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iCE65 Ultra Low-Power mobileFPGA™ Family

Overview

The Lattice Semiconductor iCE65 programmable logic family is specifically designed to deliver the lowest static and
dynamic power consumption of any comparable CPLD or FPGA device. iCE65 devices are designed for cost-
sensitive, high-volume applications and provide on-chip, nonvolatile configuration memory (NVCM) to customize
for a specific application. iCE65 devices can self-configure from a configuration image stored in an external
commodity SPI serial Flash PROM or be downloaded from an external processor over an SPI-like serial port.

The three iCE65 components, highlighted in Table 1, deliver from approximately 1K to nearly 8K logic cells and flip-
flops while consuming a fraction of the power of comparable programmable logic devices. Each iCE65 device
includes between 16 to 32 RAM blocks, each with 4Kbits of storage, for on-chip data storage and data buffering.

As pictured in Figure 1, each iCE65 device consists of four primary architectural elements.

B An array of Programmable Logic Blocks (PLBs)
@ Each PLB contains eight Logic Cells (LCs); each Logic Cell consists of ...

O A fast, four-input look-up table (LUT4) capable of implementing any combinational logic function of
up to four inputs, regardless of complexity

O A ‘D-type flip-flop with an optional clock-enable and set/reset control

O Fast carry logic to accelerate arithmetic functions such as adders, subtracters, comparators, and
counters.

€ Common clock input with polarity control, clock-enable input, and optional set/reset control input to
the PLB is shared among all eight Logic Cells

B Two-port, 4Kbit RAM blocks (RAM4K)
@ 256x16 default configuration; selectable data width using programmable logic resources
€ Simultaneous read and write access; ideal for FIFO memory and data buffering applications
€ RAM contents pre-loadable during configuration

B Four I/O banks with independent supply voltage, each with multiple Programmable Input/Output (PIO)
blocks

€ LVCMOS I/0 standards and LVDS outputs supported in all banks

€ 1/O Bank 3 supports additional SSTL, MDDR, LVDS, and SubLVDS I/O standards
B Programmable interconnections between the blocks

@ Flexible connections between all programmable logic functions

@ Eight dedicated low-skew, high-fanout clock distribution networks
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Programmable Logic Block (PLB)

Generally, a logic design for an iCE65 component is created using a high-level hardware description language such
as Verilog or VHDL. The Lattice Semiconductor development software then synthesizes the high-level description
into equivalent functions built using the programmable logic resources within each iCE65 device. Both sequential
and combinational functions are constructed from an array of Programmable Logic Blocks (PLBs). Each PLB
contains eight Logic Cells (LCs), as pictured in Figure 4, and share common control inputs, such as clocks, reset, and
enable controls.

PLBs are connected to one another and other logic functions using the rich Programmable Interconnect resources.

Logic Cell (LC)

Each iCE65 device contains thousands of Logic Cells (LCs), as listed in Table 1. Each Logic Cell includes three
primary logic elements, shown in Figure 4.

B A four-input Look-Up Table (LUT4) builds any combinational logic function, of any complexity, of up to
four inputs. Similarly, the LUT4 element behaves as a 16x1 Read-Only Memory (ROM). Combine and
cascade multiple LUT4s to create wider logic functions.

Figure 4: Programmable Logic Block and Logic Cell
B A ‘D-style Flip-Flop (DFF), with an optional clock-enable and reset control input, builds sequential logic
functions. Each DFF also connects to a global reset signal that is automatically asserted immediately
following device configuration.

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

The output from a Logic Cell is available to all inputs to all eight Logic Cells within the Programmable Logic Block.
Similarly, the Logic Cell output feeds into fabric to connect to other features on the iCE65 device.
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iCE65 Ultra Low-Power mobileFPGA™ Family

The Carry Logic generates the carry value to feed the next bit in the adder. The calculated carry value replaces the I3
input to the next LUT4 in the upper Logic Cell.

If required by the application, the carry output from the final stage of the adder is available by passing it through the

final LUTA4.
Figure 5: Carry Logic Structure within a Logic Cell and between PLBs
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Implementing Subtracters, Decrementers

As mentioned earlier, the Carry Logic generates a High output whenever the sum of I1 + I2 + CARRY_IN
generates a carry. The Carry Logic does not specifically have a subtract mode. To implement a subtract function or
decrement function, logically invert either the 11 or 12 input and invert the initial carry input. This performs a 2s
complement subtract operation.

Figure 6: Two-bit Adder Example
LUT4

GND 11
GND 12
SR CARRY_OUT
Carry
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SUM[1]
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Lattice Semiconductor Corporation (2.42, 30-MAR-2011)

www. latticesemi.com 9




= LATTICE

o For best possible performance, the global buffer inputs (GBIN[7:-0]) connect directly to the their associated
global buffers (GBUF[7:0]), bypassing the PIO logic and iCEgate circuitry as shown in Figure 7.
Consequently, the direct GBIN-to-GBUF connection cannot be blocked by the iCEgate circuitry. However,

it is possible to use iCEgate to block PIO-to-GBUF clock connections.

