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Features
e Fault-tolerant SPARC V8 processor with 31 register

windows, 128KiB EDAC protected tightly coupled
memory and support for compressed instruction set
Double precision IEEE-754 floating point unit
Memory protection units

Non-intrusive advanced on-chip debug support unit
External EDAC protected 8-bit PROM/SRAM, SPI
memory protected by EDAC and dual memory
redundancy

e Hardware FPGA programming and scrubbing
e Real-Time Accelerators with 64KiB EDAC protected

tightly coupled memory, programmable DMA

e SpaceWire router with 2 external ports and time dis-

tribution

MIL-STD-1553B interface

CAN FD interface with CANOpen support
Programmable PWM interface

Programmable Delta-Sigma modulator DAC

SPI with SPI-for-Space protocol support

Four channel 12-bit DAC, four 11-14-bit ADC and
twenty fast analog comparators

 10/100 Ethernet, UARTS, SPI, I2C, GPIO, Timers with

Watchdog, Interrupt controller, UART debug, etc

e Crystal oscillator, with external XTAL
¢ Precision reference 1.9 V output

FPU

Real Time
Accelerator

Real Time
Accelerator

LEON3FT

Data RAM Instruction RAM
ata Data RAM

Timers & DMA
Watchdog controller
Clock Memory Memory
Debug UART I Gating Unit I Scrubber I Protection I
PROM/SPI/SRAM Fault tolerant Memory controllers
FPGA supervisor I CAN FD I

SPI MIL-STD-1553 I Ethernet 10/100 MbiUSI
12C UART I GPIO I

PWM
Digital interfaces

11-14bit ADCs I PLL 12bit DACs I
Analog Comparators I Crystal Oscillator I 24bit AX DACs I
Brown-out detector I Pwr-on/off reset gen I LDO

FIR

Instruction RAM

Instruction RAM Data RAM

AHB trace

& Statistic unit Boot ROM

SpaceWire Router

Mixed-Signal functions

Description

The GR716B device is a fault-tolerant LEON3FT
SPARC V8 processor with various communication
interfaces and on-chip ADC, DAC, Power-on-Reset,
Oscillator, Brown-out detection, LVDS transceivers
with extended common-mode, cold-spare and fail-
safe, regulators to support single 3.3V supply, ideally
suited for space and other high-rel applications.

Specification
System frequency up to 50 MHz (100 MHz under
specific conditions to be defined)
SpaceWire links up to 100 Mbps
CQFP132 hermetically sealed ceramic package
Total Ionizing Dose (TID) guaranteed up to 100
krad (Si)

¢ Single-Event Latch-up (SEL) immune (LETy, > 118
MeV*cmZ/mg)

¢ Single Event Upset (SEU) proven tolerance with
hardened flip-flops and error corrections on all on-
chip and external memories
Support for single 3.3V supply (up to 700 mA core
consumption)

Applications

The GR716B microcontroller is an advanced micro-
controller, targeting high reliability space and aero-
nautics applications.

Support for many different standard interfaces makes
the GR716B microcontroller ideal for supervision,
monitoring and control in a satellite, such as:

motor control

program and scrubber support of FPGA

switching power converters

power system monitoring and latch-up detection
magnetorquer control
remote terminal control unit
propulsion system control
sensor bus control

robotics applications control
instrument control unit
antenna pointing control
nanosatellite controller

Availability

The GR716B microcontroller is currently under
validation and there is no guarantee that functionality
or performance will not change.
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1 Introduction

1.1 Scope

This document is the preliminary data sheet for the GR716B LEON3FT microcontroller. This docu-
ment provides information regarding the GR716B-CQFP device in the 132-pin ceramic quad flat
package (CQFP).This document is complemented by the GR716B LEON3FT microcontroller - User's
Manual [GR716B-UM], which provides detailed information of processors, analog/digital interfaces
and information related to software development. The User manual is common for all versions of
GR716B devices.

The GR716B microcontroller has been developed in an activity initiated by the European Space
Agency.

1.2 Datasheet limitations

Note that this document is an preliminary datasheet:
*  Advanced data sheet - Product in development
*  Preliminary data sheet - Shipping prototype

»  Data sheet - Shipping space-grade product

1.3 Updates and feedback

Updates are available at https://www.gaisler.com/gr716b
Feedback: support@gaisler.com

For commercial questions please contact sales@gaisler.com
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14 Reference documents

[GRMON4] GRMON4 User's Manual, Frontgrade Gaisler
[SPARC] The SPARC Architecture Manual, Version 8, SPARC International Inc.

[VSE] SPARC-V8 Supplement, SPARC-V8 Embedded (V8E) Architecture Specification,
SPARC-VSE, Version 1.0, SPARC International Inc.

[GR716B-UM] GR716B LEON3FT microcontroller - User's Manual, Frontgrade Gaisler,
www.frontgrade.com/gaisler
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1.5  Document revision history
Change record information is provided in table 1.
Table 1. Change record
Version Date Sections Note
1.0 July 2026 All sections Preliminary datasheet
Maximum operating system clock frequency updated
Section 2 Several parameters updated based on verification and validation
Table 36 Added additional information for VREFBUF
Table 36 Fixed typo in LVDS TX[4]n and LVDS TX[S]n
Section 5 Added information regarding known errata
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1.6  Acronyms
Table 2. Acronyms
Acronym Comment
AHB Advanced High-performance bus, part of [AMBA]
AMBA Advanced Microcontroller Bus Architecture
APB Advanced Peripheral Bus, part of [AMBA]
BCH Bose—Chaudhuri-Hocquenghem, class of error-correcting codes
CAN Controller Area Network, bus standard
CPU Central Processing Unit, used to refer to one LEON3FT processor core.
DMA Direct Memory Access
DSU Debug Support Unit
EDAC Error Detection and Correction
FIFO First-In-First-Out, refers to buffer type
FPU Floating Point Unit
Gb Gigabit, 10° bits
GB Gigabyte, 10? bytes
GiB Gibibyte, gigabinary byte, 230 bytes, unit defined in [EEE 1541-200
/0 Input/Output
ISR Interrupt Service Routine
JTAG Joint Test Action Group (developer of IEEE Standard 1149.1-1990)
kB Kilobyte, 103 bytes
KiB Kibibyte, 2!° bytes, unit defined in IEEE 1541-2002
Mb, Mbit Megabit, 10 bits
MB, Mbyte | Megabyte, 10° bytes
MiB Mebibyte, 220 bytes, unit defined in IEEE 1541-2002
MRAM Magnetoresistive Random-Access Memory
MVT Multi Vector Trapping
PROM Programmable Read Only Memory
RAM Random Access Memory
SEE Single Event Effects
SEL/SEU/ Single Event Latchup/Upset/Transient
SET
SPARC Scalable Processor ARChitecture
SVT Single Vector Trapping
SW Software
UART Universal Asynchronous Receiver/Transmitter
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1.7 Definitions

This section and the following subsections define the typographic and naming conventions used
throughout this document.

1.7.1 Bit numbering

The following conventions are used for bit numbering:
*  The most significant bit (MSb) of a data type has the leftmost position
*  The least significant bit of a data type has the rightmost position

e Unless otherwise indicated, the MSb of a data type has the highest bit number and the LSb the
lowest bit number

1.7.2 Radix

The following conventions is used for writing numbers:
*  Binary numbers are indicated by the prefix "0b", e.g. 0b1010.
*  Hexadecimal numbers are indicated by the prefix "0x", e.g. 0xFOOF

*  Unless a radix is explicitly declared, the number should be considered a decimal.

1.7.3 Data types

Byte (BYTE) 8 bits of data

Halfword (HWORD) 16 bits of data

Word (WORD) 32 bits of data
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2.1

Electrical description

All electrical specifications are defined at package solder point level, unless otherwise stated.

Specifications in this whole chapter have been derived from GR716B simulation and validation mea-
surements. The GR716B microcontroller is in development phase, and final parameter validation and
device qualification are yet to be done.

Absolute maximum ratings

Table 3.  Absolute maximum ratings D

Symbol Parameter Rating Units
Min. Max.
Voltage between any supply domain grounds 2) -0.3 0.3 A%
VDD CORE 3 DC Supply for Core -0.3 22910 M
Vbp 10 5) DC Supply for I/O -0.3 4.0 A%
Vbb LvDS 5) DC Supply for LVDS I/O -0.3 4.0 v
Vbb Lo 5) DC Supply for LDO -0.3 Vpp 10 0.3 8) A%
Vppa 3) DC Supply for Analog domains, except PLL 0.3 4.0 v
i i N 1
VDDA PLL 57 DC Supply for PLL (supplied from internal LDO) 0.3 2.2 10) v
Vepio > 12 Voltage between GPIO pin and ground -0.3 Vppavs 10.3% v
Vbio IN 5)12) Digital CMOS Input voltage -0.3 Vbp 10 103 8) v
Vbio out 5)12) | Digital CMOS Output voltage -0.3 Vpp 10 0.3 8) v
Vivps IN 5) LVDS Input voltage per pin -4.5 5.6 v
5)1 i N
VLvps out ) 13) | LVDS Output voltage per pin 0.3 4.0 \%
IGpIO IN 12) GPIO current when configured as input or HiZ -10 10 mA
- (ESD-diode current max 10mA)
IGp10 oUT 12) GPIO c1.1rrent when configured as output -10 10 mA
(ESD-diode current max 10mA)
Ipio IN 12) Digital Input current -10 10 mA
- (ESD-diode current max 10mA)
Ipio OUT Hiz 12) | Digital Qutput current when configured as HiZ -10 10 mA
(ESD-diode current max 10mA)
Ipio ouT 12) Digital Output current when configured as output -10 10 mA
- (ESD-diode current max 10mA)
Ipb Lpo LDO current -10 900 D mA
Vref ! Bandgap voltage reference -0.3 Vppa 10.3 % v
Rref ® Bandgap current reference -0.3 Vppa 103 % v
Vrefbuf Reference buffer voltage -0.3 Vppa 0.3 % v
refbu ourcing current for reference buffer enable -
Trefbuf Sourcing for refi buff bled 3 30 mA
-diode current max
(ESD-diod 10mA)
CgrsT ) Reset timing capacitor -0.3 Vbp core + v
0.3
Vxo ana Crystal oscillator port (pin 59, 60) -0.3 Vbp core + v
0.3
Tstore Storage Temperature -65 150 °C
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Table 3. Absolute maximum ratings D
Symbol Parameter Rating Units
Min. Max.

Tsolder Lead Temperature (Soldering 10 sec.) 250 °C

T; Junction Temperature 150 °C

Ojc (ceramic) Thermal Resistance, Junction to Case ¥ 6 °C/W

Py Power Dissipation 4 4

VHBM ESD level 3 14) kV

Note 1: Extended operation at the maximum levels may degrade the performance and affect the reliability of
the device. Exceeding the maximum levels may permanently damage the device.

Note 2: Within one and the same supply domain, all GND resp Vpp pins must be connected to the same GND
resp Vpp plane on PCB. Any externally applied voltage difference between GND pins, resp between
Vpp pins where there are more than one pin per Vpp domain, can create harmful circulating ground
resp supply currents inside the package.

Note 3: The thermal resistance, Ojc, sets the maximum power dissipation, Pp, assuming that the package is
mounted on PCB with main heat flowing through the main heat-sinking path for the package. Other-
wise, maximum power dissipation limit will be significantly lower.

Note 4: Case means bottom surface of package, which is the main heat-sink path out of this package.

Note 5: Values are relative to their dedicated supply ground.

Note 6: This pin shall not be connected, except for external resistor to ground.

Note 7: This pin shall not be connected, except for external capacitor to ground.

