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Abstract: This paper provides a systematic investigation of transistor sizing strategies for a self-biased Widlar current mirror 
topology to evaluate performance tradeoffs between subthreshold and saturation operation, focusing on ultra low current (< 
1uA) bias generation suitable for biomedical applications. The first design (D1) employs aspect ratios that ensure all transistors 
operate in the subthreshold region, while the second design (D2) uses sizing that places all transistors in saturation. All 
simulations were performed using Eldo in Tanner EDA S-Edit environment, utilizing a 0.25 µm CMOS process. Simulation 
results confirm that both configurations generate output currents below 1 µA, making them suitable for low-power analog and 
biomedical circuits. The total power consumption for D1 is 3.5090 µW and for D2 is 3.5217 µW. D1 exhibits superior current 
matching and minimal temperature drift, whereas D2 achieves a higher PSRR (−71 dB), indicating stronger noise immunity. 
These results show that by adjusting the aspect ratio based on topology can help improve low-power current references despite 
changes in process, voltage, and temperature.  
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1. INTRODUCTION 
The increasing demand for ultra-low-power and high-
precision analog circuits in biomedical and wearable 
sensor systems has created a need for compact, reliable 
current biasing solutions. In such systems, the stable 
operation of the current reference circuit over wide 
temperature ranges, enduring supply voltage variations, 
and consuming minimal silicon area and power is crucial. 
Typically, modern low power current mirror operates with 
power consumption ranging from 10nW to several 
microwatt, while maintaining reliable operation across 
temperature range from -40oC to 125oC. In addition, 
practical current reference circuits used in low-power 
sensor interfaces usually generate reference currents from 
nanoampere to the microampere range depending on the 
application requirements. Another important performance 
metric is the power supply rejection ratio (PSRR), which 
typically falls within -40 dB to -60 dB for low power 
analog bias circuits. These requirements leave 
conventional biasing circuits inadequate, especially under 
stringent Process, Voltage, and Temperature (PVT) 
variations [1]-[4]. Therefore, designing a compact current 
mirror capable of generating stable sub-microampere 
currents while maintaining competitive PSRR and 
robustness against PVT variations remains an important 

challenge in low-power analog circuit design. 
Wearable biomedical systems and ultra-low-power 

sensor interfaces require precision biasing at sub-µA 
current levels to maintain signal integrity and minimize 
energy consumption. Conventional current mirrors, such 
as the basic two-transistor and Widlar configurations are 
widely used due to their simplicity, low power 
consumption, and compact area. However, these structures 
typically exhibit limited power supply rejection ratio 
(PSRR), low output impedance, and significant sensitivity 
to process, voltage, and temperature (PVT) variations, 
making them unsuitable for precision low-current biasing 
in advanced analog systems [5], [6]. These limitations 
cause undesirable fluctuations in bias current, especially 
when interfaced with analog front-ends in noisy or battery-
variable environments. Furthermore, many bias generation 
circuits rely on external reference voltages or startup 
circuitry to ensure dependable operation, especially during 
power-on conditions. This adds to design complexity, 
silicon area, and power consumption, which can be 
prohibitive in system-on-chip (SoC) or wearable 
biomedical devices [7], [8]. Therefore, there is an 
increasing demand for a self-contained, self-starting, low-
power bias current generator capable of providing a stable 
current despite supply and process variations, while 
maintaining high PSRR, output impedance, and reliable 
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operation without external references. 
The goal of this project is to develop a self-biased 

Widlar current source capable of providing a stable current 
below 1 µA, suitable for low-power wearable devices. 
Achieving a high PSRR, high output impedance, and 
consistent performance despite variations in PVT is also 
part of the goal. Therefore, the self-biased Widlar 
configuration is chosen due to its simplicity, compactness, 
and energy efficiency, allowing for accurate sub-
microampere current output without external bias 
references or startup circuitry. These features make it ideal 
for space-limited, ultra-low-power applications such as in 
biomedical and wearable applications, where reliability 
and power efficiency are vital. 

