Interconnect Design for Reduction of Crosstalk-induced Delay Variation
By Hao Yu

Part 1 Design of Delay Measurement Circuit

The current design is using IBM0.13um (8RF-LM) process and designed/simulated in Cadence 5.0 at EElab.

1. Test Generation Circuit

To characterize the crosstalk-induced delay variation, the following aspects need to be considered to design a signal integration characterization vehicle: 1) relative victim-aggressor driving strength; 2) relative victim-aggressor arrival time; 3) signal switching (rising, falling, and quiet) pattern; and 4) period of input signal oscillating signal. To this end, we have the following modules to generate the desired testing input patterns.
1.1 Adaptive Driver
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The adaptive driver is designed as 6 parallelized inverters with their Vdd/Gnd terminals connected to 6 PMOS/NMOSs, which are controlled by a 6-bit external word. The sizes of 6 inverter and corresponding PMOS/NMOSs are exponentially increased: 1X, 2X, 4X, 8X, 16X, 32X. Therefore, there are 64 possible combination of driving strengths that can be configured for the aggressor and victim. The figure below is the result of this driver to drive an interconnect with L=1000um and W=2.4um. We generate 8 different control-word patterns.  The range of the equivalent driver resistance will be calculated soon.
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1.2 Variable Delay Element 
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Similar to the adaptive driver, the variable delay element is designed as 6 serial delay elements (1X, 2X, 4X, 8X, 16X, 32X) controlled by 6 2:1 MUX. When a MUX is on the connected delay will be added to the overall delay chain; otherwise it is bypassed. As a result, there are 64 possible combination of delays can be used to generate different configurations for arrival time of the aggressor and victim. The figure below shows 6 different arrival time under 6 different control-word configurations. The detailed characteristic simulation for the range of the delay chain will be reported soon.
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1.3 Switching Pattern Generation
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The above circuit is used to generate different rising/falling/quiet patterns for the aggressor and victim. When Aen is high, the line is enabled to switch; otherwise it stays quiet. When Actrf is high or low the output shows rising/fallings. 
As a result, we have the following module for the testing pattern generation:
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2. Relatively Control of Aggressor/Victim

The crosstalk-induced delay is closely related to the relative characteristic between aggressor and victim like driving strength and arrival-time. We use the following circuit to distinguish the driving strength (6-bit control-word) and arrival-time (6-bit control-word) information for the aggressor and victim selected by 6 2:1 MUXes respectively, where we use a control bit “b” to indicate if this line is considered as aggressor (b = 1) or victim (b = 0).   
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If we assume there are 6 lines in one group of interconnects, we need generate 6 such controlling bits. Actually, it can be realized by a 3:8 decoder with only using 3 external bits as shown below:
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3. Ring Oscillator Enabling

We assume that there are 6 lines as a group of interconnects. Therefore, a 8:1 MUX is used to select one of 6 outputs and connect it back to form a ring oscillator such that a non-clocking signals can be formulized and feed into all 6 lines. We denote the selected line as the victim and all other lines are aggressors. Therefore, the output of the ring oscillator can be measured to infer the delay information of the selected victim. Below is the 8:1 MUX:
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Moreover, we use a 1:2 DEMUX with a control-bit “shot” to decide if the output of the test-generation unit should be connected to the device under testing (DUT), i.e., the 6 interconnect lines. If they are not connected, we can use the circuit to measure the intrinsic delay and use it to infer the true delay of the DUT. A 2:1 MUX is used to select one input from two cases: 1) with DUT; 2) without DUT.  Furthermore, the entire ring is enabled by a control-bit “gen” to select one group of interconnects to be characterized. 
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4. Overall Circuit

The overall schematic for one group with 6 lines is shown below. The simulation result will be reported soon. After that, there three things to be completed: (1) design of high speed 32-bit counter; (2) the layout. 
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