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Each flip-flop has an additional control that defines its set or reset behavior. As defined in the configuration image,
the control defines whether the set or reset operation is synchronized to the active CLK clock edge or whether it is
completely asynchronous.

B The SB_DFFR and SB_DFES primitives are asynchronously controlled, solely by the SR input. If the SR
input is High, then an SB_DFFR primitive is asynchronously reset and an SB DFES primitive is
asynchronously set.

B The SB_DFFSR and SB_DFFRSS primitives are synchronously controlled by both the SR input and the clock
input. If the SR input is High at a rising edge of the clock input, then an SB_DFFSR primitive is
synchronously reset and an SB_DFFSS primitive is synchronously set.

The LUT4 output or the flip-flop output then connects to the programmable interconnect.

Because of the shared control signals, the design software can pack flip-flops with common control inputs into a
single PLB block, as described by Table 4. There are eight total packing options.

_ Table 4: Flip-flop Packing/Sharing within a PLB

Group Active Clock Edge Clock Enable Sync. or Async

None

None (always enabled)

PLB set/reset control

Selective (controlled by None

PLB clock enable)

e e e

PLB set/reset control

NN UVHDEDWN| =

For detailed flip-flop internal timing, see Table 54.
Carry Logic

The dedicated Carry Logic within each Logic Cell primarily accelerates and improves the efficiency of arithmetic
logic such as adders, accumulators, subtracters, incrementers, decrementers, counters, ALUs, and comparators. The
Carry Logic also supports wide combinational logic functions.

COUT =11 e 12 + CIN eI1 + CIN e I2 [Equation 1]

Equation 1 and Figure 5 describe the Carry Logic structure within a Logic Cell. The Carry Logic shares inputs with
the associated Look-Up Table (LUT4). The LUT4’s Il and 12 inputs directly feed the Carry Logic; inputs 10 and I3
do not. A signal cascades between Logic Cells within the Programmable Logic Block. The carry input from the
previous adjacent Logic Cell optionally provides an alternate input to the LUT4 function, supplanting the I3 input.

Low-Power Disable

To save power and prevent unnecessary signal switching, the Carry Logic function within a Logic Cell is disabled if
not used. The output of a Logic Cell’s Carry Logic is forced High.

PLB Carry Input and Carry Output Connections

As shown in Figure 5, each Programmable Logic Block has a carry input signal that can be initialized High, Low, or
come from the carry output signal from PLB immediately below.

Similarly, the Carry Logic output from the Programmable Logic Block connects to the PLB immediately above,
which allows the Carry Logic to span across multiple PLBs in a column. As shown in Figure 6, the Carry Logic chain
can be tapped mid-way through a chain or a PLB by feeding the value through a LUT4 function.

Adder Example

Figure 6 shows an example design that uses the Carry Logic. The example is a 2-bit adder, which can be expanded
into an adder of arbitrary size. The LUT4 function within a Logic Cell is programmed to calculate the sum of the
two input values and the carry input, A[i] + B[1] + CARRY_IN[i-1] = SuM[i].
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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
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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.
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Device Configuration

As described in Table 20, iCE65 components are configured for a specific application by loading a binary
configuration bitstream image, generated by the Lattice development system. For high-volume applications, the
bitstream image is usually permanently programmed in the on-chip NVCM, However, the bitstream image can also
be stored external in a standard, low-cost commodity SPI serial Flash PROM. The iCE65 component can
automatically load the image using the SPI Master Configuration Interface. Similarly, the iCE65 configuration data
can be downloaded from an external processor, microcontroller, or DSP processor using an SPI-like serial interface
or an IEEE 1149 JTAG interface.

