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EEEE 482 – Electronics II
Experiment #6:  CMOS Sequential Logic
Objective
The goal of this lab experiment is to introduce the student to the design, simulation, and testing of CMOS sequential logic circuits.  A CMOS bistable circuit — the D latch — will be designed, simulated to verify the design, then built and tested.  A CMOS monostable circuit will be analyzed by hand-calculation, simulated using PSPICE to confirm calculations, then built and tested.  
Introduction
This lab will explore the characteristics of several sequential logic circuits.  A discussion of the design and analysis of sequential logic can be found in Analysis and Design of Digital Integrated Circuits, by Hodges, Jackson, and Saleh, 3rd ed., McGraw-Hill, Chapter 5.
Sequential logic differs from combinational logic in at least one significant way.  In combinational logic, the output of the logic gate is directly determined by the inputs that are applied to the gate.  (There will be propagation delay, of course, between the time that inputs are changed and the time when the output is valid.  Once that transition period is over, however, the output is entirely determined by the inputs.)  In sequential logic, on the other hand, the output(s) is(are) determined not only by the present input(s), but also by the previous output(s).  Effectively, there is memory in sequential logic, since the present output depends on the previous output. 
Although lecture discussion and the text focus primarily on bistable sequential logic circuits — i.e., circuits that have two possible output states that are relatively immune to noise perturbations —  there are two other types:  monostable and astable circuits.  Monostable circuits have only one stable output, as their name implies.  When perturbed from that stable output by a triggering event, a transition period occurs and the circuit eventually returns to the single stable state, where it will remain until perturbed again.  Astable circuits have no stable output states.  Instead, their output will continually switch back and forth between two discrete outputs without being externally triggered.
Pre-Lab

Before coming to lab, do all of the following (Parts (1)–(6)):  


Part 1:  Design of a CMOS D Latch
Objective:  Design a CMOS D latch so as to achieve a given performance specification.  

Consider a CMOS D latch such as the one shown as a gate-level realization in Figure 1.  The AND–OR–INVERT implementation of the same circuit is shown in Figure 2.  
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Figure 1.  Gate-Level Implementation of a CMOS D Latch
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Figure 2.  AND–OR–INVERT Transistor-Level Implementation of a CMOS D Latch 
(
Design the D latch so as to make the worst-case propagation delays roughly equal — i.e., tPLH ≈ tPHL — through all three gates.  The three gates that comprise the transistor-level implementation of the D-latch are as follows:  (1) The AND–OR–INVERT gate on the left side of Figure 2 having inputs CLK, D, and Q;  (2) the AND-OR-INVERT gate of the right side of Figure 2 having inputs CLK, 
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, and 
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;  and (3) the inverter.  Take WN = 2 (m for the NMOS driver in the inverter.  The values of WN and WP for all other transistors should be chosen, then, to make worst-case tPLH ≈ tPHL for all three gates.  
(
Using your designed values of WN and WP, estimate (calculate) the propagation delays, tPLH and tPHL, associated with a change of the Q output state from logic 0 to logic 1 and from logic 1 to logic 0, respectively.  Note that we have not accounted for internal parasitic device capacitances and, therefore, each of the propagation delays is attributed solely to the charging or discharging of the 10 nF load capacitances.  In a case where the load capacitance is significantly larger than the internal parasitic capacitances, this approach will yield a reasonably accurate result.  
(More realistically, the load capacitance is likely to be the input capacitance(s) of subsequent gates that are being driven as fanout(s) from the gate under present consideration.  In this more likely scenario, the effective load capacitance will be of comparable magnitude to the internal node capacitances, and it would be crucial to account for all such capacitances.)
Part 2:  Simulation of a CMOS D Latch
Objective:  Compare hand calculations from the design and analysis of the CMOS D latch to PSPICE simulation.
Open Capture CIS on the computer.  Pull down on the File menu and select New ( Project.  Enter a name, select “Analog or Mixed A/D”, and create a blank project.  Using various libraries as indicated in the following, place parts and construct the circuit:


(
Use part MbreakN4 from the BREAKOUT library for the NMOS driver.  

(
Use part MbreakP4 from the BREAKOUT library for the PMOS load. 

