
 

  

  Abstract— Gate driver circuits are required in power switching 

converters to switch either their internal or external power 

MOSFETs. This paper presents a design procedure by optimizing 

the number of pre-driver inverters and their size ratios to 

minimize the signal delay of an integrated gate driver circuit for 

switching converters. The gate driver circuit was implemented in a 

1.5µm CMOS process and tested successfully in a hysteretic 

synchronous buck switching converter. 

 
Index Terms – gate driver, switching regulator, DC-DC converter. 

 

I. INTRODUCTION 

EXT generation microprocessors need low voltage, 

fast-response and high-power-density power supplies. It is 

widely recognized that switching converter is suitable for this 

application. Switching converter requires a gate driver circuitry 

to control the external or internal power MOSFETs to deliver 

the required power to the output. The speed of this gate driver 

circuitry is extremely important for a high-frequency switching 

converter. Low propagation delay in the gate driver circuit 

improves the loop response, and hence, provides a better startup 

and transient response.  Moreover, low propagation delay has 

the advantage of using smaller magnetic components in high 

frequency converters. This paper presents a technique to 

minimize the delay due to the power MOSFETs driver circuitry, 

hence, optimizing the design for high frequency control [1-3].  

 

II. BASIC ARCHITECTURE 

Basic gate driver circuit consists of a pull up and a pull down 

circuitries as shown in Figure 1. The “OUT” pin is connected to 

the gate of an internal or an external power MOSFET which 

supplies power to the load by switching actions. For a large 

power MOSFETs, gate capacitances can be as high as a couple 

of nano farad (nF). To drive such a large gate capacitance, 

anti-cross conduction circuitry is required in the driver circuit to 

prevent shoot-through of the power supply from the pull up 

circuitry to the pull down circuitry.  

  

In the gate driver circuit, there are two sources of signal delay. 
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Delay due to anti-cross conduction circuitry is much smaller 

compared to the pre-driver delay, since minimum size devices 

are usually used in the shoot-through protection circuit. 

Pre-driver usually uses a string of inverter gates where the 

preceding gate is a couple of times narrower than the subsequent 

gate. The total number of inverters in the string and their size 

ratio are the critical design parameter to minimize the signal 

delay in the pre-driver. This paper presents a design technique 

of the pre-driver for minimum signal delay by selecting the right 

number of gates and their proper size ratios. This design 

technique can be applied to improve the control of the switching 

converter at high frequency operation [4-6]. 

III. DESIGN FOR MINIMUM PROPAGATION DELAY 

The main MOSFET in the pull-up and pull-down circuitries 

is designed based on the current requirement to charge and 

discharge the gate capacitance of the external or internal power 

MOSFETs. For example, if the gate capacitance of the power 

MOSFET is C, then the peak current required to charge the gate 

voltage to the Miller Plateau (Vgs ~ 2.5V) is  

                                                                                                                   

dt

dv
CI

peak
⋅=

                                                                       (1) 

where dt is the rise time of the gate voltage which can be from 

20ns to 200ns depending on the maximum switching frequency 

of the controller.  

Once Ipeak is determined, the width/length (W/L) ratio of the 

main drive MOSFET can be estimated for a gate-to-source 

voltage of 2.5V. As a rule of thumb, designers use the size (W/L 
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Figure 1. Basic architecture of the driver circuit. 
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ratio) of the pre-drive stages that is ten times smaller than the 

main driver for minimum propagation delay, but this is not 

always true. In this paper, we present a technique to precisely 

estimate the size ratios and number of stages of the pre-driver. 

Figure 2 shows the schematic of the driver circuit with the 

anti-cross conduction circuit consisting of the NAND 1, NAND 

2 and INVERTER 1. Terminal X is connected to the control 

signal while terminal D is connected to the gate of an internal or 

an external power MOSFET.  The MOSFETs, MN and MP, are 

the main drive MOSFETs. The size of MN and MP may be 

different based on process parameters and the required source 

and sink currents to the gate of power MOSFET connected to 

point D. For equal source and sink currents, the gate capacitance 

of MP is usually three times larger than that of MN due to the 

mobility differences of their conducting carriers.  The inverter 

strings connected between AB and CD are the pre-driver circuit 

to pull up or to pull down the MP and MN MOSFETs. 

