A 550pm” CMOS Temperature Sensor Using Self-Discharging P-N Diode with £0.1°C (36) Calibrated and £0.5°C (36) Uncalibrated Inaccuracies
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Motivation and Background Temperature Sensors in ICs? Intel CPU Power Projections The Plot Thickens... Previous Solution 1: BJT-Based Sensor

While not always obvious, temperature sensors are everywhere! “Power management is job #1 for future designs!” A e T S S S T e e e TS Y R (L Monitoring and controlling on-chip temperature in a
Scaling, integration, and higher speeds demands more power distributed fashion

consumption for system-on-chips (SoCs)

Idea: Use the forward bias current of two BJT transistors to
create a proportional to absolute temperature (PTAT) voltage
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Even with high-performance heat sinks implemented in the
package we will have local “hotspots” istri ; ) PTAT Output Voltage

This trend suggests higher die temperatures for SoCs 2001 2005 2009 2013

Source: T. Karnik, ISSCC 2012 Source: T. Karnik, ISSCC 2012 Source: T. Karnik, ISSCC 2012 M. Pertijs et al., IEEE JS5C, 2005.

This Work:; Idea: Use reverse-bias diode as the input source and Circuit schematic and layout of the implemented temperature sensor system.

Previous Solution 2: MOSFET-Based Sensors || Previous Solution 3: Resistor-Based Sensors ||[Previous Solution 4: Si Thermal Diffusivity Summary of Previous Work integrator of a continuous time A-Z loop to create PTAT output pulse trains

Idea: Use propagation delay of a chain of inverters to create a Idea: Use a resistor to create a temperature dependent current or Idea: Use temperature dependent property of silicon substrate
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Quantitative comparison will be presented in a later slide
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Parameter This Work

CMOS Technology 0.18um 0.16pm 0.7um 0.16pum 0.18um 32nm SOI

Sensor Response

f

Heater Activation

(W/ D ther) | : : : : : : : _ Area (mm?) 0.00055 0.085 0.8 0.08 0.18 0.001

Transducer Structure p-n diode DTMOST BJT BJT Resistor p-n diode

Supply Voltage 1.8V 0.85-1.2V 2.9-5.5V 1.5-2.0V 1.2-2.0V 1.65V

M Heaters : 10pmx10pum 50pmx50pum .

B 500um - . 500um .
u 300um — - 300pm .
m200um < 200um |
100um 100pm
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Supply Current 2.21A 700nA SS5uA 3.4uA 20nA 60pA

Temperature Range 35°C to 100°C | -40°C to 125°C|-45°C to 130°C | -55°C to 125°C|0°C to 100°C| 0°C to 100°C
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10

Inaccuracy (30) +0.5°C' , +0.1°C> +0.4°C° +0.15°C* +0.15°C* +0.5°C" +1.95°C°

Frequency (Hz) Frequency (Hz)

Measured Temperature (°C)

3ay(T) (°C)
3a(T) (°C)

S peed (samples/second) 2 166 N/A 200 10 N/A
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