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use of SPICE you can use the models provided in the page. 180C H A P T E R5T H E C M O S I N V E R T E RQuantification of integrity, performance, and energy metrics of an inverterOptimization of an inverter design5.1 Exercises and Design Problems5.2 The Static CMOS Inverter An IntuitivePerspective5.3 Evaluating the Robustness of the
CMOSInverter: The Static Behavior5.3.1 Switching Threshold5.3.2 Noise Margins5.3.3 Robustness Revisited5.4 Performance of CMOS Inverter: The DynamicBehavior5.4.1 Computing the Capacitances5.4.2 Propagation Delay: First-OrderAnalysis5.4.3 Propagation Delay from a DesignPerspective5.5 Power, Energy, and Energy-Delay5.5.1 Dynamic
Power Consumption5.5.2 Static Consumption5.5.3 Putting It All Together5.5.4 Analyzing Power Consumption UsingSPICE5.6 Perspective: Technology Scaling and itsImpact on the Inverter MetricsSection 5.1 Exercises and Design Problems 1815.1 Exercises and Design Problems1. [M, SPICE, 3.3.2] The layout of a static CMOS inverter is given in
Figure 5.1. ( = 0.125m).a. Determine the sizes of the NMOS and PMOS transistors.SolutionThe sizes are wn=1.0m, ln=0.25m, wp=0.5m, and lp=0.25 m.b. Plot the VTC (using HSPICE) and derive its parameters (VOH, VOL, VM, VIH, and VIL).SolutionThe inverter VTC is shown below. For a static CMOS inverter with a supply voltage of2.5 V, VOH
=2.5 V and VOL=0 V. In order to calculate Vm , note from the VTC that the value isbetween 0.8 V and 0.9 V. Therefore, the NMOS is saturated and the PMOS is velocity satu-rated. Let Vin=Vout=Vm and set the currents equal to obtain the following equation:(kn/2)(VGS-VTN)2(1+VDS)=kpVDSAT[(VGS-VTP)-(VDSAT/2)](1+VDS)Substitute the
appropriate values and solve numerically to find Vm=0.883 V.Use the VTC data to solve for VIL and VIH numerically. The result is that VIH=0.97 V andVIL=0.56 V.c. Is the VTC affected when the output of the gates is connected to the inputs of 4 similargates?SolutionNo. CMOS gates are a purely capacitive load so the DC circuit characteristics are
notaffected.0 0.5 1 1.5 2 2.50.500.511.522.53Input Voltage (V)Output Voltage (V)VILVIHVM182 THE CMOS INVERTER Chapter 5d. Resize the inverter to achieve a switching threshold of approximately 0.75 V. Do not lay-out the new inverter, use HSPICE for your simulations. How are the noise marginsaffected by this modification?SolutionChanging
the NMOS sizing to wn=2.0m moves the switching threshold to 0.75 V.This increases NMH and decreases NML.2. Figure 5.2 shows a piecewise linear approximation for the VTC. The transition region isapproximated by a straight line with a slope equal to the inverter gain at VM. The intersectionof this line with the VOH and the VOL lines defines VIH
and VIL.a. The noise margins of a CMOS inverter are highly dependent on the sizing ratio, r = kp/kn,of the NMOS and PMOS transistors. Use HSPICE with VTn = |VTp| to determine the valueof r that results in equal noise margins? Give a qualitative explanation.SolutionThe TSMC 0.25m models were used for simulation and the threshold voltages
ofNMOS and PMOS devices are nearly equal in this process. A value near r=1 should result inequal noise margins, since the transistors will be closely matched. HSPICE showed that theresulting noise margins for this sizing were NMH=0.97 V and NML=1.1 V. The mismatch isdue to the fact that the PMOS threshold voltage is actually slightly lower,
so the PMOS isstronger and the upper noise margin is reduced. The actual value that results in equal noisemargins is r=0.83.b. Section 5.3.2 of the text uses this piecewise linear approximation to derive simplifiedexpressions for NMH and NML in terms of the inverter gain. The derivation of the gain isbased on the assumption that both the NMOS
and the PMOS devices are velocity saturatedat VM . For what range of r is this assumption valid? What is the resulting range of VM ?SolutionFigure 5.1 CMOS inverter layout.InOutGNDVDD = 2.5 V.PolyMetal1NMOS PMOSPolyMetal12Section 5.1 Exercises and Design Problems 183Using the equations for finding the region of operation, it can be
shown that the PMOSand NMOS are both velocity saturated only while the switching threshold is between 1.06 Vand 1.10 V. Since this range may be considered inclusive, we can assume that both devices arevelocity saturated and set the currents equal with VIN=VOUT=VM to find kp/kn . The result isthat kp/kn must be between 0.34 and 0.41. This
