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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.

Details

Product Status Obsolete

Number of LABs/CLBs -

Number of Logic Elements/Cells 6000

Total RAM Bits 73728

Number of I/O 188

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 256-BGA

Supplier Device Package 256-FPBGA (17x17)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/lfxp6e-3f256i

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/lfxp6e-3f256i-4492276
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array


July 2007 Data Sheet DS1001

© 2007 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand 
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

www.latticesemi.com 1-1 DS1001 Introduction_01.5

Features
 Non-volatile, Infinitely Reconfigurable

• Instant-on – powers up in microseconds
• No external configuration memory
• Excellent design security, no bit stream to 

intercept
• Reconfigure SRAM based logic in milliseconds
• SRAM and non-volatile memory programmable 

through system configuration and JTAG ports

 Sleep Mode
• Allows up to 1000x static current reduction

 TransFR™ Reconfiguration (TFR)
• In-field logic update while system operates

 Extensive Density and Package Options
• 3.1K to 19.7K LUT4s 
• 62 to 340 I/Os
• Density migration supported

 Embedded and Distributed Memory
• 54 Kbits to 396 Kbits sysMEM™ Embedded 

Block RAM
• Up to 79 Kbits distributed RAM
• Flexible memory resources:

 Distributed and block memory

 Flexible I/O Buffer
• Programmable sysIO™ buffer supports wide 

range of interfaces:
 LVCMOS 3.3/2.5/1.8/1.5/1.2
 LVTTL
– SSTL 18 Class I
 SSTL 3/2 Class I, II
– HSTL15 Class I, III
 HSTL 18 Class I, II, III
 PCI
 LVDS, Bus-LVDS, LVPECL, RSDS

 Dedicated DDR Memory Support
• Implements interface up to DDR333 (166MHz)

 sysCLOCK™ PLLs
• Up to 4 analog PLLs per device
• Clock multiply, divide and phase shifting

 System Level Support
• IEEE Standard 1149.1 Boundary Scan, plus 

ispTRACY™ internal logic analyzer capability
• Onboard oscillator for configuration
• Devices operate with 3.3V, 2.5V, 1.8V or 1.2V 

power supply

Table 1-1. LatticeXP Family Selection Guide
Device LFXP3 LFXP6 LFXP10 LFXP15 LFXP20

PFU/PFF Rows 16 24 32 40 44

PFU/PFF Columns 24 30 38 48 56

PFU/PFF (Total) 384 720 1216 1932 2464

LUTs (K) 3 6 10 15 20

Distributed RAM (KBits) 12 23 39 61 79

EBR SRAM (KBits) 54 72 216 324 396

EBR SRAM Blocks 6 8 24 36 44

VCC Voltage 1.2/1.8/2.5/3.3V 1.2/1.8/2.5/3.3V 1.2/1.8/2.5/3.3V 1.2/1.8/2.5/3.3V 1.2/1.8/2.5/3.3V

PLLs 2 2 4 4 4

Max. I/O 136 188 244 300 340

Packages and I/O Combinations:

100-pin TQFP (14 x 14 mm) 62     

144-pin TQFP (20 x 20 mm) 100 100    

208-pin PQFP (28 x 28 mm) 136 142

256-ball fpBGA (17 x 17 mm)  188 188 188 188

388-ball fpBGA (23 x 23 mm)   244 268 268

484-ball fpBGA (23 x 23 mm)    300 340

LatticeXP Family Data Sheet
Introduction
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Figure 2-1. LatticeXP Top Level Block Diagram

PFU and PFF Blocks
The core of the LatticeXP devices consists of PFU and PFF blocks. The PFUs can be programmed to perform 
Logic, Arithmetic, Distributed RAM and Distributed ROM functions. PFF blocks can be programmed to perform 
Logic, Arithmetic and ROM functions. Except where necessary, the remainder of the data sheet will use the term 
PFU to refer to both PFU and PFF blocks. 

Each PFU block consists of four interconnected slices, numbered 0-3 as shown in Figure 2-2. All the interconnec-
tions to and from PFU blocks are from routing. There are 53 inputs and 25 outputs associated with each PFU block.

Figure 2-2. PFU Diagram
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Slice
Each slice contains two LUT4 lookup tables feeding two registers (programmed to be in FF or Latch mode), and 
some associated logic that allows the LUTs to be combined to perform functions such as LUT5, LUT6, LUT7 and 
LUT8. There is control logic to perform set/reset functions (programmable as synchronous/asynchronous), clock 
select, chip-select and wider RAM/ROM functions. Figure 2-3 shows an overview of the internal logic of the slice. 
The registers in the slice can be configured for positive/negative and edge/level clocks.

There are 14 input signals: 13 signals from routing and one from the carry-chain (from adjacent slice or PFU). 
There are 7 outputs: 6 to routing and one to carry-chain (to adjacent PFU). Table 2-1 lists the signals associated 
with each slice.

Figure 2-3. Slice Diagram
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Table 2-1. Slice Signal Descriptions

Modes of Operation
Each Slice is capable of four modes of operation: Logic, Ripple, RAM and ROM. The Slice in the PFF is capable of 
all modes except RAM. Table 2-2 lists the modes and the capability of the Slice blocks.

Table 2-2. Slice Modes

Logic Mode: In this mode, the LUTs in each Slice are configured as 4-input combinatorial lookup tables. A LUT4 
can have 16 possible input combinations. Any logic function with four inputs can be generated by programming this 
lookup table. Since there are two LUT4s per Slice, a LUT5 can be constructed within one Slice. Larger lookup 
tables such as LUT6, LUT7 and LUT8 can be constructed by concatenating other Slices.

