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Introduction

The Titanium™ Ti85 FPGA features the high-density, low-power Efinix® Quantum®
compute fabric wrapped with an I/O interface. This FPGA has a variety of features, such as a
hardened RISC-V block, transceivers, LPDDR4 DRAM controller, and MIPI D-PHY.

The quad-core hardened RISC-V block has a 32-bit CPU featuring the ISA RISCV32I with
M, A, C, F, and D extensions, and six pipeline stages. You utilize the hardened RISC-V block

by instantiating the Sapphire High-Performance SoC, combining the speed and efficiency of a
hardened RISC-V block with the flexibility of peripherals in soft logic.

The full-duplex transceivers support multiple protocols including PCle” Gen4, SGMII, and
10GBase-KR, as well as a PMA Direct mode with data rates from 1.188 Gbps to 12.5 Gbps.

Ti85 FPGAs include a hardened MIPI D-PHY, which you can use with Efinix® MIPI CSI-2
and DSI controller IP cores to create multi-camera, high definition vision systems, edge
computing, and hardware acceleration systems. Additionally, these FPGAs have a hardened
DDR DRAM controller block that supports LPDDR4 DRAM interfaces.

Together, these features enable a wide variety of applications such as industrial cameras,

robotics, networking cards, broadcast equipment that has an SDI interface, human machine
interface (HMI) and keyboard, video, mouse (KVM), and edge Al.

Features

* High-density, low-power Quantum® compute fabric
*  Built on TSMC 16 nm process

*  10-kbit high-speed, embedded SRAM, configurable as single-port RAM, simple dual-port
RAM, true dual-port RAM, or ROM

* High-performance DSP blocks for multiplication, addition, subtraction, accumulation,
and up to 15-bit variable-right-shifting

* Versatile on-chip clocking
— Low-skew global network supporting 32 clock or control signals
— Regional and local clock networks

— Up to nine PLLs with support for fractional-N division, programmable duty cycle,
spread-spectrum clocking, and dynamic reconfiguration

* FPGA interface blocks
— 32-bit quad-core hardened RISC-V block
— Two high-speed transceiver banks, each with four lanes:
- Support data rates from 1.25 Gbps up to 16 Gbps per channel
- PCle Gen4 x4:
*  Compliant with the PCle"® 4.0, 3.0, 2.1, and 1.1 specifications
* Support x1, x2, and x4 configurations
*  Configure as Root Port (RP) or End Point (EP)
* Single Root IO Virtualization (SRIOV)
- Supports SGMII and 10GBase-KR protocols as well as PMA Direct

— One LPDDR4/4x PHY interfaces (supporting x32 DQ widths) with memory
controller hard TP

— Two MIPI D-PHY RX and TX interfaces with speeds up to 2.5 Gbps
— Two varieties of general-purpose I/O (GPIO) pins:
- High-voltage I/O (HVIO) pins support 1.8, 2.5, and 3.3 V

www.efinixinc.com 4



- Configurable high-speed I/O (HSIO) pins support

* Single-ended and differential I/O

Ti85 Data Sheet

e LVDS, subLVDS, Mini-LVDS, and RSDS (RX, TX, and bidirectional), up to

1.5 Gbps

*  MIPI lane (DSI and CSI) in high-speed and low-power modes, up to 1.5 Gbps

— one oscillator
— Spread-Spectrum Clocking (SSC) PLL
* Flexible device configuration

— Standard SPI interface (active, passive, and daisy chain)

— JTAG interface
— Supports internal reconfiguration

* Single-event upset (SEU) detection feature

* Optional security feature

— Asymmetric bitstream authentication using RSA-4096
— Bitstream encryption/decryption using AES-GCM
* Fully supported by the Efinity” software, an RTL-to-bitstream compiler

@ Important: All specifications are preliminary and pending hardware characterization.

Table 1: Ti85 FPGA Resources

Logic eXchangeable Logic Global Clock | Embedded Embedded | Embedded
Elements and Routing (XLR) Cells and Control Memory Memory DSP Blocks
(LEs) Signals (Mbits) Blocks
Total SrL8" (10 Kbits)
83,232 81,600 15,110 Up to 32 6.18 604 300
Table 2: Ti85 Package-Dependent Resources
Resource N441 N484 N576 N676
Single-ended GPIO | HVIO 20 20 34 84
(maximum) LVCMOS: 1.8, 2.5, 3.0,3.3 V
LVTTL: 3.0,3.3V
HSIO 88 85 100 139
LVCMOS, HSTL: 1.2, 1.5, 1.8V
SSTL: 1.2,1.35,1.5,1.8V
Differential GPIO HSIO (LVDS, Differential HSTL, and SSTL) 44 42 50 69
(maximum) HSIO (MIPI D-PHY Data Lanes) 29 34 36 58
HSIO (MIPI D-PHY Clock Lanes) 7 7 7 11
LPDDR4/4x PHY with memory controller 1x16 1x32 1x32 1x32
MIPI D-PHY Hard RX 1 1 2 2
Blocks TX or SSC PLL 1 1 2 2
Global clock or control signals from GPIO pins 22 24 27 30
Fractional PLLs 9 8 9 9
Transceiver banks PCle 1xGend | 1xGend | 1xGend | 1xGen4
SGMII, 10GBase-KR, or PMA Direct upto 2 upto 2 upto 2 up to 2

(1)

Number of XLR that can be configured as shift register with 8 maximum taps.
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@ Note: The x32 LPDDR4/4x PHY with memory controller can be configured as x16 or x32 widths.