For additional information on using the iCEgate feature, please refer to the following application note.

ANO002: Using iCEgate Blocking for Ultra-Low Power

Input Pull-Up Resistors on I/0 Banks 0, 1, and 2

The PIO pins in I/O Banks 0, 1, and 2 have an optional input pull-up resistor. Pull-up resistors are not provided in
iCE65L04 and iCE65L08 1/O Bank 3. During the iCE65 configuration process, the input pull-up resistor is
unconditionally enabled and pulls the input to within a diode drop of the associated I/O bank supply voltage
(VCCIO_#). This prevents any signals from floating on the circuit board during configuration.

After iCE65 configuration is complete, the input pull-up resistor is optional, defined by a configuration bit. The
pull-up resistor is also useful to tie off unused PIO pins. The Lattice iCEcube development software defines all
unused PIO pins in I/O Banks 0, 1 and 2 as inputs with the pull-up resistor turned on. The pull-up resistor value
depends on the VCCIO voltage applied to the bank, as shown in Table 49.

Note: JTAG inputs TCK, TDI and TMS do not have the input pull-up resistor and must be tied off to GND
when unused, else VCCIO 1 draws current.

No Input Pull-up Resistors on I/0 Bank 3 of iCE65L04 and iCE65L08

The PIO pins in I/O Bank 3 do not have an internal pull-up resistor. To minimize power consumption, tie unused
PIO pins in Bank 3 to a known logic level or drive them as a disabled high-impedance output.

Input Hysteresis
Inputs typically have about 50 mV of hysteresis, as indicated in Table 49.
Output and Output Enable Signal Path

As shown in Figure 7, a signal from programmable interconnect feeds the OUT signal on a Programmable I/O pad.
This output connects either directly to the associated package pin or is held in an optional output flip-flop. Because
all flip-flops are automatically reset after configuration, the output from the output flip-flop can be optionally
inverted so that an active-Low output signal is held in the disabled (High) state immediately after configuration.

Similarly, each Programmable I/O pin has an output enable or three-state control called OE. When OE = High, the
OUT output signal drives the associated pad, as described in Table 10. When OE = Low, the output driver is in the
high-impedance (Hi-Z) state. The OE output enable control signal itself connects either directly to the output
buffer or is held in an optional register. The output buffer is optionally permanently enabled or permanently
disabled, either to unconditionally drive output signals, or to allow input-only signals.

Table 10: PIO Output Operations (non-reiistered operation, no inversions)
Operation Data Output -Eﬂ:__“l

Three-State X 0 Hi-Z
Drive Output Data ouT 1* ouT
X = don't care, 1* = High or unused, Hi-Z = high-impedance, three-stated, floating.

See Input and Output Register Control per PIO Pair for information about the registered input path.

Lattice Semiconductor Corporation (2.42, 30-MAR-2011)
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iCE65 Ultra Low-Power mobileFPGA™ Family

Global Routing Resources

Global Buffers

Each iCE65 component has eight global buffer routing connections, illustrated in Figure 14. There are eight high-
drive buffers, connected to the eight low-skew, global lines. These lines are designed primarily for clock distribution
but are also useful for other high-fanout signals such as set/reset and enable signals. The global buffers originate
either from the Global Buffer Inputs (GBINx) or from programmable interconnect. The associated GBINx pin
represents the best pin to drive a global buffer from an external source. However, the application with an iCE65
FPGA can also drive a global buffer via any other PIO pin or from internal logic using the programmable
interconnect.

If not used in an application, individual global buffers are turned off to save power.

Figure 14: High-drive, Low-skew, High-fanout Global Buffer Routing Resources
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Table 11 lists the connections between a specific global buffer and the inputs on a Programmable Logic Block (PLB).
All global buffers optionally connect to all clock inputs. Any four of the eight global buffers can drive logic inputs to
a PLB. Even-numbered global buffers optionally drive the Reset input to a PLB. Similarly, odd-numbered buffers
optionally drive the PLB clock-enable input.

Table 11: Global Buffer (GBUF) Connections to Programmable Logic Block (PLB)

Global Buffer LUT Inputs CIock Enable

GBUFO Yes, any 4 of 8

GBUF1 GBUF buffers Yes No Yes
GBUF2 Yes Yes No
GBUF3 Yes No Yes
GBUF4 Yes Yes No
GBUF5 Yes No Yes
GBUF6 Yes Yes No
GBUF7?7 Yes No Yes

(2.42, 30-MAR-2012) Lattice Semiconductor Corporation
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iCE65 Ultra Low-Power mobileFPGA™ Family

A Note the clock differences between the iCE65L.04 and iCE65L08 in the CB196 package.

