications. See thHein Information Summargectionon page46to locate the corresponding pairdéOs with
differential comparators.

Table3.9. Supported Input Standards

1/0 Standard VecdTypical
33V | 25V | 1.8V
SingleEnded Interfaces
LVCMOS33 Yes T T
LVCMOS25 T Yes T
LVCMOS18 T T Yes

Table3.10. Supported Output Standards

/O Standard | VeadTypical)
SingleEnded Interfaces
LVCMOS33 3.3V
LVCMOS25 25V
LVCMOS18 18V

3.1.10.0n-Chip Oscillator

The iCE40 UltraPlus devices feature two different frequency Oscillator. One is tailored-fmovi@wv operation that
runs at low frequency (LFOSC). Both Oscillators are controlled with internally generated current.

The LFOSC runsreominal frequency of 10 kHz. The high frequency oscillator (HFOSC) runs at a nominal frequency of
48 MHz, divisible to 24 MHz, 12 MHz, or 6 Nbjlzuser option The LFOSC can be used to perform all ahoays

functions, with the lowest power possible. THEOSC can be enabled when the alway$unctions detect a condition

that would need to wake up the system to perform higher frequency functions.
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3.1.11.UserfC IP

The iCE40 UltraPlus devices have t#@IP cores. Either of the two cores can be configured eite@niC master or
as aniC slave. The pins for thi€linterface are not prassigned. User can use any General Purpospii/©

In each of the two cores, there are options to delay the either the input or the output, or both, by 50 ns namingl,
dedicated orchip delay elements. This provides an easier interface with any extéthabmponents.

When the IP core is configured as master, it will be able to control other devices oiCthad through the pre
assigned pin interface. When the coseconfigured as the slave, the device will be able to provide I/0O expansam to
I)C Master. TheC cores support the following functionality:

Master and Slave operation

7-bit and 10bit addressing

Multi-master arbitration support

Clock stretching

Up to400 kHz data transfer speed

General Call support

Optionally delaying input or output data, or both

Optional filter on SCL input

For further information on the UsetfQ@, refer toTN1274, iCE40 SPI/I2C Hardened IP Usage Guide

=4 =4 =4 -4 -4 -4 -4 -9

3.1.12.User SPI IP

The iCE40 UltraPlus devices have two SPI IP cores. The pins for the SPI interface ai@seignae. User carse any
General Purpose 1/O pins. Both SPI IP cores can be configuredlasas&® or as a slave. When t8&I IP core is
configured as a master, it controls the other SPI enabled devices connected to the SPI BuSPMRecore is
configured as a slave, the device will be able to interface to an external SPI master.

The SPH core supports the following functions:
Configurable Master and Slave modes

FullDuplex data transfer

Mode fault error flag with CPU interrupt capability
Doublebuffered data register

Serial clock with programmable polarity and phase
LSB First or MSB EiBata Transfer

For further information on the User SPI, referfibll274, iCE40 SPI1/12C Hardened IP Usage Guide

=A =4 =4 -4 -4 -4

3.1.13.RGB High Current Drive I/O Pins

The iCE40 UltraPlus familgvices offer multiple high currehtEDdrive outputs in each device in the family to allow
the iCE4QJltraPlus product to drive LED signals directly on mobile applications.

There are three outputs on each device that can sink up to 24 mA current. Thgagare operdrain outputs,and
provides sinking current to an LED connecting to the positive supply. These three outputs are designedhe KRB
LEDs, such as the service LED found in a lot of mobile devices. This RGB drive current is usengisteghiam 4 mA
to 24 mA, in increments of 4 mA. This output functions as General Purpose I/O witidmoewhen the high current
drive is not needed.

3.1.14 RGBPWM IP

To provide an easier usage of the RGB high current drivers to drive RGB LEDWidRhlstodulator IP can besed in
the user design. This PWM IP provides the flexibility for user to dynamically ctiengwdulation width of each of
the RGB LED driver, which changes the color., thsaiser can dynamically chantiee settings on the OXime
duration, OFRime duration, and ability to turn the LED lights on and off gradually with user set bogaéimdbreath-
off time.

For additional information on the PWM IP, refertdil288, iCE40 LED Driver Usage Guide
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3.1.15.Non-Volatile Configuration Memory

All iCE40 UltraPlus devices provide a Nahatile Configuration Memory (NVCM) block which can be used to configure
the device.

