
Electrical and Electronics

Precise Delay Measurement 
Circuit
A high-resolution circuit for precisely measuring on-
chip delays for FPGAs

NASA's Jet Propulsion Laboratory has developed a high-resolution 

circuit for precisely measuring on-chip delays. As the size and 

complexity of field-programmable gate arrays (FPGAs) grow, 

manufacturers are becoming more concerned with measuring the 

speed and performance of their designs, especially the signal-

propagation delay. Some conventional test procedures for 

determining this delay are problematic with FPGAs because many of 

the signal paths internal to the chip are not accessible via input and 

output pins and, therefore, cannot be measured directly. Other 

conventional techniques involve placing a delay chain of inverters on 

the FPGA, but these results are inaccurate because they include the 

input and output delays. To remedy these shortcomings, JPL has 

developed an improved circuit architecture and method for built-in 

self-test (BIST) of FPGA propagation delay using available (unused) 

FPGA resources, which provides actual and very precise 

measurements of propagation delay without any input and output 

delays.

BENEFITS
Built-in self-test architecture 
configured from unused 
FPGA resources allows 
very precise measurements 
of propagation delay 
without any input and 
output delays

Using an asynchronous 
clock autonomous from the 
main clock results in pulse 
measurement accuracy 
better than 0.25 ns
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THE TECHNOLOGY
JPL's precision BIST circuit incorporates an on-chip pulse generator and on-chip pulse 
measurement circuitry programmed into a conventional semiconductor FPGA device to 
act as a performance monitor and measure the duration of a generated pulse through a 
look-up table (LUT) delay chain (one or more groups of LUTs). A multiplexer 
multiplexes the pulse train output from the LUT delay chain, and a logic gate compares 
the multiplexer output with the input pulse train. The pulse-width measurement circuit, 
which can be configured from combinatorial and sequential logic on the FPGA, 
measures the width of the generated pulse through the delay chain at a 1 pulse/second 
clock rate. (The pulse width represents the delay through the delay chain without any 
input and output delays.) The pulses are sampled and converted to an error value using 
state machines, counters, and LUTs, and the result is continuously displayed on an 
external multidigit hex display. For verification, the pulse generated in the internal logic 
through the delay chain may also be output off-chip for corroboration of the pulse width 
on an external oscilloscope.

Block diagram of the pulse-width measurement block configured from an unused delay 
chain on the FPGA. This block is essentially a counter circuit comprised of two 
synchronization circuits, a 32-bit counter that counts the sample pulse train, and a 32-bit 
register to hold the count.

APPLICATIONS
The technology has several potential 
applications:

Semiconductor industry - performance 
and reliability testing
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