The main contribution of this work is the systematic 
evaluation of transistor sizing for a self-biased Widlar 
topology to achieve stable sub-microampere current 
generation. Unlike many existing bias circuits that rely on 
auxiliary reference circuits or complex feedback 
structures, the proposed design maintains a simple 
architecture while achieving competitive PSRR and 
temperature stability. The comparative analysis between 
the subthreshold and saturation operating regions provides 
useful design insights for low-power analog circuits used 
in wearable and biomedical systems. 

The remainder of this paper is organized as follows: 
Section 2 discusses existing current mirror designs, 
including Widlar and regulated cascode, FVF topologies, 
highlighting their strengths and limitations in low-power 
applications. Section 3 outlines the circuit design 
approach, simulation setup, and analysis techniques used 
to evaluate performance metrics such as PSRR, output 
impedance, and PVT robustness. Section 4 presents the 
simulation outcomes, including key performance graphs 
and comparisons with other biasing methods, supported by 
analysis of corner cases and load variations. Finally, 
Section 5 summarizes the main findings, confirms the 
effectiveness of the proposed self-biased current sink.  

2. LITERATURE REVIEW  
Various current mirror topologies have been developed to 
enhance key performance metrics, including current-
matching accuracy, output resistance, voltage swing, 
power efficiency, and robustness to process and 
temperature variations. This chapter has reviewed prior 
work on current mirror circuits specifically designed for 
low-power applications, highlighting the advancements 
and trade-offs of each approach. 

The cascode current mirror is a well-known topology 
commonly used in analog design due to its ability to 
greatly increase output impedance and enhance current 
mirroring accuracy by minimizing the effects of channel- 
length modulation. It works by stacking a transistor above 
the output device, which isolates it from variations in drain 
voltage and creates a high- output- resistance path. Ali and 
Hasan in [9] showed that these cascode current mirrors 
outperform simple current mirrors in current accuracy, 
especially under different load conditions, while Zhang 
and El- Masry in [10] improved cascode swing using a 
flipped- voltage- swing method, achieving over 112 GΩ 
output resistance and just 0.01% gain error at VDD ≈ 1 V. 

Muzira et al. in [11] expanded the design with a quasi- 
floating self-cascode output stage, reaching bandwidths 
over 1.3 GHz and Rout > 80 GΩ in low voltage nodes. 
Despite these improvements, traditional cascode current 
mirrors face limitations due to their restricted voltage 
headroom which require at least twice the saturation 
voltage (2VDSsat) and add complexity in biasing and layout 
[12]. Recent advances have sought to overcome these 
issues through innovative architectural approaches. Pritty 
and Jhamb in [13] proposed a super-cascode current mirror 
for biomedical use, incorporating inverting amplifiers and 
level-shifting transistors to produce both positive and 
negative feedback. This design is implemented using 
90 nm technology operates at 0.8 V, offering a bandwidth 
of 580.2 MHz, 3.963 nV/√Hz output noise and consumes 
only 11.879 µW. The design can also support a 50 GHz 
VCO at 300 µW. Nam et al. [14] addressed mismatch 
sensitivity in electrochemical sensors with a chopper- 
stabilized, dynamically matched gain boosted cascode 
current mirror fabricated in 0.18 µm CMOS, achieving 
21.7 pA RMS input referred noise and just 1.13% 
mirroring error across 350 nA – 2.8 µA Iout and consume 
287.9 µW power. Meanwhile, Julien et al. [15] designed a 
high- drive current mirror using a regulated cascode 
topology with nonlinear current conveyor (CCII)-based 
feedback, capable of handling 100 µA to 2 mA at over 90% 
power efficiency and less than 0.5% current copying error 
with a 100 ns response time. These studies highlight the 
cascode topology's adaptability in high speed, precision 
analog circuits. However, their complexity, voltage 
requirements, and power consumption limit their use in 
ultra-low power wearable or implantable devices. 
Therefore, while cascode current mirrors deliver 
exceptional performance for high frequency and moderate 
to high voltage applications, it is important to weigh the 
design complexity and voltage overhead against the 
intended use.  