Available Package Options

Table 3: Available Packages

Package Dimensions (mm x mm) Pitch (mm)
441-ball FBGA 11 % 11 0.5
484-pin FBGA 18 x 18 0.8
576-pin FBGA 16 x 16 0.65
676-ball FBGA 22 x 22 0.8

www.efinixinc.com 6
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Device Core Functional Description

Ti85 FPGAs feature an eXchangeable Logic and Routing (XLR) cell that Efinix"* has
optimized for a variety of applications. Titanium™ FPGAs contain LEs that are constructed
from XLR cells. Each FPGA in the Titanium™ family has a custom number of building
blocks to fit specific application needs. As shown in the following figure, the FPGA includes
I/O ports on all four sides, as well as columns of LEs, memory, and DSP blocks. A control

block within the FPGA handles configuration.

Figure 1: Ti85 FPGA Block Diagram

Device Interface

<+—— Quantum compute fabric
XLR cell for logic and routing

DSP blocks are optimized for
computing and Al

<— |nterface blocks

10K Memory Blocks
DSP Blocks

Interface blocks include GPIO, LVDS, PLL, MIPI lane I/O, MIP| D-PHY, DDR DRAM,
RISC-V, and transceivers.

www.efinixinc.com

7



Ti85 Data Sheet

XLR Cell

The eXchangeable Logic and Routing (XLR) cell is the basic building block of the Quantum®
architecture. The Efinix® XLR cell combines logic and routing and supports both functions.
This unique innovation greatly enhances the transistor flexibility and utilization rate, thereby
reducing transistor counts and silicon area significantly.

Eﬂ Learn more: For more detailed on the advantages the XLR cell brings to Titanium™ FPGAs, read the

The XLR cell functions as:

* A 4-input LUT that supports any combinational logic function with four inputs.
* A simple full adder.

°  An 8-bit shift register that can be cascaded.

* A fracturable LUT or full adder.

The logic cell includes an optional flipflop. You can configure multiple logic cells to
implement arithmetic functions such as adders, subtractors, and counters.

Figure 2: Logic Cell Functions
4-Input LUT
———» LUT Out

Input[3:0] — 4-Input
Clock—>  |yT  —+—» Flipflop —» Register Out
Clock Enable —»
Full Adder
S
Input[1:0] — Sum Out
Clock—» Full i ,
H pflop —» Register Out
Clock Enable—» Adder
Carry In—» —» Carry Out

Fracturable LUT or Full Adder

——  » Data Out
Input[3:0]—>  Fracturable
Clock—» LUT (1) ——» Flipflop —» Register Out
Clock Enable —» or Full —» Flexible Carry Out
Carry In—» Adder —» Carry Out
—>» Propagate Out
or Data Out 2

8-Bit Shift Register
Input —» —— » Data Out
Clock—» )
Clock Enable—» Shift
Address[2:0]—» Register
Carry In—» — Cascade Out

——p Flipflop —» Register Out

1. The fracturable LUT is a combination of a 3-input LUT and a 2-input LUT.
They share 2 of the same inputs.

Learn more: Refer to the for details on the Titanium™ logic cell

primitives.
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Embedded Memory

The core has 10-kbit high-speed, synchronous, embedded SRAM memory blocks. Memory
blocks can operate as single-port RAM, simple dual-port RAM, true dual-port RAM, or
ROM. You can initialize the memory content during configuration. The Efinity” software
includes a memory cascading feature to connect multiple blocks automatically to form a
larger array. This feature enables you to instantiate deeper or wider memory modules.

Ti85 Data Sheet

@ Note: The block RAM content is random and undefined if it is not initialized.

The read and write ports support independently configured data widths, an address enable,
and an output register reset. The simple dual-port mode also supports a write byte enable.

Learn more: Refer to the
configuration.

True Dual-Port Mode

The memory read and write ports have the following modes for addressing the memory

(depth x width):

for details on the Titanium™ RAM

1024 x 8

2048 x 4

4096 x 2

8192 x 1

1024 x 10

2048 x 5

Figure 3: RAM Block Diagram (True Dual-Port Mode)

Embedded

Write Data A [9:0] —» Memory + Write Data B [9:0]

Address A[12:0] —»
Address Enable A —»
Write Enable A —»
Clock A —»

Clock Enable A —»
Reset A —»

Read Data A [9:0] <+—

<— Address B [12:0]

<4— Address Enable B

<4— Write Enable B

<— Clock B

<4— Clock Enable B

<4— Reset B

—» Read Data B [9:0]

www.efinixinc.com 9
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Simple Dual-Port Mode

The memory read and write ports have the following modes for addressing the memory

(depth x width):

512 x 16 1024 x 8 2048 x 4 4096 x 2
8192 x 1 512 x 20 1024 x 10 2048 x 5

Figure 4: Simple Dual-Port Mode RAM Block Diagram (512 x 20 Configuration)

Embedded
Write Data [19:0] —» Memory > Read Data [19:0]
Write Address [12:0] —» <— Read Address [12:0]
Write Enable [1:0] —» <— Read Enable
Write Clock —» <— Read Address Enable
Write Clock Enable —» <— Read Clock
Write Address Enable —» <+— Reset RAM output

www.efinixinc.com 10
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DSP Block

The Titanium FPGA has high-performance, complex DSP blocks that can perform
multiplication, addition, subtraction, accumulation, and 4-bit variable right shifting. The 4-bit
variable right shift supports one lane in normal mode, two lanes in dual mode and four lanes
in quad mode. Each DSP block has four modes, which support the following multiplication
operations:

Normal—One 19 x 18 integer multiplication with 48-bit addition/subtraction.

Dual—One 11 x 10 integer multiplication and one 8 X 8 integer multiplication with two
24-bit additions/subtractions.

Quad—One 7 x 6 integer multiplication and three 4 x 4 integer multiplications with four
12-bit additions/subtractions.

@ Important: The 7 x 6 Quad mode output is truncated to 12-bit.
Float—One fused-multiply-add/subtract/accumulate (FMA) BFLOAT16 multiplication.