Table 20: iCE65 Device Configuration Modes

. Mode | Analogy | Configuration Data Source

NVCM ASIC Internal, lowest-cost, secure, one-time programmable Nonvolatile Configuration
Memory (NVCM)

SPI Flash | Microprocessor | External, low-cost, commodity, SPI serial Flash PROM

SPI Processor Configured by external device, such as a processor, microcontroller, or DSP using
Peripheral Peripheral practically any data source, such as system Flash, a disk image, or over a network
connection.
JTAG JTAG JTAG configuration requires sending a special command sequence on the SPI
interface to enable JTAG configuration. Configuration is controlled by and external
device.

Configuration Mode Selection

The iCE65 configuration mode is selected according to the following priority described below and illustrated in
Figure 20.

B After exiting the Power-On Reset (POR) state or when CRESET_B returns High after being held Low for
250 ns or more, the iCE65 FPGA samples the logical value on its SPI_SS_B pin. Like other programmable I/O
pins, the SPI_SS_B pin has an internal pull-up resistor (see Input Pull-Up Resistors on I/O Banks 0, 1, and 2).

B If the SPI_SS_B pin is sampled as a logic ‘I’ (High), then ...

@ Check if the iCE65 is enabled to configure from the Nonvolatile Configuration Memory (NVCM). If the
iCE65 device has NVCM memory (‘F’ ordering code) but the NVCM is yet unprogrammed, then the
iCEG65 device is not enabled to configure from NVCM. Conversely, if the NVCM is programmed, the
iCEG65 device will configure from NVCM.

O If enabled to configure from NVCM, the iCE65 device configures itself using NVCM.

O If not enabled to configure from NVCM, then the iCE65 FPGA configures using the SPI Master
Configuration Interface.

B If the SPI_SS_B pin is sampled as a logic ‘0’ (Low), then the iCE65 device waits to be configured from an
external controller or from another iCE65 device in SPI Master Configuration Mode using an SPI-like
interface.

Lattice Semiconductor Corporation (2.42, 30-MAR-2011)
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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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Figure 22: iCE65 Internal Reset Circuitry
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The Power-on Reset (POR) circuit monitors specific voltage supply inputs and holds the device in reset until all the
relevant supplies exceed the internal voltage thresholds. The SPI_VCC supply also has an additional time-out delay
to allow an attached SPI serial PROM to power up properly. Table 24 shows the POR supply inputs. The
Nonvolatile Configuration Memory (NVCM) requires that the VPP_2V5 supply be connected, even if the
application does not use the NVCM.

Table 24: Power-on Reset (POR) Voltage Resources

Supply Rail iCE65 Production Devices

VCC Yes
SPI_VCC Yes
VCCIO_1 No
VCCIO_2 Yes
VPP_2V5 Yes

CRESET_B Pin

The CRESET _B pin resets the iCE65 internal logic when Low.

JTAG Interface

Specific command sequences also reset the iCE65 internal logic.
SPI Master Configuration Interface

All iCE65 devices, including those with NVCM, can be configured from an external, commodity SPI serial Flash
PROM, as shown in Figure 23. The SPI configuration interface is essentially its own independent I/O bank, powered
by the VCC_SPI supply input. Presently, most commercially-available SPI serial Flash PROMs require a 3.3V

supply.
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Figure 23: iCE65 SPI Master Configuration Interface
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The SPI configuration interface is used primarily during development before mass production, where the
configuration is then permanently programmed in the NVCM configuration memory. However, the SPI interface
can also be the primary configuration interface allowing easy in-system upgrades and support for multiple
configuration images.

The SPI control signals are defined in Table 25. Table 26 lists the SPI interface ball or pins numbers by package.
Table 25: SPI Master Configuration Interface Pins (SPI_SS_B High before Configuration

|_Signal Name [ Direction | . Desaipton |

SPI_VCC Supply SPI Flash PROM voltage supply input.

SPI_SO Output | SPI Serial Output from the iCE65 device.

SPI_SI Input SPI Serial Input to the iCE65 device, driven by the select SPI serial Flash PROM.
SPI_SS B Output | SPI Slave Select output from the iCE65 device. Active Low.