Thus, the flipped voltage follower (FVF) current mirrors 
have been developed as an alternative that emphasizes 
low-voltage operation and fast response. Various 
improvements to the FVF current mirror topology have 
been investigated to overcome the limitations of traditional 
current mirrors in low-power and low-voltage 
applications, especially for portable and biomedical 
devices. Unlike traditional or cascode current mirrors, the 
FVF structure leverages a negative feedback mechanism 
via a common-gate stage to fix the gate voltage of the 
output transistor, resulting in low input impedance, high 
output swing, and wide bandwidth under limited voltage 
headroom. Mallipeddi et al. [16] demonstrated a low-
voltage current mirror based on the FVF topology with 
local negative feedback using a 180 nm CMOS process at 
0.5 V supply, achieved a substantial improvement in 
output resistance from 700 kΩ to 401 MΩ without 
compromising bandwidth (2.4 GHz). Aloui et al. [17] 
further advanced the FVF design with a bulk-driven quasi-
floating gate approach operating at 0.8 V supply, achieving 
9.5 GΩ output impedance with only 79 µW power 
consumption and 99 µA output current, hence highlighting 
its suitability for low-power systems. Ghadiry et al. [18] 
introduced a self-biased FVF mirror to simplify external 
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circuitry while enhancing resilience against PVT 
variations, and Muzira et al. [11] added a quasi-floating 
self-cascode stage to extend bandwidth to 1.3 GHz. 
Despite these advancements, FVF current mirrors often 
need additional circuitry, such as bias generators or bulk-
driving stages, which can complicate the design. 
Furthermore, floating node techniques may limit 
compatibility with standard CMOS flows. Nonetheless, the 
FVF topology remains a strong candidate for modern low-
power analog circuits since it offers a compelling balance 
between simplicity, performance, and voltage efficiency. 
Although FVF current mirrors are ideal for low-voltage 
designs, they are not optimized for producing ultra-low 
currents in the nanoampere range.  

Several studies have explored low-power current 
reference circuits using self-biased architectures to 
improve robustness against process, voltage, and 
temperature (PVT) variations. Aminzadeh et al. [7] 
proposed a nano-power self-biased CMOS voltage/current 
reference with a very compact structure, which eliminates 
the need for external bias circuitry; however, the simplicity 
of the design limit the optimization of parameters such as 
PSRR and output impedance. Similarly, Lefebvre and Bol 
[8] introduced an ultra-low-power current reference 
capable of generating nanoampere-level currents with 
strong PVT robustness, however the architecture involves 
a more complex design and therefore increase 
implementation overhead.  

Motivated by these limitations, this work investigates a 
self-biased Widlar current mirror topology for low power 
operation. The proposed design focuses on achieving 
stable sub-microampere current generation while keeping 
the circuit simple and flexible. The Widlar current mirror 
is chosen because it can generate low currents in a compact 
and power-efficient by using source degeneration. Recent 
advances in Widlar current mirror topologies show their 
versatility for various low-power applications, including 
temperature sensing, current referencing, and strain 
detection. Widlar-based circuits are particularly attractive 
because they can generate ultra-low currents in compact 
layouts with minimal supply headroom. Kumar et al. [19] 
proposed a modified inverse-Widlar temperature sensor 
for high-performance multi-core processors, improving 
sensitivity through series resistors and achieving 
1.81 mV/°C with ±1 °C INL from –20 °C to 100 °C. The 
design, implemented in 180 nm CMOS, only occupies 
438 μm² and shows strong robustness to process variations. 
In biomedical and mechanical sensing, Roisina et al. [20] 
developed a low-power silicon strain sensor using four 
Widlar configurations, demonstrating a maximum 
sensitivity of 12.02 nA/με (gauge factor) with current 
subtraction, but consume higher power of 145 μW. 
Simpler resistor-based designs offered lower sensitivity 
and only used 28.6 μW of power. Aggarwal et al. [21] 
addressed the temperature drift issues of traditional Widlar 
current sources by combining a MOSFET–BJT pair in 
parallel, achieving a nearly constant 63 µA output with just 
0.1 µA variation across –30 °C to 100 °C, outperforming 
the 24.87 µA drift of standard designs, and consume only 
32.36 µW of power. For ultra-low-current applications, 
Sharroush and Abdalla [22] proposed nanoampere-range 

