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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

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

Applications of Embedded - FPGAs

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

Common Subcategories of Embedded -
FPGAs

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

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Total RAM Bits 51200000
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Voltage - Supply 0.82V ~ 0.88V

Mounting Type Surface Mount
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Recommended Operating Conditions
This section lists the functional operating limits for the AC and DC parameters for 
Stratix V devices. Table 6 lists the steady-state voltage and current values expected 
from Stratix V devices. Power supply ramps must all be strictly monotonic, without 
plateaus.

Table 6. Recommended Operating Conditions for Stratix V Devices (Part 1 of 2)

Symbol Description Condition Min(4) Typ Max(4) Unit

VCC

Core voltage and periphery circuitry power 
supply (C1, C2, I2, and I3YY speed grades) � 0.87 0.9 0.93 V

Core voltage and periphery circuitry power 
supply (C2L, C3, C4, I2L, I3, I3L, and I4 
speed grades)(3)

� 0.82 0.85 0.88 V

VCCPT
Power supply for programmable power 
technology � 1.45 1.50 1.55 V

VCC_AUX
Auxiliary supply for the programmable 
power technology � 2.375 2.5 2.625 V

VCCPD
(1)

I/O pre-driver (3.0 V) power supply � 2.85 3.0 3.15 V

I/O pre-driver (2.5 V) power supply � 2.375 2.5 2.625 V

VCCIO

I/O buffers (3.0 V) power supply � 2.85 3.0 3.15 V

I/O buffers (2.5 V) power supply � 2.375 2.5 2.625 V

I/O buffers (1.8 V) power supply � 1.71 1.8 1.89 V

I/O buffers (1.5 V) power supply � 1.425 1.5 1.575 V

I/O buffers (1.35 V) power supply � 1.283 1.35 1.45 V

I/O buffers (1.25 V) power supply � 1.19 1.25 1.31 V

I/O buffers (1.2 V) power supply � 1.14 1.2 1.26 V

VCCPGM

Configuration pins (3.0 V) power supply � 2.85 3.0 3.15 V

Configuration pins (2.5 V) power supply � 2.375 2.5 2.625 V

Configuration pins (1.8 V) power supply � 1.71 1.8 1.89 V

VCCA_FPLL PLL analog voltage regulator power supply � 2.375 2.5 2.625 V

VCCD_FPLL PLL digital voltage regulator power supply � 1.45 1.5 1.55 V

VCCBAT (2) Battery back-up power supply (For design 
security volatile key register) � 1.2 � 3.0 V

VI DC input voltage � �0.5 � 3.6 V

VO Output voltage � 0 � V CCIO V

TJ Operating junction temperature
Commercial 0 � 85 °C

Industrial �40 � 100 °C
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VCCR_GXBR 
(2) Receiver analog power supply (right side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCR_GTBR
Receiver analog power supply for GT 
channels (right side) GT 1.02 1.05 1.08 V

VCCT_GXBL 
(2) Transmitter analog power supply (left side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCT_GXBR 
(2) Transmitter analog power supply (right side) GX, GS, GT

0.82 0.85 0.88

V
0.87 0.90 0.93

0.97 1.0 1.03

1.03 1.05 1.07

VCCT_GTBR
Transmitter analog power supply for GT 
channels (right side) GT 1.02 1.05 1.08 V

VCCL_GTBR Transmitter clock network power supply GT 1.02 1.05 1.08 V

VCCH_GXBL 
Transmitter output buffer power supply (left 
side) GX, GS, GT 1.425 1.5 1.575 V

VCCH_GXBR 
Transmitter output buffer power supply 
(right side) GX, GS, GT 1.425 1.5 1.575 V

Notes to Table 7:

(1) This supply must be connected to 3.0 V if the CMU PLL, receiver CDR, or both, are configured at a base data rate > 6.5 Gbps. Up to 6.5 Gbps, 
you can connect this supply to either 3.0 V or 2.5 V.

(2) Refer to Table 8 to select the correct power supply level for your design.
(3) When using ATX PLLs, the supply must be 3.0 V.
(4) This value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to 

the PDN tool for the additional budget for the dynamic tolerance requirements.

