Real-Time & Embedded Systems 2019

Interfaces

Uwe R. Zimmer - The Australian National University



F e |

[Burns2007]
Burns, A & Wellings, A
Concurrent and Real-Time Pro-
gramming in Ada, edition
Cambridge University Press 2007

[Motorola1996]
Motorola
Time Processing Unit
Reference Manual 1996 pp. 1-142

[Motorola2000]
Motorola
MPC565 & MPC566
2000 pp. 1-1312

References

[Peacock1997]
Peacock, GR
Standards for temperature sensors

http://www.temperatures.com/re-
sources/standards/, 1997

[Semiconductors1999]
National Semiconductors
LM 121458 - 12 bit, Data Acquisition
1999 pp. 1-36

[Semiconductors2002]
National Semiconductors,
ADC 08200 - 8 bit, 20 MSPS to 200 MSPS
Datasheet 2002 pp. 1-19

© 2019 Uwe R. Zimmer, The Australian National University

page 265 of 961 (chapter 3: “Interfaces” up to page 379)



B e e e L, o e T e B T N e e R i

Interfaces

TR R L LA,

Processor

Conlwmurflication Real-Time Software:
nte ace ~_Algorithms, Languages,
i Operating systems,

Communication Systems
| |
Communication Communication Communication Communication ommunication
Interface Interface Interface Interface Interface

Processor Processor Processor Processor Processor

1/0O Interface 1/O Interface I/O Interface 1/O Interface 1/O Interface Discrete

Analogue -> Digital Analogue -> Digital Digital -> Analogue Analogue -> Digital Digital -> Analogue

Analogue

)
Physical phenomena

Environment / World

© 2019 Uwe R. Zimmer, The Australian National University page 266 of 961 (chapter 3: “Interfaces” up to page 379)



A/D, D/A & Interfaces

Signal chain
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Original signal

(Weakish, noise- and interference-affected, carries additional higher frequency signals)
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Signal chain
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Amplified signal

(Stronger, noise- and interference-affected, carries additional higher frequency signals)
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Signal chain
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Filter

Filtered (“low passed”) signal

(Higher frequency signals have been eliminated — essential precondition for next stage)
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Signal chain
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Signal after sample-and-hold circuit
(Samples are taken (over short time-span) and held until the next sample time)
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Signal chain
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Discrete values inside CPU memory (after A/D conversion)
(Discrete, quantized representation)
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Signal chain
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Discrete signal at CPU output gate

(Discrete, quantized representation presented on digital output interface)
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Signal chain
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Signal chain
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Smoothed (“deglitched”) signal

(Synchronized filter leads to predictable, analogue transition steps)
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Signal chain

2 ! ! ! ! | ! | !
N
0 T
- A
, A LA
0 10 20 30
Fil %
| r
te <
—

Filtered (“low passed”) signal

(Signals introduced by the conversion process are eliminated)
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Sampling

A/D, D/A & Interfaces
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Sampling

A/D, D/A & Interfaces
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Sample data with frequency 7

I Interpolation suggests a source signal ------------
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Sampling
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Sample data with frequency 1
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Sampling
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i Interpolation suggests a source signal

i=xThe phenomenon of the wrongly observed signal -~
at a lower frequency f. is called aliasing.
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Nyquist’s Criterion

{
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== An analog signal with bandwidth 7, must be sampled at:

f, > 2f,

i Perfect measurements taken at 1, > 2f, resultin
no information loss due to sampling.
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Nyquist’s Criterion
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== An analog signal with bandwidth 7, must be sampled at:
fo > 2f,

i Perfect measurements taken at 1, > 2f, resultin
no information loss due to sampling.

i Due to actual (quantized) measurements: oversampling is required.

© 2019 Uwe R. Zimmer, The Australian National University page 281 of 961 (chapter 3: “Interfaces” up to page 379)




A/D, D/A & Interfaces

Quantization

A resolution of N bits provides oN possible discrete output levels:

e Smallest distinguishable value g 111 4
(Least Significant Bit or LSB): _ 110+
1 Ezl 101 |
q — N Ti 100 4
: : : S 011 4
e Ratio % expressed in decibel (dB): 2 10 |
1010g2?N = N -20log2 =~ N - 6.02dB 001
(Decibel (dB) is a ration of powers defined as: 000
P . . A7
1OlogP—0 or by signal amplitudes: 1OlogA—%)

A

Code centre

Analog input
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Quantization

The mean square error over one step:

q 2
2 _1(2 02, 9
£ —q/gEdE—n

Root mean square (rms) noise voltage:

q

V12

111 +
110 4
101 +
100 +
011 +
010 +

00T + Code centre

000 =
Analog input

Digital output

© 2019 Uwe R. Zimmer, The Australian National University

page 283 of 961 (chapter 3: “Interfaces” up to page 379)



A/D, D/A & Interfaces

Quantization

The signal S with respect to the rms noise:
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or as the signal to noise ratio in decibel:
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Quantization

Assuming an ideal input signal:

F(t) = Asinwt with q = ;,’L\\,ands2 =5

then the signal to noise ratio is:
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Quantization

Determining the effective number of bits (ENOB):
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Quantization

Actual A/D converters are also characterized by:

* Integral Non-Linearity (INL):
Maximal difference between the
actual and ideal code centres.

e Differential Non-Linearity (DNL): Differ-

ences between successive code widths.

e Missing codes: reduce SNR by 201og?2
or 6.02dB for each missing code.

* Response time / Latency,
Throughput / Maximal sampling rate

A
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- 110+
o
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A/D, D/A & Interfaces
A/D converters

Some criteria to select the fitting A/D converter for an application:

 Throughput (maximal sampling frequency).
e Accuracy (ENOB, SNR).

e Latency (time from sensing to delivery).

* Power consumption.

e Complexity (also affects: price).

i Trade-offs are to be expected:

e Maximizing throughput will reduce accuracy and increase power consumption.
e Maximizing accuracy will reduce throughput and increase latency. (... other trade-offs)
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Integrating A/D converters (Single Slope)
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Integrating A/D converters (Single Slope)

Integrate a reference voltage U, until it matches the input voltage A .

Sampling frequency
depends on
input signal.

Accuracy depends
on U,.,, integrator
and clock.

Simple components.