Note 8: Voltage must not exceed 4.0V

Note 9: Voltage must not exceed Vpp [ po + 0.3V

Note 10: Voltage must not exceed Vpp 1o + 0.3V. To guarantee this limit during all kinds of system supply
transients (especially rapid unexpected discharge of Vpp o), @ schottky power diode in reverse bias
between Vpp corg and Vpp jo should be considered on PCB. This diode is strongly recommended
when Vpp corg is Externally supplied (Vpp 1 po connected to Vpp corg) and is especially
important if total capacitance on Vpp cogrg net in the whole power system is large.

Note 11: Repetitive pulse transients must be limited to maximum 1.1Ap.,, with maximum pulse length in the
order of 100us. The single pulse transient during LDO start up will not be harmful for the LDO upto
the maximum decoupling capacitance on VDD_CORE stated in section 2.2 for single supply mode.

Note 12: All CMOS IO ports are non-cold-spare ports. These inputs and outputs have ESD protection via on-
chip diodes to IO ground and IO supply. Forward bias voltage for on-chip ESD protection diodes
should not exceed 0.3 V and DC current should not exceed 10mA. For equivalent 10 port schematics
see section 2.4. For Vpio, the GPIO port location determines when Vpp3y3 is Vpp 10 o Vppa-

Note 13: Vivps out is applicable only in LVDS cold-spare mode (VDDfLVDS:'O-IV to 0.2V) and LVDS out-
put-disable mode (Vpp yps=3.0V to 3.6V). It is not applicable during the transition Vpp .
vps=0.2V to 3.0V, which is an absolute maximum limitation, meaning that externally applied voltage
other than GND onto the LVDS pins must be avoided during this supply transition. I.e., system cold-
spare switching of a multi-driver LVDS bus must first power down any active LVDS driver into cold-
spare mode, and then power up the one LVDS driver to be active.

The LVDS outputs on GPIO ports (pin 77-80) are non-cold-spare ports and have maximum limits
according to GPIO ports, i.e., Viyps our is not applicable.

Note 14: Crystal oscillator port (pin 59-60) has Vg of maximum 2kV.
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2.2  Recommended operating conditions
Table 4. Recommended operating conditions 1) 2)
Symbol Parameter Rating Units
Min. Typ. Max.
Voltage between any supply domain -0.1 0.0 0.1 v
grounds
VDD _CORE DC Supply for Core 2 N
4) 9)10) fingsys <= 25 MHz 1.62 1.8 1.983
1.71 L.
fintsys <=50 MHz 7 9 1.98 &)
fintsys <= 100 MHz (under conditions
TBD)
Vbb 10 4 DC Supply for I/O 3.0 33 3.6
Vbb LvDs 4)8) | DC Supply for LVDS I/O 3.0 33 3.6
Vo oo ¥ ' | DC Supply for LDO 3.0 33 3.6 \%
VDA 4) 8) DC Supply for Analog domains, except 3.0 33 3.6 v
PLL
Vbpa PLL 47 | DC Supply for PLL (supplied from inter- 1.7 1.85 1.983 v
nal LDO)
Vgrio 9 12) Voltage between GPIO pin and ground -0.1 Vppsy3 10.1 \
Vbio IN 4 12) Digital CMOS Input voltage 20.1 Vpp 10 +0.1 \%
Vivps N 4) 13) | LVDS Input voltage per pin 4019 453 v
VLVDSfOUT4) 15) | LVDS Output voltage per pin 012 3.6 v
Igpio out GPIO current when configured as output 53 53) mA
Ipio our Digital CMOS current when configured as 53 53) mA
h output
Ipb Lpo LDO current oD 700 1D mA
Vref Y Bandgap voltage reference 4.7 nF
Rref ® Bandgap current reference 5.11 kQ
Irefbuf Sourcing current for reference buffer 13 203 mA
enabled
CrsT 16) Reset timing capacitor 100 nF
fxo 17) Crystal oscillator frequency 5 25 MHz
Fintsys 18) Internal system clock frequency for 5 50 MHz
Core logic 100 (cond.
TBD) ¥
fextsys External input clock frequency for 50 MHz
System clock (pin 57) 100 (cond.
TBD) ¥
foxtspw 19) Ex.terl.lal input clock frequ@cy for Space- 100 MHz
Wire interface and PLL (pin 54)
SRGPIO IN 20) GPIO clock input slew rate 0.5 V/ns
Tease 2 Case Temperature (CQFP) -553) 1259 °C
Note 1: Within recommended operating conditions, all functionality and performance parameters in this data-

sheet are valid, and device long-term reliability is maintained.
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Table 4. Recommended operating conditions H2)

Note 2: Digital functionality guaranteed within -55°C to 125°C junction temperature and Analog performance
specifications are guaranteed within -40°C to 110°C junction temperature, unless otherwise stated.

Note 3: To maintain device long-term reliability, this limit must be fulfilled, and Note 8 and Note 12 must be
fulfilled where applicable.

Note 4: Values are relative to their dedicated supply ground.

Note 5: Connect 4.7 nF ceramic capacitor to ground, close to the pin with short wire, and not connected to any-
thing else.

Note 6: Connect 5.11 kQ £1%pyr to ground, close to the pin with short wire, and not connected to anything

else. The tolerance of this reference resistor will directly affect the accuracy of the DAC outputs. For
high-precision DAC applications, a precision resistor should be considered, e.g. £0.1%1 £10 ppm/

°C thin metal film type.

Note 7: The PLL supply voltage, Vppa_pLL, is generated from internal voltage regulator. It shall be decoupled
to PLL ground, Vgga pri, With ceramic capacitor of about 2 uF (typically 2.2 uF) close to pins with
short wires, and Vppa_pr . shall not be connected to anything else.

Note 8: Any of the supply voltages Vppa or Vpp Lvps can be non-supplied. Then the supply must be
grounded via maximum 400 €, to maintain device long-term reliability. This is not applicable for
Vppa pLL, Where only decoupling capacitor is allowed. For LVDS cold-spare mode, Vpp [ ypg must
be -0.1 V0 0.2 V(TBD), which is fulfilled when Vpp [ypg is grounded via maximum 400 Q. When
VppA Apc is grounded it must be via maximum 200 Q, and the three on-chip measurement channels
into ADC 0-2 respectively must be configured to off state, to maintain device long-term reliability.

Note 9: The core supply voltage shall be decoupled by typically 10 nF to ground per Vpp corg and GND pin
pair. This supply can be generated from internal voltage regulator, and should then be decoupled also
by at least 100 uF damped capacitors (typically 0.1 Q in series with 100 uF), preferably times two for
redundancy.

Note 10: In single supply mode, Vpp 1 po is recommended to be connected to same 3.3 V supply as Vpp 1o
(for simultaneous ramp up/dBwn), and no external 1.8 V supply shall be connected to Vpp COR]; In
single supply mode, the maximum decoupling capacitance on Vpp corg must not be more than
400 uF (well damped). B

In dual supply mode, Vpp [ po should be connected to Vpp corg. and external 1.8 V supply con-
nected to VDD CORE-

Note 11: To maintain device long-term reliability, Ipp 1 po of maximum 700 mA in average and maximum
1.1 Apeyy repetitive pulse transients of maximum length in order of 100 us must be fulfilled. To guar-
antee full regulation performance of the LDO output voltage (Vpp corg), maximum 700 mA should
be fulfilled. The LDO can supply external 1.8 V loads connected between Vb corg and GND on
PCB, but these loads must not cause any violations of the above Ipp | po limits, and must never back-
feed any current into the LDO to maintain output voltage regulation and device long-term reliability.

Note 12: To maintain device long-term reliability, the pin must not be more than 3.6 V from any of its supply
rails. Therefore, when pin voltage is at -0.1 V or Vpp3y3+0.1 'V, the supply voltage Vpp3y3 must not
be higher than 3.5 V. For Vpjo, the GPIO port location determines when Vppsy3 is Vpp 10 0f Vppa-

For Viyps outs the Vppsvs is Vpp 1vps-

Note 13: Device long-term reliability is maintained for any V_ID that fulfills this voltage range per pin.
Extended common mode range is supported in normal operation and cold-spare mode and during tran-
sition in-between modes. I.e., the LVDS inputs are also hot-swap compatible, and more than one LVDS
input can be active and read across the same 100 Q receiver termination resistor at the same time.

Note 14: To maintain device long-term reliability, maximum negative DC voltage on LVDS input pin is -
3.6 V¢ and transient peak is -4.0 Vpgyy up to 0.1% duty cycle over lifetime.

Note 15: Vivps_our is applicable only in LVDS cold-spare mode (Vpp pyps=-0-1V to 0.2V) and LVDS out-
put-disable mode (Vpp 1yps=3.0V to 3.6V). It is not applicable during the transition Vpp 1yps=0.2V

to 3.0V, where externally applied voltage other than GND onto the LVDS pins must be avoided. To
maintain device long-term reliability, continuous operation at Vpp 1ypg=0.2V to 3.0V is not allowed.

Note 16: Connect ceramic capacitor to ground, close to the pin with short wire, and not connected to anything
else. For functional values see Section 2.11.
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Table 4. Recommended operating conditions H2)

Note 17:

Note 18:

Note 19:

Note 20:

Note 21:

For functional configurations of the internal XO, see user manual section 9 [GR716B-UM]. To main-
tain device long-term reliability, a correct value of Ry, must be inserted when applicable, see user

manual section 9.2.3 [GR716B-UM].

Outside this frequency range, internal clock detection may switch the internal system clock uncondi-
tionally to the external system clock input (pin 57). To use fiy5,s<5 MHz, the frequency should be fed
into pin 57 and configured to be used as the internal system clock. See user manual section 4

[GR716B-UM] for clock muxing and configurations.

For functional configurations, see chapter 10 [GR716B-UM] for supported PLL input frequencies and
user manual section 33 [GR716B-UM] for the SpaceWire interface.

This GPIO input slew rate needs to be fulfilled in application cases where GPIO 45, 46, 47, 53 or 61 is
configured as clock input, see figure 16 [GR716B-UM]. The reason is that these GPIO inputs are not
schmitt trigger inputs. For schmitt trigger clock inputs, there is no minimum limit other than that slew
rate must not change sign inside the input switching interval.

See User manual Errata GR716B-ERRATA-20260627 [GR716B-UM], regarding limitations for use of
the PLL above 50 °C.

2.3 Power supply characteristics

Table 5. DC characteristics !

Symbol Parameter Condition Rating Units
Min. Typ. Max.

Ipbb CORE Core Supply current fintsys =10 MHz 23 150 TBD mA
fintsys =50 MHz 23 600 TBD mA
fingsys = 100 MHz 2)3) 1200 TBD mA

Ipb Lpo LDO Supply current fintsys = 10 MHz 2)3) 155 TBD mA

Ipp 10 I/O Supply current fintsys =100 MHZz2 34 20 TBD mA

Excluding I/O output current.
PLL, ADC and ACOMP disabled.
LVDS ports (pin 77-80) enabled.
I/O and LVDS ports (pin 77-80), 0.1 TBD mA
PLL, ADC and ACOMP disabled.

Ipp A PLL PLL Supply current Internally supplied from VDDfIO 10 TBD mA

Ippa t+ Sum of Analog Supply Analog functions operational: 70 TBD mA

InD 16 ANA currents 4xIpac +4xIzpc +

20xIxcomp *+ IREF
Excluding I/O and Vg, Output
current.
Ipb Lvps LVDS I/O Supply current Operational ¥ 40 TBD mA
Shutdown 0.01 | TBD

Note 1: Recommended operating conditions, see chapter 2.2

Note 2: Digital user scenario with CAN and SpaceWire running at full data rate.