The integer multipliers can represent signed or unsigned values based on the SIGNED
parameter. When multiple EFX DSP12 or EFX_DSP24 primitives are mapped to the same
DSP block, they must have the same SIGNED value. The inputs to the multiplier are the

A and B data inputs. Optionally, you can use the result of the multiplier in an addition or
subtraction operation.

Figure 5: DSP Block Diagram

CASCOUT[47:0]

A[18:0]

Jwﬂ* poxt

—> O[47:0]

B[17:0] Signed
—» OVFL
C[17:0]—¢ ——» cext
48 _| >> 181
>>> 182
CLK »
CE»
RST »
16
> Shift
OP[1:0] —ﬂ : >
% 48 T DSP Block
M Bypassable CASCIN[47:0] SHIFT_ENA
1. Logical right-shift-by-18.
2. Arithmetic right-shift-by-18.
Learn more: Refer to the for details on the Titanium™ DSP

block primitives.

www.efinixinc.com 11
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Clock and Control Network

The clock and control network is distributed through the FPGA to provide clocking for the

core's LEs, memory, DSP blocks, I/O blocks, and control signals. The FPGA has 32 global
signals that can be used as either clocks or control signals. The global signals are balanced
trees that feed the whole FPGA.

The FPGA also has regional signals that can only reach certain FPGA regions, including the

top or bottom edges. The FPGA has 6 regional networks for the core, right interface, and
left interface blocks. The top and bottom interface blocks have one regional clock network

each. You can drive the right and left sides of each region independently. Each region also has

a local network of clock signals that can only be used in that region.

The core's global buffer (GBUF) blocks drive the global and regional networks. Signals from

the core and interface can drive the GBUF blocks.

Each network has dedicated enable logic to save power by disabling the clock tree. The logic

dynamically enables/disables the network and guarantees no glitches at the output.

Figure 6: Global and Regional Clock Network Overview

8 Global Signals
Regional Signals 2 2 Interface Only
v Region

‘2> 4?2
Core and
eaee 2P <
2p <2
2p 42
2p 42
2p 4?2

A A

2 2
8
— Gilobal Signals Regions for Interface Only Region
) ) Core and Interface
— Regional Signals GBUF <« RBUF

The transceivers drive some of the regional buffers on the right side. See
on page 22 for details.

The regional clocks can also drive adjacent regions. See
on page 20 for details.

www.efinixinc.com
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Clock Sources that Drive the Global and Regional Networks

The Ti85 global and regional networks are highly flexible and configurable. Clock sources
can come from interface blocks, such as GPIO or PLLs, or from the core fabric.

Table 4: Clock Sources that Drive the Global and Regional Networks

Source

Description

GPIO

Supports GCLK and RCLK. (Only the P resources support this connection type).

LVDS RX

Supports GCLK and RCLK.

MIPI D-PHY RX, TX, and
SSCPLL

Can drive the word clock onto the global and regional clock networks.

Transceiver TX, RX, and
PIPE P clocks

Can drive the global and regional clock networks on the right side.

MIPI RX Lane (configured
as clock lane)

Supports GCLK (default) and RCLK. You can only use resources that are identified as
clocks.

PLL All output clocks connect to the global network.
Refer to on page 20 for the PLL clocks that drive
the regional network.

Oscillator Connects to global buffer.

Core Signals from the core logic can drive the global or regional network.

Driving the Global Network

You can access the global clock network using the global clock GPIO pins, PLL outputs,
oscillator output, MIPI word clocks, and core-generated clocks.

A clock multiplexing network controls which interface blocks can drive the global and
regional networks. Eight of the clock multiplexers are dynamic (two on each side of the
FPGA), allowing you to change which clock drives the global signal in user mode.

Learn more: Refer to the for information on how to configure
the global and regional clock networks.

The following figure shows the global network clock sources graphically.

www.efinixinc.com 13
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Figure 7: Clock Sources that Drive the Global Network

.
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(GPIOT_PN_02 |
' GPIOT_PN_08 |
___________________ i 'GPIOT_PN_14 |
'GPIOT_PN_22' e RO |
(4] ! |
CPIOT_PN.23 . » @ 3« GpIOT PN 35 |
GPIOT_PN_24 > 5 "N
[ GPIOT_PN_25 58 — =
'GPIOL_26 GPIOT_PN_26 o = CLKOUTO-4 T
GPIOL_27 GPIOT_PN_27 o % GPIOR_127
GPIOT PN 00 GPIOT_PN_29 Core GPIOR_128
GPIOT_PN_11 _GPIOT_PN_30. 8& 6 & 510 4|'7 GPIOR_PN_27
GP|OL_35 I ’ v GPIOR_PN_28
8 PO
GPIOT_PN_04 I _PIN_
Nl i TR  GPIOR_PN_39.
i % CLKOUTOQ-4| === 1o ’
.| cLkouTo-4 D — 5
; Core CLKOUTO0-4 |
L5, Vo P i
v 8
GPIO or LVDS -85 B rLL <22 GPIO or LVDS
MIPI Word Clock784> 8 O 8 434 Transceiver Clock
A 10
v — 10 '
| 4 7 |
i FLV J 4 i
Core Core |
§ CLKOUTO-4 o], o1 FCLKOUTO—4
i 'K : |
IRXO.RX_CLK_ESC_LANO } BL Core BR " Transceiver Clock O )
TX0.RX_CLK_ESC Transceiver Clock 1
RX0.WORD_CLKOUT_HS - Transceiver Clock 2
TX0.WORD_CLKOUT_HS 5, 8, 510 4 Transceiver Clock 3
RX0.RX_CLK_ESC_LANO 7 /I 2z 7 Transceiver Clock 4
TX0.RX_CLK_ESC @ 2 Transceiver Clock 5
RX0.WORD_CLKOUT_HS CLKOUTO-4 = g Oscillator Transceiver Clock 6
. TX0O.WORD_CLKOUT_HS | 5 § CLKOUTO-4 Transceiver Clock 7
‘ . o 5 )
GPIOB_PN_13 & = GPIOB_PN_01 Note (1)
GPIOB_PN_14 ~ © S GPIOB_PN_05
GPIOB_PN_15 GPIOB_PN_12
GPIOB_PN_16 GPIOB_PN_19
GPIOB_PN_17 GPIOB_PN_26
GPIOB_PN_18
GPIOB_PN_20
GPIOB_PN_21
Note:
1. See on page 15 for the transceiver clocks that can drive

the global network.
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Figure 8: Transceiver Clock Multiplexers