SPI_SCK Output | SPI Slave Clock output from the iCE65 device.

After configuration, the SPI port pins are available to the user-application as additional PIO pins, supplied by the
SPI_VCC input voltage, essentially providing a fifth “mini” I/O bank.

Table 26: SPI Interface Ball/Pin Numbers by Package

SPI Interface | CBi32 | __ CB1% | __ CB284

SPI_VCC L11 L11 R15
PIOS/SPI_SO 45 M11 M11 T15
PIOS/SPI_SI 46 P11 P11 V15

PIOS/SPI_SS_B 49 P13 P13 V17
PIOS/SPI_SCK 48 P12 P12 V16
SPI PROM Requirements

The iCE65 mobileFPGA SPI Flash configuration interface supports a variety of SPI Flash memory vendors and
product families. However, Lattice Semiconductor does not specifically test, qualify, or otherwise endorse any
specific SPI Flash vendor or product family. The iCE65 SPI interface supports SPI PROMs that they meet the
following requirements.

B The PROM must operate at 3.3V or 2.5V in order to trigger the iCE65 FPGA’s power-on reset circuit.

B The PROM must support the 0XOB Fast Read command, using a 24-bit start address and has 8 dummy bits
before the PROM provides first data (see Figure 25: SPI Fast Read Command).

B The PROM must have enough bits to program the iCE65 device (see Table 27: Smallest SPI PROM Size
(bits), by Device, by Number of Images).
B The PROM must support data operations at the upper frequency range for the selected iCE65 internal

oscillator frequency (see Table 57). The oscillator frequency is selectable when creating the FPGA bitstream
image.
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Cold Boot Configuration Option

By default, the iCE65 FPGA is programmed with a single configuration image, either from internal NVCM memory,
from an external SPI Flash PROM, or externally from a processor or microcontroller.

Figure 27: ColdBoot and WarmBoot Configuration
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When self loading from NVCM or from an SPI Flash PROM, there is an additional configuration option called Cold
Boot mode. When this option is enabled in the configuration bitstream, the iCE65 FPGA boots normally from
power-on or a master reset (CRESET_B = Low pulse), but monitors the value on two PIO pins that are borrowed
during configuration, as shown in Figure 27. These pins, labeled PIO2/CBSELO and PIO2/CBSELL, tell the FPGA
which of the four possible SPI configurations to load into the device. Table 30 provides the pin or ball locations for
these pins.

B Toad from initial location, either from NVCM or from address O in SPI Flash PROM. For Cold Boot or
Warm Boot applications, the initial configuration image contains the cold boot/warm boot applet.

B Check if Cold Boot configuration feature is enabled in the bitstream.
@ If not enabled, FPGA configures normally.

@ 1f Cold Boot is enabled, then the FPGA reads the logic values on pins CBSEL[1:0]. The FPGA uses the
value as a vector and then reads from the indicated vector address.

@ At the selected CBSEL[1:0] vector address, there is a starting address for the selected configuration
image.
O For SPI Flash PROMs, the new address is a 24-bit start address in Flash.
O If the selected bitstream is in NVCM, then the address points to the internal NVCM.

B Using the new start address, the FPGA restarts reading configuration memory from the new location.

Lattice Semiconductor Corporation (2.42, 30-MAR-2011)
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Table 31 describes how to maintain voltage compatibility for two interface scenarios. The easiest interface is when
the Application Processor’s (AP) I/O supply rail and the iCE65’s SPI and VCCIO_2 bank supply rails all connect to
the same voltage. The second scenario is when the AP’s /O supply voltage is greater than the iCE65’s VCCIO_2
supply voltage.