Note 3: LEONS3 and 2xRTA running 100% (with frequent memory access), internal SpaceWire clock at

100 MHz.
Note 4: Valid signals applied on LVDS inputs, and 100 Q differential terminations on LVDS outputs. Valid sig-
nals applied on CMOS inputs, and no external load on CMOS outputs.
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2.4  Simplified schematics for 10 buffers

Simplified input and output buffer schematics presented in this chapter are applicable within absolute
maximum rating conditions, see chapter 2.1

VDD 3.3V

V

s |

GPIO I IIE'>—’

50kQ
_ The schmittrigger is
- always enabled and
GND reads the GPIO pin

Figure 1. Simplified schematic of Bidirectional Digital GPIO buffer

VDD 3.3V

—|_ [
% 50kQ _[>% ADC :> +EMP > >

GPIO W | .
e e e
A
4

\37/

Figure 2. Simplified schematic of Bidirectional GPIO buffer with Analog capabilities
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VDD 3.3V

LVDS_RXp W —

M LVDS_RXn

(0

6V 6V

Figure 3. Simplified schematic of LVDS input buffer with Cold-Spare support

VDD 3.3V

LVDS_TXp W B LVDS_TXn

Figure 4. Simplified schematic of LVDS output buffer with Cold-Spare support
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VDD 3.3V
|
ZS 50kQ | ::
GPIO B
50kQ ’ E
\ VDD 3.3V
GND rd P
LVDS_TXp 400k LVDS_TXn
VDD 3.3V > ==
| GND
ZS 50kQ _I:>_>
GPIO B
50kQ ’ E
GND
Figure 5. Simplified schematic of 2xGPIO with LVDS non-cold-spare output buffer
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2.5 Input voltages, leakage currents and capacitances
Table 6. DC characteristics for CMOS inputs D
Symbol Parameter Condition Rating Units
Min. Typ. Max.
Viu Input High Voltage 0.67x \%
ViL Input Low Voltage 0.27x v
CMOS Vbb 10
Vi scu 9) Input Higb Voltage 0.75x v
Schmitt trigger Vbp 10
VIL scH 9) Input .Lovsf Voltage 0.23x A%
- Schmitt trigger Vbb 10
VI Hyst Input _HysFeresis Voltage 0.1 0.2 0.3 \%
Schmitt trigger
I EAK | 3) Icr‘lg;l(t) Leakage Current ViNn= VDD 10 3 uA
Vin=2.6V10 -0.7 0.7 uA
Vin=-0.1V 0.7 uA
ViNn=-0.1Vto2.6V -0.15 0.15 uA
@TBD °C '?)
I EAK 2 3) gl}];);lg Le.alﬁa.gi Cui‘lrznt Vin= VoD 10 100 uA
with int. pull down V=0V 1 oA
I EAK 3 3) Icr}lglu(t) Le.ag(la.gc: Cu{lrent ViN= VDD 10 1 uA
with int. pull up V=0V 100 A
LiLEak PUD Input Leakage Current Vpp 10 =0V-3.6V -10? 102 uA
10 during power up/down VbD CORE= 0V-1.98V <Vpp 10
GPIO 0-36, 63 Viy =-0.1V to Vpp, 1o+0.1V
VDD_CORE =0V-1.98V -10 10 uA
Vb 10 = VDD CORE
ViN=Vpp 10/2
VDDﬁCORE =0V-1.98V -10 10 uA
VDD710 = 30\/, 3.6V
ViN=Vbpp 10/2
Vb 10 =0V-3.6V -10 10 uA
Vbp Lpo = VDD 10
VDD_CORE supplied by LDO
ViN=Vpp 10/2
ILEAK 4 4) Icnl\p;[uot éeaﬁig_e tCuIrlfl:r‘lit ViNn=VbDp 10 160 uA
with int. pull down V=0V 1 A
Il EAK 5 5) Icnl\p;;g ;,eakage Current ViNn=Vbp 10 5 uA
VIN =0V -5 uA
TILEAK 6 6) See Note 6
Il EAK 7 7 ini)ut Lleakillgg Current ViNn=Vbp 10 320 uA
nternal pull down V=0V 3 A
lILEAK 8 8) infut Lleakillge Current ViN= VoD 10 1 uA
nfernal put up V=0V -160 uA
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Table 6. DC characteristics for CMOS inputs D

Cio Input Capacitance 52) pF

Note 1: Recommended operating conditions, see chapter 2.2

Note 2: Guaranteed by design. Not tested in production.

Note 3: GPIO port configured to HiZ/input mode, and programmable analog functions disabled.

Note 4: CLK, SPWCLK, DUART_RX, DSU_EN and DSU_BREAK input only.

Note 5: SPIM_SEL, SPIM_SCK, SPIM_MOSI input only.

Note 6: IiLgak 6 1s for RESET_IN_N input only, and it is presented in table 15.

Note 7: TESTEN input only.

Note 8: SPIM_MISO input only.

Note 9: Input pins with schmitt trigger are listed in table 36. The input voltage is allowed to be at any level from
-0.1Vto Vpp 1010.1V continuously, where device long-term reliability is maintained upto 110°C for any
intermediate input level. When it is between Vi, gcy and Vi scp, the supply current, Ipp o, is
increased up to 4.5 mA per input. For GPIO ports to operate in this input interval, the GPIO should be
configured to Analog mode. An input must not be more than 3.6 V from any of its supply rails to maintain
device long-term reliability, so when it is at -0.1V or Vpp 1o+0.1V, the supply voltage must not be higher
than 3.5 V.

Note 10: Guaranteed by production measurement for GPIO 37-48 and 51-58. Guaranteed by design for the other
GPIO ports.

Note 11: For Ij gak pup to be applicable, the Vpp corg and Vpp o maximum slewrate needs to be +10 V/ms,
and the GPIO port must be configured to HiZ/input mode. During power supply ramp up, this GPIO mode
is guaranteed by the internal power-on reset. During supply ramp down it needs to be configured from
User software before the ramp down starts, or at the latest in an interrupt routine triggered by the Brown-
out detector on Vpp core> Vpp 10 0 Vppa_ reF (internal critical references), whichever that triggers its
Brownout level first. Other Brownout detectors for critical supplies should also be included, such as for
the PLL if the internal system clock comes from the PLL. Finally, also before supply ramp down, all soft-
ware execution on GR716 should be suspended into halt state by clock gating, to avoid faulty register
writings from erroneous execution when Vpp corg falls below recommended operating conditions.

Note 12: Guaranteed by design. Not tested in production. Valid for GPIO 37, 38, 41, 43, 44, 45, 46,47, 51, 52, 55,

56, 57, 58.

Table 7. Characteristics for LVDS inputs D2)

Symbol Parameter Condition Rating Units
Min. Typ. Max.
V1 Differential positive 10 40 907 mV
threshold
V1L Differential negative 907 -40 -10 mV
threshold
V1 ngyst | Differential threshold 40 80 1807 mV
hysteresis
Vipl Differential input Bitrate A%
magnitude 0.1 Mbit/s: 0.1 2.0
50 Mbit/s: 0.1 2.0
100 Mbit/s: 0.15 2.0
200 Mbit/s: 0.2 2.0
Veemr P | Extended common mode 1ViplL \%
range 01V:| 3959 4.45
20V:| -3.009 3.50
It tvps Input current per pin Nivps IN uA
0V t0 2.4V : -20 20
4.0V to 4.5V : 309 309
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Table 7. Characteristics for LVDS inputs D2)
Symbol Parameter Condition Rating Units
Min. Typ. Max.
Iig Input balance current -6 6 uA
Ci Lvps Input capacitance per pin 53 pF
tha Failsafe activation delay [Vipl <25 mV 100 1000 ns
thsd Failsafe deactivation [Vipl goes to 53) 50 ns
delay normal operation
SRip Differential slewrate 23)6) V/us
Note 1: Recommended operating conditions, see chapter 2.2
Note 2: Compliant to ANSI TIA/EIA-644 “Low Voltage Differential Signaling”
Note 3: Guaranteed by design. Not tested in production.
Note 4: Extended common mode range is supported in normal operation and cold-spare mode and during transition

in-between modes. I.e., the LVDS inputs are also hot-swap compatible, and more than one LVDS input can
be active and read across the same 100ohm receiver termination resistor at the same time.

Note 5: Maximum negative DC voltage per pin is -3.6 Vp and transient peak is -4.0 Vp, up to 0.1% duty cycle
over lifetime, to maintain device longterm reliability.
Note 6: Limited by the failsafe activation delay.
Note 7: Extended common-mode operation defines this limit.
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2.6 Output voltages, leakage currents and capacitances
Table 8. DC characteristics for Digital CMOS outputs D
Symbol Parameter Condition Rating Units
Min. Typ. Max.
VOH Output ngh Voltage IOH =20mA 3) VDD_IO -0.5
VoL Output Low Voltage lop =2.0 mA 3) 0.4
IoLEAK Output Leakage Current Outputs at -10 10 uA
tri-state.
Vour =Vbp 10
and VOUTZOV
Cio Output Capacitance 52) pF
Note 1: Recommended operating conditions, see chapter 2.2
Note 2: Guaranteed by design. Not tested in production.
Note 3: Digital CMOS outputs have 2mA drive capability, except for DUART TX (pin 8) and XO OUT (pin 58)

which have drive capability of and are tested at 4mA. See also Table 36.

Table 9. DC characteristics for LVDS outputs in the Vpp yps supply domain D2

Symbol Parameter Condition Rating Units
Min. Typ. Max.
Vos Offset voltage N 1125 1250 1375 v
AVgg Change in magnitude of 4) -50 50 mv
Vs for complementary
output states
[Vopl Absolute differential 4 250 350 450 mV
Output voltage
AlVopl Change in magnitude of 4) -50 50 mV
[Vopl for complementary
output states
Ioz > Output leakage current Vivps out = -2 2 uA
when disabled 0.1V t0 3.6V
VDD Lvps =
3.0Vto 3.6V
oz OFF Output leakage currentin | Viyps out = -2 2 uA
- power off (cold-spare 0.1Vt03.6V
mode)
Vbp LvDs =
-0.1V to 0.2V
Ios Short-circuit Output cur- 6 12 mA
rent
Tobs Differential short-circuit 4 12 mA
Output current
Co Lvps | Output capacitance per 53) pF
N pin
Note 1: Recommended operating conditions, see chapter 2.2
Note 2: Compliant to ANSI TIA/EIA-644 “Low Voltage Differential Signaling”. The Symbols/Parameters are
defined in this standard.
Note 3: Guaranteed by design. Not tested in production.
Note 4: LVDS outputs are terminated with 100Q differentially.

GR716B-CQFP-DS - Preliminary Data Sheet

Jul 2026, Version 1.0

18

Frontgrade Gaisler AB

Kungsgatan | SE-411 19 | Goteborg | Sweden
+46 31 7758650 | frontgrade.com/gaisler


http://www.cobhamaes.com/gaisler
http://www.cobhamaes.com/gaisler

LEON3FT Microcontroller

rRONTGRADE

Gaisler

Table 9. DC characteristics for LVDS outputs in the Vpp yps supply domain D2)

Note 5:

Applicable in LVDS cold-spare and output-disable mode, respectively, but not applicable during supply
transition in-between these modes.

Table 10. DC characteristics for LVDS outputs on GPIO ports 1 2)3)

Symbol Parameter Condition Rating Units
Min. Typ. Max.

Vos Offset voltage R 1125 1250 1.375 v

AVg Change in magnitude of 5) -50 50 mv
Vs for complementary
output states

[Vopl Absolute differential 5) 250 350 450 mV
Output voltage

AlVopl Change in magnitude of 5) -50 50 mV
[Vopl for complementary
output states

Ioz Output leakage current 6) 2 2 uA
when disabled

Ios Short-circuit Output cur- 12 mA
rent

Iops Differential short-circuit 12 mA
Output current

Co LvDS Output capacitance per 54 pF

- pin

Note 1: Recommended operating conditions, see chapter 2.2

Note 2: Compliant to ANSI TIA/EIA-644 “Low Voltage Differential Signaling”. The Symbols/Parameters are
defined in this standard.

