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Chapter 1

Required Hardware

Using the HiFive Unleashed Development Kit requires the following hardware:
HiFive Unleashed Development Kit

SiFive's HiFive Unleashed development kit is based around the Freedom U540-C000 chip, the
world’s first 4+1 multi-core RISC-V Linux capable SoC. It can be purchased from Crowd Supply:

http://www.crowdsupply.com/sifive/hifive-unleashed
USB A to Micro-B Cable

Any standard USB Type A Male to Micro-B Male cable can be used to interface with the HiFive
Unleashed.

http://store.digilentinc.com/usb-a-to-micro-b-cable
12V DC Power Wall Adapter

The HiFive Unleashed Development Kit requires an external 12V, 2A power supply. When not
powering directly from the FMC expansion module, a 12V DC Wall Adapter with a 5.5 outer di-
ameter, 2.5 mm center-positive barrel plug, must be plugged into J8 on the Development Kit. If
powering directly from the FMC expansion module, then unplug the 12 DC power wall adapter
from the development kit. Power should not be supplied from 2 different external sources.


http://www.crowdsupply.com/sifive/hifive-unleashed
http://store.digilentinc.com/usb-a-to-micro-b-cable

Chapter 2

Optional Hardware

Ethernet Cable

HiFive Unleashed Development Kit has an RJ45 Ethernet port that enables the FU540-C000 to
connect to an 10/100/1000 Base-T network.

FMC Expansion Carrier Card

Additional functionality can be added to the HiFive Unleashed Development Kit through the FMC
connector. The FMC expansion carrier card typically has an FPGA to enable third-party develop-
ers to add new logic to the development Kit.

The HiFive Unleashed Development Kit can be directly powered from the FMC expansion carrier
card. When powering from the FMC expansion carrier card, do not plug in the 12V DC adapter
into the HiFive Unleashed.



Chapter 3

Board Setup

To prepare the board for use, follow these steps:

¢ Unplug the HiFive/Unleashed and switch the power off (red button sticking out). The board is
still powered even when the switch is off, so handle with care whenever power is applied.
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» Ensure the fan is plugged in.
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» Set all pins in the DIP-switch block to the LEFT. The ON position=0; therefore, this sets MSEL
to mode 1111. See the boot modes table in next section for more information on MSEL.
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11 All DIP switches to 1:
CEo Default Boot Mode
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« Insert an SD-card programmed with bbl+linux. The github repository sifive/freedom-u-sdk
produces an image suitable for writing to a partition with GUID type

2E54B353-1271-4842-806F-E436D6AF6985.
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« |f available, connect the board to a network switch. The board will run DHCP on boot and
start an ssh server. The MAC address is 70:b3:d5:92: fX: XX, where X: XX is replaced by the
board number converted to hexadecimal. For example, if the board is H5U-00063, then the

last digits of the MAC address are 0: 3f.
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« If available, connect the board via USB to a developer machine. The USB connector has two
serial interfaces. The first contains the linux console running at 115200Hz. The second pro-

vides JTAG suitable for use with openocd.

* Plug in the HiFive/Unleashed; the fan should begin to spin.

Power is connected:
Fan is spinning

Switch is OUT: ‘g e
Power LED OFF §
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* Turn on the HiFive/Unleashed; after 30s a LED should begin to regularly blink a heartbeat.

Linux has booted
(can take up to 30s)
LED blinks heartbeat
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Chapter 4

Boot and Run

Follow the steps from the previous section to power on the board. Once the heartbeat LED is
pulsing regularly, you can connect to the board.

There are two ways to connect to the HiFive/Unleashed: ssh and serial. The serial interface is
slower and cannot receive files, so ssh is recommended.

4.1 Connecting with ssh

On power-on, the default freedom-u-sdk image obtains an IP address from DHCP and starts an
ssh server. The MAC address of the board is 70:b3:d5:92: fX: XX, where X:XX is replaced by
the board number converted to hexadecimal. Ask your network administrator which IP address
your board has obtained. Add the following to your .ssh/config, filling in the IP address:

Host hifiveu

HostName XXX.YYYy.zzZz.aaa
User root
StrictHostKeyChecking no
UserKnownHostsFile /dev/null

To connect, run ssh hifiveu. The password is sifive.