For more information on the NVCM, refer TiN1248, iCE40 Programming and Configuration

3.2. iICE40 UltraPlus Programming and Configuration
This section describes the programming and configuration of the iCE40 Ultraiilys fa

3.2.1. Device Programming
The NVCM memory can be programmed through the SPI port. The SPI port is located in Bank 1, ugigg, feNver
supply.

3.2.2. Device Configuration

There are various ways to configure the Configuration RAM (CRAM), using SPI poihgnclud
1 From a SPI Flash (Master SPI mode)
1 System microprocessor to drive a Serial Slave SPI port (SSPI mode)

For more details on configuring the iCE40 UltraPlefer to TNL248, iCE40 Programming and Configuration

3.2.3. Power Saving Options

The iCE40 UltraPlus devices feature iCEGate and PLL low power mode to allow users to meet the diatansdod
power requirements of their application$able3.11 describes the function of these features.

Table3.11. iCE40 UltraPlus Power Saving Features Description

Device Subsystem Feature Description

PLL When LATCHINPUAMJE is enabled, puts the PLL into-fmwer mode; PLL output held static at la
input clock value.

iCEGate To save power, the optional iCEGate latch can selectively freeze the state of individuagistered
inputs within an I/O bank. Registered irtp are effectively frozen by their associated clock or elock
enable control.
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4. DC and Switching Characteristics

4.1. Absolute Maximum Ratings

Table4.1. Absolute Maximum Ratings

Parameter Min Max Unit
Supply Vahge V.. ¢0.5 1.42 \Y
Output Supply Voltage ¥, ¢0.5 3.60 \%
NVCM Supply Voltagen ovs ¢0.5 3.60 \Y
PLL Supply Voltagedb.. ¢0.5 1.42 \%
I/O Tristate Voltage Applied ¢0.5 3.60 \
Dedicated Input Voltage Applied ¢0.5 3.60 \%
Storage Temperature (Arrdit) ¢65 150 T
Junction Temperature T ¢65 125 T
Notes

1. {iNBaa 6208 (K2aS tA4GSR dzyRSNJ GKS &' 0a2fdziS al EAYdzy wl GA
operation of thedevice at these or any other conditions above those indic@tettie operational sections of this specification is
not implied.

2. Compliance witiFPGATN02044,Thermal Managemerdocument is required.

3. Allvoltages referenced to GN

4.2. Recommended Operating Conditions

Table4.2. Recommended Operating Conditions

Symbol Parameter Min Max Unit
Ved Core Supply Voltage 1.14 1.26 \Y
Slave SPI Configuration 1.71 3.46 \%
VPP—ZVENVC,M Master SPI Configuration 2.30 3.46 Y,
Vep_2vs Programming and
Operating Supply Volge | Configuration from NVCM 2.30 3.46 \Y
NVCM Programming 2.30 3.00 \%
Vcc|c11' 2,3 1/0 Driver Supply Voltage Vcc|o_o SP|_&’C|01 Vcc|o_2 1.71 3.46 \Y
VeepLL PLL Supply Volje 1.14 1.26 \%
tacom Junction Temperature Commercial Operation 0 85 C
tanp Junction Temperature, Industrial Operation c40 100 C
teroG Junction Temperature NVCM Programming 10.00 30.00 T
Notes

1. Like power supplies must be tied together if they ar¢he same supply voltage and they meet the power up sequence
requirement. See th€owerup SupplySequencesection Vccand \ecpare recommended to be tied togethéo the same
supply with an R®ased noise fitr between themReferto TNL252, iCE40 Hardwar€hecklist

2. See recommended voltages by I/O standard in subsequent table.

Vcaipins of unused 1/0 banks should be connected to thgo@wer supply on boards.

4. Vpp_ovg£an, optionally, be connected 1.8 V (+5%) power supply in Slave SRinfiguratiormodes subject to the condition
that none of the HFOSC/LFOSC and RGB LED driver features are used. Otherwiseyst be connected to a power supply
with a minimum 2.30 V level.

w
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4.3. Power Supply RampRates
Table4.3. Power Supply Ramp Rates

Symbol Parameter Min Max Unit
toavp Power supply ramp rates for all power supplies 0.6 10 V/ms
Notes

1. Assumes monotonic ramp rates.
2. Power up sequence must be followeSlee thePowerup SupplySequencesectionbelow.

4.4, PowerOn Reset

All iCE40 UltraPlus devices haveohip PowerOn-Reset (POR) circuitry to ensure proper initialization of the device.
Only three suply rails are monitored by the POR circuitry as follows: ¢5) (2) SPI_&cioand (3) Wp_2vsAll other
supply pins have no effect on the powen reset feature of the device. Note that all supply voltage pins must be
connected to power supplies for nmal operation (including device configuration).