(
Use the voltage sources from the SOURCE library.  You may wish to use VPULSE for the circuit inputs, as discussed below.
(
Ground can be added by clicking on the ground symbol on the right of the screen — use GND/CAPSYM.  Once you’ve added the ground symbol, double click on it and change the name from GND to 0 — otherwise the simulation will fail.
Design the waveforms for inputs CLK and D to allow you to examine the behavior of the latch for these four input combinations, in this order:  


(1) CLK = 1, D = 0;  


(2) CLK = 1, D = 1;  


(3) CLK = 0, D = 1;  


(4) CLK = 0, D = 0. 
Use quasi-ideal inputs (to avoid confounding output rise/fall times with input fall/rise times) by specifying rise and fall times of 1 ns for the inputs.  It is possible to cycle through all four required input combinations by using properly constructed VPULSE sources for CLK and D.  Make sure that you allow sufficient time between each of the four cases, considering your expected propagation times as calculated in Part (1).  Allowing time equal to 7*tP will ensure that over 99% of the ongoing transition has occurred (can you show that this is true, rounded to the nearest integer?).  
Before running the simulation, establish the transistor parameters for both the NMOS and PMOS devices.  Set vto, kp, W, and L values in the same manner as in Labs #1 and #2.  Remember that vto, kp, gamma, and phi are set in the .model statements, whereas W and L should be set in Properties. 
Use VTN0 = 0.5 V, (n = 270 cm2/V-s,  gamma=0.3 and phi=0.85 for the NMOS devices.

Use VTP0 = –0.5 V, (p = 70 cm2/V-s, gamma=0.3 and phi=0.85 for the PMOS devices.  
Use LN = LP = 200 nm for all devices.  Use the widths WN for the NMOS devices and WP for the PMOS devices that were designed in Part (1).  Make sure that all NMOS substrates are tied to the lowest system supply and that all PMOS substrates are tied to the highest system supply.
Recall that kn’ = (n Cox and kp’ = (p Cox, where Cox = 1.0 (F/cm2. 
Create a simulation profile, giving it a name of your choosing.  Choose the analysis type to be Time Domain (Transient),  and chose the time increment to provide good resolution.  
(
Run the simulation and view the results.  From the output, verify that the D latch is functioning properly — i.e., that the expected truth table outputs are observed when CLK = 1 and that the outputs do not change when CLK = 0.  Compare your simulated results with the tPLH and tPHL values calculated and expected from Part (1).  Note that there are two gate delays from the D input to the Q output.
Make sure that you save/print any schematic diagrams and simulation results that are needed before modifying your circuit!!

Part 3:  Preparation for Building and Testing a CMOS D Latch
Objective:  Determine in advance the wiring connections required for building the CMOS D latch.

The pin-out diagram and specifications for the CD4007 chip are shown in Figure 5(b).  A larger, more legible version of the pin-out diagram is shown in Figure 5(a).  Study the pin-out diagram carefully, making sure you understand the various substrate and source pin-out locations.  Note that the source and substrate for each of the leftmost NMOS and PMOS devices are hard-wired together.

(
Sketch the transistor-level schematic of the CMOS D latch (as in Figure 2) and indicate on your diagram the corresponding pins on the CD4007 chips.  You will need to use three CD4007 chips.  Use one for the left AND–OR–INVERT gate, a second one for the right AND–OR–INVERT gate, and a third one for the inverter.  Take care to ensure that all NMOS substrate (body) connections are wired to the lowest system supply voltage — in this case, ground — and that all PMOS substrate connections are wired to the highest system supply voltage — in this case, VDD.  
Part 4:  Analysis of a CMOS Monostable Circuit
Objectives:  Analyze the behavior of the CMOS monostable circuit shown in Figure 3.  Determine the influence of circuit design parameters on the nature and timing of the circuit’s output.
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Figure 3.  CMOS Monostable Circuit
This circuit has a single stable output.  When the inputs to NAND gate #1 are pulsed to VDD, this sets off a cascaded response through NAND gates #1–#3 that temporarily perturbs the output Vout  = V2.  The circuit then begins a transient response that ultimately results in restoration of the stable output.  It will then remain in that stable output state until perturbed again by Vtrigger.  The transient response as measured at Vout is a pulse of a certain length in time that is determined primarily by the values of the resistor R and the capacitor C.
(
Begin by determining the stable (steady-state) output state.  In particular, consider the capacitor at steady state and the fact that inputs to the NAND gates are applied to MOSFET gates.
(
Describe the process that follows the application of the triggering pulse to the inputs of NAND gate #1.  Sketch the expected voltage behavior of V2 (= Vout ), V3, and VC vs. time.
(
Derive a simple relationship for the pulse width tpw of the output Vout  as a function of VDD, R, C, and the switching threshold VS on a rising input for the NAND gate.  Use your formula to calculate the expected pulse width tpw for the case of the circuit shown in Figure 3.  Use VS = 1.4 V for the NAND gate.  

