PhDF.20: Power-supply noise monitoring to evaluate

embedded VRMs and Si-backside buried Decaps

1. Critical iIssue of power supply noise

- Power Integrity(PI) and Signal Integrity(SI) problem
- Stability of power supply
- Quality of signals across circuits

- Security problem
- Cause of side-channel (SC) leakage
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Need to monitor and manage power-supply noise

2. On-chip power supply noise monitoring to

evaluate embedded VRMS (ieee p&T 2022)

- Power-supply noise problem in modular testing
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- Design constraints free

3. Power-supply noise suppression using Si-
- Utilization of Si-backside
- Vacant space over front-side circuitry
- CMOS power delivery network (PDN) with back-side
buried metal (BBM)
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- Comparisons with universal PDK capacitors

- Toggle generators in VLSI SoC chips
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Comparison & diagnosis - Power noise suppression and SC leakage mitigation
e ePTG Peak to peak AC variation =~ EM SC leakage (t-test)
438 S
. (04K GE) (0.4K GE) _m Conv. single 104 i EMTe:;Ite)?;rd .
- Prototype chip and o il s . ; N J
. - - —®- BBM 4 tiers r | I Test probe i
evaluation result fHi L 28 [ sl ]
- 180nm CMOS Rl 292 = | [single | iz
. IS S pR N v 64 ower
. 4mm X 3mm 1 Z . ‘. z | ey |
- The feasibility of the F§ = & = = B & L E LI? ’
proposed diagnostic 146 - 0,45 - £ |
B 4 U0 (© BBM 4 tiers
methoa jj_zz; o S g =7 14X )
ePTG(O.4K GE) 0 - — ” 00! — ISIKI — !1(!“!(! ! !1é|!(! ! !ZOK
200K Frequency [MHz] Number of traces [input cases]

160K

) <
5 .

ngOK \Er o
o Measurement ~~

¥ 80K (Chip B)

AN
-
2\

Simulation
(Clock tree + Flip-flops + Combinational logic)

Measurement

Simulation(Flip-flops)

Test Scenarios

This work has been supported by JSPS KAKENHI Grant No. JP22H04999 and by SECOM Science and Technology Foundation.

0.8n ]
N 4. Conclusion
0'6”2 Two techniques which can be applied to SI/PI
0.4n & problem and security (SC leakage) problem
= - On-chip IR drop evaluation technique

- Technique for detailed analysis of power supply noise

~ Simulation(Clock tree) - IR-drop suppression using packaging technique
0 -0 - Suppressed dynamic IR drops in 60.4% and 14x
By ey e B B By By B e, S, % S, A%, %
CN T R RN s increase in #EM traces for t-value > 4.5