Note 3: These LVDS outputs are non-cold-spare ports. The LVDS output pin voltage must be between GND and
Vbp 10, otherwise the on-chip ESD protection diodes will conduct current.

Note 4: Guaranteed by design. Not tested in production.

Note 5: LVDS outputs are terminated with 100 Q differentially.

Note 6: Each LVDS pair is internally connected with a differential resistor (~400 k). The given output leakage cur-

rents only apply with the opposite LVDS output terminal floating.
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2.7  DAC Electrical Characteristics
Table 11. Electrical characteristics for DAC outputs
Symbol Parameter Condition Rating Units
Min. Typ. Max.
Resolution 12 Bit
fg Sampling rate Full analog performance: 313) | MSps
Full functionality: 25 D3)
fg is user programmable (fj,sys divided
by even integer > 2).

FS Fullscale current IRref, typ = 197 uA 4.03 mA

FSErR Fullscale error Ipeer= 197 UA -2.5 2.5 %

IoFrs Offset current -0.5 0.5 LSB

INL Integral non-linearity With DEM: 22) LSB

Without DEM: 32
DNL Differential non-linearity With DEM: 12 LSB
Without DEM: 1.52
Vour Compliance voltage 0% Vppa- \Y%
079

PSRR Power supply rejection Vppa=3.3Vpc0.3Vpc: b uA,,
ratio Vppa =20mV,, , 100kHz: b

Tout spl | Output leakage current Shutdown. 0.01 0.7 uA

N VOUT =-0.1Vto 2.6V

Ippa Current consumption per Operational, fg=25MSps, with DEM: 5 6 mA
DAC Shutdown: 0.01 TBD

Vppa Supply voltage 3.0 3.6 \%

Note 1: Guaranteed by design. Not tested in production.

Note 2: A1 nF ceramic capacitor to Vgsa pac placed very close to the GPIO pin is required. It will low-pass filter
charge ejection from the internal DAC current switching, which is especially important in the continuously
switching DEM mode. These parameters are tested in production at Vo =0 V and Vpp-0.7 V.

Note 3: Max 3MSps, with load impedance to ground of 500 © and 100 pF, give large-signal settling to 0.1%. Max
25MSps is allowed on DAC digital input, which may not give full analog settling between samples but can
give smoother waveforms when generating analog ramps, etc.

Note 4: Analog performance not guaranteed for Vqoy1>2.6 V.

Note 5: The DAC output voltage must not be more than 3.6 V from any of its supply rails, to maintain device long-

term reliability. When output voltage is -0.1 V, the supply voltage must not be higher than 3.5 V.
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2.8  ADC Electrical Characteristics
Table 12. Electrical characteristics for ADC inputs
Symbol Parameter Condition Rating Units
Min. | Typ. | Max.
Resolution User programmable conversion mode Bit
Mode 0: 11
Mode 1: 14
Mode 2: 15?
Mode 3: 16?
Differential and Single-ended
analog input mode.
fg Sampling rate Mode 0: 500 * kSps
Mode 1: 312°%
Mode 2: 128 *
Mode 3: 80 *
One MUX input channel at a time.
* At minimum tg, . and t.,,
fadc,clk Clock input frequency Single-ended input. 10 MHz
fade clk 18 user programmable (£, s
divided by integer > 1).
Differential input. 5 MHz
fadc,clk 1s user programmable (fiyys
divided by integer >1).
terack Track time Mode 0: | 0.6 400D 3 us
Mode 1: | 0.8 5003
Mode2:| 1.0 251D3)
Mode 3: | 1.0 2503
teonv Conversion time Single-ended input.
excluding track time Mode 0: | 1.3 * 20004 us
Mode 1: | 2.3 * 5014
Mode 2: | 6.9 * 25 D9
Mode 3: | 115 * 25 D%
* At maximum fadc,clk
Differential input.
Mode 0: | 2.6 * 20009 us
Mode 1: | 4.6 * 8o 14
Mode 2: | 13.8 * 4009
Mode 3: | 23.0 * 4009
* At maximum fyqe ok
Ipp 6) Current consumption per Shutdown 10 TBD uA
ADC, including pre-
amplifier
Vpp 6) Supply voltage 32 3.6 A%
Single-ended analog input (always without pre-amplifier)
FS Fullscale Vref=1.000V 2.5 v
Vssa Rrer is reference for ADC 0-2.
GND is reference for ADC 3.
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Table 12. Electrical characteristics for ADC inputs

Symbol Parameter Condition Rating Units

Min. | Typ. | Max.

FSgrr Fullscale error Excluding Vref tolerances -0.5 0.5 %
VINOFFS Offset voltage Mode 0: | -1 1 mV
Mode 1: | TBD TBD
Mode 2: | TBD TBD
Mode 3: | TBD TBD
INL Integral non-linearity Mode 0: 2 mV
Mode 1: TBD
Mode 2: TBD
Mode 3: TBD

ADCTRM = TBD, refer user manual
section 12.4 [GR716B-UM]

DNL Differential non-linearity Mode 0: 1.5 mV
Mode 1: TBD
Mode 2: TBD
Mode 3: TBD

ADCTRM = TBD, refer user manual
section 12.4 [GR716B-UM]

Cin Input capacitance Unselected channel: 51 pF
Selected channel during Track: 28 35D
PSRR © Poyver supply rejection Vpp = 3.3Vpe £0.3Vp: IR mV
ratio Vpp=20mV,, , 100kHz: 1
Ipp © Current consumption per Operating at fg ,y and f4c ik max 10 TBD mA
ADC, excluding pre-
amplifier

Differential analog input, without pre-amplifier

FSgife Fullscale Vref=1.000V +2 \%
FSgirrerr | Fullscale error Excluding Vref tolerances -0.5 0.5 %
VINOFFES Offset voltage Mode 0: | -1.5 1.5 mV
Mode 1: | TBD TBD
Mode 2: | TBD TBD
Mode 3: | TBD TBD
INL Integral non-linearity Mode 0: 1.5 mV
Mode 1: TBD
Mode 2: TBD
Mode 3: TBD

ADCTRM = TBD, refer user manual
section 12.4 [GR716B-UM]

DNL Differential non-linearity Mode 0: 1 mV
Mode 1: TBD
Mode 2: TBD
Mode 3: TBD

ADCTRM = TBD, refer user manual
section 12.4 [GR716B-UM]

(O Input capacitance per pin Unselected channel: 50 pF
Selected channel during Track: 28 35D
CMRR ® | Common mode rejection Vin+ and Vin- within 1 mV
ratio 0.4V to 2.6V TBC
20mVy, , 100kHz 1D
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Table 12. Electrical characteristics for ADC inputs
Symbol Parameter Condition Rating Units
Min. | Typ. | Max.

PSRR © Power supply rejection Vpp =3.3Vpc £0.3Vpc: 1D mV
ratio Vpp =20mV,, , 100kHz: 1

Ipp © Current consumption per Operating at fg .,y and f4c ik max 10 TBD mA
ADC, excluding pre-
amplifier

Pre-amplifier differential analog input (used with ADC differential mode)

GpreAmp Gain of Pre-Amp Gain x1 1

Gain x2 2
Gain x4 4

Gpa ERR Gain error of Pre-Amp Independent error per input channel 05D 05D %

Vpaorrs | Input offset voltage of Gain x1 TBD | +/-10 | TBD mV
pre-amp, excluding ADC Gain x2
offset. Gain x4

Rin,pMm Input resistance, differ- Gain x1 84 kQ
ential mode, Gain x2 56
for selected channel Gain x4 33
during Track.

Rinem Input resistance, com- Gain x1 84 ) kQ
mon mode, Gain x2
for selected channel Gain x4
during Track.

Cin Input capacitance per pin 5D pF

CMR © Input common mode Gain x1 TBD TBD \Y
range Gain x2 TBD TBD

Gain x4 TBD TBD

CMRR ©® | Input-referred common Within full CMRp: D mV
mode rejection ratio 20mV,, , 100kHz: 1D

PSRR © Input-referred power Vpp = 3.3Vpe £0.3Vp: 1D mV
supply rejection ratio Vo = 20mV,, , 100kHz: B

Inp © Current consumption Operating at fg 1,y and faqc olk max 12 TBD mA
per ADC, including pre-
amplifier

Note 1: Guaranteed by design. Not tested in production.

Note 2: This conversion mode provides single event transient (SET) detection status flag.

Note 3: This is maximum track time in pre-amplifier mode to maintain full accuracy up to 110°C. At 125°C, perfor-
mance degradation of hundreds of microvolt may be expected, but maximum track time can be shortened a
factor of two or preferably three to minimize this degradation. In by-pass mode, there is no maximum track
time limit.

Note 4: This is maximum ADC conversion time, excluding track time, to maintain full accuracy up to 110°C. At
125°C, performance degradation of a couple of LSB may be expected, but maximum conversion time can be
shortened a factor of two or preferably three to minimize this degradation.

Note 5: CM impedance is defined as small-signal current per input pin, when applying CM small-signal voltage. The
internal CM termination DC voltage is 1.5 V.

Note 6: Supply voltage, Vpp, for ADC 0-2 is Vppa apc V8 Vssa apc» and for ADC 3 it is Vpp 1o vs GND.
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2.9  Analog Comparator Electrical Characteristics
Table 13. Electrical characteristics for Analog Comparator inputs
Symbol Parameter Condition Rating Units
Min. Typ. Max.

Vinsw Differential input voltage Including offset and hysteresis -13 +/-4 13 mV
for output switching

Vinnuyst | Differential input hyster- 5 8 11 mV
esis

trosp Response time Fast mode ns

Differential input 50mV: 7 12 18
Differential input 15mV: 30
Disturbance tolerant mode
Differential input 50mV: 35 55 80
Differential input 15mV: 70
trej Pulse rejection time Disturbance tolerant mode. 20D 35 50D ns

Differential square pulse

-50mV — 1V — -50mV

50mV — -1V — 50mV

CMR Input common mode -0.12 Vb v
range -0.92%

CMRR 3 | Input common mode 30D dB
rejection ratio

PSRR Y Power supply rejection 30D dB
ratio

Ipp 3) Current consumption per Operational: 400 500 uA
comparator Shutdown: 0.01

Vpp 3) Supply voltage 3.0 3.6 \Y

Note 1: Guaranteed by design. Not tested in production.

Note 2: One comparator input outside CMR, with the other input inside CMR or outside in opposite direction, will
still guarantee correct comparator functionality, guaranteed by design not tested in production. An input that
is more than 0.1V outside its supply rails does not guarantee electrical characteristics such as leakage cur-
rent. The input is not allowed to be more than 3.6V from any of its supply rails to maintain device long-term
reliability. If any input is subjected to repetitive current pulses through any of its on-chip ESD diodes,
schottky diode(s) from the input to the supply rail(s) is needed.