result can be checked by sizing the devicesaccordingly and testing the resulting VM in HSPICE. The result gives a range of 1.04 V to1.09 V. This makes sense, because the NMOS must be much stronger than the PMOS toachieve a switching threshold near 1 V.c. Derive expressions for the inverter gain at VM for the cases when the sizing ratio is
justabove and just below the limits of the range where both devices are velocity saturated.What are the operating regions of the NMOS and the PMOS for each case? Consider theeffect of channel-length modulation by using the following expression for the small-signalresistance in the saturation region: ro,sat = 1/(ID).Solution:When VM is slightly
larger than 1.1 V, the NMOS is velocity saturated and the PMOSis saturated. When Vis slightly smaller than 1.06 V, the PMOS is velocity saturated and theNMOS is saturated. Section 5.3.2 of the text shows this derivation for the case when bothdevices are velocity saturated. These derivations can be completed by substituting the correctcurrent
equations and using the same method. The results are as follows:For the case when the NMOS is saturated and the PMOS is velocity saturated:Dropping the second order terms in the numerator, substituting Vm for Vin, and simplifyingthe denominator leads to the following expression for the gain:For the case when the NMOS is velocity saturated
and the PMOS is saturated:VOHVOLVinVoutVMVIL VIHFigure 5.2 A different approach to deriveVIL and VIH.dVoutdVin---------------knVin Vtn( ) 1 nVout+( ) kpVDSATP 1 p Vout VDD( )+( )+knn2------------ Vin Vtn( )2 kpVDSATPp Vin VDD VtpVDSATP2----------------------- +-----------------------------------------------------------------------------------------------------------------------------------------------------------------------=dVoutdVin---------------knVmVtn( ) kpVDSATP+ID Vm( ) n p( )-----------------------------------------------------------------------=dVoutdVin---------------knVDSATN 1 nVout+( ) kp Vin VDD Vtp( ) 1 p Vout VDD( )+( )+knVDSATNn Vin VtnVDSATN2------------------------kpp2------------ Vin VDD Vtp( )2+--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------=184 THE CMOS INVERTER Chapter 5Again, dropping the second order terms in the numerator, substituting Vm for Vin, and simpli-fying the denominator leads to the following expression for the gain:3. [M, SPICE, 3.3.2] Figure 5.3 shows an NMOS inverter with a resistive load.a.
Qualitatively discuss why this circuit behaves as an inverter.SolutionFor VIN VT, M1 is con-ducting and Vout=2.5V - (I*R). This in turn gives a low Vout and the input signal is inverted.b. Find VOH and VOL calculate VIH and VIL.SolutionAssuming negligable leakage, when VinSection 5.1 Exercises and Design Problems 185d. Compute the average
power dissipation for: (i) Vin = 0 V and (ii) Vin = 2.5 VSolution(i) Vin=0 means M1 is cutoff, therefore, IVDD=0 and consequently PVDD=0(ii) Vin=2.5V, Vout=VOL=46.25mV,P=VDD*IVDD=2.5V*32.7mA=81.75mWe. Use HSPICE to sketch the VTCs for RL = 37k, 75k, and 150k on a single graph.SolutionVoltages
(lin)0200m400m600m800m11.21.41.61.822.22.42.6Time (lin) (TIME)0 2n 4n 6n 8n 10n* problem 3 for solutionsVoutVin M1 W/L = 1.5/0.5+2.5 VFigure 5.3 Resistive-load inverterRL = 75 kIVDDVR-------2.5 46.25m75k------------------------------- 32.7uA= = =186 THE CMOS INVERTER Chapter 5f. Comment on the relationship between the critical VTC
voltages (i.e., VOL, VOH, VIL, VIH)and the load resistance, RL.SolutionAs RL increases, the VTC curve becomes more ideal for the following reasons: VOLdecreases, NML increases, VIH decreases, and NMH increases. However, these come astradeoffs because, as RL increases, VIL decreases, which is less ideal, and VOH remainsunchanged.g. Do
high or low impedance loads seem to produce more ideal inverter characteristics?SolutionAs the impedance load increases, there is a tradeoff, the inverter VTC becomes moreideal with a higher gain and thus better noise margins. However, the VTC curve is shifted infavor of M1 and the threshold voltage is lowered as the VTC moves to the left.4. [E,
None, 3.3.3] For the inverter of Figure 5.3 and an output load of 3 pF:a. Calculate tplh, tphl, and tp.SolutiontpLH=0.69RLCL= 155 nsec.For tpHL: First calculate Ron for Vout at 2.5V and 1.25V. At Vout=2.5V, IDVsat=0.439mA givingRon= 5695 and when Vout=1.25V, IDvsat=0.41m giving Ron= 3049W.Thus, the average resistance between