Figure 15: GBIN/PIO Pin
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Differential Global Buffer Input

All eight global buffer inputs support single-ended I/O standards such as LVCMOS. Global buffer GBUE7 in /O
Bank 3 also provides an optional direct SubLVDS, LVDS, or LVPECL differential clock input, as shown in Figure 16.
The GBIN7 and its associated differential I/O pad accept a differential clock signal. A 100 Q termination resistor is
required across the two pads. Optionally, swap the outputs from the LVDS or LVPECL clock driver to invert the
clock as it enters the iCE65 device.

Figure 16: LVDS or LVPECL Clock Input

LVDS/
LVPECL
Clock
Driver

Table 15 lists the pin or ball numbers for the differential global buffer input by package style. Although this
differential input is the only one that connects directly to a global buffer, other differential inputs can connect to a
global buffer using general-purpose interconnect, with slightly more signal delay.

Table 15: Differential Global Buffer Input Ball/Pin Number by Package
Differential Global

| Bank | C3196 C3196 C3284

GBIN7/DPxxB ~ NA
| DPxxA | 12 N/A G2 H4 L3

The differential global buffer input is not available for iCE65 devices in the CB132 package. This
restriction is an artifact of the pin compatibility between the CB132 and CB284 package.

Note the clock differences between the iCE65L.04 and iCE65L08 in the CB196 package.

(2.42, 30-MAR-2012) Lattice Semiconductor Corporation
20 www. latticesemi.com




iCE65 Ultra Low-Power mobileFPGA™ Family

Configuration Image Size

Figure 20: Device Configuration Control Flow
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Table 23 shows the number of memory bits required to configure an iCE65 device. Two values are provided for each
device. The “Logic Only” value indicates the minimum configuration size, the number of bits required to configure
only the logic fabric, leaving the RAM4K blocks uninitialized. The “Logic + RAM4K” column indicates the
maximum configuration size, the number of bits to configure the logic fabric and to pre-initialize all the RAM4K

blocks.

(2.42, 30-MAR-2012)
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iCE65 Ultra Low-Power mobileFPGA™ Family

Figure 24: SPI Release from Deep Power-down Command
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Figure 25 illustrates the next command issued by the iCE65 device. The iCE65 SPI interface again drives SPI_SS_B
Low, followed by a Fast Read command, hexadecimal command code 0x0B, followed by a 24-bit start address,
transmitted on the SPI_SO output. The iCE65 device provides data on the falling edge of SPI_SS_B. Upon initial
power-up, the start address is always 0X00_0000. After waiting eight additional clock cycles, the iCE65 device
begins reading serial data from the SPI PROM. Before presenting data, the SPI PROM’s serial data output is high-
impedance. The SPI_SIinput pin has an internal pull-up resistor and sees high-impedance as logic ‘T'.

Figure 25: SPI Fast Read Command
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The external SPI PROM supplies data on the falling edge of the iCE65 device’s SPI_SCK clock output. The iCE65
device captures each PROM data value on the SPI_SI input, using the rising edge of the SPI_SCK clock signal. The
SPI PROM data starts at the 24-bit address presented by the iCE65 device. PROM data is serially output, byte by

byte, with most-significant bit, D7, presented first. The PROM automatically increments an internal byte counter as
long as the PROM is selected and clocked.

After transferring the required number configuration data bits, the iCE65 device ends the Fast Read command by
de-asserting its SPI_SS_B PROM select output, as shown in Figure 26. To conserve power, the iCE65 device then
optionally issues a final Deep Power-down command, hexadecimal command code OXB9. After de-asserting the
SPI_SS_B output, the SPI PROM enters its Deep Power-down mode. The final power-down step is optional; the
application may use the SPI PROM and can skip this step, controlled by a configuration option.

Figure 26: Final Configuration Data, SPI Deep Power-down Command
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Package Mechanical Drawing

Figure 33: CB81 Package Mechanical Drawing

CB81: 5x5 mm, 81-ball, 0.5 mm ball-pitch, chip-scale ball grid array
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Number of Ball Columns | X 9 Columns
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) X E 4.90 5.00 5.10
Body Size
Y D 4.90 5.00 5.10
Ball Pitch e — 0.50 —
Ball Diameter b 0.2 — 0.3
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5 iCE65POLF | Part number OLFM 200 LFM
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6 | © CCCCCC | Country
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Table 39: iCE65 VQ100 Pinout Table

