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CMOS technology (LUT4)  Flip-flop with enable
E Low leakage, W static power and reset controls
E Lower core voltagepwest dynamic power A Plentifu 1, fast, o n-chip 4Kbit RAM blocks
A Flexible programmable  logic and programmable A Low -cost, space -efficient packaging options

interconnect fabric
E Over 7,60000k-up tables (LUT4) and fligflops
E Low-power logic and interconnect

E Known-good die (KGD) options available
A Complete iCEcube = development system

. E Windows®and LinuxX’support
A Flexible I/0 pins to simplify system interfaces E VHDL and Verilog logic synthesis
E Up to222programmable 1/0 pins E Place and route software
E Four independentlypowered 1/0 bankssupportfor 33V, E Design and IP core libraries
2.5V, 1.8Vand 1.5Voltage standards E Low-costiCEman65development board
E LVCMOS,MDDR,LVDS and SubLVD%O standards P

Table 1: iCE65 Ultra Low -Power Programmable Logic Family Summary

T iCE65L04 iCE65L08

Logic Cells (LUT + Flip -Flop) 3,520 7,680

Approximate System Gate Count 200K 400K

Typical Equivalent Macrocells 2,700 6,000

RAM4K Memory Blocks 20 32

RAM4K RAM bits 80K 128K
Configuration bits  (maximum) 533 Kb 1,057 Kb

Typical Current at O 32. 768 kHz 15 A 30 pA

Maximum Programmable I/O Pins 176 222

Maximum Differential Input Pairs 20 25
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iCE65 Ultra Low -Power mobileFPGA & Family

Overview

The SiliconBlue Technologi@E6G5 programmable logic family is specifically designed to deliver the lostetst
and dynamic power consumption of any comparable CPLD or FPGA d&iegscomponents are avalble in two
versions. The standard product, designed for-sesisitive singleprogram high-volume applicationgprovideson-
chip, nonvolatileconfigurationmemory(NVCM) to customize theCE65device for a specific applicatioBoth the
standard version with NVCM memory andhe versionwithout NVCM memory can selfconfigure from a
configuration imagestored in an external commodity SPI serial Flash PROMdownloaded from an external
processor over an SHie serial port

ThefouriCE65componens, highlighted inTablel, deliver from approximately 2K teearly1K logic cells and flip
flops while consuming a fraction of the power of compargmegrammable logic devicesEachiCE6G5 device
includes between 16 @5 RAM blocks each with 4Kbits of storagir on-chip data storage and data buffering.

As pictured inFigurel, eachiCE65device consists of four primary architectural elements.

A An array oProgrammable Logic BlockBI(Bs)
E Each PLB contains eight Logic Cells (LGscH.ogic Cell consistsf é

» A fast, fourinput look-up table (LUT4) capable of implemeng anycombinationallogic function of
upto four inputs, regardless of complexity

» A aypedflip-flop with an optionalclock-enable andetieset control

» Fast carry logic to accelerateitametic functions such as adders, subtracters, comparators, and
counters.

E Common clock inputwith polarity control, clockenableinput, and optional set/reset control input to
the PLBis shared among all eight Logic Cells

Two-port, 4Kbit RAM blocks(RAM4K)

E 256x16 default configuration; selectable data width upirngrammable logicesources

E Simultaneous read and write access; ideal for FIFO memory and data buffering applications
E RAM contents preloadable during configuration

Four 1/0 banks with in@épendent supply voltage, each with multiple Programmable Input/Output (PIO)
blocks

E LVCMOS I/O standardand LVDS outputsupported in all banks

E 1/0 Bank 3 supports additional SSTMDDR, LVDSandSul_VDS I/O standards
Programmable interconnections betweiie blocks

E Flexible connections between all programmable logic functions

E Eight dedicated lowskew, highfanout clock distribution networks

>

>

>
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Packaging Options
ICE65components are available in a variety of package options to support specific application requirements. Tl
available options, including the number of available qegrammable I/O pins (P1Os), are listedTiable2. Fully-
testedKnown-Good Die (KGD) iCEDICE" are available for die stacking ahighly spaceconscious applications.
All iCE65devices are providezkclusivelyin Pb-free, RoHSompliart packages.

Table 2: iCE65 Family Packaging Options, Maximum I/O per Package

Package '
Body Package Ball/ Lead
Package mm Code Pitch (mm 65L04 65L08

100-pin very thin quad flat package 14 x 14 VQ100 0.5 72 (9) o)
132-ball chip-scale BGA 8x8 CB132 95 (11) B o)
196-ball chip-scale BGA 8x8 CB196 0.5 150 (18) ‘-1 150 (18)
284-ball chip-scale BGA 12 x 12 CB284 176 (20) S— 222 (25)
Known Good Die Seesgfefata DI 3 176 (20) 222 (25)

CZ:}: Common footprint allows each density migration on the same printed circuit board.  (Differential input count) .

The iCE65L04 and the iCE65L08 are both available in the CB196 package and have similar footprints but are not completely pin
compatible. S e ePindut Differences between iCE65L04 and iCE65L08 in CB196 Package o0 n 60 foigneore information.

The WLCSP packages have been move to the DiePlusE Known Gooc

When iCE65components arsuppliedin the same packagtyle, devices of different gate densities share a common
footprint. The common footprint improves manufacturing flexibility. Different models of the same product can
share a common circuit board. Featuidh versions of thend application mount largeriCE65 deviceon the

circuit board Lowendversions mount a small&EE65device.

Ordering Information
Figure 2 describeghe iCE65ordering codedor all packaged components. See the sépa@GE DICE data sheets
when ordering dibased products
Figure 2: iCE65 Ordering Codes (packaged, non -die components)

iCE65L 04 F -L CB 132 C

Logic Cells (x1,000) Temperature Range
04, 08 C = Commercial
(Ta = 0° to 70° Celsius)
" I = Industrial
Configuration Memory (Ta = —40° to 85° Celsius)
F = NVCM + reprogrammable Package Leads
Power Consumption/ Package Style
_L = Low power S CB = chip-scale ball grid
T : Hi hi ced CS = wafer level chip-scale package (0.4 mm pitch)
= Migh sp VQ = very-thin quad flat pack package

iCE65 devicesoffer two power consumption speedoptions. Standard product6e-d.6 o r d e r havegylowc o d

standby and dynamic power consumptioh.h e T60 pr ov i dpeedlobid. gh er

Similarly,iCE65devices are available in two operating temperature ranges, one for typical commercial application:
the other with an extended temperature range forusigial and telecommunications application3he ordering

code also specifies the device packag®n, as described further ifiable2.

(2.0.1, 12-NO\-2009)
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iCE65 Ultra Low -Power mobileFPGA & Family

Programmable Logic Block (PLB)

Generallyalogic designfor aniCE65component ireatedusing a high-levd hardware description languagich

as Verilogor VHDL The SiliconBlue Technologieevelopmentsoftware then synthesizes the hidgwvel
description intoequivalent functions built usinghe programmable logic resources within e#CE65device. Both
sequentialand combinationafunctionsareconstructedfrom an array of Programmable Logic Blocks (PLBs). Each
PLB contains eight Logic Cells (LCs), as pietliin Figure 3, and share common control inputs, such as clocks,
reset, and enable controls.

PLBs are connected to one another and other logic furgctising the rich Programmable Interconnexburces.

Logic Cell (LC)

EachiCE65 device contains thousands of Logic Cells (LCs), as listebable 1 Each Logic Cell includes three
primarylogic elementsshown inFigure3.

~

A

A

A

A fourinput Look-Up Table (LUT4)builds any combinational logic function, of any complexityupfto
four inputs. Similarly, the LUT4 element behaves as a 16x1-@eidMemory (ROM). Combine and
cascade multiple LUT4s to create wider logic functions.

A 0 Bijyle FlipFlop (DFF), with an optional clockenable and reset control input, builds sequential logic
functions. Each DFF also connects to a global redghal that is automatically asserted immediately
following device configuration.

Carry Logic boosts the logic efficiency and performance of arithmétiections, including adders,
subtracters, comparators, binary countarsd some widecascadetbgic 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 Ckbutput feeds into thé’>rogrammable Interconneébric to connect to other features on the

iICE65device
Figure 3. Programmable Logic Block and Logic Cell
Shared Block-Level Controls
Programmable Logic : GOCk_w-..
! 1:D ‘e
! Set/Reset—N.., | ! .
- 0_-D LA Logic Cell

ICarry Logic

8

=

2 —8

® ED_;

O

2 i

3 : LI B )

- N A \\
Four-input Flip-flop with
Look-Up Table optional enable and
(LUT4) set or reset controls

= Statically defined by configuration program
(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Look -Up Table (LUT4)

The fourinput Look-Up Table (LUT4) function implements any and all combinational logic functioegardless of
complexity, of between zero and four inputs. Zermput functions i ncl udhe LWHi gh
function has four inputs, labeled 10, 11, 12, andTiBree of the four inputs are shared with tGarry Logicfunction,

as shown irFigure3. The bottoramost LUT4input connects either to the I3 input or to the Carry Logic output
from the previous Logic Cell.

The output from the LUT4 function connects to the fflop within the same Logic Cell. Th&JT4 output or the
flip-flop output then connect#o the programmable interconnect.