Part 5:  Simulation of a CMOS Monostable Circuit
Objective:  Simulate the CMOS monostable circuit to examine behavior and compare to hand calculations.
Make sure that you save/print any schematic diagrams and simulation results that are needed before modifying your circuit!!
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Figure 4.  CMOS Monostable Circuit with Capacitive Loading for Simulation
Construct the circuit shown in Figure 4 using Capture CIS.  Each of the NAND gates should be constructed using two PMOS and two NMOS devices.  Use VPULSE for the triggering voltage course.  Use the same 0.18 (m technology parameters as were used in the simulations of Part (2).  Remember that vto, kp, gamma, and phi are set in the .model statements, whereas W and L should normally be set in Properties.  In this particular case, however, since all NMOS devices are specified to be the same size (see below), WN  and LN  can be set in the .model statement;  likewise, since all PMOS devices are specified to be the same size (see below), WP  and LP  can be set in the .model statement.
Use VTN0 = 0.5 V, (n = 270 cm2/V-s, gamma=0.3 and phi=0.85 for the NMOS devices.

Use VTP0 = –0.5 V, (p = 70 cm2/V-s, gamma=0.3 and phi=0.85 for the PMOS devices.  

Use LN = LP = 200 nm for all devices.  Use worst-case widths WN = 4 (m for all NMOS devices and WP = 4 (m for all PMOS devices.  Make sure that all NMOS substrates are tied to the lowest system supply and that all PMOS substrates are tied to the highest system supply.

Recall that kn’ = (n Cox and kp’ = (p Cox, where Cox = 1.0 (F/cm2. 
Take care to ensure that all NMOS substrate (body) connections are wired to the lowest system supply voltage — in this case, ground — and that all PMOS substrate connections are wired to the highest system supply voltage — in this case, VDD.  The 3.5 and 7 pF capacitances shown in Figure 4 are included to simulate the effect of capacitive loading on the output nodes of NAND gates #1 and #2.  The addition of picofarad-level loading to the output of NAND gate #3 would be superfluous in the presence of the much larger 0.01 (F capacitor.
(
Set up the triggering waveform using a VPULSE source.  Use quasi-ideal rise and fall times of 1 ns, and a trigger pulse width of 1 (s.  Run the simulation, monitoring the voltage behavior of V2 (= Vout ), V3, and VC.  From your simulation, determine the pulse width tpw, and compare it to the expected value.  The simulated value will likely differ from your hand calculations due to the assumed value of switching threshold, VS.  Determine the actual value of VS from your simulation.
(
Re-run the simulation twice, first with VDD = 3 V and then with VDD = 7 V.  In each case, determine the pulse width tpw.  How sensitive is the pulse width tpw to VDD variation?
 (
Reset VDD to 5 V.  Re-run the simulation twice, first with R = 13 kΩ and then with R = 56 kΩ.  In each case, determine the pulse width tpw.  Do the variations in tpw agree with your expectations?
Part 6:  Preparation for Building and Testing a CMOS Monostable Circuit
Objective:  Determine in advance the wiring connections required for building the CMOS monostable circuit.

The pin-out diagram for the 74HC00 chip is shown in Figure 6(a).  Study the pin-out diagram carefully, making sure you understand the various input, output, and supply locations.  

(
Sketch the transistor-level schematic of the CMOS monostable circuit (as in Figure 3) and indicate on your diagram the corresponding pins on the 74HC00 chip.    
Lab — Measurement of CMOS D Latch and Monostable Circuit Characteristics
In this lab, we will build and measure certain characteristics of a CMOS D latch using CD4007 chips and a CMOS monostable circuit using a 74HC00 chip.  Refer to Figures 5(a) and 5(b) for the CD4007 chip pin-out.  There are three NMOS and three PMOS devices on each chip.  Pay particular attention to the substrate connections for the NMOS and PMOS devices, pins 7 and 14, respectively.  Note that the p-substrate connection (pin 7) is common to the three NMOS devices;  also, the n-substrate connection (pin 14) is common to the three PMOS devices.  

