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1 General Description

1.1 Features

1 General Description

The GW1NR series of FPGA products are the first generation products
in the LittleBee® family. The GW1NR devices are system-in-package chips
with memory chips integrated into them based on the GW1N devices,
featuring low power, instant-on, low-cost, non-volatility, high-security, small
sizes, various packages, and flexible usage, and can be widely used in
communication, industrial control, consumer, video surveillance, etc.

GOWINSEMI provides a new generation of FPGA hardware
development environment that supports FPGA synthesis, placement &
routing, bitstream generation and download, etc.

1.1 Features

® |ower power consumption

55nm embedded flash technology
LV: Supports 1.2V core voltage

UV: Supports unique power
supplies for Vcc/ Veex/ Vecio

Supports dynamically turning
on/off the clock

® User Flash (GW1NR-1)

NOR Flash
100,000 write cycles
Greater than 10 years of data

retention at +85°C

Selectable input/output data
widths of 8/16/32 bits

Page size: 256 bytes
Standby current: 3uA

DS117-3.0E

Page write time: 8.2ms

® User Flash (GW1NR-2/4/9)

NOR Flash

10,000 write cycles

Greater than 10 years of data
retention at +85°C

Data width: 32 bits

Capacity in GW1NR-2: 96K bits
Capacity in GW1NR-4: 256K bits
Capacity in GW1NR-9: 608K bits

Page Erase Capability: 2,048
bytes per page

Word Program Time: <16us
Page Erase Time: <120 ms

e Configuration Flash (GW1NR-1)

1(70)




1 General Description

1.1 Features

-  NOR Flash
- 100,000 write cycles

- Greater than 10 years of data
retention at +85°C

e Configuration Flash (GW1NR-2/4/9)
- NOR Flash
- 10,000 write cycles

- Greater than 10 years of data
retention at +85°C

® Integrates SDRAM/PSRAM/NOR
Flash memory chips

e Hard MIPI D-PHY RX
core(GW1NR-2)

- Supports MIPI DSI and MIPI
CSI-2 RX

— Available on Bank6

- MIPI data rate up to 2Gbps per
lane

—  Supports up to 4 data lanes and 1
clock lane

® GPIOs support MIPI D-PHY
RX/TX(GW1NR-2/ 9)

- Supports MIPI CSI-2 and DSI
RX/TX with a data rate of up to
1.2Gbps per lane

Note!

The GPIOs of the GW1NR series
of FPGA products support MIPI
transmission by using the MIPI 10
mode, see Table 2-8 for more
details.

e Multiple I/0O standards

- LVCMOS33/25/18/15/12;
LVTTL33, SSTL33/25/18 I,
SSTL33/25/18 1, SSTL15;
HSTL18 1, HSTL18 I, HSTL15 [;
PCI, LVDS25, RSDS, LVDS25E,
BLVDSE

- MLVDSE, LVPECLE, RSDSE

DS117-3.0E

- Input hysteresis options
- Drive strength options

- Individual Bus Keeper,
Pull-up/Pull-down, and Open
Drain options

- Hot socketing

High-performance DSP
blocks(GW1NR-4/9)

- High-performance digital signal
processing

- Supports 9 x 9,18 x 18,36 x 36 bit
multipliers and 54-bit
accumulators

- Supports cascading of multipliers

—  Supports pipeline mode and
bypass mode

- Pre-addition operation for the filter
function

—  Supports barrel shifters
Abundant basic logic cells
—  4-input LUTs (LUT4s)

—  Supports shift registers and
shadow SRAMs

Block SRAMs with multiple modes

—  Supports Dual Port mode, Single
Port mode, and Semi-Dual Port
mode

- Supports byte-enable
Flexible PLLs

- Frequency adjustment
(multiplication and division) and
phase adjustment

- Supports global clocks

Built-in Flash programming

- Instant-on

—  Supports security bit operation

—  Supports AUTO BOOT and DUAL
BOOT

2(70)




