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Digital low-dropout regulators have gained more favor among designers compared to traditional analog ones due to their scalability and ease of frequency compensation. However, the drawback of 

Digital LDOs lies in their dependence on the internal clock frequency. Since the output voltage is compared with the reference voltage only once per clock cycle, the transient response speed is limited. 

Although increasing the clock frequency can enhance the transient response, this approach significantly increases the circuit’s power consumption. 

Therefore, this project aims to improve the transient response speed of Digital LDOs while maintaining high power efficiency. Our project focuses on designing a Digital LDO with fast transient 

response. The design consists of three blocks: a Subtractor, a voltage-controlled oscillator , and a phase-detecting switch driver (PDSD). The Subtractor generates a control voltage that is highly sensitive to 

changes in the system output, which in turn controls the oscillation frequency of the VCO, This is the key to improving the transient response speed.. The VCO's output serves as the clock input to the 

PDSD, and the PDSD output controls the on/off state of the power transistor. This approach achieves a fixed phase difference, minimizing output ripple and ensuring stable regulation.

Proposed Scheme

The voltage output 𝑉𝑐𝑜 ∝ 𝑉𝑟𝑒𝑓 − 𝑉𝑜𝑢𝑡𝑑 ​ controls 𝑉𝐶𝑂𝑂𝑁
,While 𝑉𝑑𝑜 ∝ 𝑉𝑜𝑢𝑡𝑑 − 𝑉𝑟𝑒𝑓 ​ controls 𝑉𝐶𝑂𝑂𝐹𝐹 ​.

This difference makes phase difference exists between 

𝑉𝐶𝑂𝑂𝑁
′ s and 𝑉𝐶𝑂𝑂𝐹𝐹

′ 𝑠 output

Phase difference Φ𝐸𝑅𝑅 = Φ𝑉𝐶𝑂𝑂𝑁 −Φ𝑉𝐶𝑂𝑂𝐹𝐹
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The principle of this system lies in using the Subtractor's output to control the oscillation frequency of two 

32-stage voltage-controlled oscillators (VCOs). When there is a difference between 𝑉𝑜𝑢𝑡𝑑 ​ and 𝑉𝑟𝑒𝑓 ​, the 

outputs of the two VCOs at the same stage will produce a phase difference.

The outputs of the two 32-stage VCOs are fed into the Phase Detecting Switch Driver (PDSD) as inputs. The 

PDSD then outputs the phase difference between the two, which is used to control the on-time of the power 

transistors. When 𝑉𝑜𝑢𝑡𝑑 > 𝑉𝑟𝑒𝑓 ​, the on-time of the power transistors is reduced; when 𝑉𝑜𝑢𝑡𝑑 < 𝑉𝑟𝑒𝑓 ​​, the on-

time is increased. This mechanism establishes a negative feedback loop for the entire system.

In the system's steady state, the phase difference remains fixed, and the number of power transistors 

switching simultaneously is either 0 or 1. This minimizes the output voltage ripple.

The outputs 𝑉𝑐𝑜 ​ and 𝑉𝑑𝑜 ​ from the Subtractor are used as 

𝑉𝑑𝑑 ​ for the 16-stage voltage-controlled oscillators 𝑉𝐶𝑂𝑂𝑁
𝑉𝐶𝑂𝑂𝐹𝐹 ​, respectively. The oscillation frequency of each 

VCO is proportional to its 𝑉𝑑𝑑.

The difference 𝑉𝑐𝑜 ​ and 𝑉𝑑𝑜 ​ generates a phase difference 

𝛷𝐸𝑅𝑅 = 𝛼 ×
2𝜋

32
, where 𝛼 represents the number of power 

transistors simultaneously turned on. When 𝛼 is not an 

integer, it signifies the average number of transistors 

turned on per unit time.

The same-stage outputs, CLKS[K] and CLKS[R], 

generated by 𝑉𝐶𝑂𝑂𝑁 ​ and 𝑉𝐶𝑂𝑂𝐹𝐹 ​, respectively, are used 

as the clock inputs for the upper and lower D flip-flops 

(DFFs). The rising edge of CLKS[K] causes the PDSD 

output 𝑉𝑔 to drop to 𝑉𝑠𝑠 ​, whereas the rising edge of 

CLKS[R] causes 𝑉𝑔 to rise to 𝑉𝑑𝑑 ​. This mechanism 

controls the on-time of the connected PMOS power 

transistor during a single clock cycle.

This is the relationship between the input and 

output of a Subtractor. In the picture, we can 

see that 𝑉𝑐𝑜 ∝ 𝑉𝑟𝑒𝑓 − 𝑉𝑜𝑢𝑡𝑑 and 𝑉𝑑𝑜 ∝

𝑉𝑜𝑢𝑡𝑑 − 𝑉𝑟𝑒𝑓

This is the clock input-output relationship of the 

PDSD. In the diagram, it can be seen that the rising 

edge of CLKS[1] will cause the output Vg[1] of 

the PDSD to drop to 𝑉𝑠𝑠; on the other hand, the 

rising edge of CLKR[1] will cause Vg[1] to rise to 

𝑉𝑑𝑑.

Simulation Results

Pre-sim output voltage (@ load current = 3.33mA)

Post-sim output voltage (@ load current = 10mA)

When compared to the configuration in the original paper without the transient detector, our 

design demonstrates superior settling time, with no significant decrease in quiescent current 

and power efficiency. Additionally, our output ripple in presim and postsim are all better than 

the 7mV reported in the original paper. Also, without transient detector, our layout area is also 

smaller than the original work.
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Pre-sim output voltage (@ load current = 10mA)

Pre-sim output voltage (@ load current = 20mA)

Comparison with the paper

In pre-sim, under the condition where the load current varies from 3 mA to 20 mA, the system 

maintains stable operation with 𝑉𝑜𝑢𝑡 locked nearby 1 V; however, it cannot sustain stability 

beyond this range.

Additionally, we tested the system under five different corners and observed stable operation 

across a temperature range of 10°C to 40°C. At TT corner 25°C, output voltage ripple = 0.8 

mV,  quiescent current =120.31 𝜇A, and  transient response time = 124.21 ns. In the post-sim 

results ,We evaluated the system’s performance at the TT corner and 25°C. Apart from 

confirming the system’s stability, we measured output voltage ripple = 6.1 mV,  quiescent 

current = 180.43 𝜇A, and  transient response time = 191.77 ns. In comparison to paper [1], the 

voltage output ripple is 7mV in steady state, with 131𝜇A quiescent current and the settling 

time is 80 ns with transient detector but about 400ns without transient detector.

Proposed LDO scheme
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