4.2 Connecting with USB console

With a USB cable connected to the HiFive/Unleashed, you can access the console. The console
both shows the linux boot process and can be used to log in to the device.

From Mac OS, run: sudo screen /dev/tty.usbserial-*01 115200
From Linux, run: sudo screen /dev/serial/by-path/*-port® 115200

Hit enter a few times to see the login prompt. Username root, password sifive.
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To quit screen, hit Control-a, \, y. If you do not quit properly, you can end up with multiple
screens running at the same time. This manifests as lost characters both sent and received.

4.3 Knobs on the HiFive/Unleashed

SD cards formatted by the freedom-u-sdk contains a second partition which can be used for
persistent storage. You can access this storage by executing mount /dev/mmcblk@p2 /mnt.
However, the linux mmc_spi driver is extremely slow, so this should not be used for large files.

Report core frequency: echo $(cat /sys/devices/platform/soc/10000000.prci/rate)

4.4 HiFivel/Unleashed Boot

The Freedom U500 supports several boot methods. The general flow follows multiple stages:

1.

ROMO (0x1004): Decode MSEL and jump to the address found in ©x11600 + 8*MSEL.
For MSEL > 4, the process proceeds to the next step.

ROM1 (0x1_0000): Decode MSEL to determine which media contains the First Stage
Boot Loader (FSBL). The media is expected to be formatted with a GPT partition
table (even on SPI flash). The entire contents of the first partition with GUID type
5B193300-FC78-40CD-8002-E86C45580B47 are downloaded into the L2 sideband
memory and execution transfers there. ROM1 contains a hard-coded DTB block
passed in a1 to the FSBL, which ignores it.

FSBL (0x800_0000): Initialize core PPLs, DDR, and Ethernet PHY. Decode MSEL to
determine which media contains the Berkeley Boot Loader (BBL). The media is ex-
pected to contain a GPT-formatted partition table. The contents of the first partition
with GUID type 2E54B353-1271-4842-806F-E436D6AF69851 are downloaded into
DDR memory and execution transfers there. The FSBL contains an embedded DTB
describing both the Freedom U500 SoC and HiFive/Unleashed board. The DTB is
updated with the board MAC address and DDR capacity and passed to BBL in a1.

BBL (0x8000_0000): Initialize the RISC-V supervisor binary interface (SBI). Jump to
the embedded linux kernel payload, passing a redacted DTB in ai.

Linux (exffff_ffeo_0000_0000): Initializes all devices, starts DHCP + ssh.



Copyright © 2018, SiFive Inc. All rights reserved.

Both ROM1 and the FSBL find the next boot loader stage based on the MSEL setting. All possible
values are enumerated below. The three SPI interfaces on the Freedom U500 SoC can be used
to download media either from SPI flash (using x4 data pins or x1) or an SD card, using the SPI
protocol. ROM1 downloads the FSBL at 10MHz, while the FSBL uses 50MHz for SPI and 20MHz

for SD.
MSEL | FSBL BBL Purpose
0000 | - - loops forever waiting for debugger
0001 | - - jump directly to 0x2000_0000 (memory-mapped SPI0)
0010 | - - jump directly to 0x3000 0000 (memory-mapped SPI1)
0011 | - - jump directly to 0x4000_0000 (uncached ChipLink)
0100 | - - jump directly to 0x6000_0000 (cached ChipLink)
0101 SPIO0 x1 SPIO x1 -
0110 | SPIO x4 SPIO0 x4 Rescue image from flash (preprogrammed)
0111 | SPI1 x4 SPI1 x4 -
1000 [ SPI1SD | SPILSD | -
1001 | SPI2x1 SPI2 x1 -
1010 | SPIO x4 SPI1LSD | -
1011 | SPI2SD | SPI2 SD | Rescue image from SD card
1100 SPI1 x1 SPI2 SD -
1101 SPI1 x4 SPI2 SD -
1110 SPIO x1 SPI2 SD -
1111 | SPIO x4 SPI12 SD | Default boot mode




Chapter 5

Connector Pinout

5.1 FMC Connector

HiFive Unleashed has an VITA 57 FPGA Mezzanine Card (FMC) HPC connector (Samtec
ASP-134602-01) to connect to an FPGA on an FMC carrier card (mating connector: Samtec
ASP-134486-01). The communication interface between the HiFive Unleashed and the FPGA is
ChipLink. The HiFive Unleashed can be powered directly from the FMC carrier card through the
FMC connector.