1 General Description

1.2 Product Resources

e Configuration

- JTAG configuration

- Supports JTAG background

Supports up to seven
GowinCONFIG configuration
modes: AUTOBOOT, SSPI, MSPI,
CPU, SERIAL, DUAL BOOT, I12C

upgrade Slave
1.2 Product Resources
Table 1-1 Product Resources
Device GW1INR-1 | GW1NR-2 GW1NR-4 GW1NR-9
LUT4s 1,152 2,304 4,608 8,640
2,304
Flip-Flops (FFs) 864 (FF+Latch, 3,456 6,480
where FF:
2,016)
Shadow SRAM(SSRAM) | , 18,432 0 17,280
Capacity (bits)
Block SRAM(BSRAM) 72K 72K 180K 468K
Capacity(bits)
Number of BSRAMs 4 4 10 26
User Flash(bits) 96K 96K 256K 608K
SDR SDRAM (bits) - - 64M 64M
64M(QN88P/LQ144P/M
_ 64M(MG49P) | 32M(QN88P) | G100PT/MG100PS)
PSRAM (bits) -
32M(MG49PG) | 64M(MG81P) | 128M(MG100P/MG100P
F/ MG100PA)
AM(MG49G/
NOR Flash (bits) 4M - -
MG49PG)
Multipliers(18 x 18
Multipliers) 0 0 16 20
PLLs 1 1 2 2
I/0 Banks 4 7 4 4
Maximum GPIOs 120 126 218 276
Core Voltage (LV Version) | 1.2V 1.2V 1.2V 1.2V
Core Voltage (UV Version) | — 1.8V/2.5V/3.3V | 2.5V/3.3V

DS117-3.0E
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1 General Description

1.3 Package Information

1.3 Package Information

Table 1-2 Package-Memory Combinations

Package Device Memory Type Capacity Width

GW1NR-4 SDR SDRAM 64M 16 bits
QN88

GW1NR-9 SDR SDRAM 64M 16 bits

GW1NR-4 PSRAM 32M 8 bits
QN88P

GW1NR-9 PSRAM 64M 16 bits
MG81P GW1NR-4 PSRAM 64M 16 bits
MG100P GW1NR-9 PSRAM 128M 32 bits
MG100PF | GW1NR-9 PSRAM 128M 32 bits
MG100PA | GW1NR-9 PSRAM 128M 32 bits
MG100PT | GW1NR-9 PSRAM 64M 16 bits
MG100PS | GW1NR-9 PSRAM 64M 16 bits
LQ144P GW1NR-9 PSRAM 64M 16 bits
FN32G
EQ144G
QN32X GW1NR-1 NOR FLASH 4M 1 bit
QN48X
LQ100G
MG49P GW1NR-2 PSRAM 64M 16 bits
MG49G GW1NR-2 NOR FLASH 4M 1 bit

PSRAM 32M 8 bits
MG49PG GW1NR-2
NOR FLASH 4M 1 bit
DS117-3.0E 4(70)




1 General Description

1.3 Package Information

Table 1-3 Device-Package Combinations, Maximum User I/Os, and True LVDS

Pairs
Package Pitch (mm) | Size (mm) | GW1NR-1 GW1NR-22 | GW1INR-4 GW1NR-9
QN88 0.4 10x10 - 71(11) 71(19)
QNB88P 0.4 10x10 - 71(11) 71(17)
MG49P 0.5 3.8x3.8 - 30(8) - -
MG49PG 0.5 3.8x3.8 - 30(8) - -
MG49G 0.5 3.8x3.8 - 30(8) - -
MG81P 0.5 45x4.5 — 68(10) —
MG100P 0.5 5x5 - - 87(16)
MG100PFI | 0.5 5x5 - - 87(16)
MG100PA 0.5 5x5 — - 87(17)
MG100PT 0.5 5x5 - - 87(17)
MG100PS 0.5 5x5 - - 87(17)
LQ144P 0.5 20 x 20 — - 121(20)
EQ144G 0.5 20x 20 112 - - -
FN32G 0.4 4x4 26 - - —
QN32X 0.5 5x5 22 - - —
QN48X 0.5 7x7 39 - - -
LQ100G 0.5 14 x 14 79 - - -

Note!

e [1] The pinout of balls C1/C2/D2/F1/F9/A7/A6 of MG100PF has been adjusted based
on MG100P.

e [2] GW1NR-2 in the MG49P/MG49PG/MG49G packages only supports the I1°C
configuration mode and AUTO BOOT configuration mode. When I2C mode is
supported, the SDA and SCL pins need to be externally pulled up.

e The package types in this manual are referred to by abbreviations, see 4.1Part
Naming for more information.

e  For more information, see UG804, GW1NR-1 Pinout, UG805, GW1NR-2 Pinout,
UG116, GW1NR-4 Pinout, and UG803, GW1NR-9 Pinout.

e JTAGSEL_N and JTAG pins cannot be used as GPIOs simultaneously. However,
when mode [2:0] = 001, the JTAGSEL N pin is always a GPIO, in other words the
JTAGSEL _N pin and the four JTAG pins (TCK, TMS, TDI, TDO) can be used as
GPIOs simultaneously. See UG119, GW1NR series of FPGA Products Package and
Pinout for more details.