Condition

Table 31: CRESET_B and CDONE Volta
CRESET_B

Pull-up

CDONE Pull-
up

e Comp

atibili

Requirement

VCCIO_AP OK OK with Required if | Recommended | AP can directly drive CRESET_B High and
= VCC_SPI pull-up using Low although an open-drain output
open-drain recommended is if multiple devices control
Z(\:,%I&BAZ output CRESET_B. If using an open-drain driver,
- the CRESET_B input must include a 10 kQ
pull-up resistor to VCCIO_2. The 10 kQ
pull-up resistor to AP_VCCIO is also
recommended.
AP_VCCIO N/A Required, Required Required The AP must control CRESET_B with an
> VCCIO_2 requires open-drain output, which requires a 10 kQ
pull-up pull-up resistor to VCCIO_2. The 10 kQ
pull-up resistor to AP_VCCIO is required.

JTAG Boundary Scan Port
Overview

Each iCE65 device includes an IEEE 1149.1-compatible JTAG boundary-scan port. The port supports printed-circuit
board (PCB) testing and debugging. It also provides an alternate means to configure the iCE65 device.

Signal Connections
The JTAG port connections are listed in Table 32.
Table 32: iCE65 JTAG Boundary Scan Signals

Direction

TDI Input Test Data Input. Must be tied off to GND when unused. (no pull-up resistor)*

TMS Input Test Mode Select. Must be tied off to GND when unused. (no pull-up resistor)*

TCK Input Test Clock. Must be tied off to GND when unused. (no pull-up resistor)*

TDO Output Test Data Output.

TRST_B Input Test Reset, active Low. Must be Low during normal device operation. Must be High
to enable JTAG operations.*

* Must be tied off to GND or VCCIO 1, else VCCIO 1 draws current.

Table 33 lists the ball/pin numbers for the JTAG interface by package code. The JTAG interface is available in select
package types. The JTAG port is located in I/O Bank 1 along the right edge of the iCE65 device and powered by the
VCCIO_1 supply inputs. Consequently, the JTAG interface uses the associated 1/O standards for I/O Bank 1.

Table 33: JTAG Interface Ball/Pin Numbers by Package

| voio0 | cB132 | CB196 | CB284 |

JTAG Interface

TDI | M12 M12 T16
P14 P14 V18
L12 L12 R16
N14 N14 u18
M14 M14 T18

(2.42, 30-MAR-2012)
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Supported JTAG Commands

The JTAG interface supports the IEEE 1149.1 mandatory instructions, including EXTEST, SAMPLE/PRELOAD, and
BYPASS.

Package and Pinout Information
Maximum User I/0 Pins by Package and by I/0 Bank

Table 34 lists the maximum number of user-programmable /O pins by package, with additional detail showing user
I/O pins by I/O bank. In some cases, a smaller iCE65 device is packaged in a larger package with unconnected (N.C.)
pins or balls, resulting in fewer overall I/O pins. See Table 35 for device-specific I/O counts by package.

Table 34: User 1/0 by Package, by I/0 Bank

CB81 QN84 CB132 CB196 CB284

Package Leads 81 84 100 132 196 284
Package Body (mm) 5x5 7x7 14 x 14 8x8 8x8 12 x 12
Ball Array (balls) 9x9 N/A N/A 14 x 14 14 x 14 22 x 22
Ball/Lead Pitch (mm) 0.5 0.5 0.5 0.5 0.5 0.5
Maximum user I/0,
all 1/0 banks 63 67 72 95 150 222

PIO Pins in Bank O 17 17 19 26 37 60

PIO Pins in Bank 1 16 17 19 21 38 55

PIO Pins in Bank 2 12 11 12 20 35 53

PIO Pins in Bank 3 18 18 18 24 36 50

PIO Pins in SPI

Interface ® ® i 5 5 i

Printed Circuit Board Layout Information

For information on how to use the iCE65 packages on a printed circuit board (PCB) design, consult the following
application note.