Slow
(typically ~100 Hz)

Integrator [V]

Al

o—13

N Sample
& Hold
+Uref ‘: i
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+ Reset

D
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Counter running
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Integrating A/D converters (Dual Slope)
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A/D, D/A & Interfaces

Integrating A/D converters (Dual Slope)

Input voltage A\ is integrated for a constant time. The integrator

is then discharged - -~ { Sample Clook }---. 1 Counting Clock |
by a constant '

Reset * V Clock

reference voltage \/ D
. g s = >top Counter ‘ Register t: > adl
Uref' The dISChaI‘ge _Uref * .

time is measured and = Copy
Is proportional to A . S A . conversion
e Can smooth the input s |
signal, and suppress oy
-

specific frequencies.

Counter running
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Flash A/D converters

A/D, D/A & Interfaces
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A/D, D/A & Interfaces

Flash A/D converters

2N

— 1 concurrent comparators identify the signal in one step.

 Fastest converter technology: Single step conversion, minimal latency.

<

e Complex for higher resolution:
Required circuitry
scales with 2™ —1.

e Accuracy depends on
the accuracy of the
reference voltages.

i Typical applications: high speed, low reso-
lution (e.g. video and radar converters).

Ay @ Comparators

@
||H 2N-1 reference voltages »

V. @N-1)2N ._>z
V, 2N-2)2N ._> o
[ .| © | Digital

° L] ° q')

° N . ° E Out
V . 2/2 1_> %
V#1720 |_>
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Pipelined A/D converters
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A/D, D/A & Interfaces
Pipelined A/D converters

p pipeline stages with m bits each provide a pm bits converter. Each
stage subtracts the analog value which has been converted (provides
the rest as a residue value A pr5) and accumulates the digital output.

e Keeps the throughput (al- AIN

Sample

most): All pipeline stages & Hold
operate concurrently.

e Trades resolution for latency.

e Accuracy depends on components.

. . PIN
i Typical applications: r
high resolution, high throughput, [ow cost.
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Successive Approximation Register (SAR) converters

DAC

AN Msampie ] + _ — - Pourt
o Sample 1-bit ADC ‘ SAR [ >
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Successive Approximation Register (SAR) converters

Single bit A/D converter converts one bit at a time, starting with the
most significant bit, e.g. comparing to '5, 74, 75, ..., %N of full scale.

e Minimal circuitry — (almost) independent of resolution.

e Typically slow. ¥

Dout

* Accuracy dependsonthe A e i
accuracy of the single e @ S-bit ADC === AR
bit ADC and the DAC.

i Typical applications: typically slow, low budget applications -
yet can also be used in high accuracy applications.
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Tracking Register (TR) A/D converters

DAC

1-bit ADC |
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| A/D, D/A & lnterféces |
Tracking Register (TR) A/D converters

Continuous single bit conversion compares the current digital output
with the analog input and counts a register up/down accordingly.

e Minimal circuitry (no S&H) - (almost) independent of resolution.

e Speed depends on amplitude
changes in the input signal 1= no >

A D
. IN OouT
constant sampling frequency. + < 1-bitADC =] TR

* Accuracy depends on the accuracy
of the single bit ADC and the DAC.

DAC

i Typical applications: Tracking slowly changing signals at high frequency. Rarely used today.
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>-A A/D converters

Bitstream

$+Uref B

b

Dout
—<_1-bit DAC \4_".’}‘ Decimator >
'Uref .

—_—
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A/D, D/A & Interfaces
>-A A/D converters

+ U ,osOr — U, is subtracted from the input signal and integrated.

The high frequent comparison of the integrator against ground results
In a bitstream signal
(which is also fed back).

Bitstream

The density of “1's in the
bitstream represents
the input signal.

Dout
‘ Decimator | >

The bitstream can be
deployed as such or be translated into digital words of varying lengths.
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re |

>-A A/D converters

(Voltages)

A [1,0]
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>-A A/D converters

The sampling frequency of the bitstream with respect to the
digital output frequency (oversampling) determines accuracy.

e Latency depends on
bitstream frequency.

Bitstream

e Accuracy depends on
number of bits decimated.

e Method is
inherently linear.

Dout
‘ Decimator | >

i Typical applications: High accuracy (typically 16-24 bits), moderate throughput
(24 bit high quality audio converters are usually of this type).
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>-A D/D converters

Digital form converts to bitstream or to analog.

i Typical application: Audio bitstreams.

DN

to 2 bit wider w
and signed

'

——

=

Bitstream
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Higher order 2-A A/D converters

Effective Number Of Bits (Signal to Noise Ratio) can be
improved by adding further integrator stages.

A
IN + Bitstream
_ >
L
+Uref DOUT
, 1-bit DAC l Decimator | >
'Uref

e ¥-A converters are not subject to aliasing, as they implicitly
implement a low pass filer via the integrators.

2nd order X-A

© 2019 Uwe R. Zimmer, The Australian National University page 306 of 961 (chapter 3: “Interfaces” up to page 379)



A/D, D/A & Interfaces

Higher order 2-A A/D converters

Dependency of the accuracy on

30

the sampling frequency of the 25

bitstream with respect to the
output frequency (oversamping).

20

ENOB

15

i Theoretical/qualitative result only 10

—achievable accuracy depends on
more factors = datasheets.

~21 dB# Octave

~15 dB#/ Octave

3rd order

~9 dB+/ Octave
2nd-order

1st order

| | | | | | | >

! ! | | ! ! |

8 16 32 64 128256 512
Oversampling
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A/D converters matrix

Integrating SAR 2-A Pipeline Flash Flash
throughput/
Throughput O(%/\/) O(%\/) latency vs. O (1) O (1)
accurac
Latency 0 (2N O(N) - O (p) o)
: : : typ. high typ. low-
Accuracy can be high  medium-high accuracy medium typ. low
Resolution typ. 8-16bit typ. 8-24 bit typ. 16-24 bit typ. 8-16 bit typ. 4-8 bit
Size /
Components O (1) O (1) O (1) O(p-2™) o (2")
Can suppress  Cost efficient FIgX|bIe Compromise
architecture, Fastest
Notes some and can be between
f : typ. very converter
requencies  very accurate Accurate speed and cost
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A/D, D/A & Interfaces: Examples

ADC 08200

(National Semiconductors)

