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1. Introduction
OC contain some analog and digital circuitry in the form of pre-designed blocks commonly known as intellectual property (IP). Soft IPs are processor cores, peripheral interfaces etc. and Hard IPs are analog blocks like PLLs etc. There are different challenges for SOC timing closure when multiple IPs is integrated. Soft IPs is implemented by performing synthesis, constraints and timing analysis followed by back-end process. Whereas Hard IPs requires set of views that provide appropriate information of IP at each stage that are used.SOC timing can be implemented in following ways.
1. Flat timing approach 2. Hierarchical timing approach Flat timing approach will consume more time and becomes complicated at initial timing analysis when the designer go for larger designs with many IPs (As we read gate level netlist, SDC, SPEF). Once IPs timing is closed any how designer do Timing signoff on flat design. This paper describe the methodology for SOC Author ?: e-mail: bhagi50sri@gmail.com timing closure using hierarchical approach, which generates IP hierarchical timing models and used for SOC level to close interface timing. This way it helps us faster timing convergence at SOC level. Process monitor includes a variety of test structures in the form of ring oscillators developed to easily integrate into SoC designs. The PVT conditions of silicon can be change from layer to layer or from lot to lot. In this paper section-2 presented the basic structures of process monitor's ring oscillator and how to interface the process monitor with the SOC. Timing extraction plays an important role in the hierarchical analysis flows by reducing the complexity of timing verification. L.T.N.wang shows implementation of process monitor's ring oscillator sensitive frequency layout dependency nature using gate lithography [2]. Cristiano Forzan, Davide Pandini shows a solution that is the design performance with variability problem of accurately evaluating is statistical static timing analysis (SSTA). Based on the probability function the timing analysis run time is estimated in a single run [3]. R. Saleh, S. Wilton, S. Mirabbasi shows the process of creating a reusable IP block, differs from the traditional ASIC design, implementation of reusable IPs takes more time but these IPs can use in any SOC [6].Cho W. Moon, Harish Kriplani and Krishna Belkhale shows timing model extractor builds a timing model of a digital circuit for use with a static timing analyzer. And the implemented structure easy to analyse and which reduces the run time and complexity of the SoC [4].So the efficient timing methodology, Extracted Timing Methodology (ETM) implementation on process monitor is discussed in this paper. And also the implementation of process monitor's ring oscillator and delay calculations are discussed. Since run time of circuits timing analysis depends on the timing library files of the IPs, by considering the ETM libs the run will reduce.













Figure 1. Fig. 2 :
2[image: Fig. 2: Process monitor's Ring Oscillator structure Ring Oscillators are built using basic standard cells with different RO depths. There are two types of ROs one with 23 RO depth and another with 101 RO depth. Depth indicates the number of cells (inverter) in the Ring Oscillator. The above fig 2 represents the basic structure the process monitor's Ring Oscillator.Based on the standard cells used in the SOC the particular Ring Oscillator will be selected. PVT (process, voltage and temperature) conditions are changing from lot to lot or wafer to wafer these changes can easily identified by measuring the Ring Oscillators delay. Performance of the circuit is calculated using the delay of the ring oscillator. The delay calculation of the ring oscillator is described below.b) Delay calculationsThe following are the assumptions for ROs:? Each RO has a 4-bit ripple divider; number of divider stages "M" (4).? Number of stages in the ring oscillator being characterized "A". ? TM has a 8-bit Ripple divider in the test module; number of divider stages "N" (8). ? 24-bit output counter -CDIV. ? The maximum ring frequency is < 5GHz. ? Choose reference frequency that is at least 10 MHz ? Start Timer Value w.r.t reference frequency, which indicates when to start counters (START_VAL). ? Stop Timer Value w.r.t reference frequency, which indicates when to stop counters (STOP_VAL).]

Figure 2. 
[image: 416ns and for 101 chain Ring Oscillator the DA_OUT time period is (2x101x4096) 827.392ns which is shown in the fig 3 and fig 4. Delay of the gate is calculated by using the equation (1).One gate delay is 1ps and time period is 2ps. DA_CLKOUT shows the output frequency of ring oscillator which is shown in the fig 3. TDI, TDO, CAPTURE, SHIFT AND UPDATE are the interface signals.]