Likewise, Figure 6(a) shows the 74HC00 chip pin-out.  There are four available NAND gates on each 74HC00 chip.  The ground connection for all of the NAND gates is pin 7.  The power (VDD) connection for all of the NAND gates is pin 14.  

It is worth noting that the technology underlying the CD4007 and 74HC00 devices is much more mature than the 0.18 (m technology considered in the pre-lab calculations and simulations.  (Best available transistor parameters for the CD4007 devices are as follows:  VTN0 = 1.3 V, kn’ = 20 (A/V2, Wn = 200 (m, and  Ln = 10 (m for the NMOS drivers;  VTP0 = –1.1 V, kp’ = 8 (A/V2, Wp = 500 (m, and Lp = 10 (m for the PMOS loads.  Note that the kn and kp values are the same, thereby giving equal-strength NMOS and PMOS devices when equivalent bias conditions are applied.)  

As a result of significant differences in technology, you should not expect exact agreement between your pre-lab simulations and experimental measurements.  Nevertheless, underlying trends should agree with theoretical understanding and simulations.
Required Electronic Components:

3 — CD4007 chips

1 — 74HC00 chip

3 — 10 nF ( = 0.01 (F) capacitors

1 — 13 kΩ resistor

1 — 27 kΩ resistor

1 — 56 kΩ resistor
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Figure 5(a).  Enlarged CD4007 Pin-Out Diagram
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Figure 5(b).  CD4007 Pin-Out and Specifications
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Figure 6(a).  74HC00 Pin-Out Diagram
[image: image10.emf]
Figure 6(b).  Partial 74HC00 Data Sheet
(Parts (1)–(6) were done as part of the Pre-Lab preparation)
Part 7:  CMOS D Latch
Important:   Do not apply voltage to the gates (pins 3, 6, and 10) before the drains, sources, and substrates are connected.  The gates must be connected last to avoid damage from static discharge.  When disassembling your circuits, the gates must be disconnected first.  
Build the CMOS D latch of Figure 7 using three CD4007 chips.  Refer to your schematic diagram prepared in Part (3) of the pre-lab work, which shows appropriate pin connections for constructing the latch.  
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Figure 7.  CMOS D Latch, with 10 V Supply for CD4007 Chip
(
Make sure that you have correctly wired the circuit before proceeding.

(
Verify that your circuit functions properly as a D latch by applying all four possible combinations of inputs sequentially as in the table below and measuring the voltages at the Q and 
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 outputs.  Use VOH = VDD = 10 V for logic “1” and VOL = 0 V for logic “0” inputs.

	CLK
	D
	Q (V)
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  (V)
	Notes

	1
	0
	
	
	Connect the CLK input to VDD, then connect the D input to ground.

	1
	1
	
	
	Keep power on and carefully switch the D input from ground to VDD.

	0
	1
	
	
	Keep power on.  Switch the CLK input from VDD to ground.

	0
	0
	
	
	Keep power on and carefully switch the D input from VDD to ground.


Part 8:  CMOS Monostable Circuit
Important:  Make all connections before powering up the 74HC00 chip.  
Build the CMOS monostable circuit of Figure 3 (replicated below) using your diagram prepared in Part (6) of the pre-lab work.  A single 74HC00 chip can be used to supply all three NAND gates.  Pay very close attention to the gate, ground, and power connections.  The ground connection for all of the NAND gates is pin 7.  The power (VDD) connection for all of the NAND gates is pin 14.  
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(Replication of Figure 3.  CMOS Monostable Circuit)
(
Make sure that you have correctly wired the circuit before proceeding.

(
Set up the waveform generator and oscilloscope properly to trigger and capture the transient response of the monostable circuit.  Refer to Appendix A for the required procedures.
(
Apply the trigger to your monostable circuit and measure the output pulse width tpw.  Use your understanding of the operation of the circuit as well as actual values of R and C to infer VS  for NAND gate #2.  Compare to the value of VS  = 1.4 V assumed in the calculations of Part (4).

(
Repeat your measurement of tpw for VDD  = 3 V and VDD  = 7 V.  Compare your three tpw values.

