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Important Notes

Please read the following instructions very carefully. They apply to all 4 tasks including PCB design tasks. If
you do not follow the instructions outlined below, it may result in zero mark for the tasks.

Component List

You must use LTspice for all your simulations. All component requirements must be configured in the
settings of each component in LTspice. Lab demos will randomly check the settings of some
components in your file to ensure you have configured them according to the following specifications.

You are limited to four power supplies (however, you are encouraged to use only two), of which can
take any value of your choosing. This does not include signal sources used to circuit simulation.

The components that you are allowed to use in the tasks are as follows:

o LT1001,LT1006, LT1007, LT1008, LT1010, LT1011, LT1016, LT1055, LT1056, LT1097, LT1115,
LT1116,LT1122, LT1218, LT1219, LT1494, LT1636, LT1637, LT1672, LT1677, LT1716, LT1720,
LT1792, LT1793, LTC2050, LTC2054, LTC2057, LTC2063, LTC2066, LTC2076, LT3045, LT3092,
LT3094, LT6000, LT6015, LT6018, LTCE081, LTC6268-10, LTC6752, LTC6754, AD8505,
'AD8500, AD8663, AD8613, AD8603, AD8627, AD8628, AD8538, ADG801, ADG802, ADG701,
ADG702.

o MMBT3904, MMBT4401, MMBT3906, MMBT4403, BSS123, BSP89, BSS84, J202, J308.

o 1N4148, MMBZ6V2AL.

Permissible value range for passive components:
o Resistors: between 0.10 and 1MQ.

o Capacitors: between 10pF and 10uF.

o Inductors: between 1nH and 1uH.

Capacitors must have equivalent series resistor (ESR) of 1Q and leakage resistor of 50MQ.

Inductors must have ESR of 10.
Al resistors components must conform to the E48 series. All capacitors components must conform
to the E24 series. All inductors components must conform to the E12 series.

Standard tolerance for passive components:

o Resistors: 5%,

o Capacitors: 10%,

o Inductors: 20%.

For PCB design tasks, you may use Altium or Kicad (for Altium, you need to register for student
licence).
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Tips for Neatness

There are several key points that you can follow to ensure that your schematic ends up being classified as
“neat’, these are (and not limited to):

«  Keynodes are labelled in a logical matter (1.e. Input, Output, Control Voltage, |_sense, etc). This could
be intermediate nodes, or inputs/outputs.

Inputs to the left and outputs to the right of the schematic.

Textis not covered (must be readable).

Wires and connections are neat, with minimal crossovers.

Supplies are clearly visible.

Simulation commands are clearly visible.

Ground symbols must face downwards!
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Submission Requirements

You are required to export a SPICE netlist from your LTSpice schematic. You can do this by going to the View-
>SPICE Netlist option. This will create a new window with the netlist information populated. You must copy
this information into a new text file labelled LabX_GrY_taskZ.txt. This created file, in addition to the .asc file
and be uploaded to Microsoft Teams.

Failure to follow these steps will result in marks being nullified.

Task 1: Current Measurement (L1")

In this task, you are required to design a system to measure the current waveform that passes through an
arbitrary load. Your circuit should connect in series with given load to measure the current (i.e. there will be a
terminal that will connect to one side of the load). The current measurement should be independent of the
load positioning, meaning that the sensing circuit may be placed either before (high side) or after (low side) of
the load in respect to the power supply. The output of your current sensing amplifier should output a voltage
that is proportional to the sensed current.

The gain (G) of the circuit should be variable between 10 and 100, i.e., When 100 mA passes through the
load (and the gain is 100) the output value should be: 100 x 10-%A x 100V/A = 10V. The circuit should be
robust to noise and thermal variations (drift). Additionally, the circuit must produce minimal loading (and thus
voltage drop across the sensing circuit). It is also ideal that the gain and offset error of your current sensing
amplifier is minimal.

Note: You must be able to vary the gain with ONLY one physical element.
Operating conditions:
1. Safe input current range: 0 to 200mA (peak to peak).
2. Nominal testing loads: 1000, 1kQ, 10kQ, 100kQ, RC load of 1kQ-1uF (You can assume the load is
connected to the same reference or supply as the circuit).
Requirements/specifications:
1. Maximum voltage drop across the shunt of 100mV.
. Maximum input impedance: 10Q.
. Minimum range of nominal gains G: +10 to +100 (i.e., non-inverting).
. DC Gain and Offset Error: < 1% (Over entire measurement range).
. Frequency response: Actual gain within +3 dB of G over the range OHz to 10kHz.
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Soft objectives:
1. Simpler solutions (fewer components are to be preferred).
2. Burden Voltage that is less than 10mV.

Assessment

Please follow the general instructions in the Preliminary Notes, the Important in this manual and the course
outline. Also, please note that you must present in your lab notebook a final handwritten description of the
algorithm you are using in your solution as part of your Req and Und mark.

[Examples of standard understanding questions related to this task

Included below are some standard understanding questions related to this task. Demonstrators may ask other
questions in addition to a selection of these questions for a fair assessment of understanding.

1. What s the significance of input and output impedances in general, and why in this design task it
should be chosen as small as possible?
2. What s gain-bandwidth product and how does it affect amplifier design?
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Task 2: Current Source (L1-L12)

In this task you are to design a linear voltage controlled current source. The circuit should accept a voltage on
an input and deliver a current through the output that is proportional to the input signal by a factor G with AV
unit.

The source is expected to be bidirectional, meaning that it can both source and sink currents. The current
source should have as minimal of a compliance voltage as possible. This means that the voltage drop from
either rail of the supply to the output should be minimal.

The source should also have ideally no offset or gain error with respect to the control signal, however, minimal
error will be tolerated. It is especially important that the output current has a linear relationship to the input
voltage.

The bandwidth of the source should also be as large as possible, however, in some situations it may be
desirable to intentionally limit the bandwidth. In this implementation it is desirable to limit the bandwidth. It is
also important that the circuit can operate with great stability across differing loading conditions (you should
expect this to be tested).

Your circuit should never source or sink current above the maximum allowable limit, regardless of the control
input. Hence it is preferable to implement circuitry to limit the maximum allowable current.

Operating conditions:
1. Load range Ri: Between 10 to 100kQ

Requirements/Specifications:
1. Pass-band Gain (G): 60mA/V.
2. Nominal Maximum Output Current Magnitude: |loud = 150mA.
3. Offset and Gain Error: < 1% (In the passband, assume 0 Hz to 500 Hz).
4. Frequency Response: 0 < fu, < 1kHz (-3dB point should be at 1kHz).
5. Minimum input impedance 10kQ

Soft Objectives:
1. Full functionality over full range of resistances (R. = 1000Q for /. = 100mA).
2. Limitation of Maximum Output Current to [200mA].
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Assessment

Please follow the general instructions in the Preliminary Notes, the Important in this manual and the course
outline.

[Examples of standard understanding questions related to this task

Included below are some standard understanding questions related to this task. Demonstrators may ask other
questions in addition to a selection of these questions for a fair assessment of understanding.
1. Why would we want to limit the bandwidth of a system?

2. How do you expect an ideal current source to behave against different loads? (Think about the output
impedance.)