B ANO10: iCE65 Printed Circuit Board (PCB Layout) Guidelines

Maximum User I/0 by Device and Package

Table 35 lists the maximum available user I/O by device and by and package type. Not all devices are available in all
packages. Similarly, smaller iCE65 devices may have unconnected balls in some packages. Devices sharing a

common package have similar footprints.
Table 35: Maximum User I/0 by Device and Package
Device
iCE65L04

iCE65L01

iCE65L08
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QN84 Quad Flat Pack No-Lead
The QN84 is a Quad Flat Pack No-Lead package with a 0.5 mm pad pitch.

Footprint Diagram
Figure 34 shows the iCE65 footprint diagram for the QN84 package.
Also see Table 38 for a complete, detailed pinout for the QN84 package.

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

Figure 34: 1ICE65 QN84 Quad Flat Pack No-Lead Footprint (Top View)
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| BallFunction | BallNumber | PinType | Bank |

PIO2 B14 PIO 2
PIO2/CBSELO B15 PIO 2
PIO2/CBSEL1 A20 PIO 2
VCCIO_2 A17 PIO 2
GBIN6/PIO3 | A9 GBIN 3
| GBIN7/P103 | A8 GBIN 3
PIO3 Al PIO 3

PIO3 A2 PIO 3

PIO3 A3 PIO 3

PIO3 A4 PIO 3

PIO3 A5 PIO 3

PIO3 A10 PIO 3

PIO3 Al1 PIO 3

PIO3 A12 PIO 3
PIO3 B1 PIO 3
PIO3 B2 PIO 3
PIO3 B3 PIO 3
PIO3 B4 PIO 3
PIO3 B5 PIO 3
PIO3 B7 PIO 3
PIO3 B8 PIO 3
PIO3 B9 PIO 3
VCCIO 3

PIOS/SPI_SO B17 SPI SPI
PIOS/SPI_SI A22 SPI SPI
PIOS/SPI_SCK A23 SPI SPI

PIOS/SPI_SS_B SPI

SPI_VCC

VPP_2V5

SPI

VPP

VPP

VPP_FAST

VPP

VPP
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| BallFunction |  BallNumber | PinType | Bank |
AS

PIOO PIO 0
PIOO A6 PIO 0
PIO0 A8 PIO 0
PIOO Al10 PIO 0
PIO0 B3 PIO 0
PIOO B4 PIO 0
PIOO B5 PIO 0
PIOO B8 PIO 0
PIOO B9 PIO 0
PIOO C5 PIO 0
PIO0 c7 PIO 0
PIOO C8 PIO 0
PIO0 C9 PIO 0
PIOO D5 PIO 0
PIO0 D7 PIO 0
PIOO ES5 PIO 0
PIOO0 E6 PIO 0
PIOO E7 PIO 0
PIOO F7 PIO 0
VCCIO_O B7 VCCIO 0
GBIN2/PIO1 GBIN 1
GBIN3/PIO1 GBIN 1
PIO1 All PIO 1
PIO1 B11 PIO 1
PIO1 C11 PIO 1
PIO1 D8 PIO 1
PIO1 D9 PIO 1
PIO1 D10 PIO 1
PIO1 D11 PIO 1
PIO1 E8 PIO 1
PIO1 E9 PIO 1
PIO1 E1l1l PIO 1
PIO1 F10 PIO 1
PIO1 G7 PIO 1
PIO1 G8 PIO 1
PIO1 G9 PIO 1
PIO1 G10 PIO 1
PIO1 H7 PIO 1
PIO1 H8 PIO 1
PIO1 H9 PIO 1
PIO1 H10 PIO 1
g%; E10 VCCIO 1
CDONE J7 CONFIG 2
CRESET_B K7 CONFIG 2
GBIN5/PIO2 L9 GBIN 2
PIO2 H4 PIO 2
PIO2 H5 PIO 2
PIO2 H11 PIO 2
PIO2 J4 PIO 2
PIO2 J5 PIO 2
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| BallFunction | BallNumber | PinType _________ Bank |