Note 3: Supply voltage, Vpp, for comparator 0-11 is Vppa_apc Vs Vssa_apc, and for comparator 12-19 it is

VDDﬁIO vs GND.
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2.10 Reference Voltages and Currents Electrical Characteristics
Table 14. Reference Voltages and Currents Electrical characteristics
Symbol Parameter Condition Rating Units
Min. Typ. Max.
Vrefpc Reference voltage Room temperature 0.980 7 1.008 1.0357 v
10-85°C 05D 05D %
-55-110°C a7 17
Aging drift ¥ 02> 02>
TID drift 039 039
Vrefyoise Reference noise Integrated noise. 20 UV
4.70F on Vref pin to Vgsa RER
PSRRyef Power supply rejec- Vppa = 3-3Vpc £0.3Vpc: 06D mVy,
tion ratio Vppa =20mV,y, , 100kHz: 1D
TRref Reference current 5.11kQyy, on Rref pin to Vgga REFR 2) 197 2) uA
IRretyp = Vrelpc yyp / Rrefiy,
tstart Start-up time, after 4.7nF on Vref pin to Vgga REF 0.2 05D ms
Vppa is operational N
Reference buffer output
Vrefbufc,i, Reference buffer gain Vrefbuf output voltage = 1.9
Vrefbufg,;, x Vref
Tolerance at room temperature 0307 0307 %
Total tolerance over -55 - 110 °C 0507 050D
|AVrefbuf] ;.4 | Output load regula- |Alrefbuf] = ImApc 01D mV
tion and [dlrefbuf/dt| < 0.1mA/us
Vrefbufy,ise | Output noise Integrated noise. 150 UVims
4.70F on Vref pin to Vgsa RER
Irefbuf Output sourcing cur- -1 20 mA
rent
to3) Output settling time Residual settling voltage us
settling
ImV: 2D
0.1mV: 3b
ACOMP internal reference levels (supplied by ADC supply domain)
VrefACOMP- | ACOMP reference VrefACOMP reference voltage = 0
Gain voltage levels (x7) VrefACOMP G, X Vref 0.125
Vssa R is reference for 00'255
ACOMP 0-11. |
GND is reference for ACOMP 12-19. 15
2
Tolerance at room temperature 03D 0307 %
Total tolerance over -55 - 110 °C 0507 0507
Power supply for Reference generation and Reference buffer amplifier
IppA_REF Current consumption Excluding Vrefbuf output current 2 4 mA
VDDA REF Supply voltage 3.0 3.6 v
Note 1: Guaranteed by design. Not tested in production.
Note 2: Determined by the total tolerance spread of Rref pin external resistor and Vref.

GR716B-CQFP-DS - Preliminary Data Sheet

Jul 2026, Version 1.0

Frontgrade Gaisler AB

25 Kungsgatan | SE-411 19 | Goteborg | Sweden

+46 31 7758650 | frontgrade.com/gaisler



http://www.cobhamaes.com/gaisler
http://www.cobhamaes.com/gaisler

rRONTGRADE

Gaisler

LEON3FT Microcontroller

Table 14. Reference Voltages and Currents Electrical characteristics

Note 3: Settling after start-up from power down, after fast load step of |Alrefbuf|[<21mA, or after other environmen-
tal transient disturbances. The transient disturbance peak voltage may be in the order of 1Vpe,. After LP

filter on PCB of 330 Q,,;, and 120 nF;, , or 470 Q,,, and 100 nF ., , the environmental disturbance
transients should be <1 mVpg,.. After LP filter of 330 Q,;;, and 1.2 uF,;,,, or 470 Q ., and 1 uF, .., , they
should be <0.1 mVpg,.

Note 4: 4000 hours at 125°C and VDDA _REF = 3.6V
Note 5: Start of aging drift is applicable after 240 hours burn-in at 125°C. Without burn-in, the aging drift can be
-1.2% / +0.4%.
Note 6: Total Ionizing Dose (TID) test to 100 krad(Si).
Note 7: Vrefp is verified in production by measurement on Vrefbuf output (at Irefbuf=0).
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2.11

Reset and Brownout Detector Electrical Characteristics

Table 15. Reset Electrical Characteristics

The on-chip power on reset generator creates a reset signal that is fed to the rest of the system. This
reset signal, POR_INT N, is asynchronous. It activates the internal reset and has a delayed release
controlled by an external capacitance, C_RST. The POR_INT N and RESET IN N are logically
and gated, and generates internal reset, which is synchronously released after this delay.

Symbol Parameter Condition Rating Units
Min. Typ. Max.

trrs 2D Relf:ase delay, CrsT=0: 0.1 ms

POR_INT N CrsT=100nF: | o1 | 30 1 149D
The delay starts at Vpp rgt TH Cross-
ing during VDD CORE famp up.

trsp Response delay, The delay starts at Vpp rgr, 11, CrOSs- 1 10D us
for internal power-on | ing during Vpp corg ramp down.
reset signal -
POR_INT_N

VDD RST.TH Reset high threshold 1.2 1.4 1.6 v
for Vpp core >

VDDRSTTL Reset low threshold 1.1 1.3 1.5 v
for Vipp_core >

VpprsTHYST | Reset hysteresis 50 100 150 mV
for Vpp core >

VINRST.TH Input high threshold VbD corg according to table 4 0.5 0.9 1.3 \%
for RESET_IN_N © )

VINRST.TL Input low threshold Vpp corg according to table 4 0.4 0.7 1.0 v
for RESET IN N © .

VINRrsTHYST | [nput hysteresis Vpp corg according to table 4 50 200 350 mV
for RESET_IN_N © )

LLEAK 6 Input leakage ViN=Vpp 10 5 30 uA

- for RESET IN N © Ve =0V:| -30 5

Ipp Current consumption 200 uA

VDD _CORE Supply voltage and -0.1 2.0 A%
reset detection voltage

Note 1: Guaranteed by design. Not tested in production.

Note 2: For power-on reset to function properly with specified release delay, tp; g, first Vpp corg must be dis-
charged and stay below 0.2 V for at least a time of try g min- B

Note 3: Production tested single supply mode. The maximum number includes the LDO start up. Ramp rate con-
dition to be defined.

Note 4: Reset timing external capacitor, Cgrgr, must be large enough to keep the device in reset until all power
supplies and the system clock are stable. The reset release time, tg g, can be estimated by:
tRLs,iyp = 0.5 ms/nF*Crgr
For example tr g 19onF = 0.5 ms/nF*100 nF = 50 ms,y,,. There is no maximum limit for Cggy value, but
the required discharge time will increase proportionally, see tRLS min in Note 2. If Cgrgr pin would be left
open, i.e., Crg1=0, then tg; g will be in the order of 0.1 ms, but that is not recommended due to distur-
bance risk from other PCB circuitry. Therefore it is recommended to always connect at least 1 nF to this
pin.

Note 5: The reset threshold for Vpp corg is generated by an independent voltage reference in this internal

power-on reset block.
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Table 15. Reset Electrical Characteristics
Note 6: The RESET IN_N input pin is 3.6 V tolerant, and has no ESD protection diode to any positive supply. It
has weak pull-up of 100 k€ to Vpp corg- Refer section 2.13.5 for timing specification for this pin.
Table 16. Characteristics for 1.8 V Brownout Detector
Symbol Parameter Condition Rating Units
Min. Typ. Max.
T 2) Threshold Settings in 25mV steps \Y%
000 1.600
| |
111 1.775
Threshold Detector b 1 %
Initial tol. at room temp. for Vref: | _31)3) 3D3)
Drift over full temp. for Vref: | -1 13 D3

trsp Response time 2D 30D us

Ipp Current consumption Operational: 25 50 uA
per Brownout block Shutdown: 0.01 1

Vbb BO Supply voltage and 1.5 2.0 A%
Brownout detection
voltage

Note 1: Guaranteed by design. Not tested in production.

Note 2: All Brownout Detectors use the Vref pin reference to generate the trig thresholds, so the Vref tolerances
are to be added to the threshold detector tolerance. Also the internal LDOs for Vpp corg and Vppa pLL
use the Vref pin reference. This means that the Vref tolerances are common for the Brownout Detectors
and Vppa prr, and for Vpp corg in single-supply mode. Hence, tolerance or drift of Vref will not give
Brownout trig or affect any trig voltage margins.

Note 3: Vrefp is verified in production by measurement on Vrefbuf output.

Table 17. Characteristics for 3.3V Brownout Detector

Symbol Parameter Condition Rating Units
Min. Typ. Max.
Ao 2) Threshold Settings in 50 mV steps \%
000 2.90
| |
111 3.25
Threshold Detector b 1D %
Initial tol. at room temp. for Vref: | _31)3) 3D3)
Drift over full temp. for Vref: | _; D3) 1 D3
trsp Response time 2D 30D us
Ipp Current consumption Operational: 50 100 uA
per Brownout block Shutdown: 0.01 1
Vbb BO Supply voltage and 2.7 3.6 A%
N Brownout detection
voltage
Note 1: Guaranteed by design. Not tested in production.
Note 2: All Brownout Detectors use the Vref pin reference to generate the trig thresholds, so the Vref tolerances

are to be added to the threshold detector tolerance.
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Table 17. Characteristics for 3.3V Brownout Detector
Symbol Parameter Condition Rating Units
Min. Typ. Max.

Note 3: Vrefp is verified in production by measurement on Vrefbuf output.
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2.12  Core Supply LDO Electrical Characteristics
Table 18. Characteristics for Core Supply LDO
Symbol Parameter Condition Rating Units
Min. Typ. Max.
Vour 2) LDO output voltage, Ioyur=0 Vpe
internally connected .
Settings in ca 25mV steps.
to Vpp coRE
011 * 1.92
010 1.90
001 1.87
000 1.85
111 1.83
110 1.80
101 1.78
100 1.75
* Default setting after Reset
Tolerance at room temperature: 3D 3D %
Temperature drift: b 1D
AVoUTLoad | Load regulation Iout = 700 mApc -0.14 -0.07 Vpe
Tout LDO output current Sum of supply currents internally 0 7003 | mApc
to Vpp corg and externally to
loads connected between
VDDfCORE and GND on PCB.

Ipp LpO Current consumption Iour=0 2 mA

Vb DO 4) Supply voltage 3.0 3.6 v

Note 1: Tested in production for setting 011b (1.92 V) and 100b (1.75 V). Accuracy for the other settings is guar-
anteed by design, and these levels are functionally tested to provide stepwise decreasing voltage from
1.92 Vdownto 1.75 V.

Note 2: The LDO regulates VT based on the Vref pin reference.

Note 3: To maintain device long-term reliability, Ioyr of maximum 700 mA in average and maximum 1.1 Apg,
in repetitive pulse transients of maximum length in order of 100 ps must be fulfilled. To guarantee full
regulation performance of the output voltage, Vo1, maximum 700 mA should be fulfilled. The LDO can
supply external 1.8 V loads connected between Vpp corg and GND on PCB, but these loads must not
cause any violations of the above Iy limits, and must never back-feed any current into the LDO to
maintain output voltage regulation and device long-term reliability.

Note 4: When the LDO is not used, Vpp 1 po should be connected to Vpp corg, and external supply is con-
nected to VDD_CORE'
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2.13 AC characteristics

Timing figures provided in this section are guaranteed by functional testing or measurements, unless
otherwise noted.

All measured AC parameters are tested with capacitive load with at least 25 pF on the outputs. Timing
measurements will be performed using a voltage level equivalent to Vpp 1o/2.AC characteristics pre-
sented in this chapter is applicable within recommended operating conditions, see section 2.2

2.13.1 System clock timing

The timing waveforms are shown in figure 6, and the timing parameters are defined in table 19.

tcLko — toiks «— teLki

Figure 6. System clock timing waveforms

Table 19. System clock timing parameters

Name Parameter Reference edge Min Max Unit
toLKo Clock period - 20 D ns
10 (cond.
TBD)
toLK1 Clock high/low pulse length - 0.40 x 0.60 x ns
tciko tcrko
tcLke Clock cycle jitter %) - - 1 ns
Note 1: Max value can not be larger than 8 x clock period of internal SpaceWire clock when SpaceWire is
used.
Note 2: This is guaranteed by design.