DS117-3.0E 5(70)
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2 Architecture

2.1 Architecture Overview

2.1 Architecture Overview

2Architecture

Figure 2-1 Architecture Overview of GWINR-1
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2 Architecture

2.1 Architecture Overview

Figure 2-2 Architecture Overview of GWINR-4

PLL Flash |ﬂk:3
|0B
, | 108 =
«—— Topl0 —> h cw | |cw || cw || cw]|| cw
PLL | Flash I WKZC
cur !
CLU , 5 : Block SRAM 0B
b Block SRAM & :
N = Es
Memory (=) = cu ! [osc 5 | cw || cw || cw || cw || osc|| OB Memory
cLUl |
CLU, : cw || cw||cw||cwl||cw -
CLU-—"———"[% [\ ,IO—B|C:C
\
<«—Bottom I0——> \
DSP [oB =
cw || cw || cw || cw || c | 108 ==
Figure 2-3 Architecture Overview of GW1INR-9
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2 Architecture

2.1 Architecture Overview
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Figure 2-4 Architecture Overview of GWINR-2
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As shown in Figure 2-1 to Figure 2-4, the GW1NR device is a
system-in-package(SIP) chip that combines the GW1N device and a
memory chip. For the features of the memory chips, please refer to 2.2
Memory. As shown in Figure 2-4, the GW1NR-2 device is further
embedded with a hard MIPI PHY RX core compared with other GW1NR
devices. See Table 1-1 for more information on the resources provided.

The core of the GW1NR device is an array of logic cells surrounded by
IO blocks. Besides, BSRAMs, DSP blocks, PLLs, an on-chip oscillator, and
Flash resources allowing for instant-on are provided. See Table 1-1 for
more information on the resources provided.

The Configurable Function Unit (CFU) and the Configurable Logic Unit
(CLU) are the two kinds of basic logic blocks that form the core of Gowin
FPGAs. Devices with different capacities have different numbers of rows
and columns of CFUs/CLUs. The CFU can be configured into LUT4 mode,
ALU mode, and memory mode. See 2.3 Configurable Function Units for
more information.

The 1/O resources in the GW1NR series of FPGA products are
arranged around the periphery of the devices in groups referred to as
banks. Some of the 1/O resources are connected to the memory chip for
data storage, and some of the 1/0O resources are bonded out. The I/O
resources support multiple 1/0 standards and can be used for regular mode,
SDR mode, and generic DDR mode. See 2.4 Input/Output Blocks for more
information.

BSRAMs are embedded as a row in the GW1NR series of FPGA
products. Each BSRAM has a capacity of 18Kbits and supports multiple
configuration modes and operation modes. See 2.5 Block SRAM for more
information.
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2 Architecture

2.2 Memory

The GW1NR series of FPGA products are embedded with Flash
resources, including configuration Flash resources and user Flash
resources. Configuration Flash resources are used for internal Flash
programming, see 2.13 Programming & Configuration for more information.
User Flash resources are used for user storage, see 2.6 User Flash
(GW1NR-1) and 2.7 User Flash (GW1NR-2/4/9) for more information.

The GW1NR series of FPGA products provide DSP blocks. Each DSP
block contains two macros, and each macro contains two pre-adders, two
18 x 18 bit multipliers, and one three-input ALU. See 2.8 Digital Signal
Processing for more information.

Note!

GW1NR-1 and GW1NR-2 do not support DSP resources currently.

The GW1NR series of FPGA products have embedded PLL resources.
The PLLs can provide synthesizable clock frequencies. Frequency
adjustment (multiplication and division), phase adjustment, and duty cycle
adjustment can be realized by configuring the parameters. These FPGAs
have an embedded programmable on-chip clock oscillator that supports
clock frequencies ranging from 2.5 MHz to 105MHz, providing clocking
resources for the MSPI mode. It provides an MSPI clock source for the
MSPI configuration mode with a tolerance of +5%. See 2.10 Clocks and
2.14 On-chip Oscillator for more information.

