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 The objective of this project is to design an analog front-end for converting current from 

an APD into an output voltage.  

My design should be able to satisfy the following requirements: 

• Total gain: First Stage – 30 𝑘Ω and Second Stage – 10 − 20𝑥 𝑉/𝑉 

• Study of the need for inclusion of a 2nd stage 

• TIA Bandwidth minimum of 250 MHz 

• Input referred noise: < 5 𝑝𝐴/√𝐻𝑧 but preferably 1.5 𝑝𝐴/√𝐻𝑧 

• 1.5 – 2 V output swing 

• 3.3 or 5 V power supply operation with less than 5 mA current consumption 

• Amplifier output signal is designed to drive high impedance loads (use 1 pF) 

• Slew – rate with maximum load > 100 𝑉/𝜇𝑠 = 100 𝑚𝑉/𝑛𝑠 

I will use the following models for my LTspice simulations: 

NMOS PMOS 

  

 



 I started by designing each stage of my TIA separately and then connecting them. My 

first stage is a shunt – shunt amplifier with a gain of 30𝑘Ω and minimum bandwidth of 250MHz. 

I will test my design by running an AC response without a load because the output of this stage 

will connect to the second stage through the gate of an NMOS.  

 

First stage of my amplifier with biasing 

 

AC Response of my first stage 

Gain = 90.1dB   Bandwidth = 2.95GHz 



My second stage is a series – shunt amplifier using a diff amp topology. I decided to use 

this topology because it was easy to bias and reach the desired specifications while staying 

within the maximum current consumption. I chose an NMOS diff amp because the DC output 

voltage of the first stage was at 3V and a rising input current results in a lowering output voltage. 

With a lower output voltage (input voltage to the second stage) the output of the second stage 

will increase which increases the total output voltage. This results in an increasing output voltage 

with an increasing input current. 

 

Second stage of my amplifier with biasing 

 

AC Response of my second stage with high impedance load (1pF capacitor) 

Gain = 20.3dB   Bandwidth = 346.7MHz 



 The second stage is necessary for my design to be able to drive the high impedance load. 

 

Simulation of my first stage with a 1pF load on the output 

 Gain Bandwidth 

Without load 90.12 dB 2.95 GHz 

With 1pF load 90.12 dB 100.5 MHz 

 

 

Simulation of my second stage with no load 

 Gain Bandwidth 

Without load 20.3 dB 658 MHz 

With 1pF load 20.3 dB 346.7 MHz 



 Comparing the first stage to the second stage I noticed the bandwidth of the first stage 

would drop significantly compared to the second stage bandwidth. The bandwidth of the first 

stage with the load is reduced to 3% of the bandwidth without the load. The bandwidth of the 

second stage with the load is reduced to 50% of the bandwidth without the load giving a 

bandwidth that meets the specification. The second stage is necessary for my design in order to 

meet the bandwidth specification. 

 Since both stages work within specification I connected them to make the following 

schematic: 

 

Final design schematic 

 

Symbol of my final design for clean schematics 



 

Final design with DC operating points labeled 

 

Large signal operation from input source to first stage output 

 

Large signal operation from output of first stage to input of second stage 



 

Large signal operation from input of source follower to the output of the source follower 

 

 These large signal simulations show how an increasing or decreasing input will affect the 

output of the corresponding stage. This is useful for deciding the topology of the following 

stages because I want to design the output voltage to increase with an increasing input.  

 

AC response of my final design probing the outputs of each stage 

 Gain Bandwidth 

VoutTIA 90.1 dB 1.39 GHz 

VoutDiffAmp 111.6 dB 446 MHz 

Vout 110.4 dB 295 MHz 



 

Schematic used to obtain noise performance of my design 

 

Simulation showing my input and output referred noise 

 

Schematic used to obtain noise performance of my design with input capacitance 



 

Simulation showing that input capacitance becomes significant at 300fF 

Capacitor Input noise 

100fF 2.00 𝑝𝐴/√𝐻𝑧 

200fF 3.68 𝑝𝐴/√𝐻𝑧 

300fF 5.42 𝑝𝐴/√𝐻𝑧 

400fF 7.16 𝑝𝐴/√𝐻𝑧 

500fF 8.91 𝑝𝐴/√𝐻𝑧 

600fF 10.66 𝑝𝐴/√𝐻𝑧 

700fF 12.42 𝑝𝐴/√𝐻𝑧 

800fF 14.18 𝑝𝐴/√𝐻𝑧 

900fF 15.93 𝑝𝐴/√𝐻𝑧 

1000fF 17.69 𝑝𝐴/√𝐻𝑧 

 

Table showing the input noise with varying input capacitance 



 

Schematic used to obtain noise performance of my design with input resistance 

 

Simulation showing that input resistance needs to be at least 69k to meet the noise specification 

 

 



Resistor Input noise DC Voltage 

60k 6.84 𝑝𝐴/√𝐻𝑧 2.81 V 

61k 6.58 𝑝𝐴/√𝐻𝑧 2.82 V 

62k 6.33 𝑝𝐴/√𝐻𝑧 2.83 V 

63k 6.10 𝑝𝐴/√𝐻𝑧 2.84 V 

64k 5.88 𝑝𝐴/√𝐻𝑧 2.85 V 

65k 5.67 𝑝𝐴/√𝐻𝑧 2.86 V 

66k 5.46 𝑝𝐴/√𝐻𝑧 2.87 V 

67k 5.27 𝑝𝐴/√𝐻𝑧 2.88 V 

68k 5.08 𝑝𝐴/√𝐻𝑧 2.89 V 

69k 4.9 𝑝𝐴/√𝐻𝑧 2.89 V 

70k 4.74 𝑝𝐴/√𝐻𝑧 2.90 V 

 

 A smaller resistor on the input will increase the amount of noise on the input and reduce 

the DC bias voltage. This is a problem with my design because the input of my TIA is on the 

gate of an NMOS device. With a 69k resistor my DC bias voltage is at 2.89V which will 

properly bias my diff amp. Using a larger resistor will reduce the input noise and increase the 

bias voltage on the gate of the NMOS which will pull the output DC voltage down. The APDs 

cathode should be connected to my VDD with the anode connected to the input (gate of NMOS) 

of the front-end and a resistor to ground. The resistor should be chosen based on the above 

information to bias my diff amp correctly as well as reduce the input referred noise of the circuit. 

 



 

Schematic used to obtain the output swing of my design 

 

Simulation of my output swing 

Operating current Output swing 

-40uA to 40uA 454mV to 3.11V = 2.659V 

 

 My output voltage swings from 454mV to 3.11 V centered around 1.8V. 



 

Schematic used to obtain slew rates and settling times of my design 

 

Simulation showing settling time with no load 

 

Simulation showing settling times with varying loads 



 

Capacitive load Peak Value Settling Time 

1 pF 2.617 V 1.205 ns 

6 pF 2.617 V 5.211 ns 

11 pF 2.617 V 9.706 ns 

16 pF 2.617 V 13.42 ns 

21 pF 2.617 V 17.03 ns 

no load 2.617 V 600 ps 

Settling times for varying capacitive loads 

 

Simulation showing slew-rate with no load 

 

Simulation showing slew-rates with varying loads 



 

 

Capacitive load Slew-Rate 

1 pF 1.25 GV/s 

6 pF 375 MV/s 

11 pF 224 MV/s 

16 pF 159 MV/s 

21 pF 116 MV/s 

no load 2.32 GV/s 

Slew-rates for varying capacitive loads 

 