VR
\% (pin 18)
A p
v, O 24 [ CLK VRT =
AGND [ 2 23 PD
Ver [ 3 22 D0 . 17 8
v d. o 1 conrse/FINE |, | ENEROSR ]
, | COMPARATORS | 7 7
AGND [} 5 20 (D2 " CORRECTION
M= K 19 03 ! 17 Y} 8 8
o oo, ADC08200, £ _ | / , | output |, DATA
Vay SWITCHES |——¢ MUX = oavers 7 ouT
AGND ] & 17 |21 DR GND 1 -
I
% = K 16 [ D4 | 17 8
Veg ] 10 15 [ 05 1 )56 COARSE/FINE Y gNggggE )
I 7 7
AGND ] 11 14 [ 06 . ¢ COMPARATORS CORRECTION
v, O 12 13 307
o —H]
CLK ViN AGND PD DR GND
(pin 17)
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A/D D/A & ln erfaces- Examples typ. application: video processing

—here: board by KNJN LLC, U.S.A.
featuring four ADC 08200

ADC 08200

(National Semiconductors)

Va
I
High speed |
|g Spee
. : 17 8
8 bit — cossye | 7 [ oz ]
. i COMPARATORS CORRECTION
converter with ! 17 T s 1| ...
Vey = | SWITCHES |——@ MUX | privers 7 oUT
|
2 flash stages . x ; |
! ENCODER
. COARSE/FINE | ,
d | 256 +— & ERROR |~
an : ¢—{ | COMPARATORS CORRECTION
2 pipelines i
Vg CLOCK .
GEN
CLK Vig AGND PD DR GND
(pin17)
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A/D, D/A & Interfaces: Examples

ADC 08200 - Basic specifications

e Resolution: 8 bit

e Sampling frequency: 10 - 200 (230) MHz

e Differential Non-Linearity (DNL): +0.4LSB (typical), £0.95LSB (max.)
e ENOB: 7.5 (at4MHz), 7.3 (at 50 MHz), 7.0 (at 100 MHz)

e No missing codes

e Power consumption 1.05 mW/MSPS, TmW (power down)

e Latency: 6 cycles (pipeline delay)

e Aperture (sampling delay): 2.6 ns, with 2 ps rms jitter
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ADC 08200 — Timing

Sample N+3 Sample N+4  Sample N+5

Sample N+6

Sample N+2 o Sample N+7

+
Vig . .Sample N Sample N+ | e
Sample N+8

A4

CLK

DBO-
DB7
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ADC 08200 — Non-Linearites

Integral Non-Linearity
2.0
1.6
1.2
0.8
0.4

0

-0.4 FW
-0.8
-1.2
-1.6
-2.0

INL (LSB)

0 255
Output Code

Differential Non-Linearity
2.0
1.6
1.2
0.8
0.4

0

-0.4

-0.8

-1.2

-1.6

-2.0

DNL (LSB)

0 255
Output Code

© 2019 Uwe R. Zimmer, The Australian National University

page 313 of 961 (chapter 3: “Interfaces” up to page 379)



o 1t ", Pt - = I WP o )

A/D, D/A & Interfaces: Examples

©
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N
©

T
z z
I I
NN
-+ 1 w w
+ s B BT %
Irazg =2 EEzZ
EEEEnEnEnininEnEnEnEn|
6 5 4 3 2 1 44 43 42 41 40
39 [ IN5(MUXOUT+)*
38 [] IN4(MUXOUT-)*
37 N3
36 [ ]IN2
351 IN1
LM12L458 347N
3371 GND
32 ] oMARQ
31 JINT
30 []8w
29 [ SYNC

EpEEEEEEEEEEEEEEEEEEE
cl2lgls g 32z YR

LM12L458

(National Semiconductors)

INO ——p]

INT ——p

IN2 ——P

N FULLY-DIFFERENTIAL, SELF-CALIBRATING

IN3 —— > ’ «— v

NG MULTIPLEXER S/H 12-BIT + SIGN REF+

NS : > ANALOG-TO-DIGITAL CONVERTER € Veee-

ING ———pl r 7

IN7 —

y N
B + +
SYNC SEQUENCER Vo Vp GND
CLK I ® l l l
A 4
A 4
INT €=  |NTERRUPT 'NI_:T,EEEEEPT ILN'¥E'LR’LNP2 INSTRUCTION RAM 16-BIT FIFO CONFIGURATION
DMARQ <€—— CONTROL LOGIC RECISTER STATUS REGISTER 8 X 48 TIMER 32 X 16 REGISTER

|

!

— 1 | II
;

DATA BUS BUFFER

SELECT & CONTROL LOGIC

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ TTTTT

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11D12 D13 D14 D15 AD A1 A2 A3 A4
(LsB) (MSB)

TTTT

CS RD WR ALE

© 2019 Uwe R. Zimmer, The Australian National University

page 314 of 961 (chapter 3: “Interfaces” up to page 379)




A/D, D/A & Interfaces: Examples

LM12L458 — Basic specifications
Channels: 8 (multiplexed).

Resolution: 8 bit + sign or 12bit + sign (SAR converter).

Sampling frequency: max. 106 kHz.

Power consumption 15 mW; 6 uW (power down, clocked stopped).
Programmable acquisition times, sequences and conversion rates.
32word conversion FIFO buffer.

Self-calibration and diagnostic mode.

8 or 16 bit wide data bus.

i Typical applications: Data logging, process control, low power devices.
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IM12L458 — Register bank

A4 A3 A2 A1 Purpose Type | D15 (D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-
0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync VN ViNg Pause | Loop
0 0 O Instruction RAM R/W
0 to (RAM Pointer = 01) Don't Care >/< | Sign Limit #1
0 0 O Instruction RAM R/W
0 to (RAM Pointer = 10) Don't Care >/< | Sign Limit #2
1 0 0 O Configuration R/W Test RAM I/O | Auto | Chan |Stand-| Full | Auto- | Reset | Start
Register Don't Gare DIAG =0 Pointer Sel ([Zerog.| Mask | by CAL | Zero
Interrupt Enable R/W Number of Conversions Sequencer INT7 | Don’t [ INT5 | INT4 | INT3 [ INT2 | INT1 | INTO
1 0 0 1 Register in Conversion FIFO Address to Care
to Generate INT2 Generate INT1
Address
R Actual Number of of INST7| “0” |INST5|[INST4[INST3|INST2|INST1|INSTO
1 0 1 0 Interrupt Status Conversion Results Sequencer
Register in Conversion FIFO Instruction
being
Executed
1 0 1 1 Timer R/W Timer Preset High Byte Timer Preset Low Byte
Register
1 1 0 O Conversion R Address Sign Conversion Conversion Data: LSBs
FIFO or Sign Data: MSBs
1 1 0 1 Limit Status R Limit #2: Status Limit #1: Status
Register




e

IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type | D15 (D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-
0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync VN ViNg Pause | Loop
1
0 0 O Instruction RAM R/W
0 to (RAM Pointer = 01) Don't Care >/< | Sign Limit #1
1
0O 0 O Instruction RAM R/W
0 to (RAM Pointer = 10) Don't Care >/< | Sign Limit #2
1 1 1

Instruction RAM entries consist of:

e VIN+, VIN— (2-3Dbits): select the input channels (‘000" selects ground in ViN—).