Figure 3. Fig. 3 :
3[image: Fig. 3: Process monitor JTAG interface simulation waveforms]

Figure 4. Fig. 4 :
4[image: Fig. 4: Process monitor's DA (Direct Access) interface simulation waveforms III.]

Figure 5. ?
[image: Protects the intellectual property of a netlist-based core. Extraction uses a technology-mapped netlist as input and generates a context-independent timing model in the Synopsys .db format or Liberty format. The generated model contains the same timing behaviour as the original netlist. The delay values of arcs in the model are within the user-defined tolerance of the original path delays. The generation of ETM flow is represented in the fig 5. To generate ETM timing lib, pre requisites are design constraint file, command script to perform step by step analysis and library files. If the generated model meets over timing requirements, then it can be used in any SOC. fig 6 represent the timing arcs model for ETM.]

Figure 6. Fig. 5 :Fig. 6 :
56[image: Fig. 5: ETM generation flow chart]

Figure 7. Fig. 7 :Fig. 8 :
78[image: Fig. 7: Timing arcs on TDI pin without annotation delay]

Figure 8. Fig. 9 :
9[image: Fig. 9: Delay calculation from the generated ETM timing arcs]
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3. Architecture of Process Monitor
 Up: Home Previous: 2. II. Next: 4. ? Ring Oscillators (RO) ? Digital block for controllability and observability
Process monitor includes a variety of test structures in the form of ring oscillators developed to easily integrate into SoC designs. Each process monitor can be instantiated several times in a single chip. The IP supports JTAG and Direct Access interfaces only, for easy integration. Typical process monitor applications include silicon characterization for performance and variations of different key transistors, On-Chip Variation (OCV) measurements. The process monitor block has 2 key components.
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4. ? Ring Oscillators (RO) ? Digital block for controllability and observability
 Up: Home Previous: 3. Architecture of Process Monitor Next: 5. Fig. 1: Block diagram of process monitor
The digital block is a top level module that comprises of all ROs and a global control/observe logic. The individual ROs are connected in a daisy chain structure. This module supports up to 64 ROs. The frequency measurement works with a reference clock where the reference clock captures the incoming signal in a counter. The function of this digital control block is to generate one unique enable signal to choose the RO to be tested/characterized. Once an individual RO is enabled, the output of the RO is propagated down through the daisy chain and goes through a 32-stage ripple counter. A large divider is needed to ensure F refclk >>F means . After synchronization with reference clock and further conditioning the signal is passed to capture counter.
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5. Fig. 1: Block diagram of process monitor
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Silicon manufacture companies usually put considered some test structures in scribe line on selected wafers in each lot to observe and track the effects of process variation and DC characteristics of MOS devices, but these structures do not capture all the variation data. They also don't provide explicit information to the designer about the corner the chip is running. Test structures like ring oscillators are generally used to get more information on a chip's process corner. Such structures are placed at various locations across the chip to judge the effect of process variations on standard cell delays and performance. Ring Oscillator is the basic block in process monitor.
Implementation of process monitor's ring oscillator is shown below.
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6. a) Ring Oscillator
 Up: Home Previous: 5. Fig. 1: Block diagram of process monitor Next: 7. c) Simulation Results
The purpose of the ring oscillator is to characterize the performance and behaviour of the key transistors across the die. Each ring oscillator (RO) makes use of classical ring oscillator structure of the core. The purpose of the ring oscillator is to characterize the performance and behaviour of the key transistors across the die. Ring oscillator structure as the core, for the process measurement along with additional peripheral circuit. The RO frequency in each test structure is given by: Frequency of RO
F ring _osc = 2 M +N X F ref X CDIV STOP _VAL ?START _VAL(1)Average gate delay of each ring gate:
T pd = 0.5 X 1 ???? F ring _osc(2)The start and stop timing information is available in the registers which are in process monitor and programmed through JTAG. The counters will counts the number of clock pulses arrived between the start and stop time. By using above formula one gate delay can be calculated. The simulations results are shown in the below section, which are generated in cadence Verilog tool.
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7. c) Simulation Results
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REF_clk time period is 20ns.12-bit counter will count upto 4096. For 23 chain Ring Oscillator, DA_OUT time period is (2x23x4096) 188.   
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8. Static Timing Analysis (STA)
 Up: Home Previous: 7. c) Simulation Results Next: 9. a) Quick Timing Models (QTM)
Static timing analysis is a method of validating the timing performance of a design by checking all possible paths for timing violations without having to simulate. No vector generation is required, no functionality check is done.
Timing models are to represent the timing characteristics of complex blocks in a design. A timing model of the block models the full input and output timing characteristics without the complete netlist of the block. There are some timing models like QTM and ILM, which are used based on application.
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In the early stages of the design cycle, if a block does not yet have a netlist, the designer can use a quick timing model to describe its initial timing. Later in the cycle, it can replace each quick timing model with a netlist block to obtain more accurate timing. To create a quick timing model the designer can use a series of Prime Time commands to specify the model ports, the setup and hold constraints on the inputs, the clock-tooutput path delays, and the input-to-output path delays. It is also possible to specify the loads on input ports and the drive strength of output ports. The generated file can save a quick timing model in the Synopsys .db format, then instantiate the quick timing model in a design just as the designer would instantiate library cells or interface timing specification models.