Table 7. Recommended Transceiver Power Supply Operating Conditions for Stratix V GX, GS, and GT Devices
(Part 2 of 2) 

Symbol Description Devices Minimum (4) Typical Maximum (4) Unit
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, 
Table 28. Transceiver Specifications for Stratix V GT Devices (Part 1 of 5)(1)

Symbol/
Description Conditions

Transceiver 
Speed Grade 2

Transceiver
Speed Grade 3 Unit

Min Typ Max Min Typ Max

Reference Clock 

Supported I/O 
Standards

Dedicated 
reference 
clock pin

1.2-V PCML, 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, Differential LVPECL, LVDS
and HCSL

RX reference 
clock pin 1.4-V PCML, 1.5-V PCML, 2.5-V PCML, LVPECL, and LVDS 

Input Reference Clock 
Frequency (CMU 
PLL)(6)

� 40 � 710 40 � 710 MHz

Input Reference Clock 
Frequency (ATX PLL)(6) � 100 � 710 100 � 710 MHz

Rise time 20% to 80% � � 400 � � 400
ps

Fall time 80% to 20% � � 400 � � 400

Duty cycle � 45 � 55 45 � 55 %

Spread-spectrum 
modulating clock 
frequency

PCI Express 
(PCIe) 30 � 33 30 � 33 kHz

Spread-spectrum 
downspread PCIe � 0 to �0.5 � � 0 to �0.5 � %

On-chip termination 
resistors(19) � � 100 � � 100 �

Absolute VMAX (3)

Dedicated 
reference 
clock pin

� � 1.6 � � 1.6
V

RX reference 
clock pin � � 1.2 � � 1.2

Absolute VMIN � -0.4 � � -0.4 � � V

Peak-to-peak 
differential input 
voltage

� 200 � 1600 200 � 1600 mV

VICM (AC coupled)

Dedicated 
reference 
clock pin

1050/1000(2) 1050/1000(2) mV

RX reference 
clock pin 1.0/0.9/0.85(22) 1.0/0.9/0.85(22) V

VICM (DC coupled)

HCSL I/O 
standard for 

PCIe 
reference 

clock 

250 � 550 250 � 550 mV
Stratix V Device Datasheet June 2018 Altera Corporation





Switching Characteristics Page 43
Temperature Sensing Diode Specifications
Table 34 lists the internal TSD specification.

Table 35 lists the specifications for the Stratix V external temperature sensing diode.

M20K 
Block

Single-port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

Simple dual-port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

Simple dual-port with 
the read-during-write 
option set to Old Data, 
all supported widths

0 1 525 525 455 400 525 455 400 MHz

Simple dual-port with 
ECC enabled, 512 × 32 0 1 450 450 400 350 450 400 350 MHz

Simple dual-port with 
ECC and optional 
pipeline registers 
enabled, 512 × 32

0 1 600 600 500 450 600 500 450 MHz

True dual port, all 
supported widths 0 1 700 700 650 550 700 500 450 MHz

ROM, all supported 
widths 0 1 700 700 650 550 700 500 450 MHz

Notes to Table 33:

(1) To achieve the maximum memory block performance, use a memory block clock that comes through global clock routing from an on-chip PLL 
set to 50% output duty cycle. Use the Quartus II software to report timing for this and other memory block clocking schemes.

(2) When you use the error detection cyclical redundancy check (CRC) feature, there is no degradation in FMAX.
(3) The FMAX specification is only achievable with Fitter options, MLAB Implementation In 16-Bit Deep Mode enabled.