Pause (1bit): halts the sequencer before this instruction.

Sync (1 bit): wait for an external sync. signal before this instruction.

Loop (1bit): indicates the last instruction and branches to the first one.

Timer (1bit): wait for a preset 16-bit counter delay before this instruction.
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IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync VN ViNg Pause | Loop
0 0 O Instruction RAM R/W

0 to (RAM Pointer = 01) Don't Care >/< | Sign Limit #1
0O 0 O Instruction RAM R/W

0 to (RAM Pointer = 10) Don’t Care >/< | Sign Limit #2

1 1 1

Instruction RAM entries consist of (cont.):

8/12 (1bit): selects the resolution (8bit + sign or 12bit + sign).

Watchdog (1 bit): activates comparisons with two programmed limits.

Acquisition time D (4 bits): the converter takes 9 + 2D cycles (12bit mode) or 2 +2D

cycles (8 bit mode) to sample the input. Reasonable times depend on the input resist-

ance and clock frequency: D = 045 - Rs[kQ] - fcik[MHz] for 12 bit conversions.

Limits (2 - 9bits, including sign and comparator): trigger levels for watchdog operation.
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IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

type ChannelPlus 1is (Ch@, Ch1, Ch2, Ch3, Ch4, Ch5, Ch6, Ch7);
type ChannelMinus is (Gnd, Ch1, Ch2, Ch3, Ch4, Ch5, Ch6, Ch7);
type Resolutions 1is (TwelveBit, EightBit);

type Aquisition_D is new Natural range

for ChannelPlus use (Cho => @, Chl =>
Ch4 => 4, Ch5 =>
for ChannelMinus use (Gnd => @, Ch1 =>
Ch4 => 4, Ch5 =>

for Resolutions use (TwelveBit

type Instruction is record

EndOfLoop, Pause, Sync,

Vplus

Vminus

Resolution

AquisitionTime
end record;

0..15;
1, Ch2
5, Ch6
1, Ch2
5, Ché

Timer, Watchdog

—— 9+2D (12bit),

=> @, EightBit => 1);

: Boolean;

=> 2, Ch3 => 3,
=> 6, Ch7 => 7);
=> 2, Ch3 => 3,
=> 6, Ch7 => 7);

: ChannelPlus;

: ChannelMinus;

: Resolutions;

: Aquisition_D;

2+2D (8bit)




o e
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IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

Units_Per_Word

for Instruction use record
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word
@*Units_Per_Word

EndOfL
Pause
Vplus
Vminus
Sync
Timer
Resolu
Watchd

oop

tion
og

at
at
at
at
at
at
at
at

AquisitionTime at
end record;

constant Integer

range
range
range
range
range
range
range
range
range

10.
11.
12.

co o1 N —, O

L Y . LY

00N~ - O

(@)

.10;
15
.15;

:= Word_Size / Storage_Unit;
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IM12L458 — Instructions

ik
| |

A4 A3 A2 A1l Purpose Type (D15 | D14 | D13 | D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

for Instruction’Size use 16; -- Bits

for Instruction’Alignment use 2; -- Storage_Units (Bytes)

for Instruction’Bit_Order use High_Order_First;

type Instructions is array (0..7) of Instruction;
pragma Pack (Instructions);

ADC_Instructions : Instructions;
for ADC_Instructions’Address use To_Address (16#0000132D#);
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IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type (D15 | D14 | D13 | D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0O 0 O Instruction RAM R/W Acquisition Watch-
0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
ADC_Instructions (@) := (EndOfLoop => False,
Pause => False,
Vplus => Cho,
Vminus => Gnd,
Sync => True,
Timer => False,
Resolution => EightBit,
Watchdog => False,
AquisitionTime => 10);
ADC_Instructions (1) := (EndOfLoop => True, -- last instruction
Pause => False,
Vplus => Ch1,
Vminus => Ch2,
Sync => False,
Timer => False,
Resolution => TwelveBit,
Watchdog => False,
AquisitionTime => 0);




IM12L458 — Instructions

A4 A3 A2 A1l Purpose Type (D15 | D14 | D13 | D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-
0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
ADC_Instructions (@) := (EndOfLoop => False,
Pause => False,
Vplus => Cho,

Those assignments to the actual controller’s
registers will program the attached external
controller (LM12L458) immediately.

ADC_Instructions (1) := (EndOfLoop =>
Pause =>
Vplus =>
Vminus =>
Sync =>
Timer =>
Resolution =>
Watchdog =>

AquisitionTime =>

True,
False,
Ch1,
Ch2,
False,
False,
TwelveBit,
False,

2);

-- last instruction




IM12L458 — Instructions

1 1 1

A4 A3 A2 A1 Purpose Type | D15 (D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-
0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync VN ViNg Pause | Loop

enum ChannelPlus

Data structures in ‘C’:
{Che=0, Ch1, Ch2, Ch3, Ch4, Ch5, Ch6, Ch7}:

enum ChannelMinus {Gnd=0, Ch1, Ch2, Ch3, Ch4, Ch5, Ch6, Ch7};

enum Resolutions

struct {

unsigned int EndOfLoop
unsigned int Pause
ChannelPlus
ChannelMinus Vminus
unsigned int Sync
unsigned int Timer
Resolutions

Vplus

unsigned int Watchdog

unsigned int AquisitionTime :

} Instruction;

Resolution

~ e ~ e ~ e

. ~ e

~ e ~ e ~ e

_h_\_\_\_\ww_\_\

~ e

{TwelveBit=0, EightBit};




IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type (D15 | D14 | D13 | D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

Data structures in ‘C”:

Instruction InstructionsA[8];

InstructionsA *Instructions;

Instructions = 0x0000132D;

*Instructions (@) .EndOfLoop Q;