 Up: Home Previous: 8. Static Timing Analysis (STA) Next: 10. b) Interface Logic Models (ILM)

10. b) Interface Logic Models (ILM)
 Up: Home Previous: 9. a) Quick Timing Models (QTM) Next: 11. IV. Extracted Timing Methodology (ETM)
An interface logic model (ILM) is a partial netlist that contains only the interface logic of a block. The ILM contains.
? The combinational logic from each input port to the first stage of sequential elements of the block.
? The combinational logic from the last stage of sequential elements to each output port of the block. ? The clock paths to these sequential elements.
? Combinational paths from the input ports that do not encounter a sequential element and directly to an output port.
A generated ILM is context-independent, which means that the model is accurate for a range of operating environments. When the model is used in a design, the timing behaviour of the model is different for different operating environments.
An ILM is a partial netlist that retains the combinational logic from each input or output port to the first or last stage of sequential elements of the block. The intent of an ILM is to produce a model that closely resembles the timing of the interface to that of the blocklevel netlist.
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The designer can generate an extracted timing model (ETM) for a block with a corresponding technology-mapped gate-level netlist. Using extracted timing models provides the following benefits:
? Reduces the runtime and memory for full-chip analysis, the designer can run chip-level analysis with extracted models in place of the gate-level netlist for some modules. The delay data in the timing arcs is accurate for a range of operating environments. The extracted delay data does not depend on the specific values from input transition times, output capacitive loads, input arrival times, output required times, and so on. When the model is used in a design, the arc delays vary with the input transition times and output capacitive loads. This is called a "context-independent" model because it works correctly in a variety of contexts. There are some commands like create_clock, set_clock_latency, set_clock_uncertainty, set_input_ delay, and set_output_delay, do not affect the model extraction process, but the extracted model, when used for timing analysis, is sensitive to those commands.
By specifying the annotation delay the timing analysis is more relevant to the practical conditions. That is after layout of the circuits resistance and capacitance values are added which increases the delay. In back annotation process these delay values also considered.
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Back-annotation is the process of reading delay, resistance, and capacitance values from an external file into the tool for timing analysis. Using backannotation, the designer can more accurately analyze the circuit timing in the tool after each phase of physical design. For initial static timing analysis, PrimeTime estimates net delays based on a wire load model. Actual delays depend on the physical placement and routing of the cells and nets. A floor planner or router can provide more detailed and accurate delay information, which the designer can provide to PrimeTime for a more accurate analysis. This process is known as back-annotation. And this delay information is often provided in an SDF file. The back annotation delay on the ports can be provided by specifying the set_annotation_delay command. Here the annotation delay is 50% of the time period.  The delay of the cell or macro is calculated by considering the input transition time and output load capacitance which is specified in the generated ETM library. Index 1 indicates the input transition time and index 2 indicates the output capacitance. And these values can be adjusted to meet the timing budget at SOC level.
V.
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13. Conclusion
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The timing analysis solutions in use today have been extended to more complex circuit analysis and variation.ETM (Extracted timing models) with necessary time-budgeting instead of IP Netlists reduces run-time and memory usage and protects the IP. By considering the annotation delays the generated library is more relevant to the real time environment. The timing models in hierarchical analysis saves the runtime. And by using process monitor the gate is 2ps is measured, which is an accurate process to measure the delay of the gate.