GBIN 0
89 GBIN 0
PIOO 78 PIO 0

PIOO 79 PIO 0

PIOO 80 PIO 0

PIOO 81 PIO 0

PIOO 82 PIO 0

PIOO 83 PIO 0

PIOO 85 PIO 0

PIOO 86 PIO 0

PIOO 87 PIO 0

PIOO 91 PIO 0

PIOO 93 PIO 0

PIOO 94 PIO 0

PIOO 95 PIO 0

PIOO 96 PIO 0

PIOO 97 PIO 0

PIOO 99 PIO 0

PIOO 100 PIO 0

| vcciIo 0 | 88 VCCIO 0
gg&:g!! 92 VCCIO 0
GBIN2/PIO1 63 GBIN 1

62 GBIN 1
PIO1 51 PIO 1

PIO1 52 PIO 1

PIO1 53 PIO 1

PIO1 54 PIO 1

PIO1 56 PIO 1

PIO1 57 PIO 1

PIO1 59 PIO 1

PIO1 60 PIO 1

PIO1 64 PIO 1

PIO1 65 PIO 1

PIO1 66 PIO 1

PIO1 68 PIO 1

PIO1 69 PIO 1

PIO1 71 PIO 1

PIO1 72 PIO 1

PIO1 73 PIO 1

PIO1 74 PIO 1

| vcclo 1 58 VCCIO 1
ngg I:! _ 67 VCCIO 1
CDONE 43 CONFIG 2
CRESET_B 44 CONFIG 2

2

iCE65L01: 33 GBIN
iCE65L04: 34

iCE65L01: 36 GBIN 2
iCE65L04: 33

PIO2 26 PIO 2
PIO2 27 PIO 2
Lattice Semiconductor Corporation (2.42, 30-MAR-2011)
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CB121 Chip-Scale Ball-Grid Array

The CBI21 package is a chip-scale, fully-populated, ball-grid array with 0.5 mm ball pitch.

Footprint Diagram

Figure 39 shows the iCE65L01 chip-scale BGA footprint for the 6 x 6 mm CBI121 package.

Also see Table 40 for a complete, detailed pinout for the 121-ball chip-scale BGA packages.

The signal pins are also grouped into the four I/O Banks and the SPI interface.

Figure 39: iCE65L01 CB121 Chip-Scale BGA Footprint (Top View)
I/O Bank O

/O Bank 3
r X <« T @ Tm m o O W >

1

PIO3

PIO3

2

3

4

5 6 7

8

9 10)11

PI00

PIO3

PIO0

PIO0

PIO0 | PIO0 | NC

PIO0

PIO0

PI00 0.0

PIO3

PIO3

PIO0 [F# P10

PIO0

VPP_
FAST

PIO0

PIO0

PIO0

PIO0

PIO1

VPP_
V5

PIO1

PIO1

PIO1

PIO3

PIO3

PIO3

PI1O03

BINO
PI00 rny Plo0

PIO1

PIO1

P03

PIO3

PIO3

PIO3

PIO3

PIO3

PIO3

PIO3

PIO3

P100 | PIO0 | PIOO

D )M PIO0

D )M PIO1

PIO1

PIO1

P1O1

P1O1

PIO1

PIO1

PIO1

PIO3

PI102

P102/
P102 Ry PIO1

PIO1

PIO1

PIO3

NC

NC

PIO3

P102

PIO3

PI102

P102

PI102

P102

PI102

P102/
R e

PIOS/
SPI_SO

PIOS/

SPI_SS_B

0 RESET_B|

PIO2| NC | NC

PIOS/
SPL_sI

Pinout Table

2

3

4

5 6 7

/O Bank 2

8

| SPIBank |

PIOS/

SPI_SCK|

PIO1

P102

PIO1

PIO1

PI102

PI102

P102

PI02

9 10111

r X <« I @ m m o O W >
/O Bank 1

Table 40 provides a detailed pinout table for the iCE65L01 in the CBI21 chip-scale BGA package. Pins are generally
arranged by I/O bank, then by ball function.

Table 40: iCE65L01 CB121 Chip-scale BGA Pinout Table

GBINO/PIOO | D6 GBIN 0

| GBIN/PIOO | C6 GBIN 0
PIOO A2 PIO 0

PIOO A3 PIO 0

PIOO A4 PIO 0

Lattice Semiconductor Corporation
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CB196 Chip-Scale Ball-Grid Array

The CB196 package is a chip-scale, fully-populated, ball-grid array with 0.5 mm ball pitch.

Footprint Diagram

Figure 45 shows the iCE65L04 chip-scale BGA footprint for the 8 x 8 mm CBI196 package. The footprint for the
iCE65L08 is different than the iCE64L04 footprint, as shown in Figure 46. The pinout differences are highlighted by
warning diamonds (4) in the footprint diagrams and summarized in Table 43.

/AN

Although both the iCE65L04 and iCE65L08 are both available in the CB196 package and almost
completely pin compatible, there are differences as shown in Table 43.

Figure 31 shows the conventions used in the diagram. Also see Table 42 for a complete, detailed pinout for the 196-
ball chip-scale BGA packages. The signal pins are also grouped into the four I/O Banks and the SPI interface.