- QUAD_0.CHO_TX_FWD_CLK

Transceiver Clock 0 —"_ qUAD_1.CHO_TX_FWD_CLK

- QUAD_0.CH1_TX_FWD_CLK

Transceiver Clock 1 — QUAD_1.CH1_TX_FWD_CLK

- QUAD_0.CH2_TX_FWD_CLK

Transceiver Clock 2" qUAD_1.CH2_TX_FWD_CLK

- QUAD_0.CH3_TX_FWD_CLK

Transceiver Clock 3 — QUAD_1.CH3_TX_FWD_CLK

- QUAD_0.CHO_RX_FWD_CLK

Transceiver Clock 4 — QUAD_1.CHO_RX_FWD_CLK

- QUAD_0.CH1_RX_FWD_CLK

Transceiver Clock 5 — QUAD_1.CH1_RX_FWD_CLK

- QUAD_0.CH2_RX_FWD_CLK

Transceiver Clock 6 — " qUAD_1.CH2_RX_FWD_CLK

- QUAD_0.CH3_RX_FWD_CLK

Transceiver Clock 7 — QUAD_1.CH3 RX_FWD_CLK

Numerous clock sources feed the global network. These signals are multiplexed together with
static and dynamic clock multiplexers.

The dynamic multiplexers are configurable by the user at run-time. You can choose which
clock source drives which input to the dynamic multiplexer. When you enable the dynamic
multiplexer, you specify a select bus to choose which clock source is active.

When dynamically switching between the clock inputs of a dynamic multiplexer, both the
currently active input and the input you intend to switch to must have toggling clocks during
the switching period. Additionally, upon configuration completion and when the device
transitions into user mode, input 0 of the dynamic multiplexer becomes the default active
input. Therefore, you must feed a toggling clock to input 0 before switching to other inputs.

The following figures show the resources that drive each multiplexer.

www.efinixinc.com 15



Figure 9: Clock Sources that Drive the Multiplexers: Top

GPIO
MIPI Clock Lane
PLL CLKOUT

Dynamic Multiplexer

Static Multiplexer

Mux O

L

— PLL TRO CLKOUT2
— PLL TR1 CLKOUT2
— GPIOT_PN_24
— GPIOT_PN_29

— Core Clock 2

— PLL TR2 CLKOUT2

— PLL TR1 CLKOUT4

—— MIPI RX1
RX_CLK_ESC_LANO

‘>;< — PLL TRO CLKOUT4
2 — GPIOT_PN_02
— PLL TR1 CLKOUT1

X — PLL TRO CLKOUT3

= — GPIOT_PN_08
— PLL TR1 CLKOUT2

™
X PLL TRO CLKOUTO
= — GPIOT_PN_14

L

— PLL TRO CLKOUT1
— PLL TR1 CLKOUT1
— GPIOT_PN_23
— GPIOT_PN_27

— Core Clock 1

— PLL TR2 CLKOUT1

— PLL TR2 CLKOUT4

—— MIPI TX1
WORD_CLKOUT_HS

<
__ x— PLLTR1 CLKOUTO
= — GPIOT_PN_21

& — PLLTRO CLKOUT2
»x — PLLTR1 CLKOUT3
= — GPIOT_PN_28

[

— PLL TRO CLKOUT2
— PLL TR1 CLKOUT2
— GPIOT_PN_24
— GPIOT_PN_29

— Core Clock 2

— PLL TR2 CLKOUT2

— PLL TR1 CLKOUT4

—— MIPI RX1
RX_CLK_ESC_LANO

©  PLLTRO CLKOUT1
x — PLL TR1 CLKOUT4

=

= — GPIOT_PN_35

|
Mux 7

L

[

— PLL TRO CLKOUTO
— PLL TR1 CLKOUTO
— GPIOT_PN_22
— GPIOT_PN_26

— Core Clock 0

—— PLL TR2 CLKOUTO

—— MIPI RX1
WORD_CLKOUT_HS
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— PLL TRO CLKOUT3
— PLL TR1 CLKOUT3
— GPIOT_PN_25
— GPIOT_PN_30

— Core Clock 3

—— PLL TR2 CLKOUT3

—— PLL TRO CLKOUT4

—— MIPI TX1
RX_CLK_ESC

— PLL TRO CLKOUTO
— PLL TR1 CLKOUTO
— GPIOT_PN_22
— GPIOT_PN_26

— Core Clock 0

—— PLL TR2 CLKOUTO

—— MIPI RX1
WORD_CLKOUT_HS

— PLL TRO CLKOUT3

— PLL TR1 CLKOUT3

— GPIOT_PN_25

—— GPIOT_PN_30
—L — Core Clock 3

—— PLL TR2 CLKOUT3

— PLL TRO CLKOUT4

— MIPI TX1
RX_CLK_ESC

— PLL TRO CLKOUT1
— PLL TR1 CLKOUT1
— GPIOT_PN_23
— GPIOT_PN_27

— Core Clock 1

—— PLL TR2 CLKOUT1

— PLLTR2 CLKOUT4

— MIPI TX1
WORD_CLKOUT_HS
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Figure 10: Clock Sources that Drive the Multiplexers: Bottom