Ripple Mode: Ripple mode allows the efficient implementation of small arithmetic functions. In ripple mode, the fol-
lowing functions can be implemented by each Slice:

• Addition 2-bit 
• Subtraction 2-bit 
• Add/Subtract 2-bit using dynamic control
• Up counter 2-bit 
• Down counter 2-bit 
• Ripple mode multiplier building block
• Comparator functions of A and B inputs

- A greater-than-or-equal-to B
- A not-equal-to B
- A less-than-or-equal-to B

Two additional signals: Carry Generate and Carry Propagate are generated per Slice in this mode, allowing fast 
arithmetic functions to be constructed by concatenating Slices.

RAM Mode: In this mode, distributed RAM can be constructed using each LUT block as a 16x1-bit memory. 
Through the combination of LUTs and Slices, a variety of different memories can be constructed. 

Function Type Signal Names Description

Input Data signal A0, B0, C0, D0 Inputs to LUT4

Input Data signal A1, B1, C1, D1 Inputs to LUT4

Input Multi-purpose M0 Multipurpose Input

Input Multi-purpose M1 Multipurpose Input

Input Control signal CE Clock Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLK System Clock

Input Inter-PFU signal FCIN Fast Carry In1 

Output Data signals F0, F1 LUT4 output register bypass signals

Output Data signals Q0, Q1 Register Outputs

Output Data signals OFX0 Output of a LUT5 MUX

Output Data signals OFX1 Output of a LUT6, LUT7, LUT82 MUX depending on the slice

Output Inter-PFU signal FCO For the right most PFU the fast carry chain output1

1. See Figure 2-2 for connection details.
2. Requires two PFUs.

Logic Ripple RAM ROM

PFU Slice LUT 4x2 or LUT 5x1 2-bit Arithmetic Unit SP 16x2 ROM 16x1 x 2

PFF Slice LUT 4x2 or LUT 5x1 2-bit Arithmetic Unit N/A ROM 16x1 x 2
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The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the soft-
ware will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2-3 
shows the number of Slices required to implement different distributed RAM primitives. Figure 2-4 shows the dis-
tributed memory primitive block diagrams. Dual port memories involve the pairing of two Slices, one Slice functions 
as the read-write port. The other companion Slice supports the read-only port. For more information on RAM mode 
in LatticeXP devices, please see details of additional technical documentation at the end of this data sheet.

Table 2-3. Number of Slices Required for Implementing Distributed RAM

Figure 2-4. Distributed Memory Primitives

ROM Mode: The ROM mode uses the same principal as the RAM modes, but without the Write port. Pre-loading is 
accomplished through the programming interface during configuration.

PFU Modes of Operation
Slices can be combined within a PFU to form larger functions. Table 2-4 tabulates these modes and documents the 
functionality possible at the PFU level.
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Figure 2-26. DQS Local Bus

Figure 2-27. DLL Calibration Bus and DQS/DQS Transition Distribution
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master serial clock is 2.5MHz. Table 2-10 lists all the available Master Serial Clock frequencies. When a different 
Master Serial Clock is selected during the design process, the following sequence takes place:

1. User selects a different Master Serial Clock frequency for configuration.

2. During configuration the device starts with the default (2.5MHz) Master Serial Clock frequency. 

3. The clock configuration settings are contained in the early configuration bit stream.

4. The Master Serial Clock frequency changes to the selected frequency once the clock configuration bits are 
received.

For further information on the use of this oscillator for configuration, please see details of additional technical docu-
mentation at the end of this data sheet. 

Table 2-10. Selectable Master Serial Clock (CCLK) Frequencies During Configuration 

Density Shifting
The LatticeXP family has been designed to ensure that different density devices in the same package have the 
same pin-out. Furthermore, the architecture ensures a high success rate when performing design migration from 
lower density parts to higher density parts. In many cases, it is also possible to shift a lower utilization design tar-
geted for a high-density device to a lower density device. However, the exact details of the final resource utilization 
will impact the likely success in each case.

CCLK (MHz) CCLK (MHz) CCLK (MHz)

2.51 13 45

4.3 15 51

5.4 20 55

6.9 26 60

8.1 30 130

9.2 34 —

10.0 41 —

1. Default
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sysIO Single-Ended DC Electrical Characteristics

Input/Output
Standard

VIL VIH VOL Max. 
(V)

VOH Min. 
(V)

IOL
(mA)

IOH
(mA)Min. (V) Max. (V) Min. (V) Max. (V)

LVCMOS 3.3 -0.3 0.8 2.0 3.6
0.4 VCCIO - 0.4 20, 16, 12, 

8, 4
-20, -16, -12,

-8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVTTL -0.3 0.8 2.0 3.6
0.4 VCCIO - 0.4 20, 16, 12,

8, 4
-20, -16, -12,

-8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 2.5 -0.3 0.7 1.7 3.6
0.4 VCCIO - 0.4 20, 16, 12,

 8, 4
-20, -16, -12, 

-8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.8 -0.3 0.35VCCIO 0.65VCCIO 3.6
0.4 VCCIO - 0.4 16, 12, 8, 4 -16, -12, -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.5 -0.3 0.35VCCIO 0.65VCCIO 3.6
0.4 VCCIO - 0.4 8, 4 -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.2
(“C” Version) -0.3 0.42 0.78 3.6