current sources using a subthreshold-modified Widlar 
structure and floating-gate MOSFETs, providing both 
analog tunability and digital programmability with <2 nA 
resolution. Liang et al. [23] developed a second-order, 
temperature-compensated, resistor-free Widlar current 
source in 0.18 µm CMOS, achieving a 16.9 ppm/°C 
temperature coefficient, a 1 µA reference current, and very 
low power consumption of 8.9 µW at a 1.3 V supply. The 
result highlights Widlar's suitability for thermally stable 
current generation. [24] emphasizes that Widlar’s source-
degeneration mechanism introduces local negative 
feedback, greatly enhancing output impedance and current 
stability while keeping low compliance voltage and simple 
design. Although its output impedance is lower compared 
to cascode or FVF-based current mirrors, the Widlar 
topology offers a good trade-off between complexity, 
accuracy, and power consumption, especially when 
combined with self-biasing, resistor tuning, or hybrid 
configurations. These results confirm that the Widlar 
topology is a strong candidate for modern low-power, 
high-precision applications such as biomedical implants 
and IoT sensors nodes. 

3. METHODOLOGY 
This chapter describes the circuit design approach, 
simulation setup and analysis used to evaluate the 
performance of the proposed widlar current mirror circuit. 

3.1 Circuit Design Approach 
The Self-Biased Widlar Current Mirror circuit shown in 
Figure. 1 is designed to generate very low output currents, 
(< 1 μA). The circuit contains two primary sections: the 
upper part is a PMOS current source mirror, while the 
lower part is an NMOS current sink arranged to become 
Widlar topology. These components work together to 
create a self-bias loop that can produce accurate reference 
and output currents independently of external biasing 
circuitry. 

The PMOS current source comprises of two PMOS 
transistors; Mp1 and Mp2. Diode-connected Mp2 create a 
reference gate-source voltage. This voltage is mirrored 
onto Mp1, forming a standard current mirror. The current 
from Mp1 is sources to the NMOS section below. This 
setup ensures symmetrical biasing and allows current to 
flow from the positive supply rail VDD into the core 
Widlar structure. The Widlar NMOS current sink consists 
of two NMOS transistors that receive current from the 
PMOS mirror. Diode-connected Mn1 defines the reference 
current, Iref. The Mn2 transistor acts as the output branch 
and includes a source degeneration resistor, which 
introduces local negative feedback. The voltage drop 
across the degeneration resistor reduces the gate-source 
voltage of Mn2. Consequently, the output current Iout 
becomes significantly lower than Iref, enabling precise 
low-current generation. The relationship between Iref and 
Iout depends on the operating region of the transistors, 
either in subthreshold as in equation (l) or in saturation as 
in equation (2). 
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Figure 1. Self-Biased Widlar Current Mirror 

If the transistor bias in subthreshold: 
 

                    𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟(−𝑅𝑅𝑠𝑠𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 𝑛𝑛𝑉𝑉𝑇𝑇⁄ ) (1) 
 
And if transistor bias in saturation: 
 
                 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 1

2
𝜇𝜇𝐶𝐶𝑜𝑜𝑜𝑜 (𝑊𝑊 𝐿𝐿)⁄ (𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑇𝑇𝑇𝑇)2               (2) 

 

3.2 Simulation Setup 
Table 1 shows two different sets of transistor aspect ratios 
(W/L), that are examined: D1 ensures all transistors 
operate in the threshold region, while D2 all transistor bias 
in the saturation region. These aspect ratios were 
intentionally selected to investigate the influence of 
transistor operating regions on current stability, 
temperature sensitivity and PSRR performance for the 
same self-biased Widlar topology. The selection of the 
transistor sizes was guided by MOSFET current equations 
and further validated through simulation sweeps.  