*Instructions (@) .Pause Q;

*Instructions (@) .Vplus Cho;

*Instructions (@).Vminus Gnd;

*Instructions (@).Sync 1;

*Instructions (@) .Timer Q;

*Instructions (@) .Resolution EightBit;

*Instructions (@) .Watchdog Q;

*Instructions (@).AquisitionTime = 10;
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l_M 12L45 8 lnstructlons

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

e N Liﬁi'f%‘f‘i*ﬂﬂe as

InstructionsA *Instructions;

Instructions = 0x0000132D; d |‘) ' l -
*Instruction %n{()ﬂf a r 9- a l1
*Instructionsk (0 se

Cho

*Instructions (0).Vplus
*Instructions (@).Vminus

*Instructions (@).Sync () r:

*Instructions (@).Timer

*Instructions (@) .Resolution = EightBL;s -
xInstructions (@) .Watchdog 3 ) d ' l']
*Instructa ‘(@L UlU lT 1(, ' '1 L
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IM12L458 — Instructions

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 O Instruction RAM R/W Acquisition Watch-

0 to (RAM Pointer = 00) Time dog 8/12 | Timer | Sync ViN- ViN+ Pause | Loop
1 1 1

i In C: use macro-assembler style programming instead:

Read up on the local bit and byte ordering and set bits inside an int:

unsigned int setbits (unsigned int *r,
unsigned int n, /* set n bits */
unsigned int p, /* at position p */
unsigned int x) /* to bitstring x */
{
unsigned int mask;
mask = ~(~0 << n);
*xr = ~(mask << p);
*r |= (x & mask) << p;
return (*r);
b
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IM12L458 - Configuration r

o
egister
A4 A3 A2 Al Purpose Type | D15 | D14 [ D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 O Configuration R/W Test RAM I/O | Auto | Chan |Stand-| Full | Auto- [ Reset | Start
. Don'’t Care DIAG .
Register =0 Pointer Sel |Zeroe.| Mask | by CAL | Zero

Configuration register entries consist of:

o Start (1bit): starts the sequencer.
e Reset (1bit): sets the instruction pointer to ‘000"

After powering up again (~ 10ms): a specific interrupt is issued.

Chan-Mask (1 bit): format selection for the FIFO output registers.

Auto-Zero (1bit): triggers a ‘short’ calibration (76 cycles — 1 offset sample).
Full-Cal (1bit): initiates a full calibration (4944 cycles, 8 samples) == interrupt.

Stand-by (1bit): disconnects the external clock and preserves the registers.
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IM12L458 - Configuration r

o
egister
A4 A3 A2 Al Purpose Type | D15 | D14 [ D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 O Configuration R/W Test RAM I/O | Auto | Chan |Stand-| Full | Auto- [ Reset | Start
. Don'’t Care DIAG .
Register =0 Pointer Sel |Zeroe.| Mask | by CAL | Zero

Configuration register entries consist of (cont.):

* Auto-Zero_ (1bit): auto-zeros the ADC automatically in every conversion.

e 1/0 Sel (1bit): sets the Sync pin to input or output mode.

e RAM Pointer (2bits): selects the current (16-bit) part in each 48-bit instruction.

e Test=0 (1bit): production testing mode: leave this bit at‘0".

e DIAG (1bit): connects VIN+ and VIN— to VRer+ and VRer— for testing purposes.
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IM12L458 — Sequencer

IP := 0;

loop
repeat
if Auto_Zero or Full_Cal then Calibrate;
until Start_bit;

if Instr (IP).Timer then Run_Timer;
Current_Signal := Aquisition (Instr (IP).Aquisition_Time);
if Instr (IP).Watchdog then begin
if Instr (IP).Sync then Wait_for_external_sync;
Compare (Current, Instr (IP).Limit_1);
if Instr (IP).Sync then Wait_for_external_sync;
Compare (Current, Instr (IP).Limit_2);
else

if Instr (IP).Sync then Wait_for_external_sync;
Convert_and_store_in_FIFO (Current_Signal);

end;
if Instr (IP).Loop then IP := 0;
else IP := IP + 1;
end loop;
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IM12L458 — Conversion FIFO

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
1 1 0 O Conversion R Address Sign Conversion Conversion Data: LSBs
FIFO or Sign Data: MSBs

Conversion FIFO buffer is a read-only register:

e Every read on this address will delete this result from the internal memory
and will shift the next result into the visible conversion FIFO register.

The FIFO holds up to 32 conversion results.
Data will be lost, if the results are not read fast enough to prevent a buffer overrun.

i The controller can issue specific interrupts or initiate a DMA transfer, when a given
number of results are accumulated or a certain instruction is completed.
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LM12L458 — Data transfer options

A4 A3 A2 A1 Purpose Type | D15 | D14 | D13 | D12 D11 D10 | D9 D8 D6 D5 D4 D3 D2 D1 DO
Interrupt Enable R/W Number of Conversions Sequencer INT7 | Don’t [ INT5 | INT4 | INT3 [ INT2 | INT1 | INTO
1 0 0 1 Register in Conversion FIFO Address to Care
to Generate INT2 Generate INT1
Address
R Actual Number of of INST7| “0” |INST5|[INST4[INST3|INST2|INST1|INSTO
1 0 1 0 Interrupt Status Conversion Results Sequencer
Register in Conversion FIFO Instruction
being
Executed
Interrupts:

e (Can be associated by an existing instruction
and/or triggered by a specific number of conversion results.

i The interrupt can be handled by another controller, DMA mechanism, or the actual CPU.

Polling:
i In dedicated, high integrity, or low latency controller setups the client
controller/CPU will poll rather than wait for interrupts.
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A/D, D/A & Interfaces: Examples
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LM12L458

(National Semiconductors)

INO ——p]

INT ——p

IN2 ——P

N FULLY-DIFFERENTIAL, SELF-CALIBRATING

IN3 —— > ’ «— v

NG MULTIPLEXER S/H 12-BIT + SIGN REF+

NS : > ANALOG-TO-DIGITAL CONVERTER € Veee-

ING ———pl r 7

IN7 —

y N
B + +
SYNC SEQUENCER Vo Vp GND
CLK I ® l l l
A 4
A 4
INT €=  |NTERRUPT 'NI_:T,EEEEEPT ILN'¥E'LR’LNP2 INSTRUCTION RAM 16-BIT FIFO CONFIGURATION
DMARQ <€—— CONTROL LOGIC RECISTER STATUS REGISTER 8 X 48 TIMER 32 X 16 REGISTER

|

!