Our design goal is to reduce the propagation delay in the 

driver circuit. As discussed, the main source of signal delay in 

the driver is the pre-driver circuitry. The delay can be 

minimized by properly designing the inverter string in the 

pre-driver. As mentioned earlier, the delay is dependent on the 

number of inverters in the string and their size ratios. To 

determine the proper size ratios and the number of inverters in 

the string, the capacitances at nodes A, B, C and D are first to be 

estimated. Capacitance at node A has the minimum gate 

capacitance as the first inverter in the inverting string usually 

has the minimum size. For example, in a typical 1.5µm CMOS 

process, the minimum inverter gate capacitance is about 

0.0025pF; therefore, CA = 0.0025pF. Capacitance at node B 

depends on the size of MP. The size of MP depends on Ipeak. 

From equation (1), with a dt = 100ns and dv = 2.5V, Ipeak = 

25mA, where the gate capacitance of the external MOSFET is 

1nF in this example.  

To supply Ipeak = 25mA, the W/L ratio of MP in Figure 1 is 

approximately 1200 which imposes capacitance at node B, CB 

= 4pF. The relationship between the propagation delay and the 

number of stages of inverter in the pre-driver circuit can be 

calculated from (2). 

                                                                                                     

( )N HNDelay +⋅= 1                                                       (2) 

 

where N is the number of stages and H is the ratio of gate 

capacitance of B and A nodes.  

 

Figure 3 presents the relationship between number of inverter 

stages and signal propagation delays. The vertical scale ‘Delay’ 

is a relative number. From Figure 3, it can be shown that the 

propagation delay is minimum for a 5 or 6 stages inverter string 

in the pre-driver circuit. The size ratio of the inverters in the 

string is approximately ( ) 40025.0/45 ≈pp  times larger than 

the previous inverter stage. The inverter stages and their size 

ratio for the signal path from C to D can be determined in a 

similar manner. 

 

IV. DESIGN FOR TEST  

The integrated gate driver circuit designed in the previous 

section was implemented in a hysteretic synchronous buck 

converter as shown in Figure 4. Power MOSFETs, M1 and M2, 

are IRF7311, available in a single SO-8 package. The gate 

capacitances of M1 and M2 are approximately 1nF [7]. The 

Rf–Cf network superimposes a ramp signal to the sensed output 

voltage at the input of the hysteretic controller. For proper 

values of these components, the amplitude of the ramp signal is 

greater than the output voltage ripple, and thus, the switching 

frequency becomes independent of the output filter 

characteristics [2]. Detail description of the operation of 

hysteretic synchronous buck converter can be found from 

literatures [3]. The controller of the hysteretic synchronous 

buck converter was laid out along with the driver circuitry on 

the same chip. 

The die photograph of the chip is shown in Figure 5 where the 

white boxes marked the different circuit sections of the 

controller. The high side driver is the driver for M1 MOSFET 

while the low side driver is the driver for M2 MOSFET. A level 

shifter is required to switch the high side MOSFET with a 

voltage higher than the input voltage. The current limit circuit is 

to protect the power MOSFETs from damage due to 

over-current.  The total chip area, including the input/output 
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Figure 2. Schematic of the driver with anti-cross conduction circuit. 
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Figure 3. Relationship between number of stages and propagation delay. 
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(I/O) bond pads, is approximately 3.8 mm
2
. 

 

V. ELECTRICAL MEASUREMENT RESULTS 

Figure 6 shows the gate drive voltages, feedback voltage and 

reference voltage to measure the propagation delay of the 

hysteretic buck switching converter. When the feedback voltage 

(purple) goes below the reference voltage (yellow), the gate 

drive voltage of the M2 MOSFET (blue) goes low. Due to the 

delay in the control loop, there is a 120ns delay of switching the 

MOSFET M2 off. This switching delay is due to the signal 

propagation delay through the hysteretic comparator and driver 

circuitry. According to our design, the delay in the driver circuit 

is approximately 100ns with the delays in the hysteretic 

comparator and anti-cross conduction circuit ignored. 

 

 

Figure 6. Measurement of delay in the driver. 

 

VI. CONCLUSION 

In this paper, a design technique is presented to minimize the 

propagation delay in the pre-driver. The driver circuit was laid 

out and fabricated using a 1.5µm CMOS process. The design 

was tested as a part of a hysteretic buck converter. A driver 

circuit was designed for 100ns where the delay in the 

comparator and anti-cross conduction circuit had been ignored. 

A delay of 120ns was measured and this met the design goal 

very well. 
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Figure 4. Test Bench for the driver circuit. 

 

 
 

Figure 5. Die photo of the buck controller with driver. 
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