All simulations were performed using Eldo within the 
Tanner EDA S-Edit environment, utilizing a 0.25 µm 
CMOS process. The following analyses were conducted: 
first, DC sweeps—to evaluate the thermal stability of Iref 
and Iout over temperature (−40 °C to 120 °C), as well as 
the voltage drift of Vp with respect to temperature and 
VDD. Additionally, Iref, Iout, and Vp will also be 
evaluated across corners (TT, FF, SS) across standard 
temperature range. The second analysis is AC analysis, 
which is performed to extract the Power Supply Rejection 
Ratio (PSRR) and output resistance, Rout, across a 
frequency range of 10 Hz to 1 GHz. 

Table 1. Aspect ratio of Transistors 

  W/L 
Devices D1 D2 

Mp1/Mp2 10 10 

Mn1/Mn2 4 2 

R 5k 5k 

4. RESULT AND DISCUSSION 
The simulations aim to validate the circuit's ability to 
maintain stable bias current, reject power supply noise, and 
operate reliably under process and temperature variations. 
 

 
(a) 

 
(b) 

Figure 2.  (a) Iref,Iout and Vp vs Temperature for D1 
aspect ratio, (b) Iref,Iout and Vp vs Temperature for D2 
aspect ratio. 

Figure 2(a) and (b) shows the plot of Iref, Iout and Vp 
across temperature range from −40 °C to 120 °C for D1 
and D2 respectively. Figure 2(a) demonstrates excellent 
current matching between Iref and Iout across all 
temperatures, with maximum error below 0.03%. This 
precision and thermal stability result from the exponential 
current-voltage behavior in subthreshold operation. 
Excellent matching is essential, as close matching directly 
affects analog bias reliability, temperature drift 
performance, and systematic offset error [25]–[28]. In 
addition, minimal deviation between Iref and Iout also 
confirms a well-matched W/L ratios between the reference 
and mirror transistors. In contrast, D2 demonstrates the 
current mismatch is minimal from 25 °C ~ 50 °C as shown 
in Figure 2(b), with the highest error recorded at −40 °C 
(0.46%). The circuit exhibits slightly higher thermal drift, 
indicating greater sensitivity to temperature fluctuations. 
However, all transistors operate in the saturation region, 
which is advantageous for higher speed and improved 
linearity. Table 2 shows the error percentage and the 
operating region for both aspect ratio D1 and D2. The error 
between Iout and I ref is calculated by using equation (3). 
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                  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = �𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜−𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟�
𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟

× 100%                    (3) 

Table 2. Iout error percentage and operating region for 
D1 and D2 

 
D1 D2 

Iref–Iout 
Error (%) 

0.002%–
0.029% 

0.065%–
0.460% 

Bias Region 
All in 

Subthreshold 
All in 

Saturation 
 

Meanwhile, the bias voltage Vp exhibits a manageable 
drift of approximately 28 mV and 26 mV (equation (4)) 
across the full temperature range (−40 °C to 100 °C) for D1 
and D2, respectively. The small drift in Vp in both designs 
indicates robust analog biasing behavior under PVT 
variations, and the similarity in drift values highlights the 
effectiveness of the self-biased configuration in both 
operating regions [29]. 

 
                𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑉𝑉𝑝𝑝(100°𝐶𝐶) − 𝑉𝑉𝑝𝑝(−40°𝐶𝐶)                      (4) 
 

In general, <5% variation in current or voltage across 
standard temperature (−40 °C to 100 °C) is considered 
good [26], and <2% is considered excellent, especially for 
biomedical or subthreshold designs [28]. The maximum 
Iout error for D1 is ~1.2% (5) over full temperature from 
−40 °C to 100 °C confirms excellent temperature stability. 
This aligns with recent state-of-the-art current references 
demonstrating < 2% variation over −40°C to +85°C , such 
in [30], and over −40°C to +125°C in [31]. Meanwhile D2 
demonstrate the maximum Iout error of 3.5%, over full 
temperature from −40 °C to 100 °C, shows good 
temperature stability. 
 

