
An FPGA interfacing with DSP cores 
and with high-speed-video data stream-
ing through it is far from a simple sys-
tem, however. This increased design 
complexity has added verification chal-
lenges and raised the specter of costly 
re-spins of the system board if you catch 
a critical error late in the design cycle. 
To put that ghost back to bed, you must 
carefully consider your approach to veri-
fication so that you can reduce the risk 
of costly re-spins.

The largest advantage of FPGA-based 
design verification is that, at the lowest 
level, the system has a predefined archi-
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articipating in the consumer-electronics segment 
has many advantages. Despite that fact, design 
teams in this segment will encounter a drastical-
ly reduced time-to-market window. Consequent-
ly, FPGA (field-programmable-gate-array)-based 
designs have evolved as the first choice of many 
system architects. Meanwhile, the increasing re-
quirement for multimedia in consumer products 
has made DSPs and streaming interfaces must-

have components in many embedded products. Several FPGA 
vendors have developed FPGAs with DSP cores and streaming in-
terfaces that are technologically sufficient and complex enough to 
handle these recent design requirements.
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tecture, so you know the scope of nec-
essary test scenarios at the beginning of 
the design. With this fact in mind, a ver-
ification team can build on the FPGA a 
verification environment that mimics 
the actual system architecture.

In addition to verifying your external 
peripherals, you must verify any design 
elements internal to the FPGA, such as 
the DCM (digital-clock manager) and 
block RAM, that you use in your de-
signs. This requirement gives you a lot 
to verify, however. So the time it takes 
for test cases to complete greatly affects 
overall product-development time. 
Therefore, the verification environ-
ment must be time-efficient. The early 
design of a proper verification environ-
ment that you develop with an under-
standing of the FPGA-design elements 
and external surrounding devices leads 
to accurate test-case writing and board 
bring-up.

Correct use of primitives
FPGA vendors provide well-veri-

fied FPGA primitives, such as DCM 
and block RAM. You must comply with 
certain guidelines to correctly use these 
primitives in any FPGA design, how-
ever. It is crucial to catch any incorrect 
usage before the design goes to silicon. 
For example, one such DCM constraint 
is the allowed clock jitter on the in-
put clock. In a test case, the DCM has 
a constraint of 6300 psec on cycle jit-
ter when in low-frequency mode. As per 
design specifications, the input clock 
for the DCM can be 16.384, 22.5792, 

or 24.576 MHz. However, during de-
sign verification, the DCM unlocks 
when experimenters switch the input 
clock from one frequency to the oth-
er because switching the frequency in-
herently violates the input-clock-jitter 
constraint. So a modified design imple-
ments a mechanism to reset the DCM 
while changing the input-clock frequen-
cy. If you do not catch such bugs during 
the front-end verification, it could easily 
take a week or more just to identify the 
bug during board bring-up.

With the advances in technology,  
FPGAs now include block RAM, which 
can be either a single- or a dual-port 
memory. As a dual-port RAM, the block 
RAM allows both ports to simultane-
ously access the same memory cell. If 
the designers improperly implement the 
RAM controller, however, both memo-
ry ports may attempt to write different 
data to the same RAM location during 
the same valid write cycle. The verifi-
cation team must have separate tests 
for such scenarios. Thus, it is essential 

that not only a FPGA designer but also 
a FPGA-verification engineer be aware 
of the requirements or constraints of in-
ternal FPGA components. 

input-signal variations
In the real world, the input signals to 

your FPGA have routing-path delays 
and quality degradations. Your FPGA- 
verification plan should take into ac-
count such variations in timing and sig-
nal integrity when generating the in-
put-stimulus signals. It is a good prac-
tice, for instance, to know how much 
drift an input signal would have from 
an ideal condition so that you can ver-
ify that the FPGA design will function 
smoothly during drift. This requirement 
becomes crucial when the interface is 
synchronous and an external device is 
driving the clock. The data, control, 
and clock may all have different delays 
based on the routing-path delay, clock-
to-output delay of the transmitting de-
vice, and input-setup time of the receiv-
ing device. In high-frequency opera-
tion, this constraint may leave a narrow 
sampling window for the FPGA to cap-
ture the input data. In such cases, you 
should consider such real-time delays 
when providing stimulus to the FPGA  
design.

In the real world, input clocks come 
with jitter and drift variations. Although 
you can use a DCM to deal with these 
variations, the DCM has its own limi-
tations in its tolerance of input-clock 
variations. A verification engineer must 
know the possible clock variations that 

can occur in the real system and in-
corporate the same variations when 
generating input clocks in the veri-
fication environment. Adopting 
such practices can help to discov-
er the limitations of an FPGA de-
sign and implement corrective ac-
tions during the early development 
phase.

peripheral Integration
The rapid growth in streaming 

media requires systems to work at 
higher speeds. With higher-fre-
quency systems, you must take care 
when integrating an FPGA with its 
peripheral devices. Those peripher-
al devices have timing constraints 
in input setup-and-hold time. Veri-
fication engineers must know these 

ROUTING
DELAY

SOFTWARE
APPLICATION

VIDEO-
ENCODER IC

VIDEO-
DECODER IC

VIDEO-
ENCODER
INTERFACE

VIDEO-
DECODER
INTERFACE

INTERNAL
LOGIC

PROCESSOR
INTERFACEDSP

INTERNAL
LOGIC

INPUT-
SIGNAL

VARIATION

FPGA

RAW-VIDEO
DATA

RAW-VIDEO
DATA

EDN090709DFFIG1    MIKE

Figure 1 An FPGA can play a central role in a streaming-video application.
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FPGAs can fit the needs of 

today’s video-processing systems.

In video-processing applications, 
a lot of care has to go into test-
bench design.

Making the verification environ-
ment as similar as possible to the 
real world eases board-level inte-
gration and reduces the need for 
re-spins.
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timing constraints for all the peripheral 
devices. Adding an oscilloscope for veri-
fying FPGA designs with different tim-
ing constraints forces the designers to 
follow the proper design guidelines to 
make the FPGA design compatible with 
the system.

FPGAs may implement standard in-
terfaces, such as UART (universal asyn-
chronous receiver/transmitter), I2C (in-
ter-integrated circuit), SPI (serial-pe-
ripheral interface), and GPIO (general-
purpose input/output). The standards 
should dictate the verification strategy 
for these ports. When verifying such de-
signs, you must also consider the timing 
constraints of peripheral devices using 
custom interfaces. For example, a GPIO 
interface of an FPGA may interface with 
an onboard multiplexer. The FPGA is 
responsible for driving selection inputs 
of the multiplexer and then capturing 
the multiplexer output. The multiplex-
er requires settling time on its outputs 
once the selection input has changed. 
Implementing that delay in generating 
response from a verification model en-
sures that the FPGA captures the mul-
tiplexer output only after the output has 
settled.

Synchronizing the teams
It is a good practice to give the FPGA 

design under test a feel for the real-time 
software application flow. FPGA designs 
that appear to work on the verification 
testbench may fail to survive when ap-
plication software imposes some limita-
tions of its own. Consider, for example, 
an FPGA design for high-definition vid-
eo capture. The FPGA must capture the 
raw-video data and fill up an internal 
FIFO (first-in/first-out) buffer. A DSP, 
interfacing with the FPGA on its exter-
nal memory interface, reads the FPGA 
FIFO buffer to capture the video data 
(Figure 1). Using timing information 
from the real application-software flow, 
the verification engineer can estimate 
the maximum time that the DSP can 
take between two consecutive FIFO-
buffer reads. The engineer can then im-
plement a test case with this DSP limi-
tation in mind. The test records an error 
if the FIFO buffer is too shallow to buffer 
all the data that can arrive during the 
longest interval between two consecu-
tive FIFO-buffer reads.

Problems in video-signal processing 

can be data-dependent. So it can be im-
portant to use different types of video 
patterns during board bring-up. This ap-
proach helps ensure accurate video pro-
cessing of any video-streaming applica-
tion. With advances in the open-source 
community, verification engineers can 
readily find open-source software to 
generate such test patterns in raw-data 
format. Verification engineers can gen-
erate such video patterns as a raw-data 
file using software or by directly captur-
ing patterns from a system (Figure 2). 
Adopting such methods, verification 
engineers can catch design failures un-
der real-time-test scenarios and fix them 
during front-end verification itself, not 
when the customer happens to apply a 
pattern that breaks the system.

Verification and software teams 
should have a common set of test sce-
narios in the test plan at the beginning 
of the design cycle. The common set of 
test cases would ensure that there are no 
loopholes during board bring-up. Also, 
designers can target or rectify any of the 
implementation or integration errors 
early in the design cycle.

The complexity of FPGA designs re-
quires designers to detect issues as early 

as possible in the design cycle to avoid 
re-spins. The role of verification be-
comes important in reducing the num-
ber of faults arising during board bring-
up. Careful consideration of system ar-
chitecture along with working knowl-
edge of the peripheral hardware will 
lead verification engineers to write test 
scenarios closer to the real-time applica-
tion. These practices can lead to an ef-
fective verification effort that will ulti-
mately ease board bring-up.EDN
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Figure 2 Using software or by capturing patterns directly from a system, verification 
engineers can catch design failures under real-time-test scenarios and fix them during 
verification.
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