4.5. Powerup SupplySequence

It is recommended to bring up the power supplies in the following order. Note that there is no specified timing delay
between the power supplies, however, there is a requirement xresupply to reach a level of 0% or higher,

before any subsequent power supplies in the sequence are applied.

1. zcd yRcrlaK2dzf R 6S GKS FANRG (62 adzdi ASa (2 0SS | LILX ASRO®

adzo2S00 2 U0XKpH NBEORWHSYSRS (yA2 wd SccALMS TUSHNHIEFN / O KE + | NRgo I NB

I KSOR t A&

2. {tlcgleBm K2dzf R 6S (KS ySEG adzli és yR Ol y colSy RcethJ KISBS | yé

NBI OKSR a fS@St 2F nop + 2NJ KAIKSN®
l.j

3. tpPov@iK2dzAf R 6§ KS ySEG &dzllli ez | yR Ol ¢ 6Bl i RILIEdioB R+ | y &
KIS NBFOKSR | t£S@St 2F nop + 2N KAIKSNID

4. h i KSNJ {oaubdidliyARS&@ R2 y20 | FAEOIT @RESOROBYy LR2MENT A SRR |
FFGSN) GKS AYyAlcthyiRcea 6 END & dANBIE ABER O f SGSE 2F ndp
4S1jdzSyO0S NBIdZANBR® | 26S@OSNE 6KSY LI NIAFE LJ2&SNI adzZLILI A
0S T2t S3/6 IKSAKS amRMBIENEBR tzNSI BREAY @

4.6. External Reset
When all power supplies have reached their minimum operating voltage defineahile4.2, it is required to either

keep CRESET_B LOW, or toggle CRES&h BI&H to LOW, for a duration of tCRESET_B, and release it to go HIGH, to

start configuration download from either the internal NVCM or the external Flash merimgyre4.1 shows PowetJp
sequence when SPIc¥ioand Wp_2vare not connectedtogether, and the CRESET _B signal triggers configuration
download.Figure4.2 shows when SPI d¢ioand Wp_2vEonnected together. All power supplies should be powered
up during conifjuration. Before and during configuration, the 1/0s are held istate. I/Os are released to user
functionality once the device has finished configuration.
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Veo avsr Veaion @nd Vo= 2.5V / 3.3V

-

Vsueprriming

CRESET_B

— tepecer 5!

Figured.1. Power Up Sequence with SPE_VCCd@d VPP_2V5 Not Connected Together

Vsuppw(mm) SPI—VCCIO,VPP_ZVEJ Vecioo @nd Vegiop= 1.8v/2.5V/3.3V

Vee/Vee pu = 1.2V

: : CRESET_B
— itCRESEF_B <+

Figure4.2. Power Up Sequence with All Supplies Connected Together to 1.8 V

4.7. PowerOn-Reset Voltage Levels

Table4.4. PowerOn-Reset Voltage Levels

Symbol Parameter Min Max Unit
Vee 0.62 0.92
PowerOn-Reset ramp up trip point (circuit
v SPIVcciol .87 1. \Y,
PORUP monitoring Vg SP1Vecior andVee 2y} 08 %0
Vep_avs 0.90 1.53 v
Vee T 0.79 Y
PowerOn-Reset ramp down trip poir(tircuit
SPI1Vceio
Veoron monitoring \.q SPIVccios andVee oy} —ccot t 1.50 v
Vppizvs T 1.53 \%

Note: These POR trip points are only provided for guidance. Device operation is only characterized for power supply voltages
specified under recommeted operating conditions.

4.8. ESD Performance

Please contact Lattice Semiconductor for additional information.
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4.9. DC Electrical Characteristics
Over recommended operating conditions.