MIPI Clock Lane

Dynamic Multiplexer
Static Multiplexer

Mux 0

L

— PLL BRO CLKOUT2
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=
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[
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— PLL BR1 CLKOUTO
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— PLL BL2 CLKOUTO
—— Oscillator
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— PLL BRO CLKOUT3
—— PLL BR1 CLKOUT3
— GPIOB_PN_16
— GPIOB_PN_21

—L — Core Clock 3
—— PLL BL2 CLKOUT3
—— PLL BRO CLKOUT4

— PLL BRO CLKOUTO

—— PLL BR1 CLKOUTO

— GPIOB_PN_13
*L — GPIOB_PN_17

— Core Clock 0

—— PLL BL2 CLKOUTO

—— Oscillator

— PLL BRO CLKOUT3

—— PLL BR1 CLKOUT3

— GPIOB_PN_16
—L — GPIOB_PN_21

— Core Clock 3

—— PLL BL2 CLKOUT3

—— PLL BRO CLKOUT4

— PLL BRO CLKOUT1

—— PLL BR1 CLKOUT1

— GPIOB_PN_14
*L —— GPIOB_PN_18

— Core Clock 1

—— PLL BL2 CLKOUT1

—— PLL BL2 CLKOUT4
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Figure 11: Clock Sources that Drive the Multiplexers: Left
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— PLL BLO CLKOUT3
— PLLBL1 CLKOUT3
— GPIOT_PN_01
— GPIOT_PN_04

— Core Clock 3
—— PLL TL CLKOUT3
—— PLL BLO CLKOUT4

— PLL BLO CLKOUTO
— PLL BL1 CLKOUTO
— GPIOL_26
— GPIOL_35

— Core Clock 0

— PLL TL CLKOUTO

—— MIPI RXO0
RX_CLK_ESC_LANO

— PLL BLO CLKOUT3
— PLL BL1 CLKOUT3
— GPIOT_PN_01
— GPIOT_PN_04

— Core Clock 3
—— PLL TL CLKOUT3

— PLL BLO CLKOUT4

— PLL BLO CLKOUT1
— PLLBL1 CLKOUT1
— GPIOL_27
— GPIOL_36

— Core Clock 1
— PLL TL CLKOUT1
— PLL TL CLKOUT4
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Figure 12: Clock Sources that Drive the Multiplexers: Right

Dynamic Multiplexer
Static Multiplexer

Mux 0

L
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=
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3
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™
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S

[

— PLL TR2 CLKOUT1
— PLL BRO CLKOUT1
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— Core Clock 1
—— PLL BR1 CLKOUT1
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<
— % — PLLBRO CLKOUTO
-
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[
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< — PLLBRO CLKOUT4 — PLL TR2 CLKOUTO

s — — PLL BRO CLKOUTO
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Z — Core Clock 0
2 — PLL BR1 CLKOUTO
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— PLL TR2 CLKOUT3
— PLL BRO CLKOUT3
— GPIOB_PN_28
— GPIOT_PN_39

— Core Clock 3
—— PLL BR1 CLKOUT3
—— PLL TR2 CLKOUT4

— PLL TR2 CLKOUTO
— PLL BRO CLKOUTO
— GPIOR_127

— GPIOR_80

— Core Clock 0
—— PLL BR1 CLKOUTO

— PLL TR2 CLKOUT3
— PLL BRO CLKOUT3
— GPIOB_PN_28
— GPIOT_PN_39

— Core Clock 3
— PLL BR1 CLKOUT3
— PLL TR2 CLKOUT4

— PLL TR2 CLKOUT1
— PLL BRO CLKOUT1
— GPIOR_128

— GPIOR_81

— Core Clock 1
—— PLL BR1 CLKOUT1

— PLL BR1 CLKOUT4

See Figure 8: Transceiver Clock Multiplexers on page 15 for the transceiver clocks that can drive

the global network.
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Driving the Regional Network

The following figures show the regional network clock sources graphically.

Figure 13: Clock Sources that Drive the Regional Network: Top and Bottom

GPIOT_PN_02 (RBUFO)- - (RBUF3) GPIOT_PN_21
MIPI Rx ) GPIOT_PN_08 (RBUF1)- - (RBUF4) GPIOT_PN_28 \ wmiPI RX
Clocks '\ GPIOT_PN_08 (RBUF1)- -(RBUF4) GPIOT_PN_28 ( Clocks

GPIOT_PN_14 (RBUF2)- - (RBUF5) GPIOT_PN_35

PLLTL PLL TRO-2

47
47
Lo
W ru . . .
Oscillator ¢ ¢ ¢

PLL BLO-2
GPIOB_PN_01 (RBUFO) -
MIPI RX J GPIOB_PN_05 (RBUF1) - - (RBUF4) GPIOB_PN_26 | MIPI RX

Clocks '\ GPIOB_PN_05 (RBUF1) - - (RBUF4) GPIOB_PN 26 ( Clocks
GPIOB_PN_12 (RBUF2) _ - (RBUF3) GPIOB_PN_19

PLL BRO-1

- (RBUF3) GPIOB_PN_19

See Figure 14: Clock Sources that Drive the Regional Network: Left on page 21 and Figure
15: Clock Sources that Drive the Regional Network: Right on page 22 for the left and right
connections.
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Figure 14: Clock Sources that Drive the Regional Network: Left
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Figure 15: Clock Sources that Drive the Regional Network: Right
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Driving the Local Network

As described previously, the FPGA has horizontal clock regions. The top and bottom regions
are only for the top and bottom interfaces. The other regions are for the core logic (XLR
cells, DSP Blocks, and RAM) and the interfaces on the sides.