For detailed LUT4 internal timing, s@able53
0 Ddyle Flip -Flop (DFF)
T h e -st@leXlgp-flop (DFF)optionally stores state information for the application.

Theflipf | op has a data input, 6D0O, a-flop haa updoattrez contwltsignals |,
that are shared among all flipops n all Logic Cells within th’LB as shown irFigure 3. Table3 describes the
behavior of the fliflop based on inputand upon the specific DFF design primitive usedynthesized

Table 3: 6 DS$tyle Flip -Flop Behavior

_ Flip -Flop
Primitive Operation Mode [ D | EN [SR|CLK|[ . Q
X X X X X 0

All Cleared Immediately after
Configuration
Hold Present Value X 0 X X Q
(Disabled)
Hold Present Value (Static X X X lor0O Q
Clock)
Load with Input Data D 1* 0* y D
SB_DFFR Asynchronous Reset Asynchronous X X 1 X 0
Reset
SB DFFS Asynchronous Set Asynchronous X X 1 X 1
Set
SB_DFFSR | Synchronous Reset Synchronous X 1* 1 y 0
Reset
SB_DFFSS | Synchronous Set Synchronous X 1* 1 y 1
Set
X = d o n®=risicgalock edge (default polarity), 1* = High or unused, 0* = Low or unused

The CLK clock signal is not optional and is shared among alildjisin a Programmable Logic BlocBy default,
flip-flopsareclocked by the rising edge of tR&B clock input, although the clock polarity can be inverted fahall
flip-flops in the PLB

The CLK input optionally connects to one of the following clock sources.

A The output from any one of the eigBtobal Buffersor

A A connection from the generplirpose interconnect fabric

The EN clockenable signal is common to all Logic Cells in a Programmable Logic Block. If the enable signal is r
used, then the fliglop is always enabled. Thisnditionis indicated a® 1 * Dablé3.n The asterisk indicates that
this is the default state if the control signal is not conneatetthe application

Similarly, the SRset/reset signal is commao all Logic Cells in a Programmable Logic Block. If not used, then the
flip-flop is never set/reset, except when cleared immediately after configuration or by the Global ReseTkignal.
conditoni s i n diOt éfTabld3. ahe asterisk indicates that this is the default state if the control signal is
not connectedn the application

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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iCE65 Ultra Low -Power mobileFPGA & Family

Each flipflop hasanadditional control that defines itsset or reset behavioAs definedin the configurationmage
the controldefines whether the set or reset operation isisgironized to theactive CLK clock edgeor whether it is
completely asynchronous.

A The SB_BFR and SB_[EFS primitives areasynchronously controlledsolelyby the SR input. If the SR
input is High, then an SB_DFFR primitive @&ynchronously reset and an SB_DHp8nitive is
asynchronously set.

A The SB_BFSR and SB APRSS primitives are synchronously contrdlley 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 fligflop output thenconnects to the programmable interconnect.

Because of the shared control signals, the design software can pébp8ipvith common controlnputs into a
single PLB block, as describedTable4. There are eight total packing options.

Table 4. Flip -flop Packing/Sharing within a PLB

Set or Reset Control
Group Active Clock Edge Clock Enable Sync. or Async
1 a

5 é None
None (always enabled)
3 a PLB set/reset control
4 C
2 &3‘ None
6 C Selective (controlled by
; ?‘: PLB clock enable) PLB set/reset control

For detailed flipflop internal timing, se@able53
Carry Logic

The dedicated Carry Logic within each Logic Qelmarily accelerates and improves the efficiency of arithmetic
logic such as adderaccumulatorssubtracters, incrementers, decrementers, coune]s,and comparatorsThe
Carry Logic also supportgide combinational logic functions.

COUT = 11 b 12 + CIN bl1l +[Eqatoh1d |

Equation 1 anéigure4 describethe Carry Logic structure within a Logic Celllhe Carry Logic shares inputs with

the associated Loeklp Table (LUT4). The. U T 418aad I24nputs directly feed the Carry Logiénputs 10 and 13

do not A signal cascades between Logic Cells within the Programmable Logic Block. The carry input from tt
previousadjacent Logic Cebiptionally provides amlternateinput to the LUT4 functionsupplantingthe 13 input.

Low -Power Disab e

To save power and prevent unnecessary sigwathing, the Carry Logic function within a Logic Cell is disabled if
not wused. The output of a Logic Cell s Carry Logi ¢

PLB Carry Input and Carry Output Connections

As shown inFigure4, each Programmable Logic Block has a carry input signal that can be initialized High, Low, o
come from the carry output signal from PLB imnaéely below.

Similarly, the Carry Logic output from the Programmable Logic Btmrinectsto the PLB immediately abave
which allows the Carry Logic to span across multiple PLBs in a column. As shéiguia5, the Carry Logic chain
can be tapped migvay throughachain or &LB by feeding the value through a LUT4 function.

Adder Example

Figure5 shows an example design that uses the Carry Logic. The exampkédisad@er, which can bexpanded
into an adderof arbitrary size The LUT4 function within a Logic Cell is programmed to calcullagesum of the
two input values and the carry inpud\[i] + B[i] + CARRY_IN[Ji - 1] = SUM[i]

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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The Carry Logic generates the carry value to feed the next bit in the adder. The calculated carry value replaces tt
input to the next LUT4 in the upper Logic Ce

If required by the application, the carry output from the final stage of the adder is available by passing it through tr
final LUTA4.

Figure 4. Carry Logic Structure  within a Logic Cell and between PLBs
4 N\

Adjacent PLB

! From lower adjacent Logic Cell

—ecccccccccccccccccccccahecccccccccccccccccccccccccaas

Carry Logic

nitialization into
A | Programmable Logic
o | 1 Block (PLB)

\ J
4 N\
Adjacent PLB
\\ J

= Statically defined by
configuration program

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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iCE65 Ultra Low -Power mobileFPGA & Family

Implementing Subtracters, Decrementers

As mentioned earlier, the Carry Logjenerates a High outpwhenever the sum dfi + 12 + CARRY_IN
generates a carryThe Carry Logic does not specifically have a subtract mode. To implement a subtract function o
decrement function, logically invert either the I1 or 12 input and invert the initial carry input. This performs a 2s

complement subtract operation.
Figure 5. Two -bit Adder Example

LUT4
GND 11
GND 12
- CARRY_OUT
Carry
Logic
Alll n
B[] 2— &
SUM[1]
A[0] 11
B[O] 12
SUM[O0]
CARRY_IN
(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Programmable Input/Output Block (PIO)

Programmable Input/Output (PIO) blocks surround the periphefyhe device and connect external components to
the Programmable Logiddgks (PLBs)and RAM4K blockssia programmable interconnecindividual P1O pins are
grouped into one of four I/O banks, as showrrigure6. I/0O Bank 3 has additional capabilities, includibgDS
differential /0O andhe ability to interface tdvlobile DDRmemories.

Figure6 alsoshows thelogic within a PIO pin. When used in an application, a PIO pin becomes a signal input, an
output, or a bidirectional 1/0O pin with a separate direction conirgut.

Figure 6: Programmable Input/Ou  tput (PIO) Pin
Veelo

I/0 Bank 0, 1, or 2

Voltage Supply | 1-5Vt03.3V

4 A

s g - B
isabled & 6—
Enabled g py1.yp

® not in 1/0
VCCIO_0 OB~ ke
V_Cl_C o _|_— Pull-up
Internal Core . Enable

I
\ I/ 0 Bank 0 /
\ General-Purpose 1/0

AA

A

OUT —

PAD

Latch inhibits g ¢

iCEGATE switching for
HOLD HD : lowest power

Tist03.3v

‘\ |/ O Bank 3
"\ Special/LVDS I/O

—g--

VCCIO_3
VCCIO_1

A

GBIN pins optionally
connect directly to an
associated GBUF global
buffer

P vee Programmable I nput/ Output
VCCIO_2 - = Statically defined by configuration program

I/ O Bank 2
General-Purpose |/O

'/ I/OBank 1 | 8
General-Purpose I/0i O

I/O Banks

PIO blocks are organized into four separate I/O banks, each with its own voltage supplyasgtiown imable5.
The voltage applied to the VCCIO pin on a bank defines the I/O standadivithin the bank. Table49 and Table
50 describe the I/O drive capabilities and switching thresholds by I/O stahd/O Bank 3, along the left edge of
the die,is different than the others arslipports specialized I/O standards.

/O Bank Voltage Supply Inputs Support Different I/0O Standards

Because each I/O bank has its own voltage suppB65components becomie idea bridging device between
different interface standards. For example,itbE65device allows a 1.8dhly processor to interface cleanly with a
3.3V bus interface. ThEE65device replaces external voltage translators.