Vout=2.5Vand Vout=1.25V is Raverage=4.372Page 28/12/2019 8 - Integrated Circuits 1/288/12/2019 8 - Integrated Circuits 2/288/12/2019 8 - Integrated Circuits 3/28 These are generally at the input end of asystem to convert the input signal into abinary code necessary for the operation ofthe system. Encoding circuits may take many forms
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pulses are fedthrough the AND gate as it is 'closed'. A comparator is a device with two inputswhich compare the voltages at each input todetermine which is greater, the output islogic 1 if A is larger than B and logic 0 ifinput B is larger than A. On start B is 0, A is the larger output, fromthe comparator is logic state l and when theSTART pulse goes
low the AND gate 'opens'and the clock pulses go to the counter. Eachpulse causes the counter to advance. 8/12/2019 8 - Integrated Circuits 10/28 As the counter counts up, its value isconverted into its analogue equivalent by thedigital to analogue convertor (DAC or D to Aor D/A) and applied to the comparator at B. The DAC output therefore
increases in stepsuntil it reaches just above the analogue inputlevel ie, B input >A. The comparator output goes low, AND gatecloses, the count stop, the digital read-out isthen taken from the counter.8/12/2019 8 - Integrated Circuits 11/28 The best approximation we can obtain,depends on how much input B has to begreater than A ie, the step size,
this is knownas the quantization error. This type of Analogue to Digital converter isslow in operation and is unsuitable for highspeed operation, and of course the larger thevoltage the longer (more steps) time it takes. The comparator would be an operationalamplifier.8/12/2019 8 - Integrated Circuits 12/288/12/2019 8 - Integrated Circuits 13/28 This
problem can be partly overcome by using anup/down counter. It counts up when the comparator is logic 1 anddown when the comparator output is logic 0. As the analogue input varies it simply counts upor down from the previous count rather than re-setting to zero as did the digital ramp convertor. This type is called the continuous digital
rampconvertorand is a considerable improvement onthe previous one.8/12/2019 8 - Integrated Circuits 14/288/12/2019 8 - Integrated Circuits 15/28However, the fastest type of ADC of the onesconsidered is the successive approximation type ADC.This is similar to the previous circuit but the registeris used instead of a counter and a control logic
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numberis too large and the MSB remains at 1.8/12/2019 8 - Integrated Circuits 17/28 At the next clock pulse the control changesthe next bit in the register, if B>A, it is set to0, if B8/12/2019 8 - Integrated Circuits 18/28 A decoder is a device which is usually at theoutput end of a system and converts thebinary to decimal ie, changes the
operationalworking code into the code necessary tooperate the output system. Some examples of this are where BCD isconverted into a code necessary to operate aseven segment display8/12/2019 8 - Integrated Circuits 19/28 8/12/2019 8 - Integrated Circuits 20/28 The next drawing shows a binary weightedresistor method, so called as the values of
theresistors increase in accordance with thebinary system eg, R, 2R, 4R, 8R. The output from the resistor chain isconnected to an operational amplifier as asumming amplifier with a feedback resistor Rf8/12/2019 8 - Integrated Circuits 21/28 8/12/2019 8 - Integrated Circuits 22/28The output Vo is therefore Also in the circuit there are four switches
S1,S2, S3, S4 which are electronic switches(digitally controlled).Each switch connects the resistor to a fixedreference Vref when the input bit is logic 1(+5v) and to ground (0v) when the input bit islogic 08/12/2019 8 - Integrated Circuits 23/28 Assuming that Rf= R = 1K then the outputformula becomes If the input number is 0001then: ie each of the
electronic switches connectingthe input to ground. V4 will be connected to Vref, we will assumethat Vref is - 8v so the formula becomes:8/12/2019 8 - Integrated Circuits 24/28 With an input of 0100 V1 = V3= V4=0 V2= Vref. Assume again Vref= -8v8/12/2019 8 - Integrated Circuits 25/28 The accuracy of this system depends on theresistors and the
precision of the inputsupply. Resistors can be made to reasonable accuracyand the electronic switches can be replacedby precision level amplifiers, these ensuretheir outputs are exactly 5v or 0v dependingupon their outputs. High input ensures 5v from the amplifier tothe input resistor of the op amp (operationalamplifier) and a low output ensures