— 1 | II
;

DATA BUS BUFFER

SELECT & CONTROL LOGIC

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ TTTTT

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11D12 D13 D14 D15 AD A1 A2 A3 A4
(LsB) (MSB)

TTTT

CS RD WR ALE
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type ADC_CR2 is record

ADON

CONT
Reserved_1
DMA

DDS

EOCS

ALIGN
Reserved_2
JEXTSEL
JEXTEN
JSWSTART
Reserved_3
EXTSEL
EXTEN
SWSTART
Reserved_4

: Enabler;

: CONT_Options;
: Bits_6;

: Enabler;

: Enabler;

: Enabler;

: ALIGN_Options;
: Bits_4;

: JEXTSEL_Options; --
: EXTEN_Options;
: Enabler;

: Bit;

: EXTSEL_Options;
: EXTEN_Options;
: Enabler;

: Bit;

A/D, D/A & Interfaces: Examples: STM32F4

Control Register 2

A/D Converter ON / OFF (read & write)
Continuous conversion (read & write)

Direct memory access mode (for single ADC mode) (read & write)
DMA disable selection (for single ADC mode) (read & write)
End of conversion selectionat (read & write)

Data alignment (read & write)

External event select for injected group (read & write)
External trigger enable for injected channels (read & write)
Start conversion of injected channels (read & write)

External event select for regular group (read & write)
External trigger enable for regular channels (read & write)
Start conversion of regular channels (read & write)

end record with Volatile, Size => Word’Size;
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for ADC_CR2 use record

ADON at
CONT at
Reserved_1 at
DMA at
DDS at
EOCS at
ALIGN at
Reserved_2 at
JEXTSEL at
JEXTEN at
JSWSTART  at
Reserved_3 at
EXTSEL at
EXTEN at
SWSTART at
Reserved_4 at

end record;

0

S O O O O OO OO

range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range

11

12 ..
16 ..
20 ..
22 ..
23 ..
24 ..
28 ..
30 ..

coNn =

A/D, D/A & Interfaces: Examples: STM32F4

Control Register 2

A/D Converter ON / OFF (read & write)
Continuous conversion (read & write)

Direct memory access mode (for single ADC mode) (read & write)
DMA disable selection (for single ADC mode) (read & write)
End of conversion selection (read & write)

Data alignment (read & write)

External event select for injected group (read & write)
External trigger enable for injected channels (read & write)
Start conversion of injected channels (read & write)

External event select for regular group (read & write)
External trigger enable for regular channels (read & write)
Start conversion of regular channels (read & write)
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ADC_CR2_Reset :

(ADON
CONT
Reserved_1
DMA
DDS
EOCS
ALIGN
Reserved_2
JEXTSEL
JEXTEN
JSWSTART
Reserved_3
EXTSEL
EXTEN
SWSTART
Reserved_4

e

A/D, D/A & Interfaces: Examples: STM32F4

Control Register 2

constant ADC_CR2 :
Disable,

Single,

9,

Disable,

Disable,

Disable,

Right,

9,

Timer_1_CC4_event, --

Disabled,
Disable,
9,

Timer_1_CCl_event, --

Disabled,
Disable,

9);

A/D Converter ON / OFF (read & write)
Continuous conversion (read & write)

Direct memory access mode (for single ADC mode) (read & write)
DMA disable selection (for single ADC mode) (read & write)
End of conversion selectionat (read & write)

Data alignment (read & write)

External event select for injected group (read & write)
External trigger enable for injected channels (read & write)
Start conversion of injected channels (read & write)

External event select for regular group (read & write)
External trigger enable for regular channels (read & write)
Start conversion of regular channels (read & write)
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Micro-controllers

Micro-controller definition

i Short: “Computer system on a chip”

Typical elements found in a micro-controller include:

CPU (typ. 4-64 bit word size) — also as multi-cores.

Memory (typ. a few hundred Bytes to many MBytes) as RAM, ROM, EPROM and/or Flash.
Clock generator.

Timers and general interrupt logic.

Basic I/O (often as multiple, partly autonomous I/O units):

e General purpose digital I/0 lines — often combined with PWM generators,
signal width detectors, counters, watchdog- or timer-triggers.

e A/D and D/A converters (typ. 6-12bit).
Higher level 1/0O channels: Ethernet, UART, I1°C, Fast serial, Can-bus, ...
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Micro-controller examples
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b1 VDD ~— PC7
1|i VSsS ﬁ
‘:'-J!-"- 16-bit —— TCMP1
i s = TCMP2
i =8 PDOANO — ] progtriar‘n"éTable <~ TCAP
'IE!E"" s PD1/ANT —f < TCAP2
i ;'*F'_ A B PD2IAN2 —= _
HELECEEEER VR RER B2 PD3/ANS —> = . «— RO
HHiL ] réﬁf?qﬁ“E I | PD4/AN4 —= 8-bit SCI L = SCOLK
i i ; T}JE o ' PD5/AN5 ——* A/D converter —————  TDO
3 PD6/ANG —1
PD7/AN7 —>
, - PLMAD/A
: MC68OOOL8 \\//F;‘*: PLM - PLMBD/A
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e

er examples
MC68HC05 Gy
EEPROM <
e ||
VPP =— Charge pump (incluc?i%rg 14 bytes
Clock: max. 2.1 MHz internal User vectors)
(4.2 MHz external). ﬁ - COP watchdog
RAM: 176 bytes. <
828? : Oscillator &
ROM: 5936 bytes. ~2/~ es
— self4 SﬁezyktROM
EEPROM: 256 bytes.
Power saving modes (stop, wait, slow). 2
Serial: 46-76800 baud (at 2.4576 MHz) T "o oty i
79-131072 baud (at 4.194394 MHz). oo
Parallel 1/0: 3 - 8 bit; Parallel in: 1 - 8 bit. l 16-it I
PDO/AND —»] programmable
Timers: 1 - 16bit. POUANI — e -
PDI/AN3 —~ . -~
A/D 8 Chan nels/ 8 blt Eggﬁmg :: & AD c%gserter > 4>4>
PWM: 2 generators. -
VRH — PLM
VRL —

Micro-controll

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

PCO
PC1
PC2/ECLK
PC3
PC4
PC5
PC6
PC7

TCMP1
TCMP2
TCAP1

TCAP2

RDI
SCLK
TDO

PLMA D/A
PLMB D/A
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MAIN

NOSEC

L

6, TSR, MAIN

OCMP+1
#3D4
TEMPA
OCMP
#3$30
OCMP
TEMPA
OCMP+1
TIC

TIC
#20
NOSEC
TIC

*
TIME
KYPAD
A2D
HVAC
LCD
MAIN

;Loop here till Output Compare flag set

;Low byte of Output Compare register

;Add

;Save till high half calculated

;High byte of Output Compare register

;Add  (+carry)

;Update high byte of Output Compare register
;Get low half of updated value

;Update low half and reset Output Compare flag
;Get current TIC value

;TIC := TIC + 1

;Update TIC

;20th TIC?, 1 second passed?