Table 5. Supported Voltages by I/O Bank

Supply Input

Top VCCIO_0 Yes Yes Yes Outputs only

1 Right VCCIO_1 Yes Yes Yes Outputs only

2 Bottom VCCIO 2 Yes Yes Yes Outputs only
3 Left VCCIO_3 Yes Yes Yes Yes
SPI Bottom Right SP| VCC Yes Yes Yes No

If not connected to an external SPI PROM, the four pins associated witBRhéaster Configuration Interfacean
be used as PI O pins, supplied by the SPI Ifd@dgCaniSRIp ut
Flash PROM, then connect SPI_VCC to 3.3V.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 9




iCE65 Ultra Low -Power mobileFPGA © Family

/0 Banks 0, 1, 2, and SPI

Table6 highlights the available 1/O standards when using@B65device, indicating the drive current options, and
in which bank(s) the standard is spprted. I/O Banks 0, 1, 2 and SPI interface support the same stariflards
Bank 3 haadditional capabilitiesincluding support foMDDR memory standards and LVDS differential I/O.

Table 6: 1/0 Standards for I/O Banks 0, 1, 2 an  d SPI Interface Bank

O anhdard D oltage Drive e A A pute ame
5V Input Tolerance 3.3V

LVCMOS33 3.3V +11

LVCMOS25 2.5V +8

LVCMOS18 1.8v +5 SB_LVCMOS
LVCMOS15 outputs 1.5V +4

IBIS Models for I/O Banks 0, 1, 2 and the SPIl Bank

The IBIS (I/0O Buffer Information Specification) file that describes the output buffers used in I/0O Banks 0, 1, 2 and tl
SPI Bank is available from the following link.

A IBIS Models for I/O Banks 0, 12 and the SPI Bak
www.siliconbluetech.com/media/downloads/sb Ivcmos all.ibs

/O Bank 3

I/O Bank 3, located along the left edge of they tias additional special /O capabilities to suppoemoy
componentsand differential 1/0 signaling (LVDS)lable7 lists the various 1/O standardsipported byl/O Bank 3.
The SSTL2 and SSTL18 l/@rstards require the VREFoItage reference inpytin which is only available on the
CB284 packageAlso sed able50for electrical characteristics.

Table 7: /0 Standards for I/O Bank 3 Onl
Supply VREF Pin (CB284 or Target
I/O Standard Voltage iCE DIiCE) Required? Drive Current (mA) Attribute Name

LVCMOS33 | SB_LVCMOS33 8
+16 SB_LVCMOS25 16
+12 SB_LVCMOS25 12
LVCMOS25 2.5V +8 SB LVCMOS?258
+4 SBiLVCMOSZSQ
+10 SB_LVCMOS18 10
+8 SB_LVCMOS188
LVEMOS18 1.8V +4 SB_LVCMOS184
+2 SB_LVCMOS1&
— —
+4 SB_LVCMOS1%
LVCMOS15 1.5V +2 SB LVCMOS152
SSTL2 I 25\ +16.2 SB SSTL2 CLASS 2
SSTLZ-I ' +8.1 SB_SSTL2 CASS1
SSTL18 I 18V SB SSTL18 FULL
SSTL18=I ' SB=SSTL18=HALF
SB_MDDR10
SB_MDDRS8
MDDR 1.8V SB_MDDR4
SB_MDDRZ
LVDS 2.5V SB_LVDS_INPUT
(2.0.1, 12-NOV-2009) SiliconBlue Technologies  Corporation

10 www.SiliconBlueTech.com



http://www.siliconbluetech.com/media/downloads/sb_lvcmos_all.ibs

S’Iicon@:

Table8lists the 1/0 standardghat can ceexist inl/O Bank 3, depending on the VCCIO_3 voltage.

Compatible I/O

3.3V
SB_LVCMOS33_8

2.5V
Any SB_LVCMOS25

Table 8: Compatible I/O Standards in /O Bank 3

Voltage

1.8V
Any SB_LVCMOS18

Any SB_LVCMOS15

Standards SB_SSTL2 Class 2| SB_SSTL18 FULL
SB_SSTL2 Class_1| SB_SSTL18 HALF

SB_LVDS_INPUT SB_MDDR10

SB_MDDRS8

SB_MDDR4

SB_MDDR2

SB_LVDS_INPUT

Programmable Output Drive Strength

Each PIO in I/O Bank 3 offers programmable output drive strength, as listEabie8. Forthe LVCMOS and
MDDR 1/O standards, the output driver has settings static drive currents ranging frod mAto 16mA output
drive current, depending on the I/O standard and suppliagel.

The SSTL18 and SSTL2 I/O standards offerdfindl halfstrength drive current options

Differential Inputs and Outputs

Al Pl O pins-esdegpdrt / Osishghear ds, such as LVCMOS.
differential 1/0O standards where single data value is represented by two complementary signals transmitted or
received using a pair of PIO pins. Th@ Bins in I/O Bank 3 support LoWoltage Differential Swing (LVD3)nd
SubLVDSnputs as shown ifrigure?7. Differential outputs are available in all four I/O banks.

For additional information on using differential I/O, please refeh#ofollowing application note.

ANO0O08: Using iCE65 LVDS
www.siliconbluetech.com/media/AN8 LVDS revl.pdf

ANO0O08: LVDS Termination Calculator Spreadsheet
www.siliconbluetech.conthedia/iCE65 LVDS revl.xls

Only on I/O Bank 3

Differential receivers are required for popular applications suchL@BS and LVPECL clock inputsamera
interfaces, and for various telecommunications standards.

Differential Inputs

Specific pairs of PIO pina I/O Bank 3 form a differential input. Each pair consists of a DPxxA and DPxxB pin,
where 0xx0 r epr e.sThenDPsBrecdivethefraeivarsion af tindseaymal while the DRXxeceives

the complement of the signal. Typically, the resgltiignal pair is routed on the printed circuit board (PCB) with
matched50q signal impedance. The differential signaling, the low voltage swing, and the matched signal routin
areideal for communicatingzery-high frequency signals.Differential signals are generally alsworetolerant of
system noise and generate little EMI themselves.

The LVDS inputcircuitry requires 2.5V on the VCCIO_3voltage supply Similarly, the SubLVDS input circuitry
requires 1.8V on the VCCIO_3 voltage supprreb ct r i c al s p Biffereftial tnputodi oonns86p asgeee

Eachdifferentialinput pair requires an external 1Q0termination resistoyas shown irFigure?.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 11
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The PIO pins that make up a differentiabut pair are indicated with a blue bounding box in the footprint diagrams
and in the pinout tables.

Figure 7. Differential Inputs in /O Bank 3

Impedance-matched
signal traces

VCCIO_3 = 1.8Vor 2.5V

iC\365 Differential

External 100n Input
termination resistor

Noise pulse affects both traces
similarly. Difference between
signals remains nearly constant.

Differential Outputs in Any Bank

Differential outputs & built using a pair of singlended PIO pins as shown kigure8. Each differential 1/0O pair
requires a threeesistor termination networkto adjud output characteristic to match those for the specific
differential 1/0 standard.The output characteristics depend on the values of the parallel resistors (RP) and series
resistor (RS).Differentialoutputs mustbelocatedin the same 1/O tile.

Figure 8: Differential Output Pair

External output
compensation Impedance-matched
resistor network signal traces

= S

iC65 Differential Output Pair

Noise pulse affects both traces
similarly. Difference is signals
remains nearly constant.

For el ectri cal Differersial Qutptit®® r o s 86page see 0

The PIO pins that make up a differential output pair are indicated with a blue bogrmbx in the in the tables in
MDie Cross Referenée st art i7bg on page

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Input Signal Path

As shown inFigure 6, asignal from a package pin optionally feeds directly iht device or is held in an input
register. The input signalconnectsto the programmable interconneaesourceghrough the IN dgnal. Table9

describes the input behavior, assuming that the output path is not usédadbidirectional 1/0O, that the output
driveris in its hidh-impedance state (HZ). Table9 also indicates the effect of tikwerSaving I/O BaniCEgate
Latchand thelnput Pull-Up Resistors on 1/0 Banks 0, 1, and 2

Sednput and Output Register Contrgber P1O Paifor information about the registered input path.
Power -Saving I/O Bank ICEgate Laich

To save power, the optionglEgatelatch can selectively freeze the staténaividual, non-registered mputs within

an I/O bank Registered inputs are effectively frozen by their associated clock oretwdile control.As shown in
Figure9, theiCEgateHOLD control signalcaptures the external value from the associagghchronousnput. The
HOLD signal prevents switching activity on the Pp@dfrom affecting internal logic or programmable interconnect.
Minimum powerconsumption occurs when theis no switching However, individual pins within the 1/0 bank
canbypassthe iCEgatelatch and directly feed into theprogrammableriterconnect remaining active during low
power operation This behavior is described ihable 9. The decision on which asynchronous inputs tise
iCEgatefeatureand which inputs bypass it is determined during system design. In other gjotideiCEgate
function is part of the source design used to create the iCE65 configuration image.