Table4.5. DC Electrical Charactstics

Symbol Parameter Condition Min Typ Max Unit
I, hHt34 Input or I/O Leakage 0V <Vin<Vcciot 0.2V T T +10 HA
c I/O Capacitanceexcluding | Vecigm3.3V,2.5V,18V . 6 . ¢

i LED Drivefs Ve=Typ Vio= 0 to \ecior 0.2 V P
c Globallnput Buffer Vecig33V,25V,1.8V . 5 . ;

2 Capacitance Ve Typ, Yo= 0 to \éciot 0.2 V P
G RGB Pin Capacitarice Ve Typ, Yo=0to 3.5V T 15 T pf
(o IRLED Pin Capacitafce Ve Typ, Yo=0to 3.5V T 53 T pf
VhysT Input Hysteresis Veop=1.8V, 2.5 V3.3V T 200 T mV

Vecio= 18V, n MWK+t n decp F | 13 T b31 HA
Ipu Internal PIO Pullip Current | Vccid® H ®p n2KE nabeoy § +| b8 T L72 HA
Vead o ®o mndKE nedly + | bil T 5128 | A
Notes:
1. Inputor I/O leakageurrent is measured with the pin configured as an input or as an I/O with the output drivstated. It is
not measured with the output driver activinternal pultup resistors are disabled
2. T325°C,f=1.0MHz.
3. Refer to \{and \{yin Table4.13 on page34.
4. Input pins are clamped tod¢icand GND by a diode. When input is higher thagddr lower than GND, the Input Leakage

current will ke higher than thel and |

4.10.Supply @rrent
Table4.6. Supply Current 2345

Symbol Parameter Vc;ylr.JZ Vv Unit
lccsToBy Core Power Supply Static Current 75 HA
IppovssTDBY Vep_ovdPower Supply Static Current 0.55 HA
Ispi_vccioisToBy PI_\ecioPower Supply Static Current 0.5 HA
lcciostoey VccidPower Supply Static Current 0.5 HA
lccpeAK Core Power Supply Startup Peak Current 12 mA
lpp_ovspEAK Vep_ovdPower Supply Startup Peak Current 25 mA
IspI_vccioipeak SPI_¥cioiPower Supplyt8rtup Peak Current 9.0 mA
lcciopeak VccidPower Supply Startup Peak Current 2.0 mA

Notes

1. Assumes blank pattern with the following characteristics: all outputs asstdted, all inputs are configured as LVCMOS and

arwDn

held at \&c;or GND, orchip PLL ieff. For more detail with your specific design, use the Power Calculator tool. Power specified
with master SPI configuration mode. Other modes may be up to 25% higher.

Frequency = 0 MHz.

T;= 25 C, power supplies at nominal voltage, on devices processeahinal process conditions.

Does not include pullip.

Startup Peak Currents are measured with decoupling capacitances of 0.1 uF, 10 nF, and 1 nF to the power supply. Higher
decoupling capacitance causes higher current.
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4.11.User fC Specifications
Table4.7. User fC Specifications

Spec (STD Mode) Spec (FAST Mode) .
Symbol Parameter - - Unit
Min Typ Max Min Typ Max
fscL Maximum SCL clock frequency T T 100 T T 400 kHz
th SCL clock HIGH Time 4 T T 0.6 T T us
tlo SCL clock LOW Time 4.7 T T 1.3 T T us
tsu,pAT Setup time (DATA) 250 T T 100 T T ns
tHD,DAT Hold time (DATA) 0 T T 0 T T ns
tsu,sTA Setup time (START condition) 4.7 T T 0.6 T T us
thp,sTA Hold time (START condition) 4 T T 0.6 T T us
tsu,sTo Setup timeg(STOP condition) 4 T T 0.6 T T us
tBuF Bus free time between STOP and STAR| 4.7 T T 13 T T Hs
tco.paT SCL LOW to DATAOUT valid T 3.4 T T 0.9 ps
4.12.1°C 50 ns Delay
Table4.8. I°C 50ns Delay
Spec .
Symbol Paramete - Unit
Min Typ Max
ToeLaY Delaythrough50ns Delay Block T 50 T ns
4.13.1°C 50 ns Filter
Table4.9. 1>°C50nsFilter
Spec )
Symbol Parameter : Unit
Min Typ Max
TriLTeERi HIGH Pulse Filtéhrough50 ns Filter Block T 50 T ns
TriLTER LOW Pulse Filtehrough50 ns Filter Block T 50 T ns
4.14.User SPI Specifications
Table4.10. User SPI Specifications
Symbol Parameter Min Typ Max Unit
fmax Maximum SCKlock frequency T T 45 MHz
Notes