0v8/12/2019 8 - Integrated Circuits 26/28 Another problem is the larger the bit wordthe more the range of resistors is required ie,for every extra bit the range of the requiredresistors doubles. So another method of converting digital toanalogue must be found for digital wordswith a large number of bitsit is called theR 2R type.8/12/2019 8 - Integrated
Circuits 27/28 The circuit works on the principle that pair of2R resistors at the end of the ladder can beconsidered in parallel, forming an overallresistance R. This system does use twice the number ofresistors compared to the binary weightednetwork, but the use of only two values ofresistors means the system can handle anynumber of input bits,
simply be extending theresistor ladder.8/12/2019 8 - Integrated Circuits 28/28Page 3Embed Size (px) 344 x 292429 x 357514 x 422599 x 487The concept of 3-D integration is not new. Although first introduced in 1960, 3-D integration did not materialize until recently because of two reasons: (1) 2-D ICs were already producing results keeping pace
with Moore’s law, and (2) technology to remove the tremendous amount of heat from an IC was not available. A combination of technical innovations to produce ultra-low power devices and of future scaling challenges has turned the focus back to 3-D ICs.3D-INTEGRATED CIRCUITS3D-INTEGRATED CIRCUITSCHAPTER 1INTRODUCTIONMoores law
has inspired the growth of integrated circuit (IC) technology since its inception in 1965. Each new technology node produces smaller and faster devices keeping pace with Moores prediction of 2 scaling every 18 months. The exponential decrease in feature size, from 10 m to 22 n over the past four decades, has resulted in an astronomical
performance increase. For this trend to continue, significant challenges need to be overcome in several key areas. IC technology has evolved from a device-centric technology to one where interconnect also plays a critical role. The latency of interconnect dominates that of transistors. Oxide thickness of a metal oxide semiconductor field effect
transistor (MOSFET) determines the size and the leakage current of a transistor. Oxide thickness approaching atomic levels imposes a practical bound on the leakage current and hence limits transistor sizes. Exponential increase in capital cost, to set up a foundry, poses a threat to the viability of future technology scaling.Vertical stacking of dies,
forming a 3-D IC, is a promising alternative to traditional 2-D ICs to keep pace with Moores Law. 3-D IC technology is not only capable of increased device-density but also offers heterogeneous integration of dies from disparate technologies (analog, digital, mixed signals, sensors, antenna, and power storage) and from different technology nodes (65,
32, 22 nm etc.). The 2009 International Technology Roadmap for Semiconductor (ITRS) predicts that by 2015 the number of stacked dies in memory, low-end low-cost, and high-performance chips will be 9, 3, and 2, respectively.The development of IC technology is driven by the need to increase both performance and functionality while reducing
power and cost. This goal has been achieved by the use of two solutions: 1) scaling devices and associated interconnecting wire through the implementation of new materials and processing innovations, and 2) introducing architecture enhancements to reconfigure routing, hierarchy, and placement of critical circuit building blocks. Three-dimensional
(3D) integrated circuits (ICs), which contain multiple layers of active devices, have the potential to dramatically enhance chip performance, functionality, and device packing density. They also provide for microchip architecture and may facilitate the integration of heterogeneous materials, devices, and signals. However, before these advantages can
be realized, key technology challenges of 3D ICs must be addressed. More specifically, the processes required to build circuits with multiple layers of active devices must be compatible with current state-of-the-art silicon processing technology. These processes must also show manufacturability, i.e., reliability, good yield, maturity, and reasonable
cost. To meet these requirements, IBM has introduced a scheme for building 3D ICs based on the layer transfer of functional circuits, and many process and design innovations have been implemented. This paper reviews the process steps and design aspects that were developed at IBM to enable the formation of stacked device layers. Details
