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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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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
Stratix V Device DatasheetJune 2018 Altera Corporation
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I/O Pin Leakage Current

Table 9 lists the Stratix V I/O pin le akage current specifications.

Bus Hold Specifications

Table 10 lists the Stratix V device family bus hold specifications.

On-Chip Termination (OCT) Specifications

If you enable OCT calibration, calibration is automatically performed at power-up for 
I/Os connected to the calibration block. Table 11 lists the Stratix V OCT termination 
calibration accuracy specifications.

Table 9. I/O Pin Leakage Current for Stratix V Devices (1)

Symbol Description Conditions Min Typ Max Unit

II Input pin VI = 0 V to VCCIOMAX �30 � 30 µA

IOZ Tri-stated I/O pin VO = 0 V to VCCIOMAX �30 � 30 µA

Note to Table 9:
(1) If VO = VCCIO to VCCIOMax, 100 µA of leakage current per I/O is expected.

Table 10. Bus Hold Parameters for Stratix V Devices

Parameter Symbol Conditions

VCCIO

Unit1.2 V 1.5 V 1.8 V 2.5 V 3.0 V

Min Max Min Max Min Max Min Max Min Max

Low 
sustaining 
current

ISUSL
VIN > VIL

(maximum)
22.5 � 25.0 � 30.0 � 50.0 � 70.0 � µA

High 
sustaining 
current

ISUSH
VIN < VIH

(minimum)
�22.5 � �25.0 � �30.0 � �50.0 � �70.0 � µA

Low 
overdrive 
current

IODL
0V < VIN < 

VCCIO
� 120 � 160 � 200 � 300 � 500 µA

High 
overdrive 
current

IODH
0V < VIN < 

VCCIO
� �120 � �160 � �200 � �300 � �500 µA

Bus-hold 
trip point VTRIP � 0.45 0.95 0.50 1.00 0.68 1.07 0.70 1.70 0.80 2.00 V

Table 11. OCT Calibration Accuracy Specifications for Stratix V Devices (1) (Part 1 of 2)

Symbol Description Conditions

Calibration Accuracy

Unit
C1 C2,I2 C3,I3, 

I3YY C4,I4

25-�:  RS 
Internal series termination 
with calibration (25-�:  
setting)

VCCIO = 3.0, 2.5, 
1.8, 1.5, 1.2 V –15 –15 –15 –15 %
Stratix V Device DatasheetJune 2018 Altera Corporation
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Pin Capacitance

Table 14 lists the Stratix V device family pin capacitance.

Hot Socketing

Table 15 lists the hot socketing specifications for Stratix V devices.

dR/dT OCT variation with temperature 
without recalibration 

3.0 0.189

%/°C

2.5 0.208

1.8 0.266

1.5 0.273

1.2 0.317

Note to Table 13:
(1) Valid for a VCCIO range of –5% and a temperature range of 0° to 85°C.

Table 13. OCT Variation after Power-Up Calibration for Stratix V Devices (Part 2 of 2) (1)

Symbol Description V CCIO (V)  Typical Unit

Table 14. Pin Capacitance for Stratix V Devices

Symbol Description Value Unit

CIOTB Input capacitance on the top and bottom I/O pins 6 pF

CIOLR Input capacitance on the left and right I/O pins 6 pF

COUTFB Input capacitance on dual-purpose clock output and feedback pins 6 pF

Table 15. Hot Socketing Specifications for Stratix V Devices

Symbol Description Maximum

IIOPIN (DC) DC current per I/O pin 300 �PA

IIOPIN (AC) AC current per I/O pin 8 mA(1)

IXCVR-TX (DC) DC current per transceiver transmitter pin 100 mA

IXCVR-RX (DC) DC current per transceiver receiver pin 50 mA

Note to Table 15:
(1) The I/O ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |IIOPIN| = C dv/dt, in which C is the I/O pin 

capacitance and dv/dt is the slew rate.
Stratix V Device Datasheet June 2018 Altera Corporation
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Page 22 Switching Characteristics
Programmable 
DC gain

DC Gain 
Setting = 0 � 0 � � 0 � � 0 � dB

DC Gain 
Setting = 1 � 2 � � 2 � � 2 � dB

DC Gain 
Setting = 2 � 4 � � 4 � � 4 � dB

DC Gain 
Setting = 3 � 6 � � 6 � � 6 � dB

DC Gain 
Setting = 4 � 8 � � 8 � � 8 � dB

Transmitter

Supported I/O 
Standards � 1.4-V and 1.5-V PCML

Data rate 
(Standard PCS) �  600 � 12200  600 �  12200  600 �

8500/
10312.5

(24)
 Mbps 

Data rate
(10G PCS) �  600 � 14100  600 � 12500  600 �

 8500/
10312.5

(24)
 Mbps 

Differential on-
chip termination 
resistors

85-�:
setting � 85 – 

20% � � 85 – 
20% � � 85 – 

20% � �:

100-�:  
setting �

100 
– 

20%
� �

100 
– 

20%
� �

100 
– 

20%
� �:

120-�:  
setting �

120 
– 

20%
� �

120 
– 

20%
� �

120 
– 

20%
� �:

150-�:  
setting �

150 
– 

20%
� �

150 
– 

20%
� �

150 
– 

20%
� �:

VOCM (AC 
coupled)

0.65-V 
setting � 650 � � 650 � � 650 � mV

VOCM (DC 
coupled) � � 650 � � 650 � � 650 � mV

Rise time (7) 20% to 80% 30 � 160 30 � 160 30 � 160 ps

Fall time (7) 80% to 20% 30 � 160 30 � 160 30 � 160 ps

Intra-differential 
pair skew

Tx VCM = 
0.5 V and 

slew rate of 
15 ps

� � 15 � � 15 � � 15 ps

Intra-transceiver 
block transmitter 
channel-to-
channel skew

x6 PMA 
bonded mode � � 120 � � 120 � � 120 ps

Table 23. Transceiver Specifications for Stratix V GX and GS Devices (1) (Part 5 of 7)

Symbol/
Description Conditions

Transceiver Speed 
Grade 1

Transceiver Speed 
Grade 2

Transceiver Speed 
Grade 3 Unit

Min Typ Max Min Typ Max Min Typ Max
Stratix V Device Datasheet June 2018 Altera Corporation
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6

Table 25 shows the approximate maximum data rate using the standard PCS.

Table 25. Stratix V Standard PCS Approximate Maximum Date Rate (1), (3)

Mode (2) Transceiver
Speed Grade

PMA Width 20 20 16 16 10 10 8 8

PCS/Core Width 40 20 32 16 20 10 16 8

FIFO

1 C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.5 5.8 5.2 4.72

2

C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.5 5.8 5.2 4.72

C3, I3, I3L
core speed grade 9.8 9.0 7.84 7.2 5.3 4.7 4.24 3.76

3

C1, C2, C2L, I2, I2L
core speed grade 8.5 8.5 8.5 8.5 6.5 5.8 5.2 4.72

I3YY
core speed grade 10.3125 10.3125 7.84 7.2 5.3 4.7 4.24 3.76

C3, I3, I3L
core speed grade 8.5 8.5 7.84 7.2 5.3 4.7 4.24 3.76

C4, I4
core speed grade 8.5 8.2 7.04 6.56 4.8 4.2 3.84 3.44

Register

1 C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.1 5.7 4.88 4.56

2

C1, C2, C2L, I2, I2L
core speed grade 12.2 11.4 9.76 9.12 6.1 5.7 4.88 4.56

C3, I3, I3L
core speed grade 9.8 9.0 7.92 7.2 4.9 4.5 3.96 3.6

3

C1, C2, C2L, I2, I2L
core speed grade 10.3125 10.3125 10.3125 10.3125 6.1 5.7 4.88 4.5

I3YY
core speed grade 10.3125 10.3125 7.92 7.2 4.9 4.5 3.96 3.6

C3, I3, I3L
core speed grade 8.5 8.5 7.92 7.2 4.9 4.5 3.96 3.6

C4, I4
core speed grade 8.5 8.2 7.04 6.56 4.4 4.1 3.52 3.28

Notes to Table 25:
(1) The maximum data rate is in Gbps.
(2) The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency 

can vary. In the register mode the pointers are fixed for low latency.
(3) The maximum data rate is also constrained by the transceiver speed grade. Refer to Table 1 for the transceiver speed grade.
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Figure 2 shows the differential transmitter output waveform.

Figure 3 shows the Stratix V AC gain curves for GX channels.

1 Stratix V GT devices contain both GX and GT channels. All transceiver specifications 
for the GX channels not listed in Table 28 are the same as those listed in Table 23.

Table 28 lists the Stratix V GT transceiver specifications.

Figure 2. Differential Transmitter Output Waveform

Single-Ended Waveform

Differential Waveform V OD/VID (differential peak to peak typical) =  2  x  V OD/VID (single-ended)

Positive Channel (p) 

Negative Channel (n) 

Ground

VODVOD/VID (single-ended)

VCM

VOD/VID (single-ended)

VOD/VID (single-ended)

Figure 3. AC Gain Curves for GX Channels (full bandwidth)
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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
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Figure 6 shows the Stratix V DC gain curves for GT channels.

Transceiver Characterization
This section summarizes the Stratix V transceiver characterization results for 
compliance with the following protocols:

� Interlaken   

� 40G (XLAUI)/100G (CAUI)

� 10GBase-KR   

� QSGMII   

� XAUI   

� SFI   

� Gigabit Ethernet (Gbe / GIGE)   

� SPAUI   

� Serial Rapid IO (SRIO)   

� CPRI   

� OBSAI   

� Hyper Transport (HT)   

� SATA   

� SAS   

� CEI   

Figure 6. DC Gain Curves for GT Channels
Stratix V Device DatasheetJune 2018 Altera Corporation
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Memory Block Specifications
Table 33 lists the Stratix V memory block specifications. 

Modes using Three DSPs

One complex 18 x 25 425 425 415 340 340 275 265 MHz

Modes using Four DSPs

One complex 27 x 27 465 465 465 380 380 300 290 MHz

Table 32. Block Performance Specifications for Stratix V DSP Devices (Part 2 of 2)

Mode

Peformance

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

I3YY C4 I4

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

Memory Mode

Resources Used Performance

Unit
ALUTs Memory C1 C2, 

C2L C3 C4 I2, I2L
I3, 
I3L, 
I3YY

I4

MLAB 

Single port, all 
supported widths 0 1 450 450 400 315 450 400 315 MHz

Simple dual-port, 
x32/x64 depth 0 1 450 450 400 315 450 400 315 MHz

Simple dual-port, x16 
depth(3) 0 1 675 675 533 400 675 533 400 MHz

ROM, all supported 
widths 0 1 600 600 500 450 600 500 450 MHz
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Transmitter

True 
Differential 
I/O Standards 
- fHSDR (data 
rate)

SERDES factor J 
= 3 to 10 (9), (11), 
(12), (13), (14), (15), 

(16)

(6) � 1600 (6) � 1434 (6) � 1250 (6) � 1050 Mbps

SERDES factor J 
�t 4

LVDS TX with 
DPA (12), (14), (15), 

(16)

(6) � 1600 (6) � 1600 (6) � 1600 (6) � 1250 Mbps

SERDES factor J 
= 2, 

uses DDR 
Registers

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

SERDES factor J 
= 1, 

uses SDR 
Register

(6) � (7) (6) � (7) (6) � (7) (6) � (7) Mbps

Emulated 
Differential 
I/O Standards 
with Three 
External 
Output 
Resistor 
Networks - 
fHSDR (data 
rate) (10)

SERDES factor J 
= 4 to 10(17)

(6) � 1100 (6) � 1100 (6) � 840 (6) � 840 Mbps

tx Jitter - True 
Differential 
I/O Standards

Total Jitter for 
Data Rate 

600 Mbps - 
1.25 Gbps

� � 160 � � 160 � � 160 � � 160 ps

Total Jitter for 
Data Rate 

< 600 Mbps
� � 0.1 � � 0.1 � � 0.1 � � 0.1 UI

tx Jitter - 
Emulated 
Differential 
I/O Standards 
with Three 
External 
Output 
Resistor 
Network

Total Jitter for 
Data Rate 

600 Mbps - 1.25 
Gbps

� � 300 � � 300 � � 300 � � 325 ps

Total Jitter for 
Data Rate 

< 600 Mbps
� � 0.2 � � 0.2 � � 0.2 � � 0.25 UI

Table 36. High-Speed I/O Specifications for Stratix V Devices (1), (2) (Part 2 of 4)

Symbol Conditions
C1 C2, C2L, I2, I2L C3, I3, I3L, I3YY C4,I4

Unit
Min Typ Max Min Typ Max Min Typ Max Min Typ Max
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Raw Binary File Size
For the POR delay specification, refer to the “POR Delay Specification” section of the 
“Configuration, Design Security, and Remote  System Upgrades in Stratix V Devices”.

Table 47 lists the uncompressed raw binary file ( .rbf) sizes for Stratix V devices.

tJPH JTAG port hold time 5 � ns

tJPCO JTAG port clock to output � 11 (1) ns

tJPZX JTAG port high impedance to valid output � 14 (1) ns

tJPXZ JTAG port valid output to high impedance � 14 (1) ns

Notes to Table 46:
(1) A 1 ns adder is required for each VCCIO voltage step down from 3.0 V. For example, tJPCO = 12 ns if VCCIO of the TDO 

I/O bank = 2.5 V, or 13 ns if it equals 1.8 V. 
(2) The minimum TCK clock period is 167 ns if VCCBAT is within the range 1.2V-1.5V when you perform the volatile 

key programming.

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

Symbol Description Min Max Unit

Table 47. Uncompressed .rbf Sizes for Stratix V Devices

Family Device Package Configuration .rbf Size (bits) IOCSR .rbf Size (bits) (4), (5)

Stratix V GX

5SGXA3
H35, F40, F35(2) 213,798,880  562,392

H29, F35(3) 137,598,880 564,504

5SGXA4 � 213,798,880 563,672

5SGXA5 � 269,979,008 562,392

5SGXA7 � 269,979,008 562,392

5SGXA9 � 342,742,976 700,888

5SGXAB � 342,742,976 700,888

5SGXB5 � 270,528,640 584,344

5SGXB6 � 270,528,640 584,344

5SGXB9 � 342,742,976 700,888

5SGXBB � 342,742,976 700,888

Stratix V GT
5SGTC5 � 269,979,008 562,392

5SGTC7 � 269,979,008 562,392

Stratix V GS

5SGSD3 � 137,598,880 564,504

5SGSD4
F1517 213,798,880 563,672

� 137,598,880 564,504

5SGSD5 � 213,798,880 563,672

5SGSD6 � 293,441,888 565,528

5SGSD8 � 293,441,888 565,528
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Use the data in Table 47 to estimate the file size before design compilation. Different 
configuration file formats, such as a hexadecimal (.hex) or tabular text file ( .ttf) 
format, have different file sizes. For the different types of configuration file and file 
sizes, refer to the Quartus II software. However, for a specific version of the Quartus II 
software, any design targeted for the same device has the same uncompressed 
configuration file size. If you are using compression, the file size can vary after each 
compilation because the compression ratio depends on your design.

f For more information about setting devi ce configuration options, refer to 
Configuration, Design Security, and Remote System Upgrades in Stratix V Devices. For 
creating configuration files, refer to the  Quartus II Help.

Table 48 lists the minimum configuration ti me estimates for Stratix V devices.

Stratix V E(1)
5SEE9 � 342,742,976 700,888

5SEEB � 342,742,976 700,888

Notes to Table 47:
(1) Stratix V E devices do not have PCI Express��  (PCIe�� ) hard IP. Stratix V E devices do not support the CvP configuration scheme.
(2) 36-transceiver devices.
(3) 24-transceiver devices.
(4) File size for the periphery image.
(5) The IOCSR .rbf size is specifically for the CvP feature.

Table 47. Uncompressed .rbf Sizes for Stratix V Devices

Family Device Package Configuration .rbf Size (bits) IOCSR .rbf Size (bits) (4), (5)

Table 48. Minimum Configuration Time Estimation for Stratix V Devices

Variant Member 
Code

Active Serial (1) Fast Passive Parallel (2)

Width DCLK (MHz) Min Config 
Time (s) Width DCLK (MHz) Min Config 

Time (s)

GX

A3
4 100 0.534 32 100 0.067

4 100 0.344 32 100 0.043

A4 4 100 0.534 32 100 0.067

A5 4 100 0.675 32 100 0.084

A7 4 100 0.675 32 100 0.084

A9 4 100 0.857 32 100 0.107

AB 4 100 0.857 32 100 0.107

B5 4 100 0.676 32 100 0.085

B6 4 100 0.676 32 100 0.085

B9 4 100 0.857 32 100 0.107

BB 4 100 0.857 32 100 0.107

GT
C5 4 100 0.675 32 100 0.084

C7 4 100 0.675 32 100 0.084
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