Local Network for Core Logic

As shown in the following figure, the regions that contain the core logic are 80 XLR cells tall,
and the local network connects an area that is 40 XLR cells tall. Additionally, each column
has its own local network. For example, in the first column, XLR cells 1 - 40 are in the same
local network and XLR cells 41 - 80 are in another local network. DSP Blocks and RAM

also have their own local networks. This pattern of block/local network is repeated for each
column in the die.

Figure 16: Clock Sources for Logic, DSP Blocks, and RAM

Set/Reset Clock Enable
Clock: Clock Clock
1 —* o Local Networks
— [}
ie)
m <§( Region
o 04
20 2 8
21 *
Clock or control
signals from
40 — ? local fabric
Clock enable

from local fabric

2y 23 4 4 ‘
J 32 Global
16 16 from fabric in
\ another region
22 3 4 4 | 4 or 8 Regional
—®

41
60 ?
61 *
T —— Local network
80—
Clock: :  Clock Clock XLR Cell
Set/Reset ClockEnable
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There are 16 signals that can feed the local networks. These signals can come from several
sources:

The global network (32 possible signals)
The core fabric in another region (16 possible signals)
The regional network (12 possible signals)

Additionally, the local fabric can generate clock and control signals for the local network.
The fabric can also drive the clock enable for the XLR cell directly, allowing each XLR cell
to have a unique clock enable.

Local Network for Interface Regions

The following figure shows the local clock networks for the interface blocks. There are a
limited number of unique clocks per local clock region.

The top and bottom regions can each support up to 16 unique clock signals; 14 from the
global network and two from the fabric.

The left and right regions can each support up to four unique clock signals. Up to two
can come from the routing fabric, the rest come from the global or regional buffers. These
regions are the same height as the core local regions (that is, 40 rows).

Figure 17: Clock Sources that Drive the Interfaces

Loft @ |7GPIOT_P_21 Right
TL TRO
| TR1
TR2
3
S L11 T
35 4(2 p 85
R11 42) ") 99
% 111|
g Local Clocks
e o [l PLL
=
34 gy g I Hsio
0 42 & HVIO
2 LO 3
10 4(2)
09 BO B1 125 Dimensions
not to scale
BLO
BL1 716 (1) 132 GPIOR 132

BL2

Notes:

BRO
(5) BR1

1. 14 signals come from the global network; 2 come from the routing fabric.

2. Up to 2 signals can come from the routing fabric. The rest come from the regional/global buffer.
3. The HVIO numbers are shown out of order to make the regions easier to read.

4. GPIOT_PN_20is in regions TO and T1.

5. GPIOB_PN_11 is in regions BO and B1.
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Device Interface Functional Description

The device interface wraps the core and routes signals between the core and the device

I/O pads through a signal interface. Because they use the flexible Quantum® architecture,
devices in the Titanium™ family support a variety of interfaces to meet the needs of different
applications.

Learn more: The following sections describe the available device interface features in Ti85 FPGAs. Refer
to the for details on the Efinity® Interface Designer settings.

Interface Block Connectivity

The FPGA core fabric connects to the interface blocks through a signal interface. The
interface blocks then connect to the package pins. The core connects to the interface blocks
using three types of signals:

o Input—Input data or clock to the FPGA core
*  Outpur—Output from the FPGA core
*  Clock ontput—Clock signal from the core clock tree

Figure 18: Interface Block and Core Connectivity

FPGA

Input Input
Interface  Output Output Interface
>
Block Clock Output Clock Output_ Block
°
°
°
Input Input
Interface , Output Output Interface
Block Clock Output Clock Output  Block
T °
°
—» GPIO ®

GPIO blocks are a special case because they can operate in several modes. For example, in
alternate mode the GPIO signal can bypass the signal interface and directly feed another
interface block. So a GPIO configured as an alternate input can be used as a PLL reference
clock without going through the signal interface to the core.

When designing for Titanium™ FPGAs, you create an RTL design for the core and also
configure the interface blocks. From the perspective of the core, outputs from the core are
inputs to the interface block and inputs to the core are outputs from the interface block.

The Efinity netlist always shows signals from the perspective of the core, so some signals do
not appear in the netlist:

*  GPIO used as reference clocks are not present in the RTL design, they are only visible in
the interface block configuration of the Efinity” Interface Designer.
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* The FPGA clock tree is connected to the interface blocks directly. Therefore, clock
outputs from the core to the interface are not present in the RTL design, they are only
part of the interface configuration (this includes GPIO configured as output clocks).

The following sections describe the different types of interface blocks. Signals and block
diagrams are shown from the perspective of the interface, not the core.

GPIO

The Ti85 FPGA supports the following types of GPIO:

°  High-voltage I/O (HVIO)—Simple I/O blocks that can support single-ended I/O standards.

*  High-speed 1/0 (HSIO)—Complex I/O blocks that can support single-ended and
differential I/O functionality.

The I/0 logic comprises three register types:

* Inpur—Capture interface signals from the I/O before being transferred to the core logic
*  Outpur—Register signals from the core logic before being transferred to the I/O buffers
*  Output enable—Enable and disable the I/O buffers when I/O used as output

The HVIO supports the following I/O standards.

Table 5: HVIO Supported Standards

Standard VCCIO33 (V) When Configured As
LVTTL 3.3V 3.3 GPIO
LVTTL 3.0V 3.0 GPIO
LVCMOS 3.3V 3.3 GPIO
LVCMOS 3.0V 3.0 GPIO
LVCMOS 2.5V 2.5 GPIO
LVCMOS 1.8V 1.8 GPIO

Important: Efinix recommends that you limit the number of 3.0/3.3 V HVIO and 2.5V HVIO as
bidirectional or output to 6 per bank to avoid switching noise. The Efinity® software issues a warning if you
exceed the recommended limit.
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The HSIO pins support the following I/O standards.