regarding an optimized layer transfer process are presented, including the descriptions of 1) a glass substrate process to enable through-wafer alignment; 2) oxide fusion bonding and wafer bow compensation methods for improved alignment tolerance during bonding; 3) and a single-damascene patterning and metallization method for the creation of
high-aspect-ratio (6:1 , AR , 11:1) contacts between two stacked device layers. This process provides the shortest distance between the stacked layers (2 lm), the highest interconnection density (108 vias/cm2), and extremely aggressive wafer-to-wafer alignment (submicron) capability.1.1More than Moore with 3-D IC TechnologyThe concept of 3-D
integration is not new. Although first introduced in 1960, 3-D integration did not materialize until recently because of two reasons: (1) 2-D ICs were already producing results keeping pace with Moores law, and (2) technology to remove the tremendous amount of heat from an IC was not available. A combination of technical innovations to produce
ultra-low power devices and of future scaling challenges has turned the focus back to 3-D ICs.3-D stacking provides exciting design opportunities not possible with 2-D ICs. Various levels of granularity exist to partition a system to form a 3-D system. Fabricating individual dies using various technologies and stacking them to form a 3-D IC is an
example of coarse granularity. Monolithic 3-D integration, stacking two dies such that one die contains all the NMOS transistors and the other contains all the PMOS transistors, is an example of the finest granularity. Loh et al. provide a detailed architectural analysis of these granularities. The benefits are many. At the circuit-level, the length of
global wires can be reduced by as much as 50%, wire-limited clock frequency can be increased by 3.9, and wire-limited area can be decreased by 84%. Power requirements can be reduced by 51% at the 45-nm technology node. At the architecture-level, optimal 3-D design can be achieved by co-optimizing the architecture and technology at each
design stage.Techniques to achieve 3-D stacking include wire-bonding, monolithic integration, and through-silicon vias. While straight-forward and economical, wire-bonding is limited to low-power low-frequency ICs that require less inter-die connections. Wire-bonding may occur for staggered dies, shown in Fig. 1.1. A monolithic 3-D IC, shown in
Fig. 1.1, requires a new semiconductor manufacturing technique where multiple layers of devices can be fabricated in a single substrate. This technique offers the most stacking at the highest cost. TSV-based 3-D integration, shown in Fig. 1.2 and the focus of this book, is a promising technique to achieve short and dense inter-die interconnects. Interdie communication can also be achieved by inductive coupling. While complex, expensive, and requiring new design and fabrication solutions, TSV-based design has gained the most momentum.Figure 1.1 Wire Bonding TechniquesFigure 1.2 TSV TechniquesThe IC industry has enthusiastically embraced 3-D stacking technology, and progress is being
made to advance design methodologies, tools, and core technologies. Qualcomm Inc., the biggest near-term consumer of 3-D ICs for mobile devices, is working on standardizing the process flow. All major EDA vendors are developing design tools to support each stage of the 3-D IC design cycle. MIT Lincoln Labs has introduced fully depleted siliconon-insulator (FDSOI) process that can stack three dies using waferwafer oxide bonding. Tezzaron Inc. has demonstrated a variety of 3-D ICs (memory, FPGA, and mixed signal) using a 180 nm technology node and wafer-level, via-first, and metal-to-metal thermal bonding. Foundries are working in close relation with research organizations to develop
fabrication processes that meet 3-D stacking requirements.1.2TSV-Based 3-D IC Design ChallengesTSVs offer higher interconnect density and better performance than wire-bond stacking technology. However, fabricating vertical interconnects that pass through dies containing substrate, devices, and interconnect, poses manufacturing and
performance challenges. A few of these challenges are discussed in this section. TSVs occupy valuable silicon real estate. As a point of reference, ITRS predicts the minimum TSV area to realize global-level inter-die connections to be 16 m2, whereas the area of a 6T SRAM cell for 45 nm Hi-K Metal-Gate technology is 0.346 m2. TSVs thus create