;If not, skip next clear

;Clear TIC on 20th

;Update time-of-day & day-of-week
;Check/service keypad

;Check Temp Sensors

;Update Heat/Air Cond Outputs
;Update LCD display

;End of main loop
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Interfaces

RCER I e P AT R

[ ]
——TCK—— | |
——— wrerace () P (e Micro-controller examples
<4«—TDO w -
T0——————»| INTERFACE % INTERFACE
™S NEXUS g
<7M’;8K500)7 CLASS 2+ MEMORY PROTECTION UNIT, Z
<;Mseo[1 0 oco & 64 KB
4y~ S INSTR DATA 2 SRAM
«—— EVTON—— INTERFACE INTERFACE =
— VBUS » ]
b > usB 9
D- »| Q o
- = e AVR 3 2
|€«—VBOF—| T 3
S M M M S 0 O 512 KB
DMA j‘ D M s<}:{> ég FLASH
coL,
Jors | pMA KM HIGH SPEED 3
Gk BUS MATRIX
RX_DV, |€—DATA[15..01»
RX_ER S <:> “UJ % [—ADDR[23..0] |
e, S S M L9  |—nNcsp.o—»
TXD[3..0], ETH,\%ES‘ET & E s RD.
8 *T'rilehr:(,vf CONF\GURAT\O@E REGISTERS BUS E 5 E DA
w TséEEE% T HSB akg NWE14>
PB < NWES3-
=1
8 | voo»| HSE-PB HSB-PB PERIPHERAL 2k RAS )
4 BRIDGE B BRIDGE A CONTROLLER 2w cAs—>]
2 PB £:=0 SDA10—|
- g SDCK— )|
3 s £ 8 [——SDCKE—)>
w INTERRUPT LS INgZA SDCS0—»|
SDWE—>|
& CONTROLLER K
[} €————RXD
PA F—mxo——>
3 USART1 l«———Cclk——p| &
4;”; EXTINT[7..0— | EXTERNAL <,\::> <;::> € «— rrs.cTs—— | 2 PA
PX [€———KPS[7..0}—— INTERRUPT |«—DSsR, DTR, DCD, R—>»{ 4;‘2
NMI_N———3 CONTROLLER o v
USARTO [€—FRxD 2
<:> 8 USART2 > 3
REAL TIME g USART3 «——ck——» &
COUNTER <'l::> [ RTS, CTS——» z
W
l«—— > z
<:>° SERIAL HM\SSCVEOS\H ®
WATCHDOG g  PERIPHERAL = 1o Nrcso——— »
TIMER <;l::> INTERFACE 0/1 NPCS 1]
|€TX_CLOCK, TX_FRAME_SYNC»
SYNCHRONOUS
Rooee }<3;'> POWER K8 SERIAL TCDATA——
MANAGER CONTROLLER |€RX_CLOCK, RX_FRAME_SYNCH>
—XIN32 32 KHz €———RX_DATA
lxoutsz] “osc V)
19} TWO-WIRE [€——SCL————>|
I <#>
<xolm 0sCo (= & INTERFACE l——soA———»
F—XIN1-»|
0SscC1
lexouTi—] = .| PULSEwIDTH
PLLO =D <#>D MODULATION ————PWM[6..0——|
*|  CONTROLLER
PLL1 K=
-AD[7..0
RESET_N [€———GCLK[3.0)———) o ANALOG TO [€«———AD[7.0}———
j {: E DIGITAL ADVREF
CONVERTER
€« AR.OF——p|
<80 > TIMER/COUNTER =)
CLK[2..0———| ° AUDIO DATA[1..0}
K=D>g|  BITSTREAM oaTANL.0
DAC
7 L
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Micro-controller examples

AVR32

e (CPU: 32bit RISC with DSP extensions.
e Clock: 66 MHz.

e Memory: up to 32kB SRAM, up to 512 kB Flash
e Separate DMA bus for peripherals.

e Power: up to 120mW (132 pW in sleep)

* Nexus debug port.

e up to 113 GPIO with up to 7 PWM channels.
1-32bit real time counter.

6 - 16 bit timers

1 - Ethernet, 1. SSC, 4 - UART (incl. SPI)

8 - 10bit ADC (SAR).

2 - DDC bitstream output (Z-A).
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Alternative Processor Architectures:

Cog 0

Cog 1

Cog 2

Cog 3

Cog 4

Cog 5

Cog 6

Cog 7

—

|—_D

=

|—_)>

=

=

Parallax Propeller

Pin Directions

S

)

3213
r v

<
R

<3

I,
S
932l =l =l=ll==l==l=z=l==lz]z o
Jhre | P | Ao PNco] P | PRcq N | | N1 P | 1 P
E| B | | = | S et e | e s kst = 50 | =4
el
=
@

t

i
=

CHBSpCaERA

[ —

Hub and Cog Interaction

[I{e]
Pins
512X 32 512X 32 512X 32 512X 32 512X 32 512X 32 512X 32 512 X 32
RAM RAM RAM RAM RAM RAM RAM RAM
P Processor | Processor 1 Processor P Processor P Processor ! Processor P Processor P Processor
32
a2, Pin Inputs L
32 System Counter
F 3
A 4 3z Y Y Y A 4 A 4 A 4 A 4 Data Bus
A
A 4 16, v A 4 \ 4 A 4 A 4 \ 4 L 4 Address Bus
Power Up System
& Detector Y Hub A cLock Counter
5101ms) Reset Delay RESET
Brown Out
s D) Detector CLKSEL Pzl
ps P25 ) 3
& s )
PT VDD RC Oscillator 3 SRR
VSS o) SOFTRES 12 MHz / 20 KHz . 4
BOEr Xl ) 41 Clock Cog Enables
(REsr VSS 5, Sﬂ%‘i‘;’ GLOCK
(VoD P23 ) z
P8 P22 Clock PLL Lock Bits (8)
Cro. =D PLLENA —» . 1 X 2;;,6
P10 P20 (15 sibe SOFTRES I
OCWI?I?I 84 - 128 MHz) PLLENA #———— _— System
X0 scillator ¢ onfiguration Counter
G0 DC - 80 MHz OSCENA | Register
OSCENA 2—> {4-8MHz OSCMODE 4ﬁ-’—|
OSCMODE 54| with Clock PLL} CLKSEL 4—3— |
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Alternative