Figure 9: Power -Saving iCEgate Latch

Controlled by configuration
image; allows pin-by-pin
option to freeze input with
iCEgate

Freeze last
value

HOLD Bitstream Setting [ N

Operation iCEgate Latch

Controlled Input Pull - Input Value to ‘
X X
X

Data Input 0 PAD PAD Value
Pad Floating, No Pultup 0 No Z (Undefined)
Pad Floating, Pultup 0 X Yes z 1
Data Input, Latch X No X PAD PAD Value
Bypassed

Pad Floating, No Pultup, X No No 4 (Undefined)
Latch Bypassed

Pad Floating, Pultup, X No Yes 4 1
Latch Bypassed

Low Power Mode, Hold 1 Yes X X Last Captured
Last Value PADValue

There are fouitCEgateHOLD controls, one per each I/O bankheiCEgateHOLD control input originateswith in
the interconnect fabric, near the middle of the 1/0 edGensequently, the HOLD signad optionally controlled
externally througha PIO pin orfrom other logionithin the iCE65 device.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 13
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o For best possible performancegtglobal buffer inputs (GBIN[-Q]) connect directly to the their associate
global buffers (GBUF[7:0]), bypassing the PIO logic a@égate circuitry as shown inFigure 6.
Consequentlythe direct GBINto-GBUF connection cannot be blocked by il&gatecircuitry. However,
it is possible to usegCEgateto block PIOGto-GBUF clock connections.

For additional information on usintpe iCEgate featurgplease refer to the following application note.

ANO0O02: UsingiCEgate Blocking for Ultra-Low Power
www.siliconbluetech.com/media/AN2iCEGATErev1.1.pdf

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

The PIO pingn I/O Banks 0, 1, and 2 have an optional input-pplesistor. Pull-up resistos arenot provided in
I/O Bank 3.

During theiCE65configuration process, the input pulip resistor is unconditionally enabled and pulls the input to
within a diode drop of the associated 1/0 bank supply voltage (VCCIO_#). This prevents raalg figm floating
on the circuit board during configuration.

After iCE65 configuration is complete, the input pulip resistor is optional, defined by a configuration bit. The
pull-up resistor is also useful to tie off unused PIO pins. The SilicoiBHoeibedevelopment software defines all
unused PIO ping I/O Banks 0, 1 anda® inputs with the pullup resistor turned on.

Thepull-up resistor value depends on the VCCIO voltage applied to the bank, as shoalrieds.
No Input Pull  -up Resistors on I/O Bank 3

The PIO pins associated with 1/0 Bank 3 do not have an internaliputsistor. To minimize power consumption,
tie unused PIO pins in B& 3 to a known logic level or drive them as a disabled-inigiedance output.

Input Hysteresis
Inputs typically have laout 50 mV of hysteresis, as indicated able48.
Output and Output Enable Signal Path

As shown inFigure6, a signal from programmable interconnect feeds the OUT signal on a Programmaidel I/0O
This output connectseither directly tothe associate@ackage pin or is held in an optional outglip-flop. Because
all flip-flops are automatically reset after configuration, the output from the outfiptflop can be optionally
inverted so thaanactiveLow output signais heldin the disabled(High) state immediately after configuration.

Similay, each Pogrammabld/O pin has an output enable or thretate controlcalled OE. When OEHigh, the
OUT output signaldrivesthe associategbad asdescribedn Table1lQ WhenOE =Low, the output driver isn the
high-impedance (HiZ) state TheOE output enablecontrol signalitself connectseither directly to the output
buffer or is held in an optional register. The output buffeoptionally permanentlyenablel or permanently
disabled, either to unconditionally drive output signals, or to allow irpoly signals.

7able 10: P1O Output Operations (non -registered operation, no inversions)

Operation PAD
Three - State X 0 Hi-Z
Drive Output Data ouT 1* ouT
X = donbét care, 1 Hi-Z = higH iimpédancer, threerstatedefldating.

Sednput and Output Register Contrgder P1O Paifor information about the registered input path.
Input and Output Register Control per PIO Pair

PI1O pins are grouped into pairs for synchronous contRégisters within irs of PIO pinshare common input
clock, output clock, and I/O clock enable control signals, as illustratédginre1Q The combinational logic paths
are removed fra the drawing for clarity.

TheINCLK clock signabnly controls the input flipflops within the P1O pair.
TheOUTCLK clock signal controls the output flflops and the outpuenable flipflops within the PIO pair.

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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If desired in theCE65application, the INCLK and OUTCLK signals checonneced together usinfProgrammable
Interconnect

The IOENA clockenable input, if used, enabldkragisters in the PIO pair, as shownRigure1Q By default, the
registers are always enabled.

Before laying out youwprinted-circuit board, run the design through the iCEcube development software to
A verify that your selected pinout complies with 8&l/O register pairing requirementsSe¢ a b | Big |
CrossReferenée st arti7fhg on page

Figure 10: P10 Pairs Share Clock and Clock Enable Controls (only registered paths shown for clarity)

OUTCLK
IOENA o —
|NCLK->—+jj— 1:
OE » :
#---@
D
sH
S 5:
o '
OUT - PAD
=S -
= ol
-1 x
o x
S
IN S
T
: 2
] pm}
i 3
OE » : Eﬁ
*.---
OUT f PAD
l’---

The pairing of Pl O pairBieCrossRefereanbe svadeimhgi ont hage al
Double Data Rate (DDR) Flip  -Flops

Eachindividual P10 pin optionally haswo sets ofdoubledata rate (DDR) flipflops; one input pair and one output
pair. Figure 11demonstrates the functionality of the output DDR flilop. Two signals &m within the iCE65
device drive the DDR output flifiop. The D_OUT _0 signal is clocked by the rising edge of the OUTCLK signal
while the D_OUT _1 signal is clocked by the falling edge of the OUTCLK, sigaiaiing no optional clock polarity
inversion Internally, the two individual flipflops are multiplexed together before the data appears at the pad,
effectively doubling the output data rate.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 15
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Figure 11: DDR Output Flip-Flop

D_OUT_0

OUTCLK

outceek [\ [\ [ L __

PAD Y Do X D1 X DO X D1 ) DO X D1

Similarly,Figure12demonstrates the DDR input flifiop functionality. A double data rate (DDR) signal arrives at
the pad. Internally, one value is clocked by the risthge of the INCLK signal and another value is clocked by the
falling edge of the INCLK signal. The DDR data stream is effectivatyultiplexed within the PIO pin and
presented to the programmable interconnecton D_IN_ O and D_IN_1.

_______________________

D_IN_1

D_IN_O

I NCLK

|
]
|
|
|
|
1
1
]
|
|
_______________________ )

NI R R A
PaD Y Do Y b1 Yoo Y b1 Yoo o1 )

D_IN_O Y Do Y Do X DO

D_IN_1 X Dp1 Y D1 YD1

The DDR flipflops provide several design advantages. Intirnathin the iCE65 device, the clock frequency is
half the effective external data rate. The lower clock frequency iegesesl timing, doubling the clock period, and
slashes the clockelated power in half.

Programmable Interconnect

The logic resources within alCE65 device communicate vi@w-power programmableanterconnect resources.
There are three types of progranbieresources as described below.

A Generalpurpose interconnect is primarily for signal connections in a local area.

A Global Buffer resourcgsovidehigh-drive buffers that connect to specialiiesignechigh fanout, lowskew
clock treeghroughout theiCE65device

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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>

>

A global reset signal resall flip-flops within theiCE65deviceimmediatelyfollowing deviceconfiguration

or after the CRESET_B input is pulsed Low. This control is not available from the programmable
interconnect.

An internal global Hi-Z signal forces all PIO outpus to their highimpedance state during device
configuration or from the JTAG controlleithis control signal is not available to user applications from the
programmable interconnect fabric.

General -Purpose Local Connections

The gaeralpurpose local connections consist of a hierarchy of resources.

> >

> >

-~

A

NearestNeighbor Connectionsbetween a PLB and its surrounding neighbors.

Span4 Connectionsare programmable signal wires thapan acrossfour Programmable Logic Blocks
(PLBSs)

Span4 Switchboxesconnect and direct signals routed on Span4 connections.

Spanl12 Connectiongreprogrammable signal wires thapanacrossl2 Programmable Logic Blocks (PLBs)
traveling a larger distance between switchboxes.

Spanl2 Switchboxegonnect and direct signals routed on Spanl2 connections.

Nearest Neighbor Connections

Each Programmable Logic Block (PLB) connects directly to its surrounding nearest neighbors, as illustrated
Figurel3 An individual PLB receives inputs from itself and the outputs of the eight neighborisg BiBilarlyall
eightoutputs from an individual PLB connect to the inputs of ¢ight surroundingneighbors.

Figure 13: PLB Connections to Eight Nearest Neighbors

PLB = Programmable Logic Block

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 17
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Span4 Connections

Each row and each column between Programmable Logic BlBtBs)i ncl udes 48 0Spaasdd
shown inFigure14 Each Span4 connection line spans across four PLBs. At any given intersection of PLBs, ¢
fourth of Span4 lines, 12 of the tbtal, are switched onto other Span4 lines, either vertically or horizontally.

Figure 14: Span4 Connection Resources

48 Span4 Lines Span4 line spans across four PLBs

per Column Swithbox: Span4 lines are switched
A e\wmtersections /I/

per Row

PLB PLB PLB

PLB PLB

PLB = Programmable Logic Block Each PLB receives inputs from and sends outputs to Span4

Horizontal lines and from the left and right Span4 Vertical lines.

An individual PLB optionally receives inputs frahe Horizontal Span4 lineaboveor from Vertical Span4 lines to
the left and right of the PLB. Similarly, a PLB optiordiilyesoutputs to Span4 lines.

The connections to and from a RAM4K block is similar, although a RAM4K block is the height of two PLBs, a
shown inFigurel4

Span4d Switchboxes

There are 48 Span4 lines per row or columit each PLB, PIO, or RAMK block intersectidmelve Span4d
connection linesor one fouth of the linesin a row or columnareindividually switched, as shown ifrigure 14
Switching is performed usicomectaa Spandling to dtherdSpain4 conndctiomsh A |
signal can either continue through a switchbox or change direction, or potentially fan out in multiple directions.

Figure 15shows theoutput connectionspossiblealongthe right edge of thewitchbox. The outputs along a
switchbox edge are identical, with 90° rotational symmetiablelllists the possible connections for each of the 12
possible outputs from a switchbox edge.

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Figure 15: Span4 Switchb ox Connection s

Top Top
B

Right

Bottom Bottom Bottom Bottom

Table 11: Span4 Switch box Connections
INPUT CONNECTION

B
N
B
Bottom N
0 a 7 0 9 0 4 0 6
1 a 8 1 10 1 5 1 7
2 a 9 2 11 2 6 2 8
3 a 10 3 0 3 7 3 9
4 a 11 4 1 4 8 4 10
5 a 0 5 2 5 9 5 11
6 a 1 6 3 6 10 6 0
7 a 2 7 4 7 11 7 1
8 a 3 8 5 8 0 8 2
9 a 4 9 6 9 1 9 3
10 a 5 10 7 10 2 10 4
11 a 6 11 8 11 3 11 5
SiliconBlue Technologies ~ Corporation (2.0.1, 12-NOW-2009)

www.SiliconBlueTech.com 19




iCE65 Ultra Low -Power mobileFPGA & Family

Spanl2 Connections

Each row and each column between Programmable Logic Blocks (PLBs) idudleéS pladn connecti on
shown inFigure16 Each Spabh2connectian line spans acrogeelve PLBs. At any given intersection of PLBs, one
twelfth of Spard2lines, or 2 of the 12lines total, are switched onto other Spaaglines, either vertically or
horizontally.

Figure 16: Span 12 Connection Resources

Swithbox: Spanl2 lines are switched
every 12 intersections

24pSepraCn(;L|%lrhir?eS Spanl2 line spans across twelve PLBs
A /l/

N\
J

|2 i
- XX
PLB PLB
0 { 0
2
2 O
L 3
ﬁ“ XX
3
“}' -------*
.: ------*
o4 b PB  [oo g > PLB
o¢ -
o » P

PLB = Programmable Logic Block Each PLB receives inputs from and sends outputs to Span12
Horizontal lines and from the left Span12 Vertical lines. The
PLB sends outputs to the right-side Span12 Vertical lines but
does not receive inputs from there.

An individual PLB optionally receives inputs from Horizontal Sklimes or from Vertical Spdlines to the left of
the PLB.ThePLB optionally sends outputsut not inputsto Spari.2Verticallineson the right

The connections to and from a RAM4K block is similar, although a RAM4K block is the height of two PLBs, a
shown inFigurel6

Spanl12 Switchboxes

Thereare 24 Spanl2 connection lines per row or column. At each PLB otkRBIMtK intersection, wo Spanl2
connection linespr one twelfth of the lines in a row or column, are individually switched, as sliowigure 16
There are no Spanl12 switchboxes in the connections between P1Os and their adjace®weicBeg is performed
using a oOswitchboxé, which potentially connects a
continue through a switchbox or change direction, or potentially fan out in multiple directions.

Figure 17shows theoutput connectionspossiblealong the right edge of the switchbox. The outputs along a
switchbox edge are identical, with 90° rotational symmeirgblel2lists the possible connections for each of the 12
possible outputs from a switchbox edge.

Figure 17: Spanl2 Switchbox C onnections

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
20 www.SiliconBlueTech.com




e

Silicon

Table 12: Spanl2 Switchbox Connections
OUTPUT a INPUT CONNECTION

Bottom
Top
0

| Right

Top

Left
0 0

1 1 1

il HHHH

Crossovers

There are also crossover connections that allow signals to trdvensthe Spai2to Spant interconnect lines.
Global Routing Resources

Global Buffers

EachiCE65component has eight globlalifferrouting connections, illustrated iRigurel8

There are eight higlrive buffers, connected to the eight leskew, global lines. These lines are designed primarily
for clock distribution but are also useful for other hiffmout signals such as set/reset and enable signals. The
global buffersoriginate either from the Global Buffer Input&GBINX) or from programmable interconneciThe
associated GBINXx pin represents the best pin to drive a global buffer from an external source. However, tl
applicationwith an iCE65 FPGAanalsodrive a global bdér viaany otherPIO 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 18: High -drive, Low -skew, High -fanout Global Buffe r Routing Resources
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EI/OBankO

N
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uffer C uffer
PO are best for direct
é GBUF7 tﬁffe%ﬁtl}ae/ c/ogf( i/;?uts GBUF2 é
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O GBUF6 cBUF3 | O
= Global Global =
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@
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@

o255 Sal
o5m m O'5,
(O] Q) O O0m

N
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Tablel3lists the connections between a specific global buffer and the inputs on a Programmable Logic Block (PLE
All global buffers optionally connect to all clock inputsny four of theeight global bufferscandrive logic inputgo

aPLB. Evemumbered global buffers optionally drive the Reset input to a PLB. Similarhpwddered buffers
optionally drive the PLB cloeknable input.

GBIN5
GBIN4

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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Table 13. Global Buffer (GBUF) Connections to Programmable Logic Block (PLB)

Global Buffer LUT Inputs | Clock Enable
GBUFO Yes, any 4 of 8 Yes Yes
GBUF1 GBUF buffers Yes
GBUF2 Yes Yes
GBUF3 Yes
GBUF4 Yes Yes
GBUF5 Yes
GBUF6 Yes Yes
GBUF7 Yes

Table14and Table 15list the connections between a specific global buffer and the inputs on a Programmable 1/C
(PIO) pair. Although there is no direct connection between a global buffer and a PIO output, such a connection i
possible by firstonnectingthrough a PLB LUZ function. Again, all global buffers optionally drive all clock inputs.
However, evemumbered global buffers optionally drive the clemkable input on a PIO pair.

A The PIO clock enable connect is different between the iCE6G5LOACHEBSL08.

7able 14: iICE65L04: Global Buffer (GBUF) Connections to Programmable I/O (P1O) Pair
Output
Global Buffer Connections Input Clock Output Clock Clock Enable

GBUFO

GBUF1
GBUF2 |
GBUF3
GBUF4 |
GBUF5
GBUF6 |
GBUF7

Table 15: iCE64L08: Global Buffer (GBUF) Connections to Programmable 1/O (PIO) Pair
Output
Global Buffer Connections Input Clock Output Clock Clock Enable

GBUFO0
GBUF1 |
GBUF2
GBUF3 |
GBUF4
GBUF5 |
GBUF6
GBUF7 |

Global Buffer Inputs

TheiCE65component hagight specializedGBIN/PIO pins thatare optionally direct inputs to the global buffers
offering the best overall clock characteristigss shown inFigure19 each GBIN/PIO pin is a fifitatured 1/O pin

but also provides a direct connection its associated global buffer. The direct connection to the global buffer
bypasses th&CEgateinput-blocking latch and other PIO inpuiogic. These special PIO pins are allocated tworto a
I/O Bank, a total of eightThese pins are labeledB®NO through @BIN7, as shown ifigure18and the pin locations

for each GBIN input appear rablel16

(2.0.1, 12-NOV-2009) SiliconBlue Technologies  Corporation
22 www.SiliconBlueTech.com




S’Iicon@:

Table 16: Global Buffer Input Ball/Pin Number by Package

6LO04 6LOS
VQ100 CB132 CB196 CB196 CB284
90 A6 A7 A7 E10

89 A7 E7 E7 E11
1 63 G14 F10 F10 L18
62 F14 G12 G12 K18
5 34 P8 L7 N8 V12
33 P7 P5 M7 V1l
3 15 H1 H1 H1 M5
13 Gl Gl H3 L5

A Note the clock differences between the iCE65L04 and iCE65L08 in the CB196 package.

Figure 19: GBIN/PIO Pin

. VCCI O
GBI N/ PI O Pin
Enabled 22 Butput
Disabled Enabled
Pull-up
not in I/O
Bank 3
PAD
Latch inhibits
iCEGATE switching for
HOLD HD : lowest power
.‘---
GBIN pins optionally
connect directly to an
associated GBUF global
buffer

.
. Optional connection from internal

GBUF

Differential Global Buffer Input

programmable interconnect.

All eight global buffer inputs support singended 1/0 standardsuch as LVCMOS. Global buff@BUF7in 1/0
Bank 3alsoprovides an optional direcdubLVDSLVDS or LVPECL differential clockniput, as shown ifrigure20.
The GBIN7 and its associated differential p&daccept a differential clock sign&.100q termination resistor is

required across thewo pads Optionally, svap the outputsfrom the LVDS or LVPECL clock driver to invert the

clock as it enters the iCE65 device.

LVDS/
LVPECL
Clock
Driver

SiliconBlue Technologies
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Table 17lists the pin or ball numbers for the differential global buffer input by package s#dough this
differental input is the only one that connects directly to a global buffer, other differential inputsorenectto a
global buffer using generplrpose interconnect, with slight more signal delay.

Table 17: Differential Global Buffer Input Ball/Pin Number by Package

Differential

| Bank | VQ 100 CBl32 CBlQB C8196 CBZ84

| GBIN7/DPxxB |

| DPXXA
The differentialglobal buffeinput is not available folCE65devices packaged in the CB132 packa
This restriction is an artifact of the pin compatibility between the CB132 and CB284 package.

Note the clock differences between the iCE65L04 and iCE65L08 in the CB196 package.

12 N/A G2 H4 L3

Aut omatic Global Buffer Insertion, Manual Insertion

The iCEcube development software automatically assigns-faigbut signals to a global buffer. However, to
manual insert a global buffer input/global buffer (GBIN/GBUF) combination, useSBidO_GB primitive. To
insert just a global buffer (GBUF), use tBB_GBprimitive.

Global Hi -Z Control

The global hig-impedancecontrol signal GHIZ, connects to all I/O pins on th@E65device. This GHIZ signal is
automatically asserted throughout the configuration process, forcing altii@guins into their highimpedance
state. Similarly, the PIO pins can be forced into their higtpedance state via the JTAG controller.

Global Res et Control

The globakeset control signal connects to all PLB and PIOfltips on the CE65device. Thglobal resesignal is
automatically asserted throughout the configuration process, forcing alfldiys to their defined wakep state.
For PLB flipflops, the wakeup state isalways reset, regardless of fEB flipflop primitive used in the application.
SeeTable3for more information.

The PIO flipflops are always reset during configuration, althoughatgput flip-flop can be inverted before leaving
theiCE65device, as shown irigure1Q

RAM

EachiCE65device includesultiple high-speed synchronou?AM blocks (RAM4K), each 4Kbit in sizeéAs shown
in Table18a singleiCE65integratesbetween 16 t@®6 such blocks. Each RAM4K block is generically a-266d
deepby 16bit wide, two-port register file, as illustrated iRigure21 The input and output connectionso and
from a RAM4K blockfeed into the programmable interaoect resources.

Figure 21: RAM4K Memory Block
Write Port Read Port
A A
4 ) 4 N

WDATA[15:0] RDATA[15:0]

MASK[15:0]

WADDR[7:0] RADDR[7:0]

RAM4K
RAM Block
(256x16)
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Table 18: RAM4K Blocks per Device

| Default |
RAM4K Blocks Configuration RAM Bits per Block Block RAM Bits

iCE65L04 20 AK 80K
256 x 16 ‘ (4,096)

iCE65L08 32 128K

Using programmable logic resources, a RAM4K block implementgariety of logic functions, each with
configurable input and output data width.
A Randomaccess memory (RAM)
E Singleport RAM with a common address, enalaad clock control lines
E Two-port RAM with separateead and write control linesddressnputs, andenable
Register file and scratchpad RAM
First-In, First-Out (FIFO) memory for data buffering applications
Circuit buffer
A 256deep by Ievide ROMwith registered outputscontentsloaded during configuration
E Sixteen different 8nput look-up tables
E Function or waveform tables such as sine, cosine, etc.
E Correlators or pattern matching operations
A Counters, sequencers

As pictured inFigure21, a RAM4K block has separate write and read ports, each with independent control signals.
Tablel9lists the signals for both porté&dditionally, the write port has an activeow bit-line write-enable control;
optionally mask write operations on individual bit8y default, input and output data is 16 bitgle, although the

data width is configurable using programmable logic and, if needed, multiple RAM4K blocks.

> > > I»

The WCLK and RCLK inputs optionally connect to one of the following clock sources.

E The output from any one of the eightobal Buffersor
E A connection from the generplirpose interconnect fabric

The datacontents of the RAM4K block are optionally pteaded duringCE65device configurationlf the RAM4K
blocks are not préoaded during configuration, then the resulting configuration bitstream image is smaller.
However, ifan unnitialized RAM4K block is used in the application, then the application must initialize the RAM
contents to guararge the data value.

SeeTable55for detailed timing information.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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Signals

Tablel9lists the signal names, direction, and function of each connection to the RAM4K deekals&igure21

_ ~ Table 19: RAM4K Block RAM Signals
Signal Name

WD ATA[15:0] Input Write Data input.
MASK][15:0] Input Masks write operations for individual data bit-lines.

0 = Write bit; 1 = Dondét write bit
WADDR[7:0] Input Write Address input. Selects one of 256 possible RAM locations.
WE Input Write Enable input.
WCLKE Input Write Clock Enable input.
WCLK Input Write Clock input. Default rising-edge, but with falling -edge option.
RDATA[15:0] Output Read Data output.
RADDR[7:0] Input Read Address input. Selects ore of 256 possible RAM locations.
RE Input Read Enable input.
RCLKE Input Read Clock Enable input.
RCLK Input Read Clock input. Default rising-edge, but with falling -edge option.

Write Operations

Figure 22 shows the logic involved in writing a data bit to a RAM locatiohable 20 describes variousvrite
operations for a RAM4K block By default, h RAM4K write operations are synchronideo the rising edge of
WCLK although the clock is invertible as shownRigure22.

Figure 22: RAMA4K Bit Write Logic
RAM[LOCATION][BIT]

WDATA[BIT]
MASK[ BI T]
WE

WADDRJ[7:0]

Z
L
i
23
oo
—

WCLKE

Wok—ep )

When the WCLKE signal is Low, the clock to the RAM4K block is disabled, keepinB#&# in its lowest power

mode.
RAM Location

Table 20: RAM4K Write Operations

| WDATA[15:0] | MASK[15:0] | WADDR[7:0 WCLKE | WCLK |

Write Clock
Operation Data Mask Bit Address Enable Enable Clock
X X X X X 0

Disabled No change
Disabled 0 X No change
Disabled X X X 0 X X No change
Write WDATA] MASKi] = 0 WADDR 1 1 % RAM[WADDR][i]
Data = WDATA(I]
Masked X MASKi] = 1 WADDR 1 1 % RAM[WADDR][i]
Write = No change
To write data into the RAM4K blockperform the followingperations.
E Supply a valid address on the VIDDR[7:0] addres input port
E Supply valid data on the WBTA[15:0] data input port
(2.0.1, 12-NOV-2009) SiliconBlue Technologies  Corporation
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E To write or mask selected data bits, set the assoclslt&8K input portaccordingly. For example, write
operations on data bit Dfiarecontrolled by the associatedASK]i] input.
» MASK]i] = 0: Write operationsare enablefbr data lineWV DATA[]
» MASK]i] = 1: Mask write operatiorgge disabledor data lineWDATA[i]
Enable the RAM4K write port (WE = 1)
Enable the RAM4K write clockWCLKE= 1)
E Apply arising clock edge on WCL{&ssuming that the clock is not inverted)

TN [Th

Read Operations

Figure23shows the logic involved in readindogation from RAM. Table21describes variouseadoperations for a
RAM4K block. By default, all RAM4K read operations are synchronized to thegrisdge of RCLK although the
clock is invertible as shown fRigure23

Figure 23: RAM4K Read Logic

Select
RAM[LOCATI ON] Location  Qutput Register

RDATA[15:0]

RADDR[7:0]

Table 21: RAM4K Read Operations

RADDRJ[7:0 RCLKE RCLK

Read Clock
Operation Address Enable Enabe Clock RDATA[15:0]
X X X

Vali Rea Data operation X Undefined
Disabled X X X 0 No Change
Disabled X 0 X No Change
Disabled X 0 X X No change
Read Data RADDR 1 1 y RAM[RADDR]

Toreaddatafromthe RAM4K block perform the following operations.

mh

Supply a valid address on tRADDR][7:0] address input port
Enable the RAM4Keadport (RE = 1)

Enable the RAM4K read clock (RCLKE = 1)

Apply a rising clock edge dRCLK

After the clock edge, the RAM contents located at the specified address (RADDR) appear on the RDAT.
output port

m m m mh

Read Data Register Undefined  Immediately  after Configuration

Unlike the flip-flops in the Programmable Logic Blocks and Programmable 1/O pins, tAg& ARTbh:0] read data
output register is not automatically reset after configuration. Consequéniimediately following configuration
and before the first valid Read Data mi®n, the initial RDATA[15:0] read value is undefined.

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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Pre-loading RAM Data

The data contents for a RAM4K block can be optionally-lpesled duringCE65 configuration. If not prdoaded
during configuration, thethe RAM contents must be initialized bihe iCE65application before the RAM contents
are valid.

Preloadingthe RAM data in the configuration bitstream increases the size of the configuration avageingly
RAM Contents Preserved during Configuration

RAM contents are preserved (write prated) during configuration, assuming that voltage supplies are maintained
throughout. Consequently, data can be passed between mul@iflé5 configurations by leaving it in a RAM4K
block and then skipping prpading during the subsequent reconfiguratidh e €old®oot ConfigurationOptiond

a n #vard Boot Configuration Optiodé f or mor e i nformati on.

Low -Power Setting

To place a RAM4K block in its lowest power mode, keep WEIKO and RCLE = 0. In other words, when not
actively using a RAM4K blocklisablethe clock inputs.

Device Configuration

As described inTable 22, iCE65 components are configured for a specific application by loadidmnary
configuration bitstream imageyenerated by the SiliconBlue development systeor highvolume applicationghe
bitstream image isisually permanentlprogrammed irthe onchip Nonvolatile Configuration Memory (NVCM).
However, the bitstream image can algodbored external in a standard, lmest commodity SPI serial Flash PROM.
TheiCE65component can automatically load the image usingSlR#MasterConfiguration Interface Similarly, the
iCE65configuration data can be downloaded from an external processor, microcontroller, or DSP processor using
SPllike serialinterface or an IEEE 1149 JTAG interface.

Table 22: iCE65 Dev ice Configuration Modes

-m_ 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 sendinga special command sequence on the SPI
interface to enable JTAG configuration. Configuration is controlled by and external
device.

Configur ation Mode Selection

The iCE65 configuration mode is selected according to the following pricdiégcribed below and illustrated in
Figure24.

A After exiting the PoweiOn Reset (POR) state or when CRESET_B returns High after being held Low for
250ns or more, the ICE65 FPGA samples the logical value on its SPI_S&.ilgemither programmable 1/O
pins, the SPI_SS B pin has an internatyquilesistor (seénput Pull-Up Resistors on I/O Banks 0, 1, ajd 2

A IftheSPI SSBin is sampled as a logic 616 (High), the

E Check if the iCE65 is aled to configure from thidonvolatile ConfigurationMemory (NVCM) . If the
i CE65 device haB MNVGMTrmemgorcyo dEed b ugtammet, ¢henNhé C M
iICEG5 device is not enabled to configure from NVC@®bnversely if the NVCM is programmedhe
iICEG65 device will configure from NVCM.

» If enabledto configure from NVCM the iCE65 device configures itself using thenvolatile
ConfigurationMemory(NVCM) .

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
28 www.SiliconBlueTech.com




S’Iicon@:

» If not enabled to configure from NVCM, then the iICE65 FP¢ahfigures using th&PIMaster
Configuration Interface

A 1ftheSPI_SS finissamp ! ed

external catroller or from amther iCEG5 device in SPI Master Configuration Modesing an SPlike

interface.

Figure 24: Device Configuration Control Flow

Power-Up

CDONE= 0

iCEG5 checks that all
required supply voltages
are within acceptable
range

Is Power-On
Reset (POR)
Released?

Holding CRESET_B Low
delays the start of
configuration

State of SPI_SS B
pin sampled

Al Configure as SPI

SPI_SS B = High? Periphal

A device with an
unprogrammed NVCM is not
enabled for configuration.

Yes

NVCM Enabled for
Configuration?

Yes Configure from
NVCM

Configure from
SPI Flash PROM

CDONE = 1

After configuration ends,
pulse the CRESET_B pin
Low for 250 ns or longer to
restart configuration process
or cycle the power

CRESET_B = Low?

Configuration Image Size

Table23shows the number of memory bits required to configuréC&65device. Two values are provided for each
Logic Onlyo6 value indi
fabric, |l eaving the

device.
only the

The 0o
l ogi ¢

cates the mi
RAM4K bl ocks

maximum configuration size, the number of bits to configure the logic fabric and imipadize all the RAM4K

blocks.
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Table 23: iICE65 Configuration Image Size (Kbits)
MINIMUM MAXIUM

Logic Only Logic + RAM4K
Device RAM4K not initialized RAM4K pre -initializ ed
iCE65L04 453 Kbits 533 Kbits
iCE65L08 929 Kbits 1,057 Kbits

Nonvolatile Configuration Memory (NVCM)

All standardiCE65 devices have an internal, nonvolatile configuration memory (NVCM). The NVCM is large
enough to program a compldt@E65device, including initializing all RAM4K block locatiofMAXIMUM column

in Table23). The NVCM memory also has very high programming yield due to extensive error checking an
correction (ECC) circuitry.

The NVCM is ideal for costensitive, highvolume production applicatios, saving the cosaind board space
associated with amxternal configuration PROM. Furthermore, the NVCM provides exceptideaign security,
protecting critical intellectual property (IP). The NVCM contents are entiretyntainedwithin the iCE65device
and are not readablence protected by the ortame programmable Security Bit Furthermore, there is no
observable difference between a programmed gsrogrammed memory cell using optical or electron microscopy.

The NVCM memonhas a programming iatface similar to a 28eries SPI serial Flash PROM. Consequently, it can
be programmedisingstandard device programmers before or afteuit boardassemblyr programmed irsystem
from a microprocessor or other intelligent controller

Configuration C ontrol Signals

The iCE65 configuration process is sdimed and controlledby a few internal signals and device I/O pins, as
described inTable 24.

Table 24. iCE65 Configuration Control  Signals
Signal
Name Direction Description

POR Internal control Internal Power-On Reset (POR) circuit.

OSC Internal control Internal configuration oscillator.

CRESET B Input Configuration Resetinput. Active-Low. No internal pull-up resistor.
CDONE Open-drain Output | Configuration Done output. Permanent, weak pull-up resistor to VCCIO_2.

The PowerOn Reset circuitPOR automatically resets thiCE65component to a know state during poweiup
(cold boot). The PORircuit monitors therelevantvoltage supply inputsas shown irfrigure 26. Once all supplies
exceed their minimum thresholds, the configuration controller can start the configuration process.

The configuration controller begins configuring t@E65device, clocked by thaternal Oscillator OSC The OSC
oscillator continues controlling configuration unless tH€EG65 device is configured usinghé SPI Peripheral
Configuration Interface

Figure 25: iCE65 Configuration Control Pins

Optional Pull-up Optional Pull-up

Required if driven b T Recommended if

opgn-drain output Y S|I|.c0nBIue driving another device

iCE65
VCalo 2 VCClo_2
I/ O Bank 2
10 kq 10 kq
CRESET BX CDONE
— >
Pulse Rising edge starts )
CRESET_B configuration process. Configured p|Qs activate 49
Low for 200 configuration clock
ns to restart cycles after CDONE
configuration  Low resets iCE65 Unconfigured goes High
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Figure 25 shows the twoiCE65 configuration control pinsCRESET Band CDONE Table 25 lists the ball/pin
numbers for the configuration control pins by packagé&/hen driven Lav for at least 200 nsthe dedicated
Configuration Reset inputCRESET B resets theCE65device When CRESET_B returns High, the iCE65 FPGA
restarts the configuration process from its povger conditions Cold Boot). The CRESET_Bin is a pure input
with no internal pullup resistor. If driven by opedrain driver or urdriven, then connect thERESET_BRin to a

10 K pull-up resistorconnectedo the VCCIO_2supply.

Table 25: Configuration Control Ball/Pin Numbers by Package
Configuration Control

Pins VQ100 CB132 CB196 CB284
CRESET_B 44 L10 L10 R14
CDONE 43 M10 M10 T14

The iICE65 device signals the end of the configuration process by activaetyng off the internalpull-down
transistoron theConfiguration Doneutput pin, CDONE The pin has a permanent, weak internal pupl resistor
to the VCCIO_2rail. If the iCE65 device drives other devices, then optionally cortheocEDONE pin to a 10
pull-up resistor connected to the VCCIO_2 supply.

The PIO pins activate according to their configured function after 49 configuration clock cycles. The interna
oscillator is theconfigurationclock source for th&PIMaster Configuration Interfaceand when configuring from
Nonvolatile Configuration Memory (NVCM). When using theSPI Peripheral Configuration Interfacehe
configuration clock source is tt&PI_SCKlock input pin.

Internal Oscillator

During SPI Master or NVCM configuration mode, the controlling clock signal is generated from an internal
oscillator. The oscillator starts operating at thefaultfrequency. During the configuration process, however, bit
settings within the configuration bitstream can specify a higfiequency mode in order to maximize SPI
bandwidth and reduce overall configuration time. 3$aele56. Internal Oscillator Frequencgn pagedlfor the
specified oscillator #quency range.

Using theSPIMaster Configuration Interfacginternal oscillator controls all the interface timing and clocks the SPI
serial Flash PROMia theSPI1_SCKlock output pin.

The oscillator output, which also supplies the SPI SCK clock output during the SPI Flash configuration process, hi
a 50% duty cycle.

Internal Device Reset
Figure 26 presents the various signals that internally reset the iCE65 internal logic.

A PowerOn Reset (POR)

A CRESET_B Pin
A JTAG Interface

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
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Figure 26: iICEGB5 Internal Reset Circuitry

Internal Power-on
Device Pins Voltage Reset (POR)
Thresholds

SPI_VCC Time-out

Delay

_/_ SPI_VCCT

v i

VPP_2V5

VPP_2V5T

Internal Reset

| | CRESET_B Glitch Filter

Power -On Reset (POR)

The Poweron 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 additionabttag

to allow an attached SPserial PROM to power up properlyTable 26 shows the POR supply inputs. The
Nonvolatile Configuration Memory(NVCM) requires that the VPP_2V5 supplbe connected, even if the
application does not use the NVCM.

Table 26: Power -on Reset (POR) Voltage Resources

iCE65L04 -V ‘
Supply Rail Engineering Samples iICE65 Production Devices

VCC Yes Yes
SPI_VCC Yes Yes
VCCIO_1 Yes No
VCCIO_2 Yes Yes
VPP_2V5 No Yes

CRESET B Pin
The CRESET Bpin resets the iCE65 internal logic when Low.

JTAG Interface
Specific command sequences also reset the iCEG5 internal logic.

SPI Master Configuration Interface

All iCE65 devices including ttose with NVCM,can be configured from an external, commodity SPI serial Flash
PROM, as shown ifigure27. The SPI configuration interface is essentially its owdlependenti/O bank, powered
by the VCC_SPI supply input. Presently, mosimerciallyavailableSPI serial Flash PROMs require a 3.3V

supply.

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Figure 27: iICE65 SPI Master Configuration Interface

+3.3V
. SPvee —+7
::10 kq <
< spl_so>
SiliconBlue
ICE65 SPS 1 commodity SPI
(SPI bank) P SS B Serial Flash
& —P PROM
SPI_SCK
-

The SPI configuration interface igsed primarily during development before mass production, where the
configuration is therpermanently programmed ithe NVCM configuration memoryHowever, the SPI terface
can also be the primary configuration interface allowing easyystem upgrades and support for multiple

configuration images.

The SPI control signals are definedable27. Table28lists theSPI interfacdall or pins numbers by package.

Table 27: SPI Master Configuration Interface Pins

(SPI_SS B High before Configuration)

Description

SPI_VCC Supply SP| Flash PROM voltage supply input.

SPI_SO Output SPI Serial Output from the iCE65device.

SPI_SI Input SPI Serial Input to the iICE65device, driven by the select SPI serial Flash PROM.

SPI_ SS B Output SPI Slave Select output from the iCE65device. Active Low.

SPI_SCK Output SPI Slave Clock output from the iCE65device.
After configuration, the SPI port pins are available to ukerapplication as additional PIO pins, supplied by the
SPI _VvVCC input voltage, essentially providing a fifH

Table 28: SPI Interface Ball/Pin Numbers by Package

CB132 CB196 CB284

SPI Interface VQ100
50

PIOS/SPI_SO 45
PIOS/SPI_SI 46
PIOS/SPI_SS_B 49
PIOS/SPI_SCK 48

SPI PROM Requirements

L11
M11
P11
P13
P12

L11
M11
P11
P13
P12

R15
T15
V15
V17
V16

The ICE65 mobileFPGA SPI Flash configuration interface supports a variety of SPI Flash memory vendors &
product families. However, SiliconBlue Technologies does not specifically test, qualify, or otherwise endorse an
specific SPI Flash vendor or proddamily. The iCE65 SPI interface supports SPI PROMs that they meet the

following requirements.

at 3.

3V or

2.

5 V -on meset@irculte r

before the PROM provides first data ($&gure29: SPI Fast Read Command

A TheP®OM must operate
A
A

(bits), by Device, by Number of Imapes
A

t o

The PROM must support thexOB Fast Read command, using ald#start address and has 8 dummy bits
The PROM must have enough bits to program the iCE65 devicdl &@e29. Smallest SPI PBM Size

The PROM mast supportdata operations athe upper frequency range for the selected iCE65 internal

oscillator frequency (se€Eable56). The oscillator frequencig selectable when creating the FPGA bitstream

image.
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A For lowest possible power consumption after configuration, the PROM should also supp@#BBeDeep
Power Down command and tlfxAB Release from Deep Powdown Command (seEigure28 andFigure
30). The lowpower mode is optional.

A The PROM rust be ready to accept commands 10 ps after meeting its yoowaonditions. In the PROM
data sheet, this may be specified ag or tycs. It is possible to use slower PROMs by holding the
CRESET_B input Low until the PROMrisady, then releasing CREEEB, either under program control or
using an external powenn reset circuit.

The SiliconBlue iCEman65 development board and associated programming software $isdgliardNumonyx
M25Pxx SPI serial Flash PROM

SPI PROM Size Requirements

Table29lists the minimum SPI PROM size required to configuréGiE65device. Larger PROM sizes are allowed,
but not required unless the end appligat uses the additional space. SPI serial PROM sizes are specified in bits
For each device si ze, the table shows the required
and oOLogic + RAM4K-initiaiz&dA Nrdrtkerniote, die tible shpwsahe PROM size for varying
numbers of configuration images. Most applications will use a single image. Applications that use the Cold Boot
Warm Boot features may use more than one image.

Tab/e29 Smallest SPI PR OM Size (bits) , by Device, by Number of Images

| iimage |  2images
Logic Logic + Logic Logic + Logic Logic + Logic Logic +
| Device | Only [ RAM4K | Only | RAM4K | Only | RAM4AK | Only | RAM4K

iCE65L04 512K

iCE65L 08 M 2M 2M 4M 4M 4M 4M 8M

Enabling SPI Configuration Interface

To enable the SPI configuration mode, the SPI_SS B pin malkivibed to float High. The SPI_SS B pin has an
internal pullup resistor. If SPI_SS B is Low, theni@E65component defaults to the SPI Slave configuration
mode.

SPI Master Configuration Process

TheiCE65SPI Master Configuration Interface supports a variety of modern;degisity, lowcost SPI serial Flash
PROMs. Most modern SPI PROMs include a pesarirg Deep Powedown mode. ThaeCE65 component
exploits this mode for additional system power savings.

TheiCE65SPI interface starts bgriving SPI_SS_Bow, and thersend a Release from Powe&own commandto
the SPI PROMpexadecimatommand cod®xAB. Figure28provides an example waveformhis initial command
wakes up the SPI PROM if it is already in Deep Peseavn mode. If the PROM is not in Deep Powewn mode,
the extra command has no adverse affect other thahit requires a few additional microseconds during the
configuration processTheiCE65device transmits data otie SPI_Sutput, on the falling edge dhe SPI_SCK
output. The SPI PROM does not provide amgta to theiCE65d e v i SPle Slirput. After sending the last
command bit, theCE65device deassers SPI_SS B High, completing the command.iQB@bdevice then waits a
minimum of 10 uS before sending the next SPI PROM command.

(2.0.1, 12-NOW-2009) SiliconBlue Technologies  Corporation
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Figure 28: SP| Release from Deep Power -down Command

SPI_SCK ““““
—
SPISSB\‘
—
SPI_SO 1]10]1f(0j1)0f1 1
—

OxAB
Release from Deep Power-down

Figure29illustrates the next command issued by i¥E65device. TheiCE65SPI interface again driv&P|_SS_B
Low, followed by a Fast Read commahdxadecimal commandodeOx0B, followed by a 24it start address
transmitted on theSPI_SQutput. TheiCE65device provides data on the falling edg&bf_SS . BUpon initial
power-up, the start address is alwa@g00_0000 . After waitingeight additional clock cycles, tHEE65device
begins reading serial data from the SPIPR@®e f or e presenting data, the- SPI
impedance. Th8PI_Sinput pin has an internal pullip resistor and seeshighmpedance as | ogi c

Figure 29: SPI Fast Read Command

SPI_SS B—I (XY}
—

sPi_so [0 0 0 of1|of1 1|§
—

0x0B 24-bit Start Address Dond Care
Fast Read Dummy Byte

PROM output is Hi-Z. Pulled High in SPI_SI pin via internal pull-up resistor.

mwlist|m|Nn]|H|O
2|2(2|2|2(=2[2|®

A7
A6
A5
Al
A3
A2
Al
A0

X X X X X X X X (XY}

A22
A21
A20
A19
A18
Al7
Al6

D1
DO
D7
D6
.
o
.

SPI_SI T3 Bl Esed BN
— [a] [a] Ja] Ia]

D7
D6

Data Byte 0

The external SPPROM supplies data on the falling edge of iG&65d e v i SPleSCKlock output. TheCEBG5
device captures each PROM data value orStake Sinput, using the rising edge of tt&PI_SCKlock signd. The
SPI PROM data starts at the -bit address presented by thi€E65device. PROM data is serially output, byte by
byte, with mostsignificant bit, D7, presented first. The PROM automatically increments an internal byte casnter
long as the PROMsiselected and clocked.

After transferring the required number configuration data bits, tBE65device ends the Fast Read command by
de-asserting itsSPI_SS BROM select outputas shown irFigure30. To conserve power, th€E65device then
optionally issues a final Deep Powdown commandhexadecimal commancbode0xB9. After deasserting the
SPI_SS_B output, the SPI PROM enters its Deep Rimwar mode. The final powerdown step is optional; the
application may wish to use the SPI PROMiaan skip this step, controlled by a configuration option.

Figure 30. Final Configuration Data, SPI Deep Power -down Command
SPISCK...“‘III!!...“lll“‘
;>
SPI_SS Beee oee F
—>
SPI_SO eee (X X)) 1\1‘1 1 1({0 Of1
—>
0xB9

Deep Power-down

DO

spl_sl eee |FISIRIZIRINIS
A alalal|ala|ala

Last Data Byte
Fast Read data

SiliconBlue Technologies  Corporation (2.0.1, 12-NOW-2009)
www.SiliconBlueTech.com 35












































































































































