           𝐼𝐼(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) = (𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜(𝑇𝑇)−𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜(25°𝐶𝐶))
𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜(25°𝐶𝐶)

× 100%              (5) 

 
Table 3 displays the effect of supply voltage VDD on 

the bias voltage Vp and output current Iout for D1 and D2 
across three temperatures: 40 °C, 25 °C, and 100 °C. The 
VDD range is 1.0-2.0 V. Both D1 and D2 show a 
consistent increase in Vp with increasing VDD, 
demonstrating good voltage tracking. However, Vp in D2 
remains slightly lower than in D1 at all conditions. This 
behavior aligns with MOSFET theory, in which the gate 
voltage decreases slightly with increasing drain current 
due to increased overdrive in saturation mode [12]. 
Similarly, Iout increases nonlinearly with VDD in both 
designs, consistent with exponential current dependence in 
subthreshold (D1) and quadratic dependence in saturation 
(D2) [27]. Notably, D2 exhibits significantly higher Iout 
than D1 under the same VDD, reaching 1 µA at 2 V, while 
D1 remains below this threshold. This makes D1 
preferable for ultra-low-power applications where 
minimizing static current is crucial [32], while D2 may be 
beneficial in scenarios requiring better PSRR and output 
drive strength. This shows that there is a clear trade-off 
between power efficiency and performance, as both Vp 
and Iout change with VDD. 

Table 3. Influence of VDD to Vp and Iout for D1 and D2 

ASPECT RATIO D1 
  Vp (V) Iout (µA) 
VD

D 
(V) 

at -
40°C 

at 
25°C 

at 
100°C 

at -
40°C 

at 
25°C 

at 
100°C 

1 0.503 0.521 0.537 0.000 0.000 0.000 
1.2 0.678 0.697 0.712 0.256 0.273 0.293 
1.4 0.862 0.880 0.894 0.385 0.394 0.408 
1.6 1.050 1.067 1.080 0.514 0.515 0.523 
1.8 1.240 1.256 1.268 0.644 0.636 0.638 

2 1.432 1.448 1.459 0.773 0.757 0.753 

ASPECT RATIO D2 
  Vp (V) Iout (µA) 

VD

D 
(V) 

at -
40°C 

at 
25°C 

at 
100°C 

at -
40°C 

at 
25°C 

at 
100°C 

1 0.501 0.519 0.536 0.000 0.000 0.000 
1.2 0.673 0.692 0.707 0.302 0.318 0.335 
1.4 0.856 0.873 0.887 0.473 0.478 0.487 
1.6 1.043 1.059 1.071 0.649 0.643 0.643 
1.8 1.232 1.248 1.259 0.828 0.810 0.802 

2 1.424 1.438 1.448 1.009 0.979 0.962 
 
Figure 3(a) and (b) shows the output current Iout and 

bias voltage Vp across a temperature range (−40 °C to 
120 °C) for three different process corners: Typical-
Typical (TT), Fast-Fast (FF), and Slow-Slow (SS). The 
curves corresponding to each process corner show minimal 
spread, highlighting the strong insensitivity of both Iout 
and Vp to process variations. At 40 °C, the convergence of 
all three curves at the same operating point in Vp and Iout 
for D1 and D2 confirms that the circuit compensates the 
process excellently. This level of stability is essential for 
precision analog and low-power sensor applications, 
where variations in bias conditions can degrade 
performance. The results confirm that the design 
successfully minimizes sensitivity to PVT (process, 
voltage, and temperature) variations, a key challenge in 
subthreshold and ultra-low-power operation. 

 
 

 
(a) 
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(b) 

Figure 3. The output current Iout and bias voltage Vp 
across a wide temperature range (−40 °C to 120 °C) under 
three different process corners: Typical-Typical (TT), 
Fast-Fast (FF), and Slow-Slow (SS) for (a) D1 and (b) D2. 

Figure 4 shows the PSRR for aspect ratio D1(a) and 
D2(b). As observed in the Figure 4, D1 (higher aspect 
ratio) exhibits PSRR of –63 dB at 10 kHz. Conversely, D2 
(smaller aspect ratio) shows improved PSRR of –71 dB. 
This trade-off arises because higher gm associated with 
larger W/L ratios increases the sensitivity of the bias node 
to supply variations, thereby degrading PSRR performance 
[25], [33].  

However, the PSRR of the proposed circuit with both 
aspect ratio indicates strong suppression of supply ripple 
across both low and moderate frequency ranges. This level 
of rejection is particularly significant in biomedical and 
wearable applications, where the analog front-end and 
sensor readout circuits are susceptible to supply noise 
originating from battery ripple, wireless transceivers, and 
switching regulators. The high PSRR at 10 kHz ensures 
effective rejection of low-frequency disturbances, which 
overlap with key physiological signals (e.g., EEG, ECG, 
and pressure). Meanwhile, the −35 dB and -32 dB 
attenuation at 1 MHz provides sufficient isolation from 
high-frequency switching noise commonly generated by 
on-chip or nearby DC-DC converters. Compared to state-
of-the-art designs in the biomedical domain, the achieved 
PSRR is highly competitive. Previous works report PSRR 
in the range of −40 dB to −60 dB for low-power reference 
and bias circuits [28],[34]–[36], which are often sufficient 
to preserve signal integrity in wearable and implantable 
systems. Therefore, the obtained PSRR levels confirm that 
the proposed circuit offers robust noise immunity and is 
well suited for integration in low-power, noise-sensitive 
biomedical signal acquisition platforms.  
 
 

 
(a) 

 
(b) 

Figure 4. PSRR (Power Supply Rejection Ratio) for (a) 
D1 and (b) D2. 

The achievable output impedance for D1 is 73 MΩ, 
notably higher than the 30 MΩ observed for D2. This 
suggests that D1 provides superior current source 
characteristics at low frequencies, which is advantageous 
for maintaining precision in analog applications with ultra-
low power consumption. The total power consumption for 
D1 is 3.5090 µW, compared to 3.5217 µW for D2. The low 
power consumption of the proposed circuit is mainly 
attributed to the self-biased Widlar architecture and the 
operating region of the transistors.In the D1 configuration, 
subthreshold operation enables the generation of very 
small currents with minimal bias voltage, thereby reducing 
static power consumption. In addition, the self-biasing 
structure removes the need for external reference or startup 
circuits, allowing a compact implementation with reduced 
overall power usage. 

Table 4 compares the performance of the proposed self-
biased Widlar current source with several recently reported 
low-power current reference circuits. Although some 
designs achieve lower power consumption, they typically 
require more complex architectures or operate at extremely 
small current levels. The proposed circuit provides a 
balanced trade-off between circuit simplicity, current 
stability, and noise immunity. In particular, the D2 
configuration achieves a PSRR of −71 dB, which is 
competitive with recently reported low-power reference 
circuits while maintaining a simple four-transistor self-
biased structure. 
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Table 4. Performance comparison with existing low-
power current reference circuits 

5. CONCLUSION 
A self-biased Widlar current mirror circuit has been 
successfully designed and investigated. The influence of 
two aspect ratios on key performance parameters was 
analysed: one operating in the subthreshold region and the 
other in saturation. The subthreshold-bias setup (D1) 
demonstrated superior current matching and thermal 
stability, making it suitable for ultra-low-power 
applications. Conversely, the saturation-bias configuration 
(D2) provided improved power supply rejection ratio 
(PSRR), which is beneficial for noise-sensitive 
environments. Both configurations maintained output 
currents below 1 µA over a broad range of supply voltages 
and temperatures. These findings confirm that careful 
transistor sizing can tune the circuit to balance power, 
stability, and noise rejection. Therefore, validating that the 
self-biased Widlar current mirror is robust and flexible for 
low-power analog design.  
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