Figure 45: iCE65L04 CB196 Chip-Scale BGA Footprint (Top View)
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Pin Type Bank
PIOO A5 PIO 0
PIOO A6 PIO 0
PIOO A10 PIO 0
PIOO All PIO 0
PIOO Al2 PIO 0
PIOO B2 PIO 0
PIOO B3 PIO 0
PIOO B4 PIO 0
PIOO B5 PIO 0
PIOO B6 PIO 0
PIOO B8 PIO 0
PIOO B9 PIO 0
PIOO B10 PIO 0
PIOO B11 PIO 0
PIOO C4 PIO 0
PIOO C5 PIO 0
PIOO C6 PIO 0
PIOO c7 PIO 0
PIOO C8 PIO 0
PIOO (6] PIO 0
PIOO C10 PIO 0
PIOO Ci1 PIO 0
PIOO D5 PIO 0
PIOO D6 PIO 0
PIOO D7 PIO 0
PIOO D8 PIO 0
PIOO D9 PIO 0
PIOO D10 PIO 0
PIOO E6 PIO 0
PIOO ES PIO 0
PIOO E9 PIO 0

A8 VCCIO 0

VCCIO_0 F6 VCCIO 0
GBIN2/PIO1 F10 GBIN 1
GBIN3/PIO1 G12 GBIN 1

PIO1 B13 PIO 1
PIO1 B14 PIO 1
PIO1 C12 PIO 1
PIO1 C13 PIO 1
PIO1 Cl4 PIO 1
PIO1 D11 PIO 1
PIO1 D12 PIO 1
PIO1 D13 PIO 1
PIO1 D14 PIO 1
PIO1 E10 PIO 1
PIO1 E11 PIO 1
PIO1 E12 PIO 1
PIO1 E13 PIO 1
PIO1 E14 PIO 1
PIO1 Fi1 PIO 1
PIO1 F12 PIO 1
PIO1 F13 PIO 1
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PIO1 F14 PIO 1

PIO1 G10 PIO 1

PIO1 G1l1 PIO 1

PIO1 G13 PIO 1

PIO1 G114 PIO 1

PIO1 H10 PIO 1

PIO1 H11l PIO 1

PIO1 H12 PIO 1

PIO1 H13 PIO 1

PIO1 J10 PIO 1

PIO1 J11 PIO 1

PIO1 J12 PIO 1

PIO1 J13 PIO 1

PIO1 K11 PIO 1

PIO1 K12 PIO 1

PIO1 K14 PIO 1

PIO1 L13 PIO 1

PIO1 L14 PIO 1

PIO1 M13 PIO 1

L12 JTAG 1

M12 JTAG 1

N14 JTAG 1

P14 JTAG 1

M14 JTAG 1

F9 VCCIO 1

H14 VCCIO 1

CDONE M10 CONFIG 2

CRESET_B L10 CONFIG 2

iCE65L04: |7 GBIN 2
ICE65L08: N8

iCE65L04: P5 GBIN 2
ICE65L08: M7

PIO2 K5 PIO 2

PIO2 K6 PIO 2

PIO2 K7 PIO 2

PIO2 K8 PIO 2

PIO2 K9 PIO 2

PIO2 L4 PIO 2

PIO2 L5 PIO 2

PIO2 L6 PIO 2

PIO2 L8 PIO 2

PIO2 M3 PIO 2

PIO2 M4 PIO 2

PIO2 M6 PIO 2

PIO2 (¢) ICE65L04: M7 PIO 2
ICE65L08: P5

PIO2 M8 PIO 2

PIO2 M9 PIO 2

PIO2 N3 PIO 2

PIO2 N4 PIO 2

PIO2 N5 PIO 2

PIO2 N6 PIO 2
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CB284 Chip-Scale Ball-Grid Array
The CB284 package, partially-populated 0.5 mm pitch, ball grid array simplifies PCB layout with empty ball rings.

Footprint Diagram

Figure 48 shows the CB284 chip-scale BGA footprint. The 8 x 8 mm CBI132 package fits within the same ball
pattern as the 12 x 12 mm CB284 package. In other words, the central 8 x 8 section of the CB284 footprint matches
the CB132 footprint.

Figure 31 shows the conventions used in the diagram.
Also see Table 44 for a complete, detailed pinout for the 132-ball and 284-ball chip-scale BGA packages.
The signal pins are also grouped into the four I/O Banks and the SPI interface.

Figure 48: iCE65 CB284 Chip-Scale BGA Footprint (Top View)
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Die Cross Reference

The tables in this section list all the pads on a specific die type and provide a cross reference on how a specific pad
connects to a ball or pin in each of the available package offerings. Similarly, the tables provide the pad coordinates
for the die-based version of the product (DiePlus). These tables also provide a way to prototype with one package
option and then later move to a different package or die.