S,

S o W R T

e e

T e

oF Ferl A R D S

Fi e | =l

ol L

Tl T o .
- 1

Processor Architectures: Paral

lax Propeller (2006)

Pin Directions

Cog 0 Cog 1 Cog 2 Cog 3 Cog 4 Cog 5 Cog 6 Cog 7
i: ';D | ] 1 ‘j\ 1
£\

8 cores with 2kB local memory

323!
yv

P31

P29

e

CHHBEEARA

[lie]
Pins

|
|
55|

i

512X 32 512X 32 512X 32 512X 32 512X 32 512X 32 512X 32 512X 32
RAM RAM RAM RAM RAM RAM RAM RAM
P Processor | Processor ! Processor | Processor P Processor P! Processor P Processor | Processor
32
ap Pin Inputs L
32 System Counter
F 3
Y 32 A 4 A A A A A A A 4 A 4 A 4 Data Bus
A
A 4 16, X A 4 \ 4 A 4 A 4 A 4 A 4 Address Bus
System
h 4 Hub h 4 CLOCK — counter
Reset Delay RESET | I—AlJ
v g g b g by ey by
P4 Y. o | P26 Detector B h d

e PG e 40 kB shared memor
Ce e R, ) =
CpPr m’— - VDD .

V8s g X0 SOFTRES

BOEr V () Cog Enables

RESK S (Vs5)
e o
el PEX32A-Q44 ey CladkepL e
CPs Pz PLLENA —»  1x,2x

I¥ rd 4x, 8x, 16x
P10 3 20 (16x must bef
Crystal 84 - 128 MHz|
(X0 _e—] Oscillator
DC - 80 MHz
OSCENA — (4 gz
OSCMODE —24| with Clock PLL)

No interrupts!

Hub and Cog Interaction
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NJTRST, JTDI,
JTCKISWCLK

JTDOISWD, JTDO

TRACECLK
TRACED[3:0]

Mil or RMIl as AF
MDIO as AF

DP, DM
ULPI:CK, D[7:0], DIR, STP, NXT

ID, VBUS, SOF

PA[15:0]
PB[15:0]
PC[15:0]
PD[15:0]

PE[15:0]

PF[15:0]

PG[15:0]
PH[15:0]

PI[11:0]

140 AF

D[7:0]
CMD, CK as AF

4 compl. channels (TIM1_CH1[1:4]N,

4 channels (TIM1_CH1[14]ETR,
BKIN as AF

4 compl. channels (TIM1_CH1[1:4N,

4 channels (TIM1_CH1[14]ETR,
BKIN as AF

2 channels as AF
1 channel as AF

1 channel as AF

RX, TX, CK,
CTS, RTS as AF
RX, TX, CK,
CTS, RTS as AF
MOSI, MISO,
SCK, NSS as AF

VDDREF_ADC

8 analog inputs common
to the 3ADCs

8 analog inputs common
to the ADC1 & 2

8 analog inputs for ADC3

External memory CLK, NE [3:0], A[23:0],
controller (FSMC) D[31:0], OEN, WEN,
JTAG & SW | MPU QEESD SRAM, PSRAM, NOR Flash, NBL[3:0). NL, NREG,
ETM I NVIC PC Card (ATA), NAND Flash NWAIT/IORDY, €D
NIORD, IOWR, INT[2:3]
D-BUS INTN, NIIS16 as AF
ARM Cortex-M4
168 MHz Laus Kt N
FPU . 4 3 Flash
D 53 o RNG
Ethernet MAC | oma/ H <::> « 1MB
10/100 FIFO : % o Camera HSYNC, VSYNC
£ K= SRAM 112 KB SE|  interface PUIXCLK, D[13:0]
usB g
F ol N = SRAM 16 KB
a| OTGHS FiFo K. & ol uss > op
— | & oters |& o
8 Str
DMA2 o K "AHB2 168 MHz D, VBUS, SOF
DMA1 ¢ SVEFE\:‘; <] -‘T v £HE1 188 Mtz vop  «| Power managmt
VDD =181036V
\J_D vss
o Ve VCAP1, VCPA2
| POR Supply
GPIO PORTA Rens resety | supervision
—_Rc ts It POR/PDR
"—| BOR VDDA, VSSA
GPIO PORT B | e K> ERST
GPIO PORT C
GPIO PORT D ﬁESCJN
0sC_out
GPIO PORTE Reset &
clock —
GPIO PORT F contol
¢ J, * K> VBAT=1651036V
GPIO PORT G vy
Q é é 0sC32_IN
GPIO PORT H B ” r‘ XTAL 32 kHz 08C32_0UT
B RTC
GPIO PORT | . AWU RTC_AF1
. Backup register RTC_AF1
~ ||4 kB BKPSRA
TIM2 32| 4 channels, ETR as AF
I TIM3 16b] 4 channels, ETR as AF
EXT IT. WKUP DMA2 DMAT TIM4 16b} 4 channels, ETR as AF
SDIO / MMC 2= TIM5 32b) 4 channels
= TIM12 16b| 2 channels as AF
TIM1/PWM 160 [<=D] TIMI3 1) 1 chammel as A
TIM8/PWM 166 [<=D| : : TIM14 16b] 1 channel as AF
USART2 smeard RX, TX as AF
TIM9 ob <:=> irDA CTS, RTS as AF
RX, TX as AF.
TIMT0 5 USART3 i CTS RTS 00 AF
160 [<>[ 2 =
3 g UART4 RX, TX as AF
TIMIT e |<=| & WWDG <
g : UARTS R, TX a5 AF
[ USARTI <= § SP2/1252 MOSUSD, MISOISD, e SCKICK
smeard SART6 &> TIM6 16K SP3253 MOSISD, MISOISD et SCHICK
v SