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Abstract: Biasing of Bipolar Junction Transistors (BJTs) is a fundamental requirement for linear 

amplifier operation, yet the selection of an appropriate biasing scheme profoundly influences quiescent 

point (Q-point) stability against variations in transistor current gain (β) and temperature. This paper 

presents a rigorous theoretical, simulation-based, and experimental comparative study of three classic 

biasing configurations: fixed bias, collector-to-base (voltage-feedback) bias, and voltage-divider bias 

with emitter degeneration. Closed-form expressions for Q-point parameters and stability factors S are 

derived from first principles. Simulations performed in LTspice using the 2N2222A NPN transistor model 

and laboratory measurements on a physical breadboard corroborate the analysis. The voltage-divider 

bias achieves a stability factor S = 26.8 (approaching 1 + R_B/R_E), resulting in a collector current 

spread of only 18 % when β varies from 100 to 300, whereas the fixed bias circuit exhibits extreme 

sensitivity with S = β + 1. The study quantifies the trade-off between stability and component count, 

providing clear design guidelines for basic electronics practitioners. 
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I. INTRODUCTION 

The bipolar junction transistor remains a cornerstone device in analog electronics, used extensively in small‑signal 

amplifiers, switching circuits, and sensor interfaces. For faithful linear amplification, the transistor must be biased at a 

suitable operating point (Q‑point) that places it in the forward‑active region, defined by a specific collector current 

I_{CQ} and collector‑emitter voltage V_{CEQ}. However, the transistor’s current gain β is a notoriously variable 

parameter, depending on manufacturing tolerances, collector current, and junction temperature. Additionally, the 

reverse saturation current I_{CBO} approximately doubles for every 10 °C rise in temperature, potentially causing 

thermal runaway if the biasing network does not provide adequate negative feedback [1, 2]. 

This research paper addresses the need for a clear, side‑by‑side evaluation of the three most commonly taught biasing 

circuits in basic electronics engineering curricula. While textbooks present stability factors in isolation, this work 

integrates complete analytical derivations, simulation data, and experimental verification using a single transistor type 

(2N2222A) under controlled conditions. The objective is to equip students and practitioners with quantitative insight 

into why the voltage‑divider bias dominates practical design, and to highlight the pitfalls of simpler configurations. 

The remainder of this paper is organized as follows. Section 2 reviews the necessary transistor theory and derives the 

relevant equations for each biasing topology. Section 3 describes the simulation methodology and the LTspice 

schematics. Section 4 details the experimental setup and measurement procedure. Results are presented and discussed 

in Section 5, followed by conclusions in Section 6. 
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II. THEORETICAL FRAMEWORK 

 All circuits considered employ an NPN transistor in the common‑emitter configuration. The power supply voltage is 

denoted V_{CC} = 12\ \text{V}. The base‑emitter forward voltage is assumed constant at V_{BE} = 0.7\ \text{V} for 

silicon. The primary design target for the Q‑point is I_{CQ} \approx 2\ \text{mA} and V_{CEQ} \approx 6\ \text{V}, 

which places the operating point near the middle of the DC load line for maximum output voltage swing. 

 

2.1 Fixed Bias (Base Bias) 

The simplest circuit consists of a single base resistor R_B connected between V_{CC} and the base, and a collector 

resistor R_C from V_{CC} to the collector (emitter grounded). Applying Kirchhoff’s voltage law (KVL) to the base 

loop yields: 

V_{CC} = I_B R_B + V_{BE} 

Thus, 

I_{BQ} = \frac{V_{CC} - V_{BE}}{R_B} \qquad \text{(1)} 

and the collector current is I_{CQ} = \beta I_{BQ}. The collector‑emitter voltage is: 

V_{CEQ} = V_{CC} - I_{CQ} R_C \qquad \text{(2)} 

To satisfy the desired Q‑point with a nominal β = 200, we select R_C from: 

R_C = \frac{V_{CC} - V_{CEQ}}{I_{CQ}} = \frac{12\ \text{V} - 6\ \text{V}}{2\ \text{mA}} = 3\ \text{kΩ} 

Then I_{BQ} = 2\ \text{mA} / 200 = 10\ \mu\text{A}. From (1), R_B = (12\ \text{V} - 0.7\ \text{V}) / 10\ 

\mu\text{A} = 1.13\ \text{MΩ} (nearest standard value 1.1 MΩ). 

Stability factor S: For fixed bias, the total collector current including leakage is I_C = \beta I_B + (\beta + 1)I_{CBO}. 

Since I_B is independent of I_{CBO}, 

S = \beta + 1 \qquad \text{(3)} 

With β = 200, S \approx 201, making the Q‑point extremely vulnerable. 

 

2.2 Collector to Base Bias (Voltage Feedback Bias) 

Here the base resistor R_B is returned to the collector. The stability factor is derived as: 

S = \frac{(\beta + 1)(R_B + R_C)}{R_B + (\beta + 1)R_C} = \frac{\beta + 1}{1 + \beta \frac{R_C}{R_B + R_C}} 

\qquad 

\text{(4)} 

Designing for the same Q‑point with R_C = 3\ \text{kΩ} and β = 200 gives R_B \approx 560\ \text{kΩ} (standard). 

Then S 

\approx 97.3 – an improvement but still sensitive. 

 

2.3 Voltage Divider Bias with Emitter Resistor 

This configuration uses R_1, R_2 and an emitter resistor R_E. The stability factor becomes: 

S = \frac{(\beta + 1)(R_B + R_E)}{R_B + (\beta + 1)R_E} = \frac{(1 + \beta)\left(1 + \frac{R_B}{R_E}\right)}{1 + 

\beta + \frac{R_B}{R_E}} \qquad \text{(5)} 

For large β, S \approx 1 + \frac{R_B}{R_E}. Design values: R_E = 560\ \Omega, R_1 = 100\ \text{kΩ}, R_2 = 20\ 

\text{kΩ}, R_B = R_1 \parallel R_2 = 16.67\ \text{kΩ}, R_C = 2.4\ \text{kΩ}. Then S \approx 26.8, approaching the 

ideal limit 30.8. 

 

III. SIMULATION METHODOLOGY 

The three circuits were simulated using LTspice XVII with the 2N2222A model (BF=200 nominal). A .step param 

directive swept β from 100 to 300. Temperature sweeps (25 °C to 85 °C) were also performed. Resistor values used 

standard 5 % tolerance as calculated. 
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Fig. 1 LTspice schematic of the voltage‑divider bias circuit (screenshot available in supplementary material). 

 

IV. EXPERIMENTAL SETUP 

A physical breadboard was assembled using a 2N2222A transistor, 5 % resistors, and a 12 V regulated supply. Actual β 

of the nominal transistor was 208. Two additional transistors (β = 112 and β = 290) were used to simulate β variation. 

Q‑point was measured with a digital multimeter. Elevated temperature tests (≈75 °C) were performed using a hot air 

gun. 

Fig. 2 Experimental breadboard setup (available online). 

 

V. RESULTS AND DISCUSSION 

5.1 Simulation Results 

Tables I–III summarize the DC operating points from LTspice for the three biasing schemes at different β values. 

TABLE I: FIXED BIAS SIMULATION RESULTS (R_B = 1.1\ \TEXT{MΩ}, R_C = 3\ \TEXT{KΩ}, V_{CC} = 12\ 

\TEXT{V}) 

β (BF) I_{CQ} (mA) V_{CEQ} (V) Region 

100 1.02 8.94 Forward-Active 

150 1.53 7.41 Forward-Active 

200 2.04 5.88 Forward-Active 

250 2.55 4.35 Forward-Active 

300 3.06 2.82 Edge of Saturation 

 

TABLE II: COLLECTOR-FEEDBACK BIAS SIMULATION (R_B = 560\ \TEXT{KΩ}, R_C = 3\ \TEXT{KΩ}) 
 

β I_{CQ} (mA) V_{CEQ} (V) 

100 1.28 8.14 

150 1.67 6.97 

200 1.98 6.03 

250 2.27 5.16 

300 2.52 4.40 

 

TABLE III: VOLTAGE-DIVIDER BIAS SIMULATION (R_1 = 100\ \TEXT{KΩ}, R_2 = 20\ \TEXT{KΩ}, R_C = 2.4\ 

\TEXT{KΩ}, R_E = 560\ \OMEGA) 
 

β I_{CQ} (mA) V_{CEQ} (V) 

100 1.79 6.70 

150 1.94 6.26 
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200 2.02 6.02 

250 2.08 5.86 

300 2.11 5.75 

 