Table 6: HSIO Supported I/O Standards
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Standard VCCIO (V) VCCAUX (V) | VREF (V) When
— -~ Configured As
LVCMOS 1.8V 1.8 1.8 1.8 - GPIO
LVCMOS 1.5V 1.5 15 1.8 - GPIO
LVCMOS 1.2V 1.2 1.2 1.8 - GPIO
HSTL/Differential HSTL 1.8 V 1.8 1.8 1.8 0.5* GPIO
SSTL/Differential SSTL 1.8 V VCCIO
HSTL/Differential HSTL 1.5 VV 1.5 15 1.82 1.8 0.5* GPIO
SSTL/Differential SSTL 1.5 V VCCIO
SSTL/Differential SSTL 1.35 V 1.35 1.35,1.5 1.8 1.8 0.5* GPIO
VCCIO
HSTL/Differential HSTL 1.2 V 1.2 12.1.35,1.5,1.82 1.8 0.5* GPIO
SSTL/Differential SSTL 1.2V VCCIo
LVDS/RSDS/mini-LVDS 1.8 15 1.82 1.8 - LVDS
Sub-LVDS 1.8 15,1.8@ 1.8 - Sub-LVDS
MIPI 1.2 1.2 1.8 - MIPI Lane
SLVS 1.2 1.2 1.8 - SLVS

The differential receivers are powered by VCCAUX, which gives you the flexibility to
choose the VCCIO you want to use. However, you must comply to the requirements stated
in the previous table.

(2) . .
@ 10 prevent pin leakage, you must ensure that the voltage at the pin does not exceed VCCIO.
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Features for HVIO and HSIO Configured as GPIO
The following table describes the features for HVIO and HSIO configured as GPIO.

Table 7: Features for HVIO and HSIO Configured as GPIO

Feature HVIO HSIO
Configured
as GPIO

Double-data I/0 (DDIO) v v
Dynamic pull-up -

Pull-up/Pull-down v v
Slew-Rate Control - v
Variable Drive Strength v v
Schmitt Trigger v v
1:4 Serializer/Deserializer (Full rate mode only) - v
Programmable Bus Hold - v
Static Programmable Delay Chains v v
Dynamic Programmable Delay Chains v

Table 8: GPIO Modes

GPIO Mode Description

Input Only the input path is enabled; optionally registered. If registered, the input path uses the
input clock to control the registers (positively or negatively triggered).
Select the alternate input path to drive the alternate function of the GPIO. The alternate path
cannot be registered.
In DDIO mode, two registers sample the data on the positive and negative edges of the input
clock, creating two data streams.

Output Only the output path is enabled; optionally registered. If registered, the output path uses the
output clock to control the registers (positively or negatively triggered).
The output register can be inverted.
In DDIO mode, two registers capture the data on the positive and negative edges of the
output clock, multiplexing them into one data stream.

Bidirectional The input, output, and OE paths are enabled; optionally registered. If registered, the input

clock controls the input register, the output clock controls the output and OE registers. All
registers can be positively or negatively triggered. Additionally, the input and output paths
can be registered independently.

The output register can be inverted.

Clock output

Clock output path is enabled.

Double-Data I/0O

Ti85 FPGAs support double data I/O (DDIO) on input and output registers. In this mode,
the DDIO register captures data on both positive and negative clock edges. The core receives
2 bit wide data from the interface.

In normal mode, the interface receives or sends data directly to or from the core on the
positive and negative clock edges. In resync and pipeline mode, the interface resynchronizes
the data to pass both signals on the positive clock edge only.
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Figure 19: DDIO Input Timing Waveform

GPIO Input >< DATA1 >< DATA2 >< DATA3 >< DATA4 >< DATA5 >< DATA6 >< DATA7 >< DATA8 >< >< ><
Clock

Normal Mode

INO >< DATA1 >< DATA3 >< DATA5 >< DATA7 >< ><
IN1 >< DATA2 >< DATA4 >< DATAG >< DATA8 ><

Resync Mode

INO >< DATA1 >< DATA3 >< DATA5 >< DATA7 >< ><

IN1 \D< DATA2 >< DATA4 >< DATA6 >< DATA8 >C
Pipeline Mode

INO \D< DATA1 >< DATA3 >< DATAS >< DATA7 ><

IN1 \D< DATA2 >< DATA4 >< DATA6 >< DATA8 >C

In resync mode, the IN1 data captured on the falling clock edge is delayed one half clock cycle.
In the Interface Designer, INO is the HI pin name and IN1 is the LO pin name.

Figure 20: DDIO Output Timing Waveform

Normal Mode

Clock
ouTo >< DATA1 >< DATA3 >< DATAS5 >< DATA7 ><
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Resync Mode

Clock
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OUTH >< DATA2 >< DATA4 >< DATAG >< DATAS ><
GPIO Output SD< DATA1 >< DATA2 >< DATA3 >< DATA4 >< DATAS >< DATA6 >< DATA7 >< DATAS >

In the Interface Designer, OUTO is the HI pin name and OUT1 is the LO pin name.
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The HVIO and HSIO configured as GPIO support programmable delay chain. In some cases

you can use static and dynamic delays at the same time.

Table 9: Programmable Delay Support

GPIO Type Delay Steps
Static Delay Dynamic Delay

Single-Ended
HVIO input 16 N/A
HVIO output 16 N/A
HSIO P pin input 16 64
HSIO P pin output 16 N/A
HSIO N pin input 16 N/A
HSIO N pin output 16 N/A
Differential
HSIO TX 64 N/A
HSIO RX 6a® 6a®

[:Q Learn more: Refer to the following tables for the delay step size:
Table 94: Single-Ended I/O Programmable Delay Chain Step Size: Static on page 99

Table 95: Single-Ended I/O Programmable Delay Chain Step Size: Dynamic on page 99

Table 96: Differential I/O Programmable Delay Chain Step Size: Static and Dynamic on page 99

(3)

You cannot use the static delay and dynamic delay simultaneously.
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HVIO

The HVIOs are grouped into banks. Each bank has its own VCCIO33 that sets the bank
voltage for the I/O standard. Each HVIO consists of I/O logic and an I/O buffer. I/O logic
connects the core logic to the I/O buffers. I/O buffers are located at the periphery of the
device.