1. All setup and hold time parameters on external SPI interface are dsepigific and, therefore, generated by the Lattice Design

Software too. These parameters include the following:

2. The SCLK duty cycle needs to be specified in the Lattice Design Software as a tiriaigitcionsrder to ensure proper timing

tsumaser
tHoLDmaster
tsuslave
tHoLDslave
tsckz2out

master Setup Time (mastarode)
master Hold time (master mode)
slave Setup Time (slave mode)
slave Hold time (slave mode)
SCK to Out Delay (slave mode)

check on SCLK HIGH and LQ\Wt(¢) time.
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4.15.Internal Oscillators (HFOSC, LFOSC)
Table4.11. Internal Oscillators (HFOSC, LFOSC)

= LATTICE

Parameter o Spec/Recenmended )
— Parameter Description - Unit
Symbol Conditions Min Typ Max
¢ Commercial Temp| HFOSC clock frequency=t0°C;85 °C) -10% 48 10% MHz
cLier Industrial Temp | HFOSC clock frequency<£40°C100°C) 20% | 48 20% | MHz
feLkLr T LFOSC CLKK clock frequency -10% 10 10% kHz
DCH Commercial Temp| HFOSC Duty Cyclet0°C¢85 °C) 45 50 55 %
HHE Industrial Temp | HFOSC Duty Cydte=c40°Cc100°C) 40 50 60 %
DCHkir T LFOSC Duty Cycle (Clock High Period) 45 50 55 %
Tsync_on T Oscillator output synchronizer delay T T 5 Cycles
Tsync_off T Oscillator output disable delay T T Cycles
Note: Glitchless enabling and disabling OSC clock outputs.
4.16.sysl/O Recommended Operating Conditions
Table4.12. sysl/O Recommended Operating Cotidhs
V V
Standard - sl
Min Typ Max
LVCMOS 3.3 3.14 3.3 3.46
LVCMOS 2.5 2.37 25 2.62
LVCMOS 1.8 1.71 1.8 1.89
4.17.sysl/O SingleEnded DC Electrical Characteristics
Table4.13. sysl/O Singl€ended DC Elegtal Characteristics
Input/Output ViL ViH VoiMax | VoHMin loL lonMax
Standard Min (V) Max (V) Min (V) Max (V) V) v) (mA) (mA)
0.4 V 0.4 8 8
LVCMOS3 | 0.3 0.8 2.0 Veaid0.2V cach o
0.2 Veeidb 0.2 0.1 ¢0.1
0.4 V 0.4 6 6
LVCMOSR.5 0.3 0.7 1.7 Veeid0.2V cad S
0.2 Veeidb 0.2 0.1 ¢0.1
LVCMOS.8 03 | 035 0.65\& Veaid0.2V 04 Vead 0.4 4 <4
' N 99 bao | B9 Yo | Vead 0.2 Veaids 0.2 0.1 0.1
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4.18. Differential Compaator Electrical Characteristg

Table4.14. Differential Comparator Electrical Characteristics

Z;‘rr:& Tter Parameter Description Test Conditions Min Max Unit
VRer Reference Voltage to compare, omy Vcci= 2.5V 0.25 Vecio 0.25 V \%
VDIFFIN_H Differential input HIGH (Ne- Vinw) Veei= 2.5V 250 T mV
VoIFFIN_L Differential input LOW (Mp- Vinm) Veei= 2.5V T ¢250 mV
Iin Input Current, Weand Vnm Vcci= 2.5V ¢10 10 HA

4.19. Typical BuildingBlock Function Performance

4.19.1.Pinto-Pin Performance  CMOS2p
Table4.15. Pinto-Pin Performance ¥ CMOS2pb

Function Timing Unit

Basic Functions

16-Bit Decoder 16.5 ns

4:1 Mux 18.0 ns

16:1 Mux 19.5 ns
Notes:

1. The above timing numbers are generated usinglthgice Design Softwateol. Exact performance may vary with device and
tool version. The tool uses internal parameters that have been characterized but are not tested on every device.

