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Description /Theory:

With continuous technology scaling, the reduction in supply voltage makes integrated circuits
increasingly vulnerable to even small voltage drops across the power delivery network. Such
static IR drops can degrade performance and compromise reliability. Accurate on-chip
measurement of supply voltage noise is therefore essential for evaluating IR drop and
enabling adaptive power management strategies. In this work, we present an area-efficient
static IR-drop detection and evaluation scheme based on a ring oscillator. The proposed
approach achieves reliable detection with minimal design overhead, while providing the
capability to feed real-time information to power management units for voltage scaling and
compensation.

A ring oscillator-based IR drop detector is a fully digital circuit used to monitor static IR drop
by observing changes in oscillator frequency, which is sensitive to supply voltage variations.
The system comprises a chip clock counter (CCC), a ring oscillator made of NAND?2 gates,
and a ring oscillator counter (ROC). When enabled, the CCC defines a timing window during
which the ring oscillator operates. The oscillator, influenced by local voltage, generates a
clock signal whose rising edges are counted by the ROC. As IR drop increases, the oscillator
frequency decreases, resulting in fewer counted edges. To isolate the effect of IR drop from
process variations, the detector is first checked ideal conditions using simulations, and a
correction factor ( k) is applied to compute the voltage drop ratio. This method allows for
accurate detection without altering the original RTL design, and the detector can be
synthesized, auto-placed, and routed as a hard macro. Once its operation is complete, it can
be disabled entirely, ensuring no interference with the main circuit.

Circuit Diagram:

m Chip Clock Counter Ring Oscillator Counter
[[C——— setu
P enable_sync enable_sync b
[>—— system_clock RO clock RO_clock_count|
> enable

n-stage Ring Oscillator

enable RO_clock

Figure : Ring Oscillator based IR drop Detector
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Results:
| Mul.. — O X
Node  RMS Value
ro_clock 0.59736 Volts
®] Mul.. — [m] X m] Mul... — O X fm) Mul.. — [m] X m] Mul.. — [m] pe
Node RMS Value Node RMS Value Node RMS Value Node RMS Value
ro_count00 1.4266 Volts ro_count01 0.81025 Volts ro_count02 0.59736 Volts ro_count03 0.59736 Volts
!
) Mul.  — ] X @ M. — O % | M) Mul.  — ] X | Mul. — O x
Node RMS Value Node RMS Value Node RMS Value Node RMS Value
ro_count04 0.59736 Volts ro_count0s 0.59736 Volts ro_count06 0.59736 Volts ro_count07 0.59736 Volts
) P I \
(@wme. - 0o x |[Bwmi. — O X 1@ Mil. — O WML — O X
| Node RMS Value Node RMS Value Node RMS Value Node RMS Value
| ro_count08 0.59736 Volts ro_count09 0.59736 Volts ro_count10 0.59736 Volts ro_count1l 0.59736 Volts
1 )i ]
Sir-
l ) Mul.. — O X |E Mul.. — O % | Mul.. — O % | Mul.. — O X
Node RMS Value Node RMS Value | Node RMS Value Node RMS Value
ro_countl4 0.59736 Volts ro_countlS 0.59736 Volts

ro_count12 0.59736 Volts

ro_count13 0.59736 Volts




Initial Transient Solution
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The plots show the proper functioning of each block in the circuit. The counter output
increases step by step with the system clock, while the ring oscillator generates continuous
oscillations at higher frequency. The RO counter increments according to the oscillator clock
and the two DAC outputs represent the lower and higher 8-bit values respectively. Overall,
the plots confirm that the circuit works as expected.
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