 Up: Home Previous: 12. a) Back Annotation Next: Appendix A §

Appendix A §
 Up: Home
Appendix A §


					
	
		Statistical static timing Analysis". The VLSI journal, Integration
		
			Cristiano Forzan
		, 
		
			Davide Pandini
		. 
		2009. 42. 
	

	
	
		Static timing analysis for modelling QoS in Network-on-chip
		
			Isaac Evgenikrimer
		, 
		
			Keslassey
		, 
		
			Avinoamkoladny
		, 
		
			Mattanerez Lsaskharwalter
		. 
		Elsevier. 71. 
	

	
	
		SOC test integration platform
		
			K C Auguslikifli
		, 
		
			Wu
		. 
	
	
		IEEE transaction on Very Large Scale Integration (VLSI), 
				2015. p. 15. 
	

	
	
		parameter specific ring oscillator for process monitor at the 45nm node
		
			L T N Wang
		, 
		
			N Xu
		, 
		
			S O Toh
		, 
		
			A R Neureuther
		, 
		
			T J Kingliu
		, 
		
			B Nikolic
		. 
	
	
		Custom integration circuit conference 
		2010. IEEE. 
	

	
	
		Ring Oscillators for CMOS Process Tuning and Variability Control
		
			M Bhushan
		, 
		
			A Gattiker
		, 
		
			M B Ketchen
		, 
		
			K K Das
		. 
	
	
		In IEEE Trans. on Semiconductor Manufacturing 
		Feb. 2006. 1  (1)  p. . 
	

	
	
		Time-domain macro models for VLSI interconnect analysis
		
			N Seok-Yoon Kim
		, 
		
			L T Gopal
		, 
		
			Pillage
		. 
		1994. p. 13. 
	

	
	
		Timing analysis of network on chip architectures for MP-SOC platforms
		
			Parthapratinpande Cristiangrecu
		, 
		
			Andre Lvanov
		, 
		
			Res Saleh
		. 
		2005. Elsevier. 36. 
	

	
	
		Systemon-chip Reuse and Integration
		
			R Saleh
		, 
		
			S Wilton
		, 
		
			S Mirabbasi
		. 
	
	
		Proceedings of IEEE, 
				 (IEEE) 
		2006. p. 94. 
	

	
	
		Timing Model Extraction of Hierarchical Blocks by Graph Reduction
		
			W Cho
		, 
		
			Moon
		. 
	
	
		Harish Kriplani and Krishna Belkhale, 
				2002. p. . 
	
	 (Proc. Design Automation Conference)



			
 Up: Home

Information about this book

			Title statement

				Implementation of Extracted Timing Methodology on Process Monitor for Silicon Characterization
			
			Publication

					Publisher
	Global Journals Organisation

					Availability
	
This is an open access work licensed under a Creative Commons Attribution 4.0 International license. Please email us for details and permissions.


				Place of publication
	Cambridge, United States
	Date
	15 January 2018


			Source

				
					
					
					 57E22E5072A2367B4D0FEE58DC482060. 
				Bhagyasri Chandaka, 
MVGR college of engineering. Global Journal of Computer Science and TechnologyGJCST  0975-4172.  0975-4350.  10.34257/gjcst. Cambridge, United States: Global Journals Organisation. 18  (1)  1 6. 

			
		
			
				
					By Softinator Dynamics Pvt. Ltd.
					