PIOZ J1 1 2

PIO2 K3 PIO 2

PIO2 K4 PIO 2

PIO2 K11 PIO 2

PIO2 L2 PIO 2

PIO2 L3 PIO 2

PIO2 L4 PIO 2

PIO2 L5 PIO 2

PIO2 L10 PIO 2

PIO2 L11 PIO 2

P1I02/CBSELO H6 PIO 2

P1IO2/CBSEL1 J6 PIO 2

gg K5 VCCIO 2

PIO3 C1 PIO 3

PIO3 B1 PIO 3

PIO3 D1 PIO 3

PIO3 E2 PIO 3

PIO3 C2 PIO 3

PIO3 D2 PIO 3

PIO3 C3 PIO 3

PIO3 C4 PIO 3

PIO3 E4 PIO 3

PIO3 D4 PIO 3

PIO3 F3 PIO 3

PIO3 G3 PIO 3

PIO3 G4 PIO 3

GBIN7/PIO3 D3 GBIN 3

PIO3 E3 PIO 3

PIO3 F2 PIO 3

PIO3 G1 PIO 3

PIO3 H1 PIO 3

PIO3 J1 PIO 3

PIO3 H2 PIO 3

PIO3 H3 PIO 3

PIO3 J3 PIO 3

PIO3 J2 PIO 3

| vcao3 | Al VCCIO 3

G2 VCCIO 3
PIOS/SPI_SO J8 SPI SPI
PIOS/SPI_SI K8 SPI SPI
PIOS/SPI_SCK K9 SPI SPI
PIOS/SPI_SS B Jo SPI SPI
J10 SPI SPI
B2 GND GND
GND El GND GND
GND F6 GND GND
GND G5 GND GND
| G6 GND GND
G| G11 GND GND
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Ball Function | Ball Number | pinType | Bank |
Gl 3

LO1/L04: GBIN7/PIO3 GBIN
LO8: GBIN7/DP0O5B

LO1/L04: PIO3/DPO5A G3 DPIO 3
LO8: PIO3/DPO5A
LO1/L04: PIO3/DP0O5B G4 DPIO 3
LO8: PIO3/DP11B
LO1/L04: PIO3/DP0O6A H3 DPIO 3
LO8: PIO3/DP06B
L01/L04: PIO3/DP06B H4 DPIO 3
LO8: PIO3/DP11A
PIO3/DPO7A J3 DPIO 3
PIO3/DP07B J1 DPIO 3
PIO3/DPOSA K3 DPIO 3
PIO3/DP08B K4 DPIO 3
PIO3/DP09A L1 DPIO 3
P1I03/DP09B M1 DPIO 3
PIO3/DP10A N1 DPIO 3
PIO3/DP10B P1 DPIO 3
VCCIO_3 E3 VCCIO 3
VCCIO_3 J6 VCCIO 3

K1 VCCIO 3

PIOS/SPI_SO M11 SPI SPI
PIOS/SPI_SI P11 SPI SPI
PIOS/SPI_SCK P12 SPI SPI
PIOS/SPI_SS_B SPI SPI
SPI SPI

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

GND GND

VCC VCC

VCC VCC

VCC VCC VCC

VCC VCC VCC

VCC VCC

VPP_2V5 VPP VPP
VPP_FAST Al3 VPP VPP
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iCE65 Ultra Low-Power mobileFPGA™ Family

Figure 46: iCE65L08 CB196 Chip-Scale BGA Footprint (Top View)
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Pinout Table

Table 42 provides a detailed pinout table for the iCE65L04 in the CB196 chip-scale BGA package. Pins are generally
arranged by I/O bank, then by ball function. The pinout for the iCE65L08 is different than the iCE64L04 pinout.

/N

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.