(
Finally, repeat your measurement of tpw for VDD  = 5 V and (a) R = 13 k( and (b) R = 56 k(.  Do the measured tpw values agree with predicted values?
Tech Memo  

Summarize the design of the CMOS D latch subject to the design constraint tPLH ≈ tPHL.  Verify the proper operation of the D latch by summarizing the behavior of the Q and 
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 outputs in response to the four possible combinations of the CLK and D inputs.  Compare the simulated transient response time to the value expected from hand calculations.
Discuss the operation of the CMOS monostable circuit, and show the derivation of the output pulse width tpw relationship.  Summarize the simulated results of triggered behavior, comparing the values of the pulse widths obtained with VDD varied (R constant) and with R varied (VDD constant).

Include diagrams and calculations required in the pre-lab preparation.  Summarize the results from your experimental measurements of the CMOS D latch and the CMOS monostable circuit.  All information detailed on the check-off sheet should be included in a logically and professionally-organized fashion and briefly discussed.
Check-Off Sheet
A.  Pre-Lab

· Design of CMOS D latch to make tPLH ≈ tPHL through all three gates:  (a) Determination of all NMOS and PMOS widths;  (b) calculation of propagation delays tPLH and tPHL from the D input to the Q output.

· Simulation of CMOS D latch:  (a) schematic;  (b) output waveforms showing proper operation of the latch;  (c) simulated propagation delays tPLH and tPHL. 
· Preparation for CMOS D latch construction:  schematic diagram with CD4007 pin numbers indicated for all transistor nodes.
· Analysis of CMOS monostable circuit:  (a) expected output at steady state;  (b) description of circuit behavior after triggering;  (c) determination of relationship between pulse width tpw and circuit parameters.
· Simulation of CMOS monostable circuit:  (a) schematic;  (b) output waveforms showing operation of the circuit;  (c) comparison of simulated pulse width tpw to the expected value from hand calculations;  (d) refined value of VS  based on simulation;  (e) pulse width results for VDD and R variations.   
· Preparation for CMOS monostable circuit construction:  schematic diagram with 74HC00 pin numbers indicated for all transistor nodes.
B.  Experimental

· CMOS D Latch:  Verification of functionality (truth table output voltages). 
· CMOS Monostable Circuit:  (a) Output waveform synched to triggering input;  (b) comparison of measured pulse width tpw to the expected value from hand calculations and the simulated value;  (c) refined value of VS  based on tpw measurement;  (d) pulse width results for VDD and R variations and comparison to hand calculations and simulations.  
TA Signature: ____________________________ Date: ___________________________
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Appendix A — Signal Generator and Oscilloscope Setup Procedures for Synchronizing the Capture of Non-Repeating Signals
Signal Generator
Equipment:  Agilent 33250A 80 MHz Function/Arbitrary Waveform Generator

Set up the waveform generator to provide a single triggering pulse that is 1 (s in duration and 5 V in amplitude by executing the following procedure:

1. Power up the waveform generator.

2. Press the Utility key.  

3. Select Output Setup by pressing the corresponding gray button under the LED screen.  

4. Put the waveform generator in High Z mode by pressing the gray button on the far left under the LED screen and toggling from Load to High Z.  

5. Press the gray button corresponding to Done.

6. Press the Square key.  

7. The Freq field should be highlighted.  If it is not, press the corresponding gray button.

8. Enter 500 kHz for the frequency by first entering 500 on the numerical keypad, then pressing the gray button corresponding to kHz. (This will give a half-cycle pulse length of 1 (s.)

9. Highlight the Ampl field by pressing the corresponding gray button.  

10. Enter 5 V for the pulse amplitude by first entering 5 on the numerical keypad, then pressing the gray button corresponding to VPP.  

11. Highlight the Offset field by pressing the corresponding gray button.

12. Enter 2.5 V for the offset by first entering 2.5 on the numerical keypad, then pressing the gray button corresponding to VDC.
13. Press the Burst key.  
14. If the field #Cycles is not already highlighted press the gray button corresponding to #Cycles.  (If it is already highlighted, pressing the button will toggle to Infinite.  Make sure #Cycles is highlighted by pressing the gray button again.)
15. The number of cycles should default to 1, and there should be a highlighted 1 in the middle of the LED screen.  If it is not set to 1, press 1 on the numerical keypad to the right of the screen, then press the gray button corresponding to Cyc.  This will return you to the main screen.
16. Press the oval Output key.  It should light up.  
17. Press the oval Trigger key.  It should light up.  