blockages ( 46 the SRAM cell area): neither a device can be fabricated nor a signal can be routed through the area occupied by a TSV. TSVs therefore impact device density, die floor-plan, and interconnect routing.Manufacturing constraints associated with TSV etch and via filling processes dictate TSV size. Smaller TSV sizes are desirable but require
the silicon (Si) substrate to be thinned to a thickness of 100 to 10 m, or even less in bulk CMOS technology. To fabricate a TSV of size 5 m assuming a practical aspect ratio of 10:1, the maximum die thickness will be 50 m. Technical innovations are needed to manufacture and bond thin wafers.A TSV is a metallic, usually copper (Cu), interconnect
extending through the substrate and insulated by a dielectric material. Any signal transitions through a TSV create noise within abutting substrate. This TSV-induced substrate noise poses a major threat to the performance of neighboring devices and neighboring TSVs. TSV-induced substrate noise increases leakage current, which increases static
power consumption and can turn transistors in the off state to the on state and vice versa.The large mismatch between the coefficients of thermal expansion (CTE) of metallic TSV (17.5 E6/C for Cu) and Si substrate (2.5 E6/C) results in serious reliability concerns. High temperature loadings during fabrication create thermal stress in the substrate,
which in turn impacts the mobility of carriers and affects device performance. Power delivery design for 3-D ICs is a challenging task due to increased device density and package asymmetry. While the die closest to the package can get power supply directly from the package, TSVs are required to deliver power to the dies further away from the
package. TSV size and placement are design decisions. Technology and design choices must be explored to minimize TSV area penalty and meet power requirements. Thermal management is one of the biggest problems faced by 3-D IC design. TSVs can be used to extract heat from the dies away from the heat sink. Optimizing the number and
placement of TSVs to meet the thermal budget requires accurate modeling and novel algorithmic and design approaches.1.3 Organisation of the reportThisPage 4Embed Size (px) 344 x 292429 x 357514 x 422599 x 487Text of 5.8 Integrated circuits1.Module 5: Digital Techniques and Electronic Instrument Systems 5.8 Integrated Circuits 2. An
example of an digital integrated circuit 3. Half Adder A B S C 0 0 0 0 0 1 1 0 1 0 1 0 1 1 0 1 4. Full Adder A B Cin S Cout 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 1 1 0 1 1 0 0 1 0 1 0 1 0 1 1 1 0 0 1 1 1 1 1 1 5. Parallel Adder Can be extended to add more bits. 6. Subtraction 7. Flip-Flops R-S Flip-Flops D Flip-Flops J-K Flip-Flops Temporary data storage.
Counters. Multiplication and division. 8. R-S Flip-Flop S R Q Q Condition 0 0 * * Latched (keeps previous condition) 0 1 0 1 Reset 1 0 1 0 Set 1 1 ? ? Jammed * previous condition 9. R-S Flip Flop design S: 1, R: 0 NAND 1 Q = 1 and Q= 0. S: 0, R: 1 NAND 2 Q = 1 and Q = 1. S: 0, R: 0 previous Q and Qaffect next Q and Q. S R Q Q Condition 0 0 * *
Latched (keeps previous condition) 0 1 0 1 Reset 1 0 1 0 Set 1 1 ? ? Jammed 10. D Flip-Flop Changes are made only when clock moves from low to high. Also called delay flip-flop. Clk D Qn ext Q Condition 1 1 1 0 Store 1 0 X * * No change 1 0 0 1 Store 0 *: previous condition X: irrelevant 11. J-K Flip Flop Clk J K Q Q 1 0 0 * * 1 0 1 0 1 1 1 0 1 0 1 1 1
Toggle Toggle QKQJQnext *: previous condition 12. Asynchronous Counter Ripple Counter. The output of each J-K flip flop is connected to the clock of the next one. Is an asynchronous counter. Events occur one after the other. However, high speed clocks can cause erroneous indications. . 13. Synchronous counter Synchronous counter: All events
occur at the same time. 14. Ring Counter Only one output is high each time. AND gates set only one flip-flop each time. 15. Parallel Register READ IN: flip-flops can be set only when Read-in is 1. READ OUT: output is obtained only when Read- out is 1. If Read-in and Read-out is 0 S=R=0 and flip- flops keep their previous condition. 16. Serial to
Parallel Shift Register Data in bits shift right each time the clock ticks. Useful for implementing: serial to parallel data transfer division 17. Parallel to Serial Shift Register Input: D1- D4. When shift operation is set, each time the clock ticks data are forwarded to the output. 18. Decoder Detect a specific bit combination. Each Y becomes 1, only when a