Table 42: iCE65L04 CB196 Chip-scale BGA Pinout Table

Ball Number Pin Type Bank
GBINO/PIOO | A7 GBIN 0
| GBIN1/PIO0 | E7 GBIN 0
PIOO Al PIO 0
PIOO A2 PIO 0
PIOO A3 PIO 0
PIOO0 A4 PIO 0
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iCE65 Ultra Low-Power mobileFPGA™ Family

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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ICE65L04 | DiePus
Pad Name VQ100 | CB132 | CB196 | CB284 | Pad | X (um) | Y (um) |
CRESET_B 44 L10 L10 R14 | 121  2,625.00 139.20

PIOS_00/SPI_SO
PIOS_01/SPI_SI

PIOS_02/SPI_SCK
PIOS_03/SPI_SS_B

45 M11 M11 T15 122 2,690.00 37.20
46 P11 P11 V15 123 2,740.00 139.20
47 = P6 Y16 124 2,790.00 37.20
48 P12 P12 V16 125 2,840.00 139.20
49 P13 P13 V17 126 2,890.00 37.20

L11

L11

2,990.00

N/A M12 M12 Ti6 | 128  3,610.80  342.00

T™S N/A P14 P14 Vi8 | 129  3,712.80  392.00
TCK N/A L12 L12 R16 | 130  3,610.80  442.00
TDO N/A N14 N14 U8 | 131  3,712.80  492.00
N/A M14 M14 T18 | 132 3,610.80  542.00

PIO1_00 51 L14 K11 R18 | 133  3,712.80  592.00
PIO1 01 52 K12 L13 P16 | 134  3,610.80  642.00
PIO1_02 53 K11 K12 PI5 | 135  3,712.80  692.00
! PIO1_03 54 K14 M13 P18 | 136  3,610.80  727.00
55 14 14 N18 | 137  3,712.80  762.00

55 J14 J14 N18 | 138  3,610.80  797.00

PIO1_04 56 12 310 Ni6 | 139  3,712.80  832.00
PIO1_05 57 J11 L14 N15 | 140  3,610.80  867.00
58 H14 H14 M18 | 141  3,712.80  902.00

VCCIO_1 — — — — 142 3,610.80  937.00
PIO1_06 59 H12 J11 Mi16 | 143  3,712.80  972.00
PIO1_07 60 H11 K14 M15 | 144  3,610.80 1,007.00
PIO1_08 — — H10 W20 | 145  3,712.80  1,042.00
PIO1_09 — — 313 v20 | 146  3,610.80 1,077.00
PIO1_10 — — 312 U20 | 147  3,712.80 1,112.00
vCC 61 HY N7 M13 | 148  3,610.80 1,147.00
vCC — — — — 149  3,712.80  1,182.00
PIO1_11 — — H13 122 | 150  3,610.80  1,217.00
PIO1_12 — — H12 R22 | 151  3,712.80  1,252.00
PIO1_13 — — — P22 | 152  3,610.80 1,287.00
PIO1_14 — — — N22 | 153  3,712.80  1,322.00
PIO1_15 — G13 T20 | 154  3,610.80  1,357.00
PIO1_16 — — H11 R20 | 155  3,712.80  1,392.00
PIO1_17 — — Gl4 P20 | 156  3,610.80  1,427.00
— — K10 N20 | 157  3,712.80  1,462.00

— — — — 158 3,610.80  1,497.00

PIO1_18 — — G10 M20 | 159  3,712.80  1,532.00
GBIN3/PIO1_19 62 F14 G12 Ki8 | 160  3,610.80  1,567.00
GBIN2/PIO1_20 63 G14 F10 L18 | 161  3,712.80 1,602.00
PIO1_21 = — F14 K20 | 162  3,610.80  1,637.00
VCCIO_1 — — H14 320 | 163 3,712.80 1,672.00
— — — — 164  3,610.80  1,707.00

PIO1_22 — — F13 H20 | 165  3,712.80  1,742.00
PIO1_23 — — D13 G20 | 166  3,610.80 1,777.00
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|  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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Notes
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