2.13.2 External SpaceWire clock timing

The timing waveforms are shown in figure 7, and the timing parameters are defined in table 20.

tspwecLko t t

Figure 7. External SpaceWire clock timing waveforms

Table 20. External SpaceWire clock timing parameters

Name Parameter Reference edge Min Max Unit
tSPWCLK0O Clock period D - 54 - ns
Clock period 2 %) - 10 200 ns
tSPWCLK1 Clock high/low pulse length 1)) - 0.45 x tgp_ | 0.55 x tgp. | ns
WCLKO WCLKO
Clock high/low pulse length 2)3) - 0.40 x tgp. | 0.60 x tgp_ | ns
WCLKO WCLKO
tsPWCLK2 Clock cycle jitter V> - -100 100 ps
Clock cycle jitter 2> - - 1 ns
Note 1: Only applicable when PLL is bypassed (see user manual section 4 [GR716B-UM)).
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Table 20. External SpaceWire clock timing parameters
Note 2: Only applicable when PLL use SPWCLK to generate internal SpaceWire clock (see user manual
section 4 [GR716B-UM)).
Note 3: If internal SpaceWire clock come from PLL then it cannot be set higher than 100 MHz.
Note 4: Min values given here is from static timing analysis, in production test lowest value used is 10 ns
TBC.
Note 5: This is guaranteed by design.
2.13.3 External 1553B clock timing
The timing waveforms are shown in figure 8, and the timing parameters are defined in table 21.
t1s53cLK0 t t
1553CLK1
Figure 8. External 1553B clock timing waveforms
Table 21. External 1553B clock timing parameters
Name Parameter Reference edge Typ Unit
t1553CLKO Clock period - 50 ns
t1553CLK1 Clock high/low pulse length - 25 ns
Note 1: External MIL-1553B clock is only available via IO mux, see user manual section 2.5 [GR716B-
UuM].
Note 2: Max value of tqp o cannot be larger than 2 x clock period of internal 1553B clock when 1553B is
used.
2.13.4 External SPI4S clock
The timing waveforms are shown in figure 9, and the timing parameters are defined in table 22.
tspiascLko t t
SPI4SCLK1
Figure 9. External SPI4S clock timing waveforms
Table 22. External PacketWire clock timing parameters
Name Parameter Reference edge Min Max Unit
tSPI4SCLKO Clock period - 403 ns
2 i -
tSPIUSCLKI ) Clock high/low pulse length 0.40 x 0.60 x ns
tSPI4SCLKO | tSPI4SCLKO
tSPIUSCLK2 2) Clock cycle jitter - -100 100 ps
Note 1: External SPI4S clock is only available via IO mux, see user manual section 2.5 [GR716B-UM].
Note 2: This is guaranteed by design.
Note 3: Min values given here is from static timing analysis, in production test lowest value used is TBC ns.
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2.13.5 Reset timing

The timing waveforms are shown in figure 10, and the timing parameters are defined in table 23. See
user manual section 8 [GR716B-UM] for further information on RESET IN N and RESET OUT N.

trsTINO

RESET_IN_N \ Lﬁ tRSTIN1

POR_INT
§ /

. tRSTINO

Figure 10. Reset timing waveforms

Table 23. Reset timing parameters

Reference
Name Parameter edge Min Max Unit
tRSTINO Asserted period - (10xtcrko) |- ns
2)3
+ trsTing >
tRSTINI Activation delay to POR_INT 50 2000 ns
tRSTIN2 Pulse rejection time 50 ns
Note 1: The RESET IN_ N input is re-synchronized internally, and does not have to meet any setup or
hold requirements.
Note 2: Vpp corg must reach at least minimum operating voltage before start for trging before
RESET_IN_N is de-asserted.
Note 3: The internal reset for the system clock domain is released (10 - 40) x tcy kq after

RESET IN N is de-asserted. The internal reset for the SpaceWire clock domain is released 5
internal SpaceWire clock cycles after internal reset is de-asserted and PLL has acquired lock.

Note 4: POR_INT is an internal signal from the on-chip POR circuit. POR_INT can be observed on
RESET_OUT_N which become tristated (with 10 kohm pull down) whenever POR_INT is
asserted.
Note 5: This parameter is functional tested, and min time is guaranteed by design.
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2.13.6 SPI Master and Memory interface timing

The timing waveforms are shown in figure 11, and the timing parameters are defined in table 24.

CLK

SPIM_SCK,
SPIM_MOSI,
SPIM_SLVSEL
(output)

SPIM_MISO
(input)

AVAVAVAWAWVAWAN

tspimo

AW

tspim1

— ;\C tspmio

.
.

Figure 11. SPI interface timing waveforms

Table 24. SPI interface timing parameters

ﬁ\ﬁ— tspimz

Name Parameter Reference edge Min Max Unit
2 —
tspIMo ) Clock to output delay Rising CLK edge 0 45 ns
tSPIM12) Input to clock hold Rising CLK edge - 4 ns
tsprm 22) Input to clock setup Rising CLK edge - 4 ns
Note 1: The SPI_MISO input is re-synchronized internally, and does not have to meet any setup or hold
requirements.
Note 2: Verified by static timing analysis, not tested in production.

2.13.7 SPI Slave interface timing

The timing waveforms are shown in figure 12, and the timing parameters are defined in table 25.

CLK

SPI_MISO
(output)

SPI_SCK, SPI_MOSI,
SPI_SLVSEL

(input)

AVAVAVAWAWVAWAN

tspio

AW

tspit

N\
%T

-
.

Figure 12. SPI interface timing waveforms

Table 25. SPI interface timing parameters

ﬁ~[<— tspiz

Name Parameter Reference edge Min Max Unit

tsp1o 2) Clock to output delay Rising CLK edge 0 45 ns

tspy 12) Input to clock hold Rising CLK edge - 4 ns

tsplzz) Input to clock setup Rising CLK edge - 4 ns

Note 1: The SPI_SCK, SPI MOSI and SPI_SLVSEL inputs are re-synchronized internally, and does not
have to meet any setup or hold requirements.

Note 2: Verified by static timing analysis, not tested in production.
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2.13.8 SPIA4S Slave interface CMOS timing

The timing waveforms are shown in figure 13, and the timing parameters are defined in table 26.

AVAVAVAWAWVAWAN

SPI4S_SCK

SPI4S_MISO
(output)

SPI4S_MOSI,
SPI4S_SLVSEL

(input)

tspiaso

AW

tspiast

— ;\C tspisso

y
.

Figure 13. SPI interface timing waveforms

Table 26. SPI interface timing parameters

ﬁ~[<— tspiasz

Name Parameter Reference edge Min Max Unit
tSpI4s0 Clock to output delay Rising SPI4S CLK edge |0 45 ns

1 isi -
tsprasi ) Input to clock hold Rising SPI4S CLK edge 4 ns

1 isi -
topas? ) Input to clock setup Rising SPI4S CLK edge 4 ns
Note 1: Verified by static timing analysis, not tested in production.

2.13.9 SPIA4S Slave interface LVDS timing

The timing waveforms are shown in figure 14, and the timing parameters are defined in table 27.

AVAVAVAWAWVAWAN

SPI4S_SCK

SPI4S_MISO
(output)

SPI4S_MOSI,
SPI4S_SLVSEL
(input)

tspiaso

AW

tspias1

i
.

— ,\C tspiaso
ﬁ~[<— tspias2

Figure 14. SPI interface timing waveforms

Table 27. SPI interface timing parameters

Name Parameter Reference edge Min Max Unit
tspi4so LVDS Clock to output delay Rising SPI4S_CLK edge | 30 ns
tSpiasi LVDS D Input to clock hold Rising SPI4S_CLK edge | - 4 ns
tSp14s2 LVDS 1) Input to clock setup Rising SPI4S CLK edge | - 4 ns

Note 1:

Verified by static timing analysis, not tested in production.
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2.13.10 SpaceWire LVDS interface timing
The timing waveforms are shown in figure 15, and the timing parameters are defined in table 28.
tspw1 t
SPW_TXDp, SPW1
SPW_TXDn
tspw1 — -
SPW_TXSp,
SPW_TXSn J \_
tSPW2 - | - | »/-‘:7 — l— le—>]  f— - |
SPW_TXDp, / N ’(
SPW_TXDn J \ A A
SPW_TXSp, /‘ \L //_ \\ ' \
SPW_TXSn [ [
tspwa, tspws  tspwa, tspwis
SPW_RXDp, / / \
SPW_RXDn
tspws, tspws | "~
SPW_RXSp,
SPW_RXSn J \_
tSPW4 — | — | — le— le— | — |
SPW_RXDp, /L \ ,’F A ’k
SPW_RXDn
SPW_RXSp, A\ X
SPW_RXSn ! !
Figure 15. SpaceWire LVDS interface timing waveforms
Table 28. SpaceWire LVDS interface timing parameters
Name Parameter Reference edge | Min Max Unit
tspPw1_LVDS Output data bit period - 52 500 V) ns
tSPW2 LVDS 1) | Data & strobe output skew & jitter - 0 1.2 ns
tSPW3 LVDS 1) | Input data bit period - 5 500 ns
tSPW4 LVDS 1) | Data & strobe input skew, jitter & hold | - - TBD ns
tSPWs LVDS 1) | Data & strobe edge separation - 2.5 - ns
Note 1: Verified by static timing analysis, not tested in production.
Note 2: Min values given here is from static timing analysis, in production test lowest value used is TBC ns.
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2.13.11 CANFD interface timing

The timing waveforms and timing parameters are shown in figure 16 and are defined in table 29.

tGRCAND - |

CANTX[A:B] X~ X X X~ X X~ X

—tercan2

CANRX[A:B] X X X X X X X

tereant =

Figure 16. CANFD timing waveforms

Table 29. CANFD timing parameters

Name Parameter Reference edge Min Max Unit
tGRCANO clock to data output delay rising clk edge 0 45 ns

tGRCANT 3] data input to clock setup rising clk edge - 4 ns
tGRCANzl) data input from clock hold rising clk edge - 4 ns

Note 1: Verified by static timing analysis, not tested in production.

Note 2: The CAN inputs are re-synchronized to the internal system clock with a tg) k( period. The signals do

not have to meet any setup or hold requirements.

2.13.12 MIL-1553B interface timing

The timing waveforms and timing parameters are shown in figure 17 and are defined in table 30.

t1553BRMO| e

1653TXA/TXAN X X X X X X X

1653TXB/TXBN
1653TXINHA, 1553TXINHB
15653RXENA, 1553RXENB 2 1 t15538RM2
15653RXA/RXAN
15653RXB/RXBN X X X X X X X X
t1553BRM1— [
Figure 17. MIL-1553 timing waveforms

Table 30. MIL-1553 timing parameters

Name Parameter Reference edge Min Max Unit
t553BRMO clock to data output delay rising 1553CK edge | 0 45 ns
t1553BRMI 9] data input to clock setup rising 1553CK edge | - 4 ns

1 i isi -
t553BRM2 ) data input from clock hold rising 1553CK edge 4 ns
t1553BRM3 clock frequency 1553CK 203 MHz
Note 1: Verified by static timing analysis, not tested in production.
Note 2: The 1553RXA, 1553RXAN, 1553RXB and 1553RXBN inputs are re-synchronized internally to

1553CK. The signals do not have to meet any setup or hold requirements.

Note 3: The GR1553CK clock domains are production tested at typical frequency of 20 MHz using a clock
generated on external pins. For correct AC requirement on the MIL-1553B interface clock see MIL-
STD-1553B / AS15531 standard document.
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2.13.13 12C-master

The timing waveforms and timing parameters are shown in figure 18 and are defined in table 31.

