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he International Solid-State Circuits 
Conference (ISSCC) is the flagship con -
ference of the IEEE Solid-State Circuits 
Society. This year, for the 65th ISSCC, 
the theme is “Silicon Engineering a 

Social World.” Continued advances in solid-state cir -
cuits and systems have brought ever-more powerful 
communication and computational capabilities into 
mobile form factors. Such ubiquitous smart devices 
lie at the heart of a revolution shaping how we 
connect, collaborate, build relationships, and  
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Figure 21: AP trends in smart phones. OpenGL: Open Graphics Library; VGA: video graphics array; WVGA: wide VGA; SXGA: superextend-
ed GA; WQXGA: wide quad extended GA; AVC: advanced video coding; HD: high definition; MVC: multiview video coding; SVC: scalable video 
coding; HDR: high dynamic range; AV1: AOMedia Video 1; AAC: advanced audio coding; WMA: Windows Media Audio; DSD: Direct-Stream 
Digital; FPU: floating-point unit; SIMD: single instruction/multiple data; UMTS: Universal Mobile Telecommunications System; HSPA: High-Speed 
Packet Access. MIPS: millions of instructions per second.
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Figure 22: Data-rate trends for wired, wireless, and cellular communication. HSPA: High-Speed Packet Access; HSDPA: High-Speed Downlink 
Packet Access; GSM: Global System for Mobile Communications; GPRS: General Packet Radio Service; EDGE: Enhanced Data Rates for GSM 
Evolution: LTE: Long-Term Evolution; LTE-A: LTE-Advanced.
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performance, lowering cost/design ef -
fort, and enhancing security. Classic 
technology scaling has slowed, and 
circuit-design efforts are exploiting 
technology features, such as body bi -
asing and passive-device advances, to 
enable circuit innovation.

Energy-Efficiency Techniques and 
Integrated Voltage Regulators
Energy reduction remains a top prior -
ity as power density continues to grow. 
While traditionally off-chip, voltage reg-
ulators have increasingly been integrat-
ed on-chip to reduce cost. Low-dropout 
(LDO) linear regulators, switched-ca-
pacitor voltage regulators (SCVRs), and  
now, inductor-based buck voltage regu-
lators (LCVRs) are integrated into scaled 
process nodes to enable faster and fine-
grained dynamic voltage and frequency 
scaling (DVFS) of individual functional 
blocks. In turn, the low voltages sup-
ported in DVFS systems necessitate a 
move from analog-based LDOs to digi-
tal implementations. 

Figure 24 shows the conversion 
efficiency and current density of 
these integrated voltage regulators, 
which continue to improve. Variation 
mitigation has also become a major 
trend in digital circuits to improve 
robustness and power efficiency 
across process, voltage, and tempera-
ture. Specific all-digital sensors and 
adaptive techniques are currently 
being proposed to mitigate these 
effects on-chip.

Synthesizable Digital PLLs  
for Low-Jitter Applications
Trends for PLLs include migration 
from analog to digital to include more 
functionality, cope with variability, 
and ease scaling to finer geometries. 
Demand for compact low-jitter PLLs is 
increasing. The use of more automated 
digital-design flows (such as synthesis 
and autoplace-and-route) dramatically 
reduces development costs but can de-
grade jitter, requiring new techniques 
to compensate. Figure 25 highlights 
metrics for PLLs and digital PLLs 
published at ISSCC over the past ten  
years (up to ISSCC 2018); the plot shows 
the relationship between reference 

(input) frequency and FOM, demon -
strating the tradeoff between cost 
(higher reference frequency) and over -
all PLL performance.

Circuits for Hardware Security
With the increasing risk and cost of 
information theft, hardware-imple -
mented security has become a com -
mon circuit component. Although 
focus on cryptographic implementation 
continues, cost-effective physically 
unclonable functions (PUFs) are now 
a focus area, such as in smart cards 
and consumer devices. True-random-
number generators are also commonly 
leveraged to strengthen secret key 
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Figure 24: Integrated voltage regulators.
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Figure 23: Deep-learning processor throughput and efficiency: (a) DNN and (b) CNN performance. GOPS: giga operations per second.