Table 33.  Memory Block Performance Specifications for Stratix V Devices (1), (2) (Part 2 of 2)

Memory Mode

Resources Used Performance

Unit
ALUTs Memory C1 C2, 

C2L C3 C4 I2, I2L
I3, 
I3L, 
I3YY

I4

Table 34. Internal Temperature Sensing Diode Specification

Temperature 
Range Accuracy

Offset 
Calibrated 

Option
Sampling Rate Conversion 

Time Resolution

Minimum 
Resolution 

with no 
Missing Codes

–40°C to 100°C ±8°C No 1 MHz, 500 KHz < 100 ms 8 bits 8 bits

Table 35. External Temperature Sensing Diode Specifications for Stratix V Devices

Description Min Typ Max Unit

Ibias, diode source current 8 — 200 A

Vbias, voltage across diode 0.3 — 0.9 V

Series resistance — — < 1 

Diode ideality factor 1.006 1.008 1.010 —
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Duty Cycle Distortion (DCD) Specifications
Table 44 lists the worst-case DCD for Stratix V devices. 

Configuration Specification

POR Delay Specification
Power-on reset (POR) delay is defined as the delay between the time when all the 
power supplies monitored by the POR circuitry reach the minimum recommended 
operating voltage to the time when the nSTATUS is released high and your device is 
ready to begin configuration.

f For more information about the POR delay, refer to the Hot Socketing and Power-On 
Reset in Stratix V Devices chapter.

Table 45 lists the fast and standard POR delay specification. 

JTAG Configuration Specifications
Table 46 lists the JTAG timing parameters and values for Stratix V devices. 

Table 44. Worst-Case DCD on Stratix V I/O Pins(1)

Symbol
C1 C2, C2L, I2, I2L C3, I3, I3L, 

I3YY C4,I4
Unit

Min Max Min Max Min Max Min Max

Output Duty Cycle 45 55 45 55 45 55 45 55 %

Note to Table 44:
(1) The DCD numbers do not cover the core clock network.

Table 45. Fast and Standard POR Delay Specification (1)

POR Delay Minimum Maximum

Fast 4 ms 12 ms

Standard 100 ms 300 ms

Note to Table 45:
(1) You can select the POR delay based on the MSEL settings as described in the MSEL Pin Settings section of the 

�Configuration, Design Security, and Remote System Upgrades in Stratix V Devices� chapter.

Table 46. JTAG Timing Parameters and Values for Stratix V Devices

Symbol Description Min Max Unit

tJCP TCK clock period(2) 30 � ns

tJCP TCK clock period(2) 167 � ns

tJCH TCK clock high time(2) 14 � ns

tJCL TCK clock low time(2) 14 � ns

tJPSU (TDI) TDI JTAG port setup time 2 � ns

tJPSU (TMS) TMS JTAG port setup time 3 � ns
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POR Delay Specification
Power-on reset (POR) delay is defined as the delay between the time when all the 
power supplies monitored by the POR circuitry reach the minimum recommended 
operating voltage to the time when the nSTATUS is released high and your device is 
ready to begin configuration.

f For more information about the POR delay, refer to the Hot Socketing and Power-On 
Reset in Stratix V Devices chapter.

Table 45 lists the fast and standard POR delay specification. 

JTAG Configuration Specifications
Table 46 lists the JTAG timing parameters and values for Stratix V devices. 

Table 44. Worst-Case DCD on Stratix V I/O Pins (1)

Symbol
C1 C2, C2L, I2, I2L C3, I3, I3L, 

I3YY C4,I4
Unit

Min Max Min Max Min Max Min Max

Output Duty Cycle 45 55 45 55 45 55 45 55 %

Note to Table 44:

(1) The DCD numbers do not cover the core clock network.

Table 45. Fast and Standard POR Delay Specification (1)

POR Delay Minimum Maximum

Fast 4 ms 12 ms

Standard 100 ms 300 ms

Note to Table 45:

(1) You can select the POR delay based on the MSEL settings as described in the MSEL Pin Settings section of the 
“Configuration, Design Security, and Remote System Upgrades in Stratix V Devices” chapter.

Table 46. JTAG Timing Parameters and Values for Stratix V Devices

Symbol Description Min Max Unit

tJCP TCK clock period (2) 30 — ns

tJCP TCK clock period (2) 167 — ns

tJCH TCK clock high time (2) 14 — ns

tJCL TCK clock low time (2) 14 — ns

tJPSU (TDI) TDI JTAG port setup time 2 — ns

tJPSU (TMS) TMS JTAG port setup time 3 — ns
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