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Introduction
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Analog vs digital supply regulation [1]

A Analog circuits are more prone EMI
A Rather fixed currents, dif is not a big issue
A Very sensitive to dwt supply noise

A EMEis a bigger issue in digital circuits
A Binary operation, predefined threshold
A Current spikes due to SSN,dtiissue

[1]Fridolina A OK S = Qir¢cuiNEchnigdes it ow Susceptibility t® a LPAddissertation 2013.



SENT Protocol

A Low cost, simple serial communication protocol
A High resolution sensor data to ECU is communicated
A Possible replacement for lower resolution 10 bit A/D and PWM
A Smplerlow cost alternative to CAN or LIN
Some target application examples:

A Temperature / Pressure sensing

A Throttle / pedal position sensing

A Airflow mass sensing

A Liquid level sensing
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Encodingexample
for 12 bit Signals 56 ticks 12ticks  27ticks ' 17ticks | 22ticks .l4ticks. 20 ticks ;lzticksi 21 ticks 77 ticks
: Signal 1 12-bits  Signal 2 12-bits :

Ovjerall Message — 154 to 270 clock tir':ks (dependi né on data ivalues)
B i ¥ I . t

Minimum Nibble period = 36 pusec @ 3 psec clock tick
Nibble encoded period = 36 psec + x*(3 psec) (where x=0,1,..,15)
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SENT Physical Layer

Receiver
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B: DPI setup connection l I

C: On board pfilter e e e ————

Initial specifications:

: . Is it possible to tackle this much EMI
20dBmwith 2.2nF capacitive load :> without these onboard components?
30dBmwith pi-filter
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EME Suppression

Vin Vout

ConventionalCMOS tapered output driver
\Amplitude

Vout Vout |
A A A2 o \

T/2 - T2 time
t, t,
_

Normalized

> t > { magnitude

lout lout (log. scale)
A
A a A b 1] | <—7-20 dB/decade
A . | , -40 dB/decade
V - i i T freq
S (log. scale)

> t > t fi=1/(nt) f= 1/(nt)
di/dt for a.standardandb.slopecontrolled Trapezoidal signal and its corresponding
buffers emission spectrum [1]

.
[1]JJeanMichelw S R 2 Midh@ISteyaerE ¢ 9a/ 2F !yl f23 LYyGS3INIGSR / ANDdz



EME Suppression
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Outputdriver with slope rate control via Outputdriver with slope rate control via delayed buff

adaptive buffer sizing [1] activation [2]
[1] H. Kim et al ., fACont r o-lajereDifitaPPointed Circu@ Baand bsing Alaptive EMQASOutpdubritinig Scheme, 0 Proceedi
Symposium, 2001.

[2] B. Deutschmann, T. Ostermann, ACMOS Output Drivers Wi th Reduced Gr oPuon.atheBEEoropean 8SCAonéereiice, e ¢ t
pp. 537-540, 2003.



EME Suppression

Vdd Vdd
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Slewrate controlled output buffef1] Improvedslew rate controlled output buffejl]

[1] F. Garcia, €olE 5¢® ! dz8SNHByYy S>Z a58airady 2F + {tS¢ wlkiS /2ydiNRBff SR h dA#T188) USAdz?
Sep. 1998.



EME Suppression

Output Capacitance swept from 10pF to 500pF
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