As described in “Input and Output Register Control per PIO Pair” on page 16, PIO pairs share register control inputs.
Similarly, as described in “Differential Inputs and Outputs” on page 12, a PIO pair can form a differential input or
output. PIO pairs in I/O Bank 3 are optionally differential inputs or differential outputs. PIO pairs in all other I/O
Banks are optionally differential outputs. In the tables, differential pairs are surrounded by a heavy blue box.

ICE65L04

Table 45 lists all the pads on the iCE65L04 die and how these pads connect to the balls or pins in the supported
package styles. Most VCC, VCCIO, and GND pads are double-bonded inside the package although the table shows
only a single connection.

For additional information on the iCE65L04 DiePlus product, please refer to the following data sheet.
DiePlus Advantage FPGA Known Good Die

Table 45: iCE65L04 Die Cross Reference

ICE65L04 | DiePus

Pad Name

PIO3_00/DPO0A 1 1 129.40  2,687.75
PIO3_01/DP00B 2 C1 B1 G5 2 231.40  2,642.74
PIO3_02/DP01A 3 C3 D3 G7 3 129.40  2,597.75
PIO3_03/DP01B 4 D3 C3 H7 4 231.40  2,552.74
5 F1 F1 K5 5 129.40  2,507.75
GND | — — — 6 231.40  2,462.74
6 E3 E3 37 7 129.40  2,417.75
— — — — 8 231.40  2,372.74
PIO3_04/DP02A 7 D4 D1 H8 9 129.40  2,327.75
PIO3_05/DP02B 8 E4 D2 38 10 231.40  2,292.74
PIO3_06/DP03A — D1 E1 H5 11 129.40  2,257.75
PIO3_07/DP03B — El E2 35 12 231.40  2,222.74
— - H9 D3 13 129.40 _ 2,187.75
PIO3_08/DP04A 9 F4 D4 K8 14 231.40 2,152.74
PIO3_09/DP04B 10 F3 E4 K7 15 129.40  2,117.75
PIO3_10/DPO5A — — F3 E3 16 231.40  2,082.74
PIO3_11/DP05B — — F4 F3 17 129.40  2,047.75
— H6 A9 M10 18 231.40  2,012.74
PIO3_12/DP06A — — F5 G3 19 129.40  1,977.75 I
PIO3_13/DP06B — — E5 H3 20 231.40  1,942.74
— — A9 33 21 129.40  1,907.75
— — — — 22 231.40 1,872.74
PIO3_14/DP07A — — — H1 23 129.40  1,837.75 I
PIO3_15/DP07B — — — J1 24 231.40  1,802.74
— — K1 K3 25 129.40  1,767.75
11 G6 G6 L10 26 231.40  1,732.74
PIO3_16/DPOSA — — — K1 27 129.40  1,697.75
PIO3_17/DP08B = = = L1 28 231.40  1,662.74 I
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iCE65L04 | DiePlus |
Pad Name VQ100 | CB132 | CB196 | CB284 | Pad | X (um) Y (pm)
PIO1_24 — — G11 F20 167  3,712.80 1,812.00
PIO1_25 — — F11 E20 168  3,610.80  1,847.00
PIO1_26 = = E10 D20 169  3,712.80 1,882.00
PIO1_27 — — El4 C20 170  3,610.80  1,917.00
— G8 G8 L12 171 3,712.80  1,952.00
— — — — 172 3,610.80 1,987.00
PIO1_28 — — F12 G22 173 3,712.80  2,022.00
PIO1_29 — G12 D14 L16 174  3,610.80  2,057.00
PIO1_30 64 G11 E13 L15 175  3,712.80  2,092.00
PIO1_31 65 F12 C14 K16 176  3,610.80  2,127.00
= = K13 L20 177  3,712.80  2,162.00
— — — — 178 3,610.80  2,197.00
PIO1_32 66 E14 E1l J18 179  3,712.80  2,232.00 I
PIO1_33 — F11 C13 K15 180  3,610.80  2,267.00
67 F9 F9 K13 181  3,712.80  2,302.00
— — — — 182  3,610.80  2,337.00
PIO1_34 68 E12 E12 J16 183  3,712.80 2,377.00 I
PIO1_35 69 D14 B14 H18 184  3,610.80  2,427.00
70 G9 G9 L13 185  3,712.80  2,477.00
PIO1_36 71 E11 B13 J15 186  3,610.80  2,527.00
PIO1_37 72 D12 D12 H16 187  3,712.80  2,577.00
PIO1_38 73 C14 C12 G18 188  3,610.80 2,627.00
PIO1_39 74 B14 D11 F18 189  3,712.80  2,677.00
VPP_2V5 75 Al4 Al4 E18 190  3,610.80  2,739.68
VPP_FAST 76 A13 A13 E17 191  3,097.00 2,962.80
R F8 F8 K12 192  2,997.00 2,860.80
“ 77 F8 F8 K12 193  2,947.00 2,962.80
PIOO_00 78 A12 Cil E16 194  2,897.00 2,860.80
PIO0_01 - C12 - G16 195  2,847.00 2,962.80
PIOO_02 79 All A12 E15 196  2,797.00  2,860.80
PIO0_03 80 Ci1 B11 G15 197  2,747.00  2,962.80
PIOO_04 — D11 — H15 198  2,697.00 2,860.80
PIO0_05 81 A10 D10 E14 199  2,647.00 2,962.80
PIOO_06 82 C10 Al1 G14 200  2,612.00 2,860.80
PIOO_07 83 D10 D9 H14 201  2,577.00  2,962.80
L GND B A9 H6 E13 | 202  2,542.00  2,860.80
. GND [ - - - 203  2,507.00 2,962.80
PIOO_08 85 C9 C10 G13 204  2,472.00 2,860.80
PIO0_09 86 D9 A10 H13 205  2,437.00  2,962.80
PIOO_10 87 C8 B10 G12 206  2,402.00 2,860.80
PIOO_11 — D8 E9 H12 207  2,367.00  2,962.80
PIOO_12 — — — A18 208 2,332.00 2,860.80
PIOO_13 — — — Al17 209  2,297.00  2,962.80
PIOO_14 — — — A16 210  2,262.00  2,860.80
PIOO_15 = = = A15 211  2,227.00  2,962.80
VCCIO_0 88 A8 A8 E12 212 2,192.00 2,860.80
VCCIO_0 = = = = 213 2,157.00 2,962.80

(2.42, 30-MAR-2012)

88

Lattice Semiconductor Corporation

www. latticesemi.com




smLATTICE
|  DiePlus
Pad Name

PIO3_20/DP10A 129.735 2,462.665
PIO3_21/DP10B = J8 40 231.735 2,427.665

PIO3_22/DP11A G1 T1 41 129.735 2,392.665

iCE65L08

PIO3_23/DP11B G2 U1 42 231.735 2,357.665

VCCIO_3 K1 N10 43 129.735 2,322.665

— — 44 231.735 2,287.665

VREF N/A M1 45 129.735 2,252.665

N/A — 46 231.735 2,217.665

 GND 35 N1 47 129.735 2,182.665

< — — 48 231.735 2,147.665

36 P1 49 129.735 2,112.665

— — 50 231.735 2,077.665

T H6 R1 51 129.735 2,042.665

GND — — 52 231.735 2,007.665

PIO3_24/DP12A H4 L3 53 129.735 1,972.665

GBIN7/PIO3_25/DP12B H3 L5 54 231.735 1,937.665

GND H7 V1 55 129.735 1,902.665

GBIN6/PIO3_26/DP13A H1 M5 56 231.735 1,867.665

PIO3_27/DP13B H2 M3 57 129.735 1,832.665

PIO3_28/DP14A — N7 58 231.735 1,798.665

PIO3_29/DP14B — N5 59 129.735 1,762.665

PIO3_30/DP15A 11 N3 60 231.735 1,727.665

PIO3_31/DP15B 32 P3 61 129.735 1,692.665

15 M11 62 231.735 1,657.665

— — 63 129.735 1,622.665

PIO3_32/DP16A H5 w1 64 231.735 1,587.665

PIO3_33/DP16B G5 Y1 65 129.735 1,552.665

J6 R3 66 231.735 1,517.665

— — 67 129.735 1,482.665

35 T3 68 231.735 1,447.665

— — 69 129.735 1,412.665

PIO3_34/DP17A K2 AA1 70 231.735 1,377.665

PIO3_35/DP17B 33 AB1 71 129.735 1,342.665

PIO3_36/DP18A — L7 72 231.735 1,307.665

PIO3_37/DP18B — L8 73 129.735 1,272.665

PIO3_38/DP19A — M7 74 231.735 1,237.665

PIO3_39/DP19B — M8 75 129.735 1,202.665

PIO3_40/DP20A L1 P7 76 231.735 1,167.665

PIO3_41/DP20B L2 P8 77 129.735 1,132.665

. vee | 34 I 78 231.735 | 1,007.66b

— — 79 129.735 1,062.665

PIO3_42/DP21A K4 R5 80 231.735 1,027.665

PIO3_43/DP21B K3 T5 81 129.735 992.665

K1 P5 82 231.735 957.665

— — 83 129.735 912.665

. _GND | L3 R7 84 231.735 867.665
. GND — — 85 129.735 822.67
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Revision History

2.42
241
2.4

2.3
2.2.3

2.2.2
2.2.1

2.2
2.1.1
2.1

2.0.1
2.0

15.1
1.5

144
143

1.4.2

14.1

14

30-MAR-2012
1-AUG-2011
13-MAY-2011

18-0CT-2010
12-0CT-2010

8-0CT-2010
5-0CT-2010
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26-MAY-2010
15-MAR-2010

12-NOV-2009
14-SEPT-2009

13-JUL-2009
20-JUN-2009

25-MAR-2009
9-MAR-2009

27-FEB-2009

24-FEB-2009

9-FEB-2009

Changed company name. Updated Table 1

Added VQ100 marking for NVCM programming.