11
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Pin Name Voltage Rail | Direction FMC Pin Number
CHIPLINK_RX_CLK 1.8V INPUT G2
CHIPLINK_RX_RST 1.8V INPUT G37
CHIPLINK_RX_SEND 1.8V INPUT G36
CHIPLINK_RX_ DATO 1.8V INPUT D20
CHIPLINK_RX DAT1 1.8V INPUT D21
CHIPLINK_RX DAT?2 1.8V INPUT Cc22
CHIPLINK_RX DAT3 1.8V INPUT C23
CHIPLINK_RX_ DAT4 1.8V INPUT H22
CHIPLINK_RX DAT5 1.8V INPUT H23
CHIPLINK_RX DAT6 1.8V INPUT G21
CHIPLINK_RX DAT7 1.8V INPUT G22
CHIPLINK_RX_ DATS8 1.8V INPUT H25
CHIPLINK_RX DAT9 1.8V INPUT H26
CHIPLINK_RX DAT10 1.8V INPUT G24
CHIPLINK_RX DAT11 1.8V INPUT G25
CHIPLINK_RX DAT12 1.8V INPUT D23
CHIPLINK_RX DAT13 1.8V INPUT D24
CHIPLINK_RX DAT14 1.8V INPUT H28
CHIPLINK_RX DAT15 1.8V INPUT H29
CHIPLINK_RX DAT16 1.8V INPUT G27
CHIPLINK_RX DAT17 1.8V INPUT G28
CHIPLINK_RX DAT18 1.8V INPUT D26
CHIPLINK_RX DAT19 1.8V INPUT D27
CHIPLINK_RX_DAT20 1.8V INPUT C26
CHIPLINK_RX DAT21 1.8V INPUT Cc27
CHIPLINK_RX DAT22 1.8V INPUT H31
CHIPLINK_RX DAT23 1.8V INPUT H32
CHIPLINK_RX DAT24 1.8V INPUT G30
CHIPLINK_RX_ DAT25 1.8V INPUT G31
CHIPLINK_RX DAT26 1.8V INPUT H34
CHIPLINK_RX_ DAT27 1.8V INPUT H35
CHIPLINK_RX DAT28 1.8V INPUT G33
CHIPLINK_RX DAT29 1.8V INPUT G34
CHIPLINK_RX_ DAT30 1.8V INPUT H37
CHIPLINK_RX DAT31 1.8V INPUT H38
CHIPLINK_TX CLK 1.8V OUTPUT H4
CHIPLINK_TX RST 1.8V OUTPUT G19
CHIPLINK_TX SEND 1.8V OUTPUT G18
CHIPLINK_TX_DATO 1.8V OUTPUT G6
CHIPLINK_TX DAT1 1.8V OUTPUT G7
CHIPLINK_TX_ DAT2 1.8V OUTPUT D8
CHIPLINK_TX DAT3 1.8V OUTPUT D9

Table 1: FMC Connector Pinout
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13