specific input combination is applied. 19. Binary to decimal decoder A 3-bit binary to decimal decoder (from 0 to 7). Only one output can be high each time. 20. Encoder Accepts an input and converts it to a shorter representation (e.g. binary). Decimal to binary converter from 1 to 9. 21. Logic Families 74F04PC Page 5Embed Size (px) 344 x 292429 x
357514 x 422599 x 487Text of 5.8 - combination circuits 1. Dr Pusey www.puseyscience.com 2. Syllabus Points circuit analysis and design involve calculation of the potential difference across, the current in, and the power supplied to, components in series, parallel, and series/parallel circuits this includes applying the relationships for series and
parallel components 3. Learning Goals Be able to use the equations below to determine potential difference, current, power and resistance in network circuits Series = = 1 + 2 + = 1 + 2+. . . Parallel = = 1 + 2 + 1 = 1 1 + 1 2 + 1 4. Network circuit Sometimes, lifes tough. Network/combination circuit = a circuit with components in both series and
parallel 5. Problem solving a network circuit Only way to solve is to simplify the circuit down into an equivalent series circuit Step 1: Reduce any parallel sections down into one equivalent resistor Step 2: Treat the circuit as one big series circuit 6. Problem solving a network circuit It helps to create a table of information (as there are a lot of numbers
to deal with), see example below Some people (like Dr Pusey) find it easier to write all three variables on the diagram. Do what suits you best! DONT ADD NUMBERS TO GET THE TOTAL This will take practice to get better at! Component Voltage (V) Current (A) Resistance () 1 2 3 Total 7. Example 1 Find the current and potential difference across
each individual resistor for the circuit below. 8. Example 1 Create a table and fill in what you know. Add in extra rows for any components in parallel (e.g. 2//3 for this example). Component Voltage (V) Current (A) Resistance () 1 5 2 8 3 8 2//3 4 6 Total 60 9. Example 1 Find equivalent resistance of parallel components 2//3 1 = 1 2 + 1 3 1 = 1 8 + 1 8
= 1 4 = 4 Component Voltage (V) Current (A) Resistance () 1 5 2 8 3 8 2//3 4 4 6 Total 60 R2//3= 4 10. Example 1 Find the total resistance of the circuit (now that weve simplified it into a series circuit): = 1 + 2//3 + 4 = 5 + 4 + 6 = 15 Now we can find the total current = = 60 15 = 4 In a series circuit current = same at each point Component Voltage
(V) Current (A) Resistance () 1 4 5 2 8 3 8 2//3 4 4 4 4 6 Total 60 4 15 R2//3= 4 11. Example 1 We can now find V1, V2//3 and V4 using: = E.g. 1 = 4 5 = 20 Component Voltage (V) Current (A) Resistance () 1 20 4 5 2 8 3 8 2//3 16 4 4 4 24 4 6 Total 60 4 15 R2//3= 4 12. Example 1 Finally looking at the parallel components separately again. We know
each branch of parallel receives the total voltage so both R2 and R3 will get a voltage of 16 V. Then we can find current using: = Component Voltage (V) Current (A) Resistance () 1 20 4 5 2 16 2 8 3 16 2 8 2//3 16 4 4 4 24 4 6 Total 60 4 15 13. Example 2 Calculate the total resistance of this circuit. 14. Example 2 Only looking at resistance for this
question, no info given about I or V. Need to simplify parallel bits into equivalent resistances. 1 1/2 = 1 1 + 1 2 = 1 10 + 1 4 1/2 = 2.86 Componen t Resistance () 1 10 2 4 3 3 4 8 5 1 1//2 2.86 4//5 0.89 Total 15. Example 2 Now we can find the total resistance of the circuit. = 1/2 + 3 + 4/5 = 2.86 + 3 + 0.89 = 6.75 Componen t Resistance () 1 10 2 4 3
3 4 8 5 1 1//2 2.86 4//5 0.89 Total 6.75 16. Network Circuits tips Draw a BIG circuit diagram (if one is not provided) Take the time to organise yourself, use a table (like in the examples) Turn any parallel components into equivalent series components, to make one big series circuit (which is easier to analyse) Use Ohms Law (V=IR) You will need to
alter your approach for different problem situations. 17. Resources AV Khan Academy - Circuits (part 1) (11:40) Khan Academy - Circuits (part 2) (11:08) Khan Academy - Circuits (part 3) (12:21) Khan Academy - Circuits (part 4) (7:07) Physics EH Series and Parallel Circuits (5:12) Further Reading Physics Classroom Combination circuits Search
relatedPage 6Please donate to us. Your money will make a difference - improve the quality of our file sharing community to help more people.
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