X

12CSCL RVAVAVAVA SVAVAVAVAWV,
(input/output) \_{2:0\___/‘_ S = tioct

12CSDA

12050 OO XX
12CSDA

2080 XX ALK XX X

Figure 18. 12C-master timing waveforms

Table 31. 12C-master timing parameters

Name Parameter Reference edge Min Max Unit

tico data output valid before clock rising I2CSCL edge | - scaler V| tcLko periods

ticl data output valid after clock falling 2CSCL edge | gcaler V) | - toLko periods

tiaca 5) data input setup to clock rising I2CSCL edge | 22) - toLko periods

tcs 5) data input hold from clock falling I2CSCL edge | o2 - toLko periods

Note 1: The core’s 12C bus functional timing depends on the IP-core’s scaler value and the internal system clock
toLko period. When the scaler is set for the IP-core to operate in Fast- or Standard-Mode, the timing char-
acteristics in the I2C-bus specification apply. The maximum tg k( period for proper operation is 50 ns.

Note 2: The 12CSCL and I2CSDA inputs are re-synchronized to the internal system clock with a tg ko period.

Note 3: 12CSCL and I2CSDA are open-drain outputs, driving a logical 0 level or tri-state.

Note 4: For correct operation, the signals should be pulled-up externally with 10 kQ.

Note 5: Verified by static timing analysis, not tested in production.
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2.13.14 Fault-tolerant 8-bit PROM/IO memory interface timing

The timing waveforms and timing parameters are shown in figures 19, and are defined in table 32.

clk

promio_addr{]

prom_cen([]

promio_wen

promio_data([]
(output)

clk

promio_addr{]

prom_cen([]

promio_oen

promio_datal]
(input)

promio_brdyn

AVAVAVAWAWAW

tFTMCTRLO )

AVAVAVAV,

X X

trTMCTRLT

AVAVAVAWAWAW

) M
tFTMC'\'RLZ _.{ — tFTMCTRL2

termeTRLs, tFTMCTRLA— |+

1 —
— trrmcTRLS

AVAVAVAVAWV,

>

trrMcTRLE

X
/

trrmMCTRLG

£

FTMCTRL7 [«

( X

FTMCTRL8

tFTMCTRLO q —

ke tFTMCTRLI0

Figure 19. Timing waveforms - SRAM and PROM accesses

Table 32. PROM and I/O accesses timing parameters

Name Parameter Reference edge Min Max Unit
tETMCTRLO address clock to output delay rising clk edge 0 35 ns
tFTMCTRLI clock to output delay rising clk edge 0 35 ns
FTMCTRL2 clock to output delay rising clk edge 0 35 ns
tFTMCTRL3 clock to data output delay rising clk edge 0 35 ns
tFTMCTRL4 clock to data non-tri-state delay rising clk edge 0 35 ns
tFTMCTRLS clock to data tri-state delay rising clk edge 5 35 ns
tFTMCTRLG clock to output delay rising clk edge 0 35 ns
tFTMCTRL? data input to clock setup rising clk edge 5 - ns
tETMCTRLS data input from clock hold rising clk edge - - ns
tFTMCTRLY input to clock setup rising clk edge 5 - ns
tFTMCTRL10 input from clock hold rising clk edge - - ns
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2.13.15 UART interface timing
The timing waveforms and timing parameters are shown in figure 20 and are defined in table 33.
_txdfj, _rtsn/] —1 Y%— fAPBUARTO — ;\C tAPBUARTO
_xd/], _ctsn/] —1 %— !APBUART1 ﬁ~[‘— tAPBUART2
Figure 20. UART Timing waveforms
Table 33. UART timing parameters
Name Parameter Reference edge Min Max Unit
tAPBUARTO clock to output delay rising clk edge 0 45 ns
tAPBUART] input to clock hold rising clk edge 2 - 42 ns
tAPBUART2 input to clock setup rising clk edge 2 - 42 ns
Note 1: NA
Note 2: The cstnand rxd inputs are re-synchronized internally. These signals do not have to meet any
setup or hold requirements.
2.13.16 DSU signals timing
The timing waveforms and timing parameters are shown in figure 21 and are defined in table 34.
clk
dsu_en
dsu_break 4»‘ \# tDSUO [— tDSU1
Figure 21. DSU timing waveforms
Table 34. DSU Timing parameters
Name Parameter Reference edge Min Max Unit
tpsuo input to clock hold rising clk edge _b 2D ns
tpsul input to clock setup rising clk edge _D _D ns
Note 1: The dsu_break and dsu_en signals are re-synchronized internally. These signals do not have to meet

any setup or hold requirements. As the dsu_en signal controls clock gating for the Debug AHB bus
the signal’s value should be kept constant from power-up.
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2.13.17 General purpose 1/0O timing

The timing waveforms are shown in figure 22, and the timing parameters are defined in table 35.

oLk AVAVAVAWAVAVANERYVAWY

LE

GPIO[63:0] — tepioo — tepioo
(output)

— |+ teriot — |— tgpio2
GPIO[63:0]
(output)

GPI0[63:0] — tepio3 — tapios
(input)

Figure 22. General purpose I/0 timing waveforms

Table 35. General purpose I/O timing parameters

Name Parameter Reference edge Min Max Unit

tGPIOO Clock to output delay Rising CLK edge 0 45 ns

tGpPIO1 Clock to non-tri-state delay Rising CLK edge 0 45 ns

tGPIO2 Clock to tri-state delay Rising CLK edge 0 45 ns

tGPI03 Input to clock hold Rising CLK edge | - - ns

tGprO4 Input to clock setup Rising CLK edge ) | - - ns

Note 1: The GPIO[...] inputs are re-synchronized to the internal system clock

Note 2: NA
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3 Mechanical description

3.1 Component and package
The GR716B microcontroller is provided in a 132-lead CQFP package.

3.2  Pin assignment

The pin assignment in table 36 shows the implementation characteristics of each signal indicating
how each pin has been configured in terms of electrical levels, drive capability and internal pull-up or
pull-down.

Power supply and ground for all I/O pins are Vpp jo and GND, unless otherwise noted.

Table 36. Pin assignment

Drive | Pull

Name /0 Pin Level [mA] 2 Active | Unused '© Note

TESTEN in 128 15) Down | High GND Test mode enable. Pin shall
always be connected to ground.

RESET OUT N out 16 6) 2 6) Down | Low Open Buffered copy of the internal sys-

6) tem reset.
RESET IN_N inD 17 14) 14) Low Pull to Generates internal system reset,
VDD _CORE and activates RESET_OUT_N.
3.6V tolerant without ESD diode
to any positive supply.
Supply: VDD _CORE V8 GND
C RST? - 18 - - 17) Power-on reset timing. Connect to
- external capacitor.
VREFBUF out 30 1.9v 20 - Pull to GND Analog precision reference volt-
sourc- age. For electrical characteristics
ing see 2.10.
Supply: Vppa Rrer VS VssA REF

VREF % - 31 - - 17) Bandgap reference. Connect to
external capacitor.

RREF Y - 32 - - 17) Bandgap reference. Connect to
external resistor.

XO ouT out 58 CMOS 4 High Open Clock from crystal oscillator. Pos-
itive edge is performance charac-
terized.

X0 X2 - 59 - - Pull to GND Crystal oscillator. Connect to
external crystal.

X0 X1 - 60 - - Pull to GND Crystal oscillator. Connect to
external crystal.

CLK inD 57 CMOS Down | High 17) System clock. It must always be
applied.

SPWCLK inh |54 CMOS Down | High Pull to GND SpaceWire and PLL clock

DSU_EN in 5 CMOS Down | High Pull to GND DSU enable

DSU_BREAK in 6 CMOS Down | High Pull to GND DSU break

DUART RX inD 7 CMOS Down | High Pull to GND Debug UART data receive

DUART_TX inout |8 CMOS |4 High Bootstrap ') Debug UART data transmit

SPIM_SEL inout |9 CMOS |2 Low Bootstrap '®) SPI Memory select

SPIM_SCK inout | 10 CMOS |2 High Bootstrap '®) SPI Memory data clock

SPIM_MOSI inout | 11 CMOS |2 High Bootstrap ') SPI Memory master out / slave in

SPIM_MISO inD 12 CMOS Up High Pull to Vpp 10 SPI Memory master in / slave out
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Table 36. Pin assignment

Drive | Pull
Name 1/0 Pin Level [mA] | ? Active | Unused 19 Note
LVDS_TX[O0]p out 42 LVDS High Pull to GND 20 | LVDS transmitters, with cold-
LVDS_TX[0]n out 43 LVDS Low Pull to GND 20 sspare capability.l .
ee user manual section 2.5

LVDS_TX[1]p out 44 LVDS High Pull to GND 20 | [GR716B-UM] for functional-

ity.
LVDS_TX[l]n out 45 LVDS Low Pull to GND 20 Si]lpply: Vob 1vbs ¥ GND for

pin 42-53

Mapping for SpW:

LVDS_TX[0] — SPW_TXDO0

LVDS_TX[1] — SPW_TXS0
LVDS RX[0]p in 46 LVDS High Pull to GND 19 | LVDS receivers with extended

- common mode and cold-spare
LVDS RX[0]n in 47 LVDS Low Pull to GND 19 capabilities.
LVDS RX[1]p in 48 LVDS High Pull to GND 19 See user manual section 2.5
- [GR716B-UM] for functional-

LVDS_RX[1]n in 49 LVDS Low Pull to GND 19 ity.
LVDS_RX[2]p in 50 LVDS High Pull to GND !9 | Mapping for SpW:
LVDS_RX[2]n in 51 LVDS Low Pull to GND 19 LVDS_RX[1] — SPW_RXD0

LVDS_RX[2] — SPW_RXS0
LVDS RX[3]p in 52 LVDS High Pull to GND 19 LVDS_RX[0] — SPW_RXDI
LVDS_RX[3]n in 53 LVDS Low Pull to GND 19 | LVDS_RX[3] — SPW_RXSI
GPIO[0] inout | 82 CMOS |2 8) 8) Bootstrap '®) Schmitt trigger input selectable
GPIO[1] inout | 83 CMOS |2 8) 8) Bootstrap '8 Schmitt trigger input selectable
GPIO[2] inout | 84 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[3] inout | 85 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[4] inout | 86 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[5] inout | 90 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[6] inout | 91 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[7] inout | 92 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[8] inout | 93 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[9] inout | 94 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[10] inout | 95 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[11] inout | 96 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[12] inout | 97 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[13] inout | 98 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[14] inout | 99 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[15] inout | 100 CMOS |2 8) 8) Bootstrap ') Schmitt trigger input selectable
GPIO[16] inout | 104 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[17] inout | 105 CMOS |2 8) 8) Bootstrap '®) Schmitt trigger input selectable
GPIO[18] inout | 106 CMOS |2 8) 8) Bootstrap ') Schmitt trigger input selectable
GPIO[19] inout | 107 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[20] inout | 108 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[21] inout | 109 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[22] inout | 110 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[23] inout | 111 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[24] inout | 112 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[25] inout | 113 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[26] inout | 114 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[27] inout | 118 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[28] inout | 119 CMOS 2 8) 8) 13) Schmitt trigger input selectable
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Table 36. Pin assignment