Added LO1 CB121 package Figure 39. Added note “else VCCIO_1 draws current” to JTAG
inputs TCK, TDI and TMS do not have the input pull-up resistor and must be tied off to
GND when unused, Table 32. Input pin leakage current Table 49 split by bank. QN84
package drawing, Figure 35, added note “underside metal is at ground potential”,
increased thermal resistance. Added Marking Format and Thermal resistance to CB81
Packag Mechanical Drawing Figure 33. Added coplanarity specification to VQ100 Package
Mechanical Drawing Figure 37

Added LO1 CB81 and L08 CB132 packages.

Changed Figure 29: Application Processor Waveforms for SPI Peripheral Mode
Configuration Process and Table 60 from 300 us CRESET_B to 800 ps for iCE65L01/04
and 1200 ps for iCE65L08.

Added iCE65L04 marking specification to Figure 47 CB196 Package Mechanical Drawing.
Changed FSPI_SCK from 0.125 MHz to 1 MHz in SPI Peripheral Configuration Interface
and in Table 60.

Programmable Interconnect section removed.

Switched labels on Figure 53 LVCMOS Output High, VCCIO = 1.8V with VCCIO = 2.5V.
Added JTAG unused input tie off guideline. Added marking specification and thermal
characteristics to package drawings. Added production datasheet for iCE65L01 with
timing update, including QN84, VQ100 and CB132. Added NVCM shut-off on SPI
configuration. Added non-standard VCCIO operating conditions. Increased the minimum
voltage supply specification for LVCMOS33 to 3.14V in Table 48.

Recommended Operation Conditions, Table 47, replaced junction with ambient.

Finalized production data sheet for iCE65L04 and iCE65L08. Improved SubLVDS input specification
Viem in Table 52. CS63 and CC72 packages removed and placed in iCE DiCE KGD, Known Good Die
datasheet. Added “IBIS Models for I/O Banks 0, 1, 2 and the SPI Bank”. Added “Printed Circuit
Board Layout Information”.

Updated the text in "SPI PROM Requirements” section. Minor label change in Figure 48.

Updated timing information and added —T high-speed device option (affected Figure 2, Table 48,
Table 54, Table 55, Table 56, and Table 61). Added support for 3.3V LVCMOS 1/Os in I/O Bank 3
(affected Figure 7, Table 5, Table 7, Table 8, Table 47, Table 48, and Table 51). Added a section
about the SPI Peripheral Configuration Interface and timing in Table 60. Added a warning that a
Warm Boot operation can only jump to another configuration image that has Warm Boot disabled.
Updated configuration image size and configuration time for the iCE65L02 in Table 27 and Table 58.
Reduced the minimum voltage supply specification for LVCMOS33 to 2.7V in Table 48. Added
information about which power rails can be disconnected without effecting the Power-On Reset
(POR) circuit and clarified description of VPP_2V5 pin in Table 36. Added I/O characterization
curves (Figure 52, Figure 53, and Figure 54). Minor changes to Figure 20 and Figure 21. Changed
timing per Figures 54-58 and Tables 55-57.

Clarified the voltage requirements for the VPP_2V5 pin in Table 36 and notes under Table 48.
Removed volatile-only (-V) product offering from Figure 2. Corrected NC on ball V22, removed it
for ball T22 on CB284 package (Figure 48).

Updated Table 14, Table 23, Table 26, Table 30, Table 33, Table 35, and Table 46. Updated 1/0
Bank 3 information in Table 7 and Table 48.

Based on characterization data, reduced 32KHz operating current by 40% in Table 1, Table 61, and
Figure 1. Corrected that SSTL18 standards require VREF pin in Table 7. Correct ball numbers for
GBIN4/GBIN5 for CS110 package.

Added footprint and pinout information for the VQ100 Very-thin Quad Flat Package. Added footprint for
iCE65L08 in CB196 (Figure 46) and added Table 43 showing the differences between the 'L04 and ‘L08 in the
CB196 package. Unified the package footprint nomenclature in the Package and Pinout Information section.
Added note to Global Buffer Inputs that the differential clock direct input is not available on the CB132 package.
Added tables showing the ball/pin humber for various control functions, by package (Table 14, Table 23, Table
26, Table 30, and Table 33). Corrected the GBIN/GBUF designations. GBIN4 and GBINS were swapped as were
GBIN6 and GBIN7. This change affected all pinout tables and footprint diagrams. Updated and corrected
“Differential Global Buffer Input.” Tested and corrected the clock-enable and reset connections between global

buffers and various resources (Table 11, Table 12, and Table 13). Added “Automatic Global Buffer Insertion,
Manual Insertion.” Added “Die Cross Reference” section. Improved industrial temperature range by lowering
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