The GW1NR-2 device contains a hard MIPI D-PHY RX core, see 2.9.1
Hard MIPI D-PHY RX core(GW1NR-2) for more information.

There are also abundant Configurable Routing Units (CRUSs) that
interconnect all the resources within the FPGA. For example, routing
resources distributed in CFUs and IOBs interconnect resources in them.
Routing resources can be automatically generated by the Gowin software.
In addition, the GW1NR series of FPGA products also provide abundant
dedicated clock resources, long wires (LWs), global set/reset (GSR)
resources, programming options, etc. See 2.10 Clocks, 2.11 Long Wires,
2.12 Global Set/Reset for more information.

2.2 Memory

The GW1NR series of FPGA products in different packages have
different capacities and types of memory. Please refer to 1.3 Package
Information for more information.

2.2.1 SDR SDRAM

DS117-3.0E

Features

® Access time: 4.5ns/5.4ns

Clock frequencies: 200/166/143MHz
Data width: 16bits

Synchronous Operation

Internal pipelined architecture
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2 Architecture

2.2 Memory

DS117-3.0E

® Four internal banks (1M x 16 bits x 4 banks)
® Programmable mode

- Column address strobe latency: 2 or 3

- Burstlengths: 1, 2, 4, 8, or full page

- Burst type: sequential mode or interleaved mode
- Burst-Read-Single-Write

- Burst stop function

Byte masking function

Auto refresh and self refresh

4,096 refresh cycles/64 ms

3.3V+0.3V power supply!'!

LVTTL Interface

Note!

[1] For more information about the power supply, please refer to Table 3-1 Absolute Max.
Ratings.

Overview

The SDRAM integrated in the GW1NR series of FPGA Products is a
high-speed CMOS synchronous DRAM with a capacity of 64M bits. The
SDRAM consists of four banks with each bank containing 1M x16 bits.
Each bank is organized as 4096 rows x 256 columns x 16 bits. Burst
accesses are supported. Accesses start at a selected location and
continue for a programmed number of locations in a programmed
sequence. Accesses begin with the registration of an Activate command,
which is then followed by a Read or Write command. The SDRAM provides
read or write burst lengths of 1, 2, 4, 8, or full page, with a burst termination
option. An auto pre-charge function may be enabled to provide a self-timed
row pre-charge that is initiated at the end of the burst sequence. Both the
auto-refresh and self-refresh functions are easy to use. Besides, by using a
programmable mode register, the system can choose the most suitable
modes to maximize its performance.

The supply voltage for the SDRAM interface is 3.3V, and the 1/0 Bank
voltage that connects to the SDRAM needs to be 3.3V. For more details,
please refer to Table 3-2.

The IP Core Generator integrated in the Gowin Software supports a
SDR SDRAM controller IP that can interface to both embedded and
external SDRAMs. This controller IP can be used for the SDRAM power-up
initialization, activation, auto-refresh, etc. For more information, please
refer to IPUG279, Gowin SDRAM Controller User Guide.
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2 Architecture

2.2 Memory

2.2.2 PSRAM
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The features immediately below apply to the MG81P, QN88P, LQ144P,
MG100P, MG100PF, MG100PT, and MG100PS packages.

Features

Clock frequency: 166 MHz

32Mb storage space each

Double Data Rate

Data width: 8 bits

Read-write data strobe (RWDS)
Temperature compensated refresh
Partial array self-refresh (PASR)
Hybrid sleep mode

Deep power down(DPD)

Drive strengths: 35, 50, 100, and 200 Ohm
Burst access

Burst lengths: 16/32/64/128
Status/control registers

1.8V power supply!!

The features immediately below apply to the MG100PA, MG49P, and
MG49PG packages.

Features

Clock rate up to 233MHz, 466MB/s read/write throughput
32Mb storage space each

Partial array self-refresh (PASR)

Data Masking (DM) for write operations

Write burst lengths: maximum 1024 bytes, minimum 2 bytes
Note!

[1] For more information on the power supply, see UG805, GW1NR-2 Pinout, UG116,
GW1NR-4 Pinout, UG803, GW1NR-9 Pinout.