Drive | Pull
Name /0 Pin Level [mA] 2 Active | Unused '9 Note
GPIO[29] inout | 120 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[30] inout | 121 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[31] inout | 122 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[32] inout | 123 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[33] inout | 124 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[34] inout | 125 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[35] inout | 126 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[36] inout | 127 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[37] inout | 21 cMos? |27 8) 8) 13) General purpose 10 with analog
- ; S 5 . 5 ADC and ACOMP input capa-
GPIO[38] inout | 22 cMOSs?P |27 ) ) ) bilities.
GPIO[39] inout | 23 cMos? [ 27 8) 8) 13) See user manual section 2.5
GPIO[40] inout | 24 oMos? |27 | ® 5 3 _[SR716B'UM] for functional-
ity.
GPIO[41] inout | 25 cMos? |27 8) 8) 13) Supply: Vppa apc Vs Vssa apc
GPIO[42] inout | 26 cMOS? |27 8) 8) 13)
GPIO[43] inout | 27 cMOS? [ 27 8) 8) 13)
GPIO[44] inout | 28 cMos? [ 27 8) 8) 13)
GPIO[45] inout | 34 cMOos?P |27 8) 8) 13) General purpose 10 with analog
- Z ; 5 . 5 DAC output and ACOMP input
GPIO[46] inout | 35 cMOs? |27 ) ) ) capabilities.
GPIO[47] inout | 36 cMos? [ 27 8) 8) 13) See user manual section 2.5
GPIO[48] inout | 37 oMos? | 2n 1o | I i[t(y}R”éB'UM] for functional-
Supply: Vppa pac Vs Vssa pAC
GPIO[49] inout | 64 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[50] inout | 65 CMOS 2 8) 8) 13) Schmitt trigger input selectable
GPIO[51] inout | 66 cMOs? |27 8) 8) 13) General purpose 10 with analog
- ADC and ACOMP input capa-
GPIO[52] inout | 67 cMOSsS?P |27 8) 8) 13) bilities.
GPIO[53] inout | 68 cMOS? [ 27 8) 8) 13) See user manual section 2.5
GPIO[54] inout | 69 cMos? [ 2D |® %) 13) i[SR716B'UM] for functional-
GPIO[55] inout | 70 cMO0S? [ 27 8) 8) 13) Supply: Vpp 1o vs GND (pin 75
GPIO[56] inout | 71 cMmos? |27 8) 8) 13) closest GND analog sense pin)
GPIO[57] inout | 72 cMOS? [ 27 8) 8) 13)
GPIO[58] inout | 73 cMOS? [ 27 8) 8) 13)
GPIO[59] inout CMOS 27 8) 8) 13) General purpose 10 with
77 - LVDS TX capability.
LVDS_TX[4]p out LVDS High 20) .
- See user manual section 2.5
GPIO[60] mout cMmos |27 B B 13) [GR716B-UM] for functional-
LVDS TX[4]n  |out |8 LVDS Low |20 ity.
GPIO[61] inout CMOS 27 8) 8) 13)
79 Mapping for SpW:
LVDS TX[5]p out LVDS High 20) LVDS TX[4] — SPW_TXDI
GPIO[62] inout cMos |27 8 8 Bootstrap 1929 | LVDS_TX[5] — SPW_TXSI
LVDS_TX[5]n out |30 LVDS Low
GPIO[63] inout | 81 CMOS |2 8) 8) Bootstrap ') Schmitt trigger input selectable
VDD_CORE - 1,15,61, 9 Core 1.8V supply 9 10
76, 89,
103,117,
132
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Table 36. Pin assignment
Drive | Pull

Name /0 Pin Level [mA] 2 Active | Unused '9 Note

VDD_IO - 4,13,63, 17) 1/0 3.3V supply 10)
74, 87,
101, 115,
129

VDD_LVDS - 40 17) LVDS /O 3.3V supply 9

VDD _LDO - 2,131 9) LDO 3.3V supply 9) 10)

GND - 3,14,41, 17) Digital ground 10)

62,75,
88, 102,
116, 130

VDDA_ADC - 19 17) ADC 3.3V analog supply 10) 12)

VSSA_ADC - 20 17) ADC analog ground '9 12

VDDA _REF - 29 17 REF 3.3V analog supply 10)12)

VSSA REF - 33 17) REF analog ground 10) 12)

VDDA_DAC - 39 17) DAC 3.3V analog supply 10)12)

VSSA_DAC - 38 7 DAC analog ground !9 12

VDDA _PLL - 35 17 PLL 1.8V analog supply 'V

VSSA PLL - 56 17 PLL analog ground 1

Note 1: Schmitt trigger input.

Note 2: Internal pull up/down resistor is 30k unless otherwise stated, which can be regarded a weak pull value but should
be able to keep the internal chip signal at safe level in case of pin open-circuit failure, since no external PCB wire
then is present to pick up disturbances. If a pin will be unused, it is recommended to connected a pull resistor on
PCB with lower value to ensure safe level against disturbances.

Note 3: Connect only to ground via external capacitor. It is not recommended to leave the Crgr pin unconnected, due to dis-
turbance risk from other PCB circuitry, which could generate false reset. For functional capacitance values see sec-
tion 2.11.

Note 4: Connect only to ground via 4.7nF decoupling capacitor.

Note 5: Connect only to ground via resistance of 5.11kQ.

Note 6: RESET _OUT _N output drive capability is 2mA CMOS at high level and internal passive pull-down of 10kQ at low
level. It is valid also during power ramp up and down due to the passive pull-down resistor. External leakage or dis-
turbance from PCB circuitry, pulling this node up, is recommended to not exceed 10uA to ensure a safe low level.
Refer user manual section 8 [GR716B-UM] for more information regarding reset.

Note 7: Applies only for digital CMOS functionality.

Note 8: Parameter is programmable when digital functionality is selected for pin. Pull up/down resistor value is S0kQ.

Note 9: In single supply mode, Vpp 1 po is recommended to be connected to same 3.3V supply as Vpp 1o (for simultane-
ous ramp up/down), and no external 1.8V supply shall be connected to Vpp corg- In single supply mode, the max-
imum decoupling capacitance on Vpp corg must not be more than 400 uF (well damped).

In dual supply mode, Vpp | po should be connected to Vpp corg, and external 1.8V supply connected to
VDD _CORE-

Note 10: External decoupling should be added in all supply modes and as close as possible to the supply pins. Typically add
a 10nF ceramic capacitor per supply pin pair (e.g. X7R), and distributed across the PCB at least two 100uF well
damped capacitors (or add 0.1Q pulse-withstand rated resistor in series with each ceramic 100uF capacitor).

Note 11: The PLL supply pin pair, Vppa prr and Vgga prr is supplied from internal LDO. External decoupling should be
a ceramic capacitor of about 2uF (e.g. 2.2uF, X7R). The Vppa_pr1 pin must not be connected to anything else on
PCB.

Note 12: It is recommended to use separate power supplies for analog supply or to insert local LP filters. For example, use
one LP filter with 1Q resistor (pulse-withstand rated) and 10uF (typically X7R) that supplies all three analog
domains (Vppa_apc: Vppa_pac @nd Vppa_rep)- Also decouple each Vpp, pin with 10nF (typically X7R).
Vssa_apc and GND must be locally connected to same PCB ground as VSSA_REF, to maintain ADC functionality
and performance.
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Table 36. Pin assignment

Drive | Pull

Name /0 Pin Level [mA] 2 Active | Unused '9 Note

Note 13: Unused GPIO pin should have a pull-down of 10kQ to ground, and it can then be configured to arbitrary mode
(input, output, disable, etc). Alternatively, the pin can be left open but it should then be configured to digital output
at all times.

Note 14: Internal pull resistor of 100k to Vpp corg- See section 2.11 for further electrical characteristics. Refer to user
manual section 8 [GR716B-UM] for more information regarding reset.

Note 15: TESTEN input shall always be low-impedance grounded, also during supply voltage ramp up and down.

Note 16: This column specifies termination for unused pins. The termination resistance is recommended to be 10kQ unless
otherwise noted. The pin state is assumed to be stable immediately after power-on or reset of the device.

Note 17: Pin should always be connected according to table in 2.2.

Note 18: Bootstrap pins should always be strapped to Vpp 1o or GND via 10 kQ, unless otherwise noted, depending on
selected boot mode. See user manual section 3.1 [GR716B-UM] for more information.

Note 19: When an LVDS receiver is enabled, it will not be damaged by inputs left unconnected, but it should not have fail-
safe enabled. Random data to the core logic could be generated by disturbance if differential input voltage happens
to be close to zero. To avoid these issues it is recommended that an unused or unconnected receiver is disabled,
which also will save power consumption.

Note 20: LVDS transmitters should be disabled when not used.
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3.3  Mechanical package drawings

A2
“tAl

D/E
D1/ El |
L1 D2/E2 —
TYP

D3/ E3
| +——— D4/ E4 |

GR716B

, ,

132 PLS

l

3

Figure 23. 132 CQFP package top view

Table 37. Package dimensions!) )

Name Parameter Min TYP Max Unit
A 3.05 33 mm
Al 1.84 2.26 mm
A2 0.27 0.53 mm
bl Width of lead when closest to case 0.23 0.329 | mm
b2 Width of lead when closest to 0.15 0.25 mm
ceramic bar
c 0.075 0.175 | mm
D/E 50.85 mm
DI1/E1l 30.73 mm
D2/E2 25.10 2548 | mm
D3/E3 20.32 mm
D4/E4 22.0 mm
e 0.635 mm
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Table 37. Package dimensions!) )

Name Parameter Min TYP Max Unit
L1 Length of lead from case to ceramic 7.75 mm
bar (L2+L3)
L2 Length of lead with width b1 6.45 mm
L3 Length of lead with width b2 1.3 mm
Note 1: The lid is internally connected to GND
Note 2: Mass of case, including the lead frames, shall be 9+0.5 grams including non-conductive

tie-bar. After cut and form, the weight is estimated to 6.5 gram.
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4 Ordering information

Please contact Frontgrade Gaisler AB through sales@gaisler.com. Ordering information is provided
in table 38 and a legend is provided in table 39.

Table 38. Ordering information, available models and legacy models

Product

Description

GR716B-CP-CQ132 D

Engineering model (Prototype)

GR716B-MP-CQ132 D

Electrical Qualification Model

GR716B-MS-CQ132 1

Flight model

GR716B-DD-CQ132 V2

Dummy package model

GR716B-XX-CQ132 1

First available engineering model (Prototype)

Note 1: Contact Frontgrade Gaisler AB through sales@gaisler.com for availability.

Note 2: Electrical rejects may be used in lieu of dummy package model

Table 39. Ordering legend

Designator Option Description
Product GR716B Radiation-Tolerant LEON3FT Microcontroller.
Temperature Range M -55°C to +125°C (Military range)
C 0°C to +70°C (Commercial range)
X Prototypes, tested at room temperature only
D Reserved for Dummy package
Screening level and assembly flow S Space grade
P Prototype grade
X First assembled prototypes
D Reserved for Dummy package
Package Type cQ Ceramic Quad Flat Pack (CQFP) D
Lead Count 132 Number of leads

Note 1: Gold lead finish
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4.1 Silicon and mask information

This section describes changes and updates for silicon and metal-mask versions.

For more information contact support@gaisler.com.

Table 40 lists silicon and mask change and errata corrected. Errata information is further described in
user manual section 57.1 [GR716B-UM].

Table 40. Silicon and mask change description and list of errata corrected by update

Silicon ! Mask ) Errata Corrected Description

Note 1: Silicon is a set of masks of dozen or so (varies with process and manufacturer) individual masks that are required
to complete a product wafer fabrication from start to finish.

Note 2: Mask defines the geometrical pattern to be used for a single step in the manufacturing process of the product wafer
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5 Errata

The component has known errata. Detailed errata information is provided in Section 57.1 of the
GR716B User Manual [GR716B-UM].
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Frontgrade Gaisler AB
Kungsgatan 12

411 19 Goteborg

Sweden
www.frontgrade.com/gaisler
sales@gaisler.com

T: +46 31 7758650

Frontgrade Gaisler AB, reserves the right to make changes to any products and services described herein at
any time without notice. Consult the company or an authorized sales representative to verify that the informa-
tion in this document is current before using this product. The company does not assume any responsibility or
liability arising out of the application or use of any product or service described herein, except as expressly
agreed to in writing by the company; nor does the purchase, lease, or use of a product or service from the
company convey a license under any patent rights, copyrights, trademark rights, or any other of the intellec-
tual rights of the company or of third parties. All information is provided as is. There is no warranty that it is
correct or suitable for any purpose, neither implicit nor explicit.

Copyright © 2026 Frontgrade Gaisler AB
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