At this point, four buttons should be lit on the waveform generator:  Square, Burst, Output, and Trigger.
The waveform generator is now ready to deliver a single 1 (s pulse that is 5 V in amplitude referenced to a baseline of 0 V.  Every time the Trigger button is pressed, the waveform generator will deliver the pulse to the Output coaxial terminal on the front face of the generator.  At all other times, there will be no signal coming from the waveform generator.
Oscilloscope
Equipment:  Agilent 54622D Mixed Signal Oscilloscope

Synchronize the oscilloscope with the waveform generator’s triggering output to the monostable circuit by executing the following procedure:

1. Connect a coaxial cable between the Sync coaxial terminal on the front face of the waveform generator and the Ext Trig coaxial terminal on the back plane of the oscilloscope.  The oscilloscope and waveform generator will be configured in this procedure to have the waveform generator to send a synchronizing signal to the oscilloscope at the same time that it is delivering the 1 (s triggering pulse to the monostable circuit.  This will stimulate the oscilloscope to measure the probe signal(s) at its input terminal(s) 1 and/or 2, starting at the time when the waveform generator sends the 1 (s trigger pulse to the monostable circuit.  
2. Power up the oscilloscope.  Wait patiently for it to finish its power-up sequence.
3. Press the Mode/Coupling key in the upper right quadrant of the front panel.    

4. Examine the screen, and find the Mode field at the lower left.  Change the mode to Normal (if it is not already in that mode) by pressing the key immediately below the Mode field.  Press the key until Normal is checked (selected).

5. Find the Coupling field on the screen (to the right of the Mode field), and set the coupling to DC (if it is not already in that mode) by pressing the key immediately below the Coupling field.
6. The Noise Rej and HF Reject fields should show an open green square.  Leave them (or put them) in that condition.  (If a black square shows in either field, press the corresponding button to toggle to the clear condition.)

7. Press the Edge key in the upper right quadrant of the front panel.    

8. Examine the screen, and find the first field at the bottom left, which shows two symbols:  the first one for a rising edge, the second one for a falling edge.  Choose the first one (rising edge) if it is not already chosen.  A check will appear below the currently chosen option.
9. In the last field on the bottom of the screen, choose Ext.  A check will indicate that it has been properly chosen.
10. Press the Pulse Width key in the upper right quadrant of the front panel.  It should light.

11. Examine the screen, and find the first field at the bottom left.  This field should be set to 1.  
12. The second field on the screen shows two symbols:  the first one for a rising pulse, the second one for a falling pulse.  Choose the first one (rising pulse) if it is not already chosen.  A check will appear below the currently chosen option.

13. The third field on the screen shows three symbols.  Choose the first one — the one that looks like a “less-than” sign (<).
14. Press the Edge key in the upper right quadrant of the front panel.

(cont’d)
15. To the right of the Edge and the Mode/Coupling keys there is a knob labeled underneath as Level.  Watching the upper right corner of the screen, adjust the Level knob until the voltage shown in the upper right corner is about 1.00 V.  (This is the level at which the oscilloscope will recognize that a synching signal has been received from the waveform generator.  Since the synching signal from the waveform generator is a TTL 5 V signal, the Level setting is not critical.  It should not be too low, though, in order to avoid having noise trigger erroneously the oscilloscope.)
At this point, one button in the Trigger section (upper right) of the oscilloscope front panel should be lit:  Edge.

The oscilloscope is now ready to receive a synchronizing signal from the waveform generator that, when received, will cause the oscilloscope to start taking data through probe channel(s) 1 and/or 2.  Every time the Trigger button is pressed, the waveform generator will deliver the 5 V TTL synching pulse to the oscilloscope at the same time that it is sending the 1 (s trigger to the monostable circuit through the Output cable.  

The setup should be tested to verify its correct operation by attaching oscilloscope channel 1 or 2 to the output from the waveform generator.  Press the Trigger button on the waveform generator and make scale and level adjustments on the oscilloscope until you see the single pulse.
You will need to adjust your time scale on the oscilloscope to around 10 (s per major horizontal division or more.  The vertical scale should be adjusted to around 2 V per major vertical division.  You may also need to adjust the vertical level adjust knob (located below the channel 1 or 2 buttons in the Analog section of the oscilloscope front panel) and/or the time delay knob at the top of the panel in the Horizontal section to get your signal on the screen.
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