The supply voltage for the PSRAM interface is 1.8V, and the 1/0 Bank
voltage that connects to the PSRAM needs to be 1.8V. For more details,
please refer to Table 3-2.

The IP Core Generator integrated in the Gowin Software supports a
PSRAM controller IP that can interface to both embedded and external
PSRAMs. This controller IP can be used for the PSRAM power-up
initialization, read calibration, etc. For more information, please refer to
IPUG767, Gowin UHS PSRAM Memory Interface & 2CH IP User Guide
and IPUG943, Gowin PSRAM Memory Interface HS & HS 2CH IP User

11(70)



http://cdn.gowinsemi.com.cn/UG805E.pdf
http://cdn.gowinsemi.com.cn/UG116E.pdf
http://cdn.gowinsemi.com.cn/UG116E.pdf
http://cdn.gowinsemi.com.cn/UG803E.pdf
http://cdn.gowinsemi.com.cn/IPUG767E.pdf
http://cdn.gowinsemi.com.cn/IPUG943E.pdf

2 Architecture

2.3 Configurable Function Units

Guide.
2.2.3 NOR Flash
Features
® 4M bits of storage, 256 bytes per page
® Supports SPI
® Clock frequency
- Dual output data transfer up to 160Mbits/s ~ 100MHz (3.0V~3.6V)
- Dual output data transfer up to 120Mbits/s ~ 70MHz (2.1V~3.0V)
- Dual output data transfer up to 80Mbits/s ~ 50MHz (1.65V~2.1V)
® Software/Hardware Write Protection:
- Entire/partial write protection via software settings
- Top/bottom block protection
® Minimum 100,000 program/erase cycles
® F[ast program/erase operations:
- Page program time: 1.6ms
- Sector erase time: 150ms
- Block erase time: 0.5s/0.8s
- Chip erase time: 6s/3s
® Flexible Architecture:
- Sector: 4K bytes
- Block: 32/64K bytes
® | ower power consumption:
- Stand-by current: 0.1uA
- Power down current: 0.1uA
® Security Features
- 128-bit unique ID for each device
® Data retention: 20 years

Gowin provides a universal SPI NOR Flash Interface IP allowing for

interconnection with the SPI NOR Flash chip. For more information, see
IPUG945, Gowin SPI Nor Flash Interface IP User Guide.

2.3 Configurable Function Units

2.3.1 Introduction

Configurable Function Units (CFUs) and/or Configurable Logic Units

(CLUs) are the basic cells for the core of GOWINSEMI FPGA Products.
Each basic cell consists of four Configurable Logic Sections (CLSs) and

DS117-3.0E
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2 Architecture 2.3 Configurable Function Units

their routing resource Configurable Routing Units (CRUs). Each of the
three CLSs contains two 4-input LUTs and two registers, and the other one
only contains two 4-input LUTs, as shown in Figure 2-5 .

The CLSs in the CLUs cannot be configured as SRAMs, but can be
configured as basic LUTs, ALUs, and ROMs. The CLSs in the CFUs can be
configured as basic LUTs, ALUs, SRAMs, and ROMs according to
application scenarios.

Figure 2-5 CFU Structure View

| CFU :
: |
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CLS2
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: CRU :
| |
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CLs1
| |
| |
I |
| |
| CLSO | |
| LUT REG I
| |
| A |
.- |
Carry from left CFU
Note!

The SREGs need special patch support. Please contact Gowin's technical support or local
office for this patch.

For more information on the CFUs, see UG288, Gowin Configurable
Function Unit (CFU) User Guide.
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2 Architecture 2.4 Input/Output Blocks

2.4 Input/Output Blocks

2.4.1 Introduction

The Input/Output Block (IOB) in the GW1NR series of FPGA products
consists a buffer pair, 10 logic, and corresponding routing units. As shown
in Figure 2-6 , each I0OB connects to two pins (marked as A and B), which
can be used as a differential pair or as two single-ended inputs/outputs.

Figure 2-6 IOB Structure View
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The features of the I0B include:

Vccio supplied with Each bank

LVCMOS, PCI, LVTTL, LVDS, SSTL, HSTL, etc.

Input hysteresis options

Drive strength options

Individual Bus Keeper, Pull-up/Pull-down, and Open Drain options

Hot socketing

IO logic supports basic mode, SDR mode, DDR mode, etc.

For more information on the 10Bs, see UG289, Gowin 