2. Using a ¥cof 1.14 V at Junction Temperature 86.

4.19.2 Registerto-Register Performance

Table4.16. Registerto-Register Performance

Function Timing Unit
Basic Functions

16:1 Mux 110 MHz
16-Bit Adder 100 MHz
16-Bit Counter 100 MHz
64-Bit Counter 40 MHz
Embedded Memory Functions

256 x 16 Pseudbual Port RAM 150 MHz

Notes

1. The above timing numbers are generated usinglthtice Desigisoftwaretool. Exact performance may vary with device and
tool version. The tool uses inal parameters that have been characterized but are not tested on every device.
2. Under worst case operating conditians
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4.20.sysDSP Timing

Over recommended operating conditions.
Table4.17. sysDSP Timing

Parameer Description Min Max Unit
fmaxexssMuLT Max frequency signed MULT8x8 bypassing pipeline registg 50 T MHz
fmax1ex16smMuLT Max frequency signed MULT16x16 bypassing pipeline regi 50 T MHz

4.21.SPRAMiming

Over recommended operating conditions.

Table4.18. Single Port RANTiming
Parameter Description Min Max Unit
fmaxsram Max frequencySPRAM (4/8/1®bit Read and Write 70 T MHz

4.22.Derating Logic Timing

Logic timing provided in the following sections of the dstt@et and the Lattice design tools are worst case humbers in
the operating range. Actual delays may be much faster. Lattice design tools can provide logic timing numbers at a
particular temperature and voltage.
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4.23.Maximum sydO BufferPerformance

Table4.19. Maximum syslO Buffer Performance

1/0 Standard Max Speed Unit
Inputs
LVCMOS33 250 MHz
LVCMOS25 250 MHz
LVCMOS18 250 MHz
Outputs
LVCMOS33 250 MHz
LVCMOS25 250 MHz
LVCMOS18 155 MHz
LVCMOSA 70 MHz
Note: Measured with a toggling pattern.
4.24.iCE40 UltraPlus Family Timing Adders
Over recommended commercial operating conditions.
Table4.20. iCE40 UltraPlus Family Timing Adders
Buffer Type ‘ Description Timing (Typ) | Units
Input Adjusters
LVCMOS33 LVCMOS, g 3.3V 0.18 ns
LVCMOS25 LVCMOS, e 2.5V 0 ns
LVCMOS18 LVCMOS, M- 1.8V 0.19 ns
Output Adjusters
LVCMOS33 LVCMOS, M- 3.3V -0.12 ns
LVCMOS25 LVCMOS, e 2.5V 0 ns
LVCMOS18 LVCMOS, ¥5= 1.8 V 1.32 ns
LvCMOSA LVCMOS, ¢ - 12V 5.38 ns
Notes

1. Timing adders are relative to LVCMOS25 and characterized but not tested on every device.
2. LVCMOS timing measured with the load specified in Switching Test Condition table.

3.  Commercial timingrumbers are shown.
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4.25.i1CE40 UltraPlugxternal Switching Characteristics

Over recommended commercial operating conditions.

Table4.21. iCE40 UltraPlugxternal Switching Characteristics

= LATTICE

Parameter | Description | Device Min Max Unit

Clocks

GlobalClock

fmax_cBUF Frequency for Global Buffer Clock networ| All Devices T 185 MHz

tw_GBUF Clock Pulse Width for Global Buffer All Devices 2 T ns

tisKEw_GBUF Global Buffer Clock Skew Within a Device All Devices T 530 ps

Pin-LUFPin Propagation Delay

tro Best case propagation delay through one All Devices . 90 ns
LUT logic

General I/0O Pin Parameters (Using Global Buffer Clock without PLL)*

tskew 10 Data bus skew across a bank of 10s All Devices T 510 ps

tco Clock to Oyput ¢ P10 Output Register All Devices T 10.0 ns

tsu Clock to Data SetupPIO Input Register All Devices £0.5 T ns

th Clock to Data Hold PI1O Input Register All Devices 5.55 T ns

General I/0 Pin Parameters (Using Global Buffer Clock with PLL)

fcopLL Clock to Output; PIO Output Register All Devices T 24 ns

tsupLL Clock to Data SetupPIO Input Register All Devices 7.3 T ns

tHpLL Clock to Data Holq P1O Input Register All Devices bl.1 T ns

*Note: All the data is from the worst case.
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4.26.sysCLOCK PLL Timing