Figure 21: HVIO Interface Block
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Table 10: HVIO Signals (Interface to FPGA Fabric)

Signal Direction Description

I[1:0] Output Input data from the HVIO pad to the core fabric.
I[0] is the normal input to the core. In DDIO mode, I[0] is the data captured
on the positive clock edge (HI pin name in the Interface Designer) and I[1] is
the data captured on the negative clock edge (LO pin name in the Interface
Designer).

ALT Output Alternative input connection (in the Interface Designer, Register Option is
none). HVIO only support pll_clkin as the alternative connection.

O[1:0] Input Output data to HVIO pad from the core fabric.
Ol[0] is the normal output from the core. In DDIO mode, O[0] is the data
captured on the positive clock edge (HI pin name in the Interface Designer)
and O[1] is the data captured on the negative clock edge (LO pin name in the
Interface Designer).

OE Input Output enable from core fabric to the I/O block. Can be registered.

OUTCLK Input Core clock that controls the output and OE registers. This clock is not visible in
the user netlist.

INCLK Input Core clock that controls the input registers. This clock is not visible in the user

netlist.

Table 11: HVIO Pads

Signal

Direction Description

10

Bidirectional | HVIO pad.
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HSIO

Each HSIO block uses a pair of I/O pins as one of the following:

*  Single-ended HSIO—Two single-ended I/O pins (LVCMOS, SSTL, HSTL)
*  Differential HSIO—One differential I/O pins:

— Differential SSTL and HSTL

— LVDS—Receiver (RX), transmitter (TX), or bidirectional RX/TX)

— MIPI lane I/O—Receiver (RX) or transmitter (TX)

Figure 22: HSIO Buffer Block Diagram
OEP LVCMOS
,,, }-= HSIO Buffer
Buffer Out P : :

Buffer In P —«

OED
LVDS TX
4‘

Buffer OutD ——

LVDS RX 100 Q
Buffer InD — |
OEN —— LVCMOS
BufferOutN -+ ~ &+ ¢
Buffer In N —«
— VREF

Important: When you are using an HSIO pin as a GPIO, make sure to leave at least one pair of unassigned
HSIO pins between any GPIO and LVDS or MIPI lane pins. This rule applies for pins on each side of the
device (top, bottom, left, right). This separation reduces noise. The Efinity software issues a warning if you
do not leave this separation.
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HSIO Configured as GPIO
You can configure each HSIO block as two GPIO (single-ended) or one GPIO (differential).

Figure 23: 1/0 Interface Block

HSIO Block Configured as GPIO

ALT

g € ¢p
w € oo

INCLK

I[3] Resistor
INFASTCLK -
OE/OEN E
OUTCLK
Pull-Down

B Resistor
o ]

O[0]

0[2] Serializer B

OUTFASTCLK
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Table 12: HSIO Block Configured as GPIO Signals (Interface to FPGA Fabric)

Signal Direction Description

I[3:0] Output | Input data from the pad to the core fabric.
I[0] is the normal input to the core. In DDIO mode, I[0] is the data captured
on the positive clock edge (HI pin name in the Interface Designer) and I[1] is
the data captured on the negative clock edge (LO pin name in the Interface
Designer).
When using the deserializer, the first bit is on I[0] and the last bit is on I[3].

ALT Output | Alternative input connection for GCLK, PLL_CLKIN, RCLK, PLL_EXTFB, and VREF.
(In the Interface Designer, Register Option is none).

O[3:0] Input Output data to GPIO pad from the core fabric.
O[0] is the normal output from the core. In DDIO mode, O[0] is the data output
on the positive clock edge (HI pin name in the Interface Designer) and O[1] is the
data output on the negative clock edge (LO pin name in the Interface Designer).
When using the serializer, the first bit is on O[0] and the last bit is on O[3].

OE/OEN Input Output enable from core fabric to the I/0 block. Can be registered.
OEN is used in differential mode. Drive it with the same signal as OE.

DLYCLK Input Delay clock for dynamic delay, sampled on the negative edge. In serializer
mode, this clock must be the same clock as INCLK.

DLY_ENA Input (Optional) Enable the dynamic delay control.

DLY_INC Input (Optional) Dynamic delay control. When DLY_ENA = 1,
1: Increments
0: Decrements
The updated delay count takes effect approximately 5 ns after the rising edge of
the clock.

DLY_RST Input (Optional) Reset the delay counter.

OUTCLK Input Core clock that controls the output and OE registers. This clock is not visible in
the user netlist.

OUTFASTCLK Input Core clock that controls the output serializer.

INCLK Input Core clock that controls the input registers. This clock is not visible in the user
netlist.

INFASTCLK Input Core clock that controls the input serializer.

Table 13: GPIO Pads

Signal

Direction Description

IO (P and N)

Bidirectional

GPIO pad.

The signal path from the pad through the I/O buffer changes depending on the I/O standard
you are using. The following figures show the paths for the supported standards. The blue
highlight indicates the path.
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Figure 24: /0 Buffer Path for LVCMOS
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When using an HSIO with the HSTL or SSTL 1/O standards, you must configure an I/O pad
of the standard's input path as a VREF pin. There is one programmable VREF per I/O bank.

Important: When configuring an I/O pad of the standard's input path as a VREF pin, you must use the
VREF from the same physic