				
			

		
OPS/toc.html
Contents

		2. II.

		3. Architecture of Process Monitor

		4. ? Ring Oscillators (RO) ? Digital block for controllability and observability

		5. Fig. 1: Block diagram of process monitor

		6. a) Ring Oscillator

		7. c) Simulation Results

		8. Static Timing Analysis (STA)

		9. a) Quick Timing Models (QTM)

		10. b) Interface Logic Models (ILM)

		11. IV. Extracted Timing Methodology (ETM)

		12. a) Back Annotation

		13. Conclusion

		Appendix A ยง

		[About this book]



Guide

		[Title page]

		[The book]

		[About this book]





OPS/media/resource1.png
PROCESS MONITOR
F—» o curour
- Regsios —pamo s
™ — fe—oaroen
T — OrctAsss
e o —oammmss | Connl
INTERFACE | CAPIURE } DA CECODE.
UPoATE Tt Conel '_’i
SHFT — DAMLLER CTRL
sren —

Ry Ovcer

PUPILP PSS





OPS/media/resource7.png
Pl EDE)
disection - input

max tzansition | 50.000000 ;
capacitance: 1885365 ;

1*Otter s defined atsoutes. */
aiginal sin  TDL;

tining ) {

seltedgin: "TCK"

timing, type : setup.dsing;

sise..ponstainl( £ dians._ctrans){

index_| ( "0.000000, 3088050, 7.836690, 19.881800, 50.000000%;

index_2 ( "0.000000, 2422370, 5447220, 12226800, 50.000000°),

values (498858048, 497791267, 496138129, 491614716, 47630109\
"500.336609, 499.269925, 497.715700, 494092377, 4TBINTTIOVN
"502833191, 501766510, 500.212372, 496588939, 480.304352%\
"509.181001, 508114410, 506560272, 502936859, 487.152252"\
"520.603943, 519.537292, 517983154, 514339741, 498.575104%;
}

fall_constaint( £ dizans._ettans)

index_1 ( "0.000000, 3088950, 7.836690, 19.881800, 50.000000%;

index_2 ( "0.000000, 2.422370, 5447220, 12226800, 50.000000°),

values("523.261780, 522105120, 520640991, 517017578, 501.232941"\
"524642761, 522576111, 512021973, 518398560, 302613922"\
"526961731, 525895081, 524340943, 520717529, 304972892
"537.568205, 531501648, SIO947510, 526324097, S10.59459"\
"541497620, 540430969, S3ITEEI, 53525341, 519468750,
1

g e s e





OPS/media/resource6.png
chin2_outt

a2






OPS/media/resource8.png
pn(’ IDI) {

Buteeuon g

e amsiion 50000000 ;

Capictance 1833355 |

J+Otherserdefined atutes 1

ariginalpin : TDL;

tining § (

sl pin: "TOK” ;

s

sise_oimstaninl ._dcans._ins)

s 1 "DO00000 3053050, 7336690, 19881300, 30000000

index 2 € "DO0000C, 2422370, 542220, 13226300, 30000000

Vlows (508755676, 547 639676, 506154555, 542511475, 26726807
1550155337, 549 166687, 547612546, 54398913, 523 04485
4552720015, 551663260, 50109131, 4o 85715, 30701050
V535077326, 553011165, 356 457031, 352893615, 537 08030
YST0S00671, 569454021, 567579833, 564236470, 548 471502,
)

Fallcomsteini(£_duons taans)f

inen 1 ("DODOOO0 3038940, 7536690, 19881300, 30000000

index 2 € "D000000, 2422370, 542220, 13226300, 30000000,

Vaows (S573150420, 1092773, 510558685, 36613161, 35 130615
457450003, 573413755, 571910617, 368296145, 352511597
V576850375, 575790735, 574258586, ST0615113, 345305860,
553465047, 551390292, 9845154, 576 21680, 36067 134%
4391595264, 390378613, 38574475, 385151001, 349664557,

1
} /% end of arc TCK_TDL stupr*/





OPS/media/resource3.png
e

5 bl wo o

o v o) oo oo =
Py 3 =

RS

5 o prr

T T T T T






OPS/media/resource2.png
D3RO gt

2321100
stages of
e ool o
nabl gate

:'r :

Bt

8888






OPS/media/resource5.png
Design Data and
BloskcLavel Canctraints

Use o do_sxtxact_naced command o
‘gonerate blackbox or greybox model

Timing Lirares
 Gonstrains e forgreybo mocls )

y—‘—‘v‘am. e e mdal

" Are the models ™

- acourale? " No

Yoy

Moce!
Exraction
Gompiste





OPS/media/resource4.png
I T Ty

440 04 DECoDERD)
- oa_cukour