Pin Name Voltage Rail | Direction FMC Pin Number

CHIPLINK_TX DAT4 1.8V OUTPUT H7

CHIPLINK_TX DAT5 1.8V OUTPUT H8

CHIPLINK_TX DATG6 1.8V OUTPUT G9

CHIPLINK_TX DAT7 1.8V OUTPUT G10

CHIPLINK_TX DATS 1.8V OUTPUT H10

CHIPLINK_TX DAT9 1.8V OUTPUT H11

CHIPLINK_TX_ DAT10 1.8V OUTPUT D11

CHIPLINK_TX_ DAT11 1.8V OUTPUT D12

CHIPLINK_TX DAT12 1.8V OUTPUT C10

CHIPLINK_TX DAT13 1.8V OUTPUT Cl1

CHIPLINK_TX DAT14 1.8V OUTPUT H13

CHIPLINK_TX DAT15 1.8V OUTPUT H14

CHIPLINK_TX DAT16 1.8V OUTPUT G12

CHIPLINK_TX DAT17 1.8V OUTPUT G13

CHIPLINK_TX_ DAT18 1.8V OUTPUT D14

CHIPLINK_TX_ DAT19 1.8V OUTPUT D15

CHIPLINK_TX DAT20 1.8V OUTPUT Cl4

CHIPLINK_TX DAT21 1.8V OUTPUT C15

CHIPLINK_TX DAT?22 1.8V OUTPUT H16

CHIPLINK_TX DAT23 1.8V OUTPUT H17

CHIPLINK_TX DAT24 1.8V OUTPUT G15

CHIPLINK_TX DAT?25 1.8V OUTPUT G16

CHIPLINK_TX_DAT26 1.8V OUTPUT D17

CHIPLINK_TX_DAT27 1.8V OUTPUT D18

CHIPLINK_TX DAT?28 1.8V OUTPUT C18

CHIPLINK_TX DAT?29 1.8V OUTPUT C19

CHIPLINK_TX DAT30 1.8V OUTPUT H19

CHIPLINK_TX DAT31 1.8V OUTPUT H20

RESET_N 1.8V Open Drain | H5

VDD_DCIN 12V I\O/S:tage -1 ¢35, c37

VDD_1V8 1.8V Voltage H1

— Output

PG _M2C Open Drain Open Drain | F1

PRSNT _M2C L GND Open Drain | H2
Al, A4, A5, A8, A9, Al12, Al3,
Al6, Al7, A20, A21, A24, A25,
A28, A29, A32, A33, A36, A37,
A40, B2, B3, B6, B7, B10, B11,

GND GND GND B14, B15, B18, B19, B22, B23,

B26, B27, B30, B31, B34, B35,
B38, B39, C1, C4, C5, C8, C9,

C12, C13, C16, C17, C20, C21,
C24, C25, C28, C29, C32, C33,
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Pin Name Voltage Rail | Direction FMC Pin Number

C36, C38, C40, D2, D3, D6, D7,
D10, D13, D16, D19, D22, D25,
D28, D37, D39, E1, E4, E5, ES8,
E11, E14, E17, E20, E23, E26,
E29, E32, E35, E38, E40, F2, F3,
F6, F9, F12, F15, F18, F21, F24,
F27, F30, F33, F36, F39, G1, G4,
G5, G8, G11, G14, G17, G20,
G23, G26, G29, G32, G35, G38,
G40, H3, H6, H9, H12, H15, H18,
H21, H24, H27, H30, H33, H36,
H39, J1, J4, J5, J8, J11, J14,
J17, J20, J23, J26, J29, J32, J35,
J38, J40, K2, K3, K6, K9, K12,
K15, K18, K21, K24, K27, K30,
K33, K36, K39

Pin and Signal Description
CHIPLINK_RX_CLK: ChipLink Receive Clock from the FMC carrier card to HiFive Unleashed.
CHIPLINK_RX_RST: ChipLink Receive Reset from the FMC carrier card to HiFive Unleashed.

CHIPLINK_RX_SEND: ChipLink Receive Send strobe from the FMC carrier card to HiFive Un-
leashed.

CHIPLINK_RX_DATA[31:0]: ChipLink Receive Data bus from the FMC carrier card to HiFive Un-
leashed.

CHIPLINK_TX_CLK: ChipLink Transmit Clock from HiFive Unleashed to the FMC carrier card.
CHIPLINK_TX_RST: ChipLink Transmit Reset from HiFive Unleashed to the FMC carrier card.

CHIPLINK_TX_SEND: ChipLink Transmit Send strobe from HiFive Unleashed to the FMC carrier
card.

CHIPLINK_TX_DATA[31:0]: ChipLink Transmit Data bus from HiFive Unleashed to the FMC car-
rier card.

RESET _N: Bidirectional, Open Drain active-low system-level reset. Either the HiFive Unleashed
or the FMC carrier card can initiate a system level reset by pulling this pin low. The pull up resistor
is on the HiFive Unleashed.

VDD_DCIN: 12V voltage rail from the FMC carrier card to HiFive Unleashed.

VDD_1V8: 1.8V IO voltage from HiFive Unleashed to the FMC carrier card.
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PG_M2C: Open-drain, active high power good signal to indicate that HiFiveUnleashed has pow-
ered up correctly. The pull up resistor is on the FMC carrier card.

PRSNT_M2C_L: Active-low signal to indicate to the FMC carrier card that HiFive Unleashed is
present. The pull up resistor is on the FMC carrier card.

All other pins are No Connect on the FMC connector.

5.2 Low Speed IO Expansion Connectors

There are two Low Speed 10 Expansion connectors, a 2mm pitch 2x20 and a 2mm pitch 2x10
female headers.

The 2x20 connector follows the 96Boards EE Specification Expansion Connector pinout. All 10
voltage are at 1.8V.

Net Name Pin Name # # Pin Name Net Name
GND GND 1 2 GND GND

No Connect UARTO CTS 3 4 PWR_BTN_N [ PWR BTN _N
UARTO _TX UARTO_TXD 5 6 RST_BTN_N RESET_N
UARTO_RX UARTO RXD | 7 8 SPI0_SCLK QSPI1_SCK
No Connect UARTO_RTS 9 10 SPIO0_DIN QSPI1_DQ1
UART1 TX UART1 TXD 11 12 SPI0_CS QSPI1_CSO
UART1 RX UART1 RXD | 13 14 SPI0O_DOUT QSPI1_DQO
12C0_SCL 12C0_SCL 15 16 PCM_FS No Connect
[2C0O_SDA 12C0_SDA 17 18 PCM_CLK No Connect
No Connect 12C1 _SCL 19 20 PCM_DO No Connect
No Connect 12C1_SDA 21 22 PCM_DiI No Connect
GPIOO0 GPIO-A 23 24 GPIO-B GPIO1
GPI102 GPIO-C 25 26 GPIO-D GPI10O3
GPIO4 GPIO-E 27 28 GPIO-F GPI0O5
GPIO6 GPIO-G 29 30 GPIO-H GPI10O7
GPIO8 GPIO-I 31 32 GPIO-J GPIO9
GPIO15 GPIO-K 33 34 GPIO-L No Connect
VDD _1V8 +1V8 35 36 SYS _DCIN VDD DCIN
VDD _5V0 +5V 37 38 SYS_DCIN VDD_DCIN
GND GND 39 40 GND GND

Table 2: 2x20 Low Speed IO Expansion Connector Pinout

The 2x10 connector has additional low speed I0s. All IO voltage are at 1.8V.
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Net Name Direction # | # | Direction Net Name
PWMO 0 OUTPUT 1 |2 | OUTPUT PWMO_2
PWMO_1 OUTPUT 3 |4 | OUTPUT PWMO_3
GEMGXL_RST (Reset to
Ethernet PHY) OUTPUT 5 6 BIDIRECTIONAL | QSPI1_DQ2
FASTLINK_FAIL (Output
from Ethernet PHY) OUTPUT 7 | 8 | BIDIRECTIONAL | QSPI1_DQ3
EN_VDD_SD (Enable
Power to SD Card) OUTPUT 9 |10 | OUTPUT QSPI1_Cs1
f’e[gt—)CD (SD Card De- OUTPUT 11 | 12 | OUTPUT QSPI1_CS2
(NC) NC 13 | 14 | OUTPUT QSPI1_CS3
PWM1 0 OUTPUT 15| 16 | GND GND
PWM1 1 OUTPUT 17 | 18 | OUTPUT PWM1 2
GND GND 19 | 20 | OUTPUT PWM1 3

Table 3: 2x10 Low Speed IO Expansion Connector Pinout

5.3 MicroUSB Connector
The MicroUSB connector provides a connection to UARTO and JTAG from a Host PC. If needed,

drivers for the FTDI FT2232H can be found at:

http://www.ftdichip.com/FTDrivers.htm

5.4 MicroSD Card Connector

The MicroSD card connector enables adding more storage with an external MicroSD card. The
connector is accessible from the Freedom U540 through SPIO.

5.5 JTAG Connector

The JTAG connector is a 1.27 mm pitch 2x5 male header (SAMTEC FTSH-105 or equivalent)
that is complaint to the RISC-V External Debug Support V0.13 specification.

More information about the RISC-V External Debug can be found at:

https://www.sifive.com/documentation/risc-v/risc-v-external-debug-support

Pin Name # # Pin Name
TCK 1 2 GND

TDO 3 4 VCC

TMS 5 6 SRSTn

(NC) 7 8 (TRSTN/NC)
TDI 9 10 | GND

Table 4: JTAG Connector Pinout


http://www.ftdichip.com/FTDrivers.htm
https://www.sifive.com/documentation/risc-v/risc-v-external-debug-support
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