Over recommended operating conditions.
Table4.22. sysCLOCK PLL Timing

Parameter Descriptions Conditions Min Max Unit
g :ErIE;J_::CE:EBIEE)r((:eguenCREFERENCECLK, . 10 133 MHz
fout Output Clock Frequency (PLLOUT) T 16 275 MHz
fvco PLL VCO Frequency T 533 1066 MHz
frels Phase Detector Input Freqacy T 10 133 MHz
AC Characteristics
tor Output Clock Duty Cycle T 40 60 %
tpH Output Phase Accuracy T T +12 deg
Output Clock Period Jitter four>=100 MHz ! 450 PS PP
four<100 MHz T 0.05 UIPP
topart > 8 Output Clock Cycie-Cycle Jitter four>=100 MHz ! 750 PS PP
four<100 MHz T 0.10 UIPP
] fprp>=25 MHz T 275 ps pp
Output Clock Phase Jitter foro< 25 MHZ . 0.05 UIPP
tw Output Clock Pulse Width At 90% or 10% 1.33 T ns
tLock 3 PLL Lockn Time T T 50 us
tunLock PLL Unlock Tien T T 50 ns
tipaf Input Clock Period Jitter ferk WA all ! 1000 PS PP
frrp< 20 MHz T 0.02 UIPP
tstaBlE LATCHINPUTVALUE LOW to PLL Stable T T 500 ns
tsTABLE_Piv LATCHINPUTVALUE Pulse Width T 100 T ns
trsT RESET Pulse Width T 10 T ns
trRsTREC RESET Recovery Time T 10 T us
toynamIC_wD DYNAMICDRLY Pulse Width T 100 T VCCQCCycles
Notes:

1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clot&-cyggitter is
taken over 1000 cycles. Phase jitter is taken over 2000 cycles. All values @BESD

2. Output clock is valid after écfor PLL reset and dynamic delay adjustment.

At minimum Bep As the frpincreases the time will decrease to approximately 60% the value listed.

4.  Maximum limit to prevent PLL unlock from occurring. Does not imply thewrll operate within the output specifications listed
in this table.

5. The jitter values will increase with loading of the PLD fabric and in the presence of SSO noise.

w

4.27.SPI Master orNVCM Configuration Time
Table4.23. SPI Master or NVCM Configuration Time

Symbol Parameter Conditions Max Unit
All deviceg; Low Frequency (Default) 140 ms
tconFiG POR/CRESET_B to Device 1/0 Acl All devices; Medium frequency 50 ms
All deviceg; High frequency 26 ms

Notes:

1. Assumes sysMEM Block is initialized to an all zero pattern if they are used.
2. The NVCM download time is measured with a fast ramp rate starting from the maximum voltage of POR trip point.
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4.28.sysCONFIG Port Timing Specifications

Over recommended operating nditions.
Table4.24. sysCONFIG Port Timing Specifications

Symbol ‘ Parameter ‘ Conditions ‘ Min ‘ Typ ’ Max ‘ Unit
All Configuration Mode
tCRESET_B Minimum CRESET_B LOW pulse width
required to restart configuration, &m T 200 T T ns
falling edge to rising edge
tbone 10 Number of configuration clock cycles after Clock
CDONE goes HIGH before the PIO pins & T 49 T T
: Cycles
activated
Slave SPI
tcr_sck Minimum time from a rising edge on
CRESET_B until the first SPIVERI
operation, first SPI_XCK clock. During thig T 1200 T T ps

time, the iCE40 UltraPlus device is clearin
its internal configuration memory

fmax Write 1 T 25 MHz
CCLK clock frequency Read . 15 . MHZ
teelkn CCLK clock pulsewidth HIGH T 20 T T ns
teekL CCLK clock pulsewidth LOW T 20 T T ns
tstsu CCLK setup time T 12 T T ns
tsTH CCLK hold time T 12 T T ns
tstco CCLK falling edge to valid output T 13 T T ns
Master SH
fmeLk MCLK clock frequency Low Frequency 7.0 12.0 17.0 MHz

Medium Fequency 21.0 33.0 45.0 MHz

High Frequency 33.0 53.0 71.0 MHz

tmeLk CRESET_B HIGH to first MCLK edge T 1200 T T us

tsu CCLK setup time T 6.16 T T ns

tho CCLKoldtime T 1 T T ns
Notes:

1. Supported with 1.2 Vd¢and at 25°C.
2. Extended rangeaxWrite operations support up to 53 MHz with 1.2 ¥cend at 25°C.
3. tsuand wptiming must be met for all MCLK frequency choices.
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