0.4 VCCIO - 0.4 6, 2 -6, -2

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.2
(“E” Version) -0.3 0.35VCC 0.65VCC 3.6

0.4 VCCIO - 0.4 6, 2 -6, -2

0.2 VCCIO - 0.2 0.1 -0.1

PCI -0.3 0.3VCCIO 0.5VCCIO 3.6 0.1VCCIO 0.9VCCIO 1.5 -0.5

SSTL3 class I -0.3 VREF - 0.2 VREF + 0.2 3.6 0.7 VCCIO - 1.1 8 -8

SSTL3 class II -0.3 VREF - 0.2 VREF + 0.2 3.6 0.5 VCCIO - 0.9 16 -16

SSTL2 class I -0.3 VREF - 0.18 VREF + 0.18 3.6 0.54 VCCIO - 0.62 7.6 -7.6

SSTL2 class II -0.3 VREF - 0.18 VREF + 0.18 3.6 0.35 VCCIO - 0.43 15.2 -15.2

SSTL18 class I -0.3 VREF - 0.125 VREF + 0.125 3.6 0.4 VCCIO - 0.4 6.7 -6.7

HSTL15 class I -0.3 VREF - 0.1 VREF + 0.1 3.6 0.4 VCCIO - 0.4 8 -8 

HSTL15 class III -0.3 VREF - 0.1 VREF + 0.1 3.6 0.4 VCCIO - 0.4 24 -8

HSTL18 class I -0.3 VREF - 0.1 VREF + 0.1 3.6 0.4 VCCIO - 0.4 9.6 -9.6 

HSTL18 class II -0.3 VREF - 0.1 VREF + 0.1 3.6 0.4 VCCIO - 0.4 16 -16

HSTL18 class III -0.3 VREF - 0.1 VREF + 0.1 3.6 0.4 VCCIO - 0.4 24 -8

1. The average DC current drawn by I/Os between GND connections, or between the last GND in an I/O bank and the end of an I/O bank, as 
shown in the logic signal connections table shall not exceed n * 8mA. Where n is the number of I/Os between bank GND connections or 
between the last GND in a bank and the end of a bank.
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Derating Logic Timing
Logic timing provided in the following sections of this data sheet and in the ispLEVER design tools are worst case 
numbers in the operating range. Actual delays at nominal temperature and voltage for best-case process can be 
much better than the values given in the tables. The ispLEVER design tool from Lattice can provide logic timing 
numbers at a particular temperature and voltage.
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sysCLOCK PLL Timing
Over Recommended Operating Conditions

LatticeXP “C” Sleep Mode Timing

Parameter Descriptions Conditions Min. Typ. Max. Units

fIN Input Clock Frequency (CLKI, CLKFB)  25 — 375 MHz

fOUT Output Clock Frequency (CLKOP, CLKOS)  25 — 375 MHz

fOUT2 K-Divider Output Frequency (CLKOK)  0.195 — 187.5 MHz

fVCO PLL VCO Frequency  375 — 750 MHz

fPFD Phase Detector Input Frequency  25 — — MHz

AC Characteristics

tDT Output Clock Duty Cycle Default duty cycle elected3 45 50 55 %

tPH
4 Output Phase Accuracy — — 0.05 UI

tOPJIT
1 Output Clock Period Jitter

fOUT Š 100MHz — — +/- 125 ps

fOUT < 100MHz — — 0.02 UIPP

tSK Input Clock to Output Clock Skew Divider ratio = integer — — +/- 200 ps

tW Output Clock Pulse Width At 90% or 10%3 1 — — ns

tLOCK
2 PLL Lock-in Time — — 150 us

tPA Programmable Delay Unit 100 250 400 ps

tIPJIT Input Clock Period Jitter — — +/- 200 ps

tFBKDLY External Feedback Delay — — 10 ns

tHI Input Clock High Time 90% to 90% 0.5 — — ns

tLO Input Clock Low Time 10% to 10% 0.5 — — ns

tRST RST Pulse Width 10 — — ns

1. Jitter sample is taken over 10,000 samples of the primary PLL output with clean reference clock.
2. Output clock is valid after tLOCK for PLL reset and dynamic delay adjustment.
3. Using LVDS output buffers.
4. As compared to CLKOP output.
Timing v.F0.11

Parameter Descriptions Min. Typ. Max. Units

tPWRDN SLEEPN Low to I/O Tristate — 20 32 ns

tPWRUP SLEEPN High to Power Up

LFXP3 — 1.4 2.1 ms

LFXP6 — 1.7 2.4 ms

LFXP10 — 1.1 1.8 ms

LFXP15 — 1.4 2.1 ms

LFXP20 — 1.7 2.4 ms

tWSLEEPN SLEEPN Pulse Width to Initiate Sleep Mode 400 — — ns

tWAWAKE SLEEPN Pulse Rejection — — 120 ns

SLEEPN

tPWRUP

Sleep Mode

tPWRDN

I/O
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Flash Download Time

JTAG Port Timing Specifications
Over Recommended Operating Conditions

Figure 3-12. JTAG Port Timing Waveforms

Symbol Parameter Min. Typ. Max. Units

tREFRESH

PROGRAMN Low-to-
High. Transition to Done 
High.

LFXP3 — 1.1 1.7 ms

LFXP6 — 1.4 2.0 ms

LFXP10 — 0.9 1.5 ms

LFXP15 — 1.1 1.7 ms

LFXP20 — 1.3 1.9 ms

Symbol Parameter Min. Max. Units

fMAX  — 25 MHz

tBTCP TCK [BSCAN] clock pulse width 40 — ns

tBTCPH TCK [BSCAN] clock pulse width high 20 — ns

tBTCPL TCK [BSCAN] clock pulse width low 20 — ns

tBTS TCK [BSCAN] setup time 10 — ns

tBTH TCK [BSCAN] hold time 8 — ns

tBTRF TCK [BSCAN] rise/fall time 50 — ns

tBTCO TAP controller falling edge of clock to valid output — 10 ns

tBTCODIS TAP controller falling edge of clock to valid disable — 10 ns

tBTCOEN TAP controller falling edge of clock to valid enable — 10 ns

tBTCRS BSCAN test capture register setup time 8 — ns

tBTCRH BSCAN test capture register hold time 25 — ns

tBUTCO BSCAN test update register, falling edge of clock to valid output — 25 ns

tBTUODIS BSCAN test update register, falling edge of clock to valid disable — 25 ns

tBTUPOEN BSCAN test update register, falling edge of clock to valid enable — 25 ns

Timing v.F0.11

TMS

TDI

TCK

TDO
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Pin Information Summary1 (Cont.)

XP10 XP15 XP20

Pin Type 256 fpBGA 388 fpBGA 256 fpBGA 388 fpBGA 484 fpBGA 256 fpBGA 388 fpBGA 484 fpBGA

Single Ended User I/O 188 244 188 268 300 188 268 340

Differential Pair User I/O2 76 104 76 112 128 76 112 144

Configuration
Dedicated 11 11 11 11 11 11 11 11

Muxed 14 14 14 14 14 14 14 14

TAP 5 5 5 5 5 5 5 5

Dedicated 
(total without supplies) 6 6 6 6 6 6 6 6

VCC 8 14 8 14 28 8 14 28

VCCAUX 4 4 4 4 12 4 4 12

VCCPLL 2 2 2 2 2 2 2 2

VCCIO

Bank0 2 5 2 5 4 2 5 4

Bank1 2 5 2 5 4 2 5 4

Bank2 2 4 2 4 4 2 4 4

Bank3 2 4 2 4 4 2 4 4

Bank4 2 5 2 5 4 2 5 4

Bank5 2 5 2 5 4 2 5 4

Bank6 2 4 2 4 4 2 4 4

Bank7 2 4 2 4 4 2 4 4

GND 24 50 24 50 56 24 50 56

GNDPLL 2 2 2 2 2 2 2 2

NC 0 24 0 0 40 0 0 0

Single Ended/
Differential I/O 
per Bank2

Bank0 26/11 33/14 26/11 39/16 40/17 26/11 39/16 47/20

Bank1 26/11 33/14 26/11 39/16 40/17 26/11 39/16 47/20

Bank2 21/8 28/12 21/8 28/12 35/15 21/8 28/12 38/16

Bank3 21/8 28/12 21/8 28/12 35/15 21/8 28/12 38/16

Bank4 26/11 33/14 26/11 39/16 40/17 26/11 39/16 47/20

Bank5 26/11 33/14 26/11 39/16 40/17 26/11 39/16 47/20

Bank6 21/8 28/12 21/8 28/12 35/15 21/8 28/12 38/16

Bank7 21/8 28/12 21/8 28/12 35/15 21/8 28/12 38/16

VCCJ 1 1 1 1 1 1 1 1

1. During configuration the user-programmable I/Os are tri-stated with an internal pull-up resistor enabled. If any pin is not used (or not bonded 
to a package pin), it is also tri-stated with an internal pull-up resistor enabled after configuration.

2. The differential I/O per bank includes both dedicated LVDS and emulated LVDS pin pairs. Please see the Logic Signal Connections table for 
more information.
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88 PT14B 1 - D7

89 PT13B 0 C BUSY

90 GNDIO0 0 - -

91 PT13A 0 T CS1N

92 PT12B 0 C PCLKC0_0

93 PT12A 0 T PCLKT0_0

94 VCCIO0 0 - -

95 PT9A 0 - DOUT

96 PT8A 0 - WRITEN

97 PT6A 0 - DI

98 PT5A 0 - CSN

99 GND - - -

100 CFG0 0 - -

1. Applies to LFXP “C” only.
2. Applies to LFXP “E” only.
3. Supports dedicated LVDS outputs.

LFXP3 Logic Signal Connections: 100 TQFP (Cont.)
Pin Number Pin Function Bank Differential Dual Function
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93 PB19B 4 C VREF1_4 PB22B 4 C VREF1_4

94 PB20A 4 T - PB23A 4 T -

95 PB20B 4 C - PB23B 4 C -

96 PB21A 4 T - PB24A 4 T -

97 VCCIO4 4 - - VCCIO4 4 - -

98 PB21B 4 C - PB24B 4 C -

99 PB22A 4 T - PB25A 4 T -

100 PB22B 4 C - PB25B 4 C -

101 PB23A 4 T - PB26A 4 T -

102 PB23B 4 C - PB26B 4 C -

103 PB24A 4 T VREF2_4 PB27A 4 - VREF2_4

104 PB24B 4 C - PB30A 4 T DQS

105 PB25A 4 - - PB30B 4 C -

106 GND - - - GND - - -

107 VCC - - - VCC - - -

108 PR18B 3 C3 - PR26B 3 C3 -

109 GNDIO3 3 - - GNDIO3 3 - -

110 PR18A 3 T3 - PR26A 3 T3 -

111 PR17B 3 C - PR25B 3 C -

112 PR17A 3 T - PR25A 3 T -

113 PR16B 3 C3 - PR24B 3 C3 -

114 PR16A 3 T3 DQS PR24A 3 T3 DQS

115 VCCIO3 3 - - VCCIO3 3 - -

116 PR15B 3 - VREF1_3 PR23B 3 - VREF1_3

117 PR14A 3 - VREF2_3 PR22A 3 - VREF2_3

118 GNDIO3 3 - - GNDIO3 3 - -

119 PR13B 3 C - PR21B 3 C3 -

120 PR13A 3 T - PR21A 3 T3 -

121 GND - - - GND - - -

122 PR12B 3 C - PR20B 3 C -

123 PR12A 3 T - PR20A 3 T -

124 PR11B 3 C - PR19B 3 C3 -

125 VCCIO3 3 - - VCCIO3 3 - -

126 PR11A 3 T - PR19A 3 T3 -

127 GNDP1 - - - GNDP1 - - -

128 VCCP1 - - - VCCP1 - - -

129 NC - - - PR13A 2 - -

130 GND - - - GND - - -

131 PR9B 2 C PCLKC2_0 PR12B 2 C PCLKC2_0

132 PR9A 2 T PCLKT2_0 PR12A 2 T PCLKT2_0

133 NC - - - PR11B 2 C3 -

134 NC - - - PR11A 2 T3 -

135 GNDIO2 2 - - GNDIO2 2 - -

136 PR8B 2 C RUM0_PLLC_IN_A PR8B 2 C RUM0_PLLC_IN_A

137 PR8A 2 T RUM0_PLLT_IN_A PR8A 2 T RUM0_PLLT_IN_A

138 PR7B 2 C3 - PR7B 2 C3 -

LFXP3 & LFXP6 Logic Signal Connections: 208 PQFP (Cont.)

Pin 
Number

LFXP3 LFXP6

Pin Function Bank Differential Dual Function Pin Function Bank Differential Dual Function
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E8 PT13B 0 - - PT17B 0 - -

D8 PT12A 0 - DOUT PT16A 0 - DOUT

A6 PT11B 0 C - PT15B 0 C -

- GNDIO0 0 - - GNDIO0 0 - -

C6 PT11A 0 T WRITEN PT15A 0 T WRITEN

E7 PT10B 0 C - PT14B 0 C -

D7 PT10A 0 T VREF1_0 PT14A 0 T VREF1_0

A5 PT9B 0 C - PT13B 0 C -

B5 PT9A 0 T DI PT13A 0 T DI

A4 PT8B 0 C - PT12B 0 C -

B6 PT8A 0 T CSN PT12A 0 T CSN

E6 PT7B 0 C - PT11B 0 C -

- GNDIO0 0 - - GNDIO0 0 - -

D6 PT7A 0 T - PT11A 0 T -

D5 PT6B 0 C VREF2_0 PT10B 0 C VREF2_0

A3 PT6A 0 T DQS PT10A 0 T DQS

B3 PT5B 0 - - PT9B 0 - -

B2 PT4A 0 - - PT8A 0 - -

A2 PT3B 0 C - PT7B 0 C -

B1 PT3A 0 T - PT7A 0 T -

F5 PT2B 0 C - PT6B 0 C -

- GNDIO0 0 - - GNDIO0 0 - -

C5 PT2A 0 T - PT6A 0 T -

C4 CFG0 0 - - CFG0 0 - -

B4 CFG1 0 - - CFG1 0 - -

C3 DONE 0 - - DONE 0 - -

A1 GND - - - GND - - -

A16 GND - - - GND - - -

F11 GND - - - GND - - -

F6 GND - - - GND - - -

G10 GND - - - GND - - -

G7 GND - - - GND - - -

G8 GND - - - GND - - -

G9 GND - - - GND - - -

H10 GND - - - GND - - -

H7 GND - - - GND - - -

H8 GND - - - GND - - -

H9 GND - - - GND - - -

J10 GND - - - GND - - -

J7 GND - - - GND - - -

J8 GND - - - GND - - -

J9 GND - - - GND - - -

LFXP6 & LFXP10 Logic Signal Connections: 256 fpBGA (Cont.)

Ball 
Number

LFXP6 LFXP10

Ball 
Function Bank Differential

Dual 
Function

Ball 
Function Bank Differential

Dual 
Function
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LFXP15 & LFXP20 Logic Signal Connections: 256 fpBGA 

Ball 
Number

LFXP15 LFXP20

Ball 
Function Bank Differential

Dual 
Function

Ball 
Function Bank Differential

Dual 
Function

C2 PROGRAMN 7 - - PROGRAMN 7 - -

C1 CCLK 7 - - CCLK 7 - -

- GNDIO7 7 - - GNDIO7 7 - -

- GNDIO7 7 - - GNDIO7 7 - -

D2 PL7A 7 T LUM0_PLLT_FB_A PL7A 7 T LUM0_PLLT_FB_A

D3 PL7B 7 C LUM0_PLLC_FB_A PL7B 7 C LUM0_PLLC_FB_A

D1 PL9A 7 - - PL9A 7 - -

E2 PL10B 7 - VREF1_7 PL10B 7 - VREF1_7

E1 PL11A 7 T3 DQS PL11A 7 T3 DQS

F1 PL11B 7 C3 - PL11B 7 C3 -

- GNDIO7 7 - - GNDIO7 7 - -

E3 PL12A 7 T - PL12A 7 T -

F4 PL12B 7 C - PL12B 7 C -

F3 PL13A 7 T3 - PL13A 7 T3 -

F2 PL13B 7 C3 - PL13B 7 C3 -

G1 PL15B 7 - - PL15B 7 - -

- GNDIO7 7 - - GNDIO7 7 - -

G3 PL16A 7 T LUM0_PLLT_IN_A PL16A 7 T LUM0_PLLT_IN_A

G2 PL16B 7 C LUM0_PLLC_IN_A PL16B 7 C LUM0_PLLC_IN_A

H1 PL17A 7 T3 - PL17A 7 T3 -

H2 PL17B 7 C3 - PL17B 7 C3 -

G4 PL18A 7 - VREF2_7 PL18A 7 - VREF2_7

G5 PL19B 7 - - PL19B 7 - -

J1 PL20A 7 T3 DQS PL20A 7 T3 DQS

- GNDIO7 7 - - GNDIO7 7 - -

J2 PL20B 7 C3 - PL20B 7 C3 -

H3 PL22A 7 T3 - PL22A 7 T3 -

J3 PL22B 7 C3 - PL22B 7 C3 -

H4 VCCP0 - - - VCCP0 - - -

H5 GNDP0 - - - GNDP0 - - -

K1 PL24A 6 T PCLKT6_0 PL28A 6 T PCLKT6_0

- GNDIO6 6 - - GNDIO6 6 - -

K2 PL24B 6 C PCLKC6_0 PL28B 6 C PCLKC6_0

J4 PL26A 6 - - PL30A 6 - -

J5 PL27B 6 - VREF1_6 PL31B 6 - VREF1_6

L1 PL28A 6 T3 DQS PL32A 6 T3 DQS

L2 PL28B 6 C3 - PL32B 6 C3 -

- GNDIO6 6 - - GNDIO6 6 - -

M1 PL29A 6 T LLM0_PLLT_IN_A PL33A 6 T LLM0_PLLT_IN_A

M2 PL29B 6 C LLM0_PLLC_IN_A PL33B 6 C LLM0_PLLC_IN_A

K3 PL30A 6 T3 - PL34A 6 T3 -

L3 PL30B 6 C3 - PL34B 6 C3 -
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U1 PL25A 6 T LLM0_PLLT_IN_A PL29A 6 T LLM0_PLLT_IN_A PL33A 6 T LLM0_PLLT_IN_A

T2 PL25B 6 C LLM0_PLLC_IN_A PL29B 6 C LLM0_PLLC_IN_A PL33B 6 C LLM0_PLLC_IN_A

V1 PL26A 6 T3 - PL30A 6 T3 - PL34A 6 T3 -

U2 PL26B 6 C3 - PL30B 6 C3 - PL34B 6 C3 -

W1 PL28A 6 T3 - PL32A 6 T3 - PL36A 6 T3 -

V2 PL28B 6 C3 - PL32B 6 C3 - PL36B 6 C3 -

- GNDIO6 6 - - GNDIO6 - - - GNDIO6 6 - -

P3 PL29A 6 T - PL33A 6 T - PL37A 6 T -

P4 PL29B 6 C - PL33B 6 C - PL37B 6 C -

Y1 PL30A 6 T3 - PL34A 6 T3 - PL38A 6 T3 -

W2 PL30B 6 C3 - PL34B 6 C3 - PL38B 6 C3 -

R3 PL31A 6 - VREF2_6 PL35A 6 - VREF2_6 PL39A 6 - VREF2_6

R4 PL32B 6 - - PL36B 6 - - PL40B 6 - -

T3 PL33A 6 T3 DQS PL37A 6 T3 DQS PL41A 6 T3 DQS

T4 PL33B 6 C3 - PL37B 6 C3 - PL41B 6 C3 -

- GNDIO6 6 - - GNDIO6 6 - - GNDIO6 6 - -

V4 PL34A 6 T LLM0_PLLT_FB_A PL38A 6 T LLM0_PLLT_FB_A PL42A 6 T LLM0_PLLT_FB_A

V3 PL34B 6 C LLM0_PLLC_FB_A PL38B 6 C LLM0_PLLC_FB_A PL42B 6 C LLM0_PLLC_FB_A

U4 PL35A 6 T3 - PL39A 6 T3 - PL43A 6 T3 -

U3 PL35B 6 C3 - PL39B 6 C3 - PL43B 6 C3 -

- GNDIO6 6 - - GNDIO6 6 - - GNDIO6 6 - -

W5 SLEEPN1/
TOE2 - - - SLEEPN1/

TOE2 - - - SLEEPN1/
TOE2 - - -

Y2 INITN 5 - - INITN 5 - - INITN 5 - -

- GNDIO5 5 - - GNDIO5 5 - - GNDIO5 5 - -

- GNDIO5 5 - - GNDIO5 5 - - GNDIO5 5 - -

Y3 - - - - PB3B 5 - - PB7B 5 - -

W3 - - - - PB4A 5 T - PB8A 5 T -

W4 - - - - PB4B 5 C - PB8B 5 C -

AA2 - - - - PB5A 5 - - PB9A 5 - -

AA1 - - - - PB6B 5 - - PB10B 5 - -

W6 PB2A 5 - - PB7A 5 T DQS PB11A 5 T DQS

W7 - - - - PB7B 5 C - PB11B 5 C -

Y4 PB3A 5 T - PB8A 5 T - PB12A 5 T -

- GNDIO5 5 - - GNDIO5 5 - - GNDIO5 5 - -

Y5 PB3B 5 C - PB8B 5 C - PB12B 5 C -

AB2 PB4A 5 T - PB9A 5 T - PB13A 5 T -

AA3 PB4B 5 C - PB9B 5 C - PB13B 5 C -

AB3 PB5A 5 T - PB10A 5 T - PB14A 5 T -

AA4 PB5B 5 C - PB10B 5 C - PB14B 5 C -

W8 PB6A 5 T - PB11A 5 T - PB15A 5 T -

W9 PB6B 5 C - PB11B 5 C - PB15B 5 C -

AB4 PB7A 5 T VREF1_5 PB12A 5 T VREF1_5 PB16A 5 T VREF1_5

- GNDIO5 5 - - GNDIO5 5 - - GNDIO5 5 - -

AA5 PB7B 5 C - PB12B 5 C - PB16B 5 C -

AB5 PB8A 5 - - PB13A 5 - - PB17A 5 - -

Y6 PB9B 5 - - PB14B 5 - - PB18B 5 - -

AA6 PB10A 5 T DQS PB15A 5 T DQS PB19A 5 T DQS

AB6 PB10B 5 C - PB15B 5 C - PB19B 5 C -

Y9 PB11A 5 T - PB16A 5 T - PB20A 5 T -

LFXP10, LFXP15 & LFXP20 Logic Signal Connections: 388 fpBGA (Cont.)

Ball 
Number

LFXP10 LFXP15 LFXP20

Ball 
Function Bank Diff. Dual Function

Ball 
Function Bank Diff. Dual Function

Ball 
Function Bank Diff. Dual Function
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C20 PT38A 1 T - PT43A 1 T - PT47A 1 T -

C21 PT37B 1 C - PT42B 1 C - PT46B 1 C -

C22 PT37A 1 T - PT42A 1 T - PT46A 1 T -

B22 PT36B 1 C - PT41B 1 C - PT45B 1 C -

A21 PT36A 1 T - PT41A 1 T - PT45A 1 T -

D15 PT35B 1 C - PT40B 1 C - PT44B 1 C -

D14 PT35A 1 T - PT40A 1 T - PT44A 1 T -

B21 PT34B 1 C VREF1_1 PT39B 1 C VREF1_1 PT43B 1 C VREF1_1

- GNDIO1 1 - - GNDIO1 1 - - GNDIO1 1 - -

A20 PT34A 1 T DQS PT39A 1 T DQS PT43A 1 T DQS

B20 PT33B 1 - - PT38B 1 - - PT42B 1 - -

A19 PT32A 1 - - PT37A 1 - - PT41A 1 - -

B19 PT31B 1 C - PT36B 1 C - PT40B 1 C -

A18 PT31A 1 T - PT36A 1 T - PT40A 1 T -

C14 PT30B 1 C - PT35B 1 C - PT39B 1 C -

C13 PT30A 1 T D0 PT35A 1 T D0 PT39A 1 T D0

B18 PT29B 1 C D1 PT34B 1 C D1 PT38B 1 C D1

A17 PT29A 1 T VREF2_1 PT34A 1 T VREF2_1 PT38A 1 T VREF2_1

B17 PT28B 1 C - PT33B 1 C - PT37B 1 C -

A16 PT28A 1 T D2 PT33A 1 T D2 PT37A 1 T D2

- GNDIO1 1 - - GNDIO1 1 - - GNDIO1 1 - -

B16 PT27B 1 C D3 PT32B 1 C D3 PT36B 1 C D3

A15 PT27A 1 T - PT32A 1 T - PT36A 1 T -

B15 PT26B 1 C - PT31B 1 C - PT35B 1 C -

A14 PT26A 1 T DQS PT31A 1 T DQS PT35A 1 T DQS

D13 PT25B 1 - - PT30B 1 - - PT34B 1 - -

D12 PT24A 1 - D4 PT29A 1 - D4 PT33A 1 - D4

B14 PT23B 1 C - PT28B 1 C - PT32B 1 C -

A13 PT23A 1 T D5 PT28A 1 T D5 PT32A 1 T D5

- GNDIO1 1 - - GNDIO1 1 - - GNDIO1 1 - -

B13 PT22B 1 C D6 PT27B 1 C D6 PT31B 1 C D6

A12 PT22A 1 T - PT27A 1 T - PT31A 1 T -

B12 PT21B 1 C D7 PT26B 1 C D7 PT30B 1 C D7

C12 PT21A 1 T - PT26A 1 T - PT30A 1 T -

C11 PT20B 0 C BUSY PT25B 0 C BUSY PT29B 0 C BUSY

- GNDIO0 0 - - GNDIO0 0 - - GNDIO0 0 - -

B11 PT20A 0 T CS1N PT25A 0 T CS1N PT29A 0 T CS1N

A11 PT19B 0 C PCLKC0_0 PT24B 0 C PCLKC0_0 PT28B 0 C PCLKC0_0

A10 PT19A 0 T PCLKT0_0 PT24A 0 T PCLKT0_0 PT28A 0 T PCLKT0_0

B10 PT18B 0 C - PT23B 0 C - PT27B 0 C -

B9 PT18A 0 T DQS PT23A 0 T DQS PT27A 0 T DQS

D11 PT17B 0 - - PT22B 0 - - PT26B 0 - -

D10 PT16A 0 - DOUT PT21A 0 - DOUT PT25A 0 - DOUT

A9 PT15B 0 C - PT20B 0 C - PT24B 0 C -

- GNDIO0 0 - - GNDIO0 0 - - GNDIO0 0 - -

C8 PT15A 0 T WRITEN PT20A 0 T WRITEN PT24A 0 T WRITEN

B8 PT14B 0 C - PT19B 0 C - PT23B 0 C -

A8 PT14A 0 T VREF1_0 PT19A 0 T VREF1_0 PT23A 0 T VREF1_0

C7 PT13B 0 C - PT18B 0 C - PT22B 0 C -

LFXP10, LFXP15 & LFXP20 Logic Signal Connections: 388 fpBGA (Cont.)

Ball 
Number

LFXP10 LFXP15 LFXP20

Ball 
Function Bank Diff. Dual Function

Ball 
Function Bank Diff. Dual Function

Ball 
Function Bank Diff. Dual Function
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A14 PT30B 1 - - PT34B 1 - -

B14 PT29A 1 - D4 PT33A 1 - D4

C12 PT28B 1 C - PT32B 1 C -

B12 PT28A 1 T D5 PT32A 1 T D5

- GNDIO1 1 - - GNDIO1 1 - -

D12 PT27B 1 C D6 PT31B 1 C D6

E12 PT27A 1 T - PT31A 1 T -

A13 PT26B 1 C D7 PT30B 1 C D7

A12 PT26A 1 T - PT30A 1 T -

A11 PT25B 0 C BUSY PT29B 0 C BUSY

- GNDIO0 0 - - GNDIO0 0 - -

A10 PT25A 0 T CS1N PT29A 0 T CS1N

D11 PT24B 0 C PCLKC0_0 PT28B 0 C PCLKC0_0

E11 PT24A 0 T PCLKT0_0 PT28A 0 T PCLKT0_0

B11 PT23B 0 C - PT27B 0 C -

C11 PT23A 0 T DQS PT27A 0 T DQS

B9 PT22B 0 - - PT26B 0 - -

A9 PT21A 0 - DOUT PT25A 0 - DOUT

B8 PT20B 0 C - PT24B 0 C -

- GNDIO0 0 - - GNDIO0 0 - -

A8 PT20A 0 T WRITEN PT24A 0 T WRITEN

E10 PT19B 0 C - PT23B 0 C -

D10 PT19A 0 T VREF1_0 PT23A 0 T VREF1_0

C10 PT18B 0 C - PT22B 0 C -

B10 PT18A 0 T DI PT22A 0 T DI

B7 PT17B 0 C - PT21B 0 C -

A7 PT17A 0 T CSN PT21A 0 T CSN

C9 PT16B 0 C - PT20B 0 C -

D9 PT16A 0 T - PT20A 0 T -

B6 PT15B 0 C VREF2_0 PT19B 0 C VREF2_0

A6 PT15A 0 T DQS PT19A 0 T DQS

F9 PT14B 0 - - PT18B 0 - -

E9 PT13A 0 - - PT17A 0 - -

- GNDIO0 0 - - GNDIO0 0 - -

B5 PT12B 0 C - PT16B 0 C -

A5 PT12A 0 T - PT16A 0 T -

C8 PT11B 0 C - PT15B 0 C -

D8 PT11A 0 T - PT15A 0 T -

B4 PT10B 0 C - PT14B 0 C -

A4 PT10A 0 T - PT14A 0 T -

F8 PT9B 0 C - PT13B 0 C -

E8 PT9A 0 T - PT13A 0 T -

LFXP15 & LFXP20 Logic Signal Connections: 484 fpBGA (Cont.)

Ball 
Number

LFXP15 LFXP20

Ball 
Function Bank Differential

Dual 
Function

Ball 
Function Bank Differential

Dual 
Function
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J15 GND - - - GND - - -

J8 GND - - - GND - - -

J9 GND - - - GND - - -

K10 GND - - - GND - - -

K11 GND - - - GND - - -

K12 GND - - - GND - - -

K13 GND - - - GND - - -

K14 GND - - - GND - - -

K9 GND - - - GND - - -

L10 GND - - - GND - - -

L11 GND - - - GND - - -

L12 GND - - - GND - - -

L13 GND - - - GND - - -

L14 GND - - - GND - - -

L9 GND - - - GND - - -

M10 GND - - - GND - - -

M11 GND - - - GND - - -

M12 GND - - - GND - - -

M13 GND - - - GND - - -

M14 GND - - - GND - - -

M9 GND - - - GND - - -

N10 GND - - - GND - - -

N11 GND - - - GND - - -

N12 GND - - - GND - - -

N13 GND - - - GND - - -

N14 GND - - - GND - - -

N9 GND - - - GND - - -

P10 GND - - - GND - - -

P11 GND - - - GND - - -

P12 GND - - - GND - - -

P13 GND - - - GND - - -

P14 GND - - - GND - - -

P15 GND - - - GND - - -

P8 GND - - - GND - - -

P9 GND - - - GND - - -

R14 GND - - - GND - - -

R9 GND - - - GND - - -

F10 VCC - - - VCC - - -

F13 VCC - - - VCC - - -

G10 VCC - - - VCC - - -

G13 VCC - - - VCC - - -

G14 VCC - - - VCC - - -

LFXP15 & LFXP20 Logic Signal Connections: 484 fpBGA (Cont.)

Ball 
Number

LFXP15 LFXP20

Ball 
Function Bank Differential

Dual 
Function

Ball 
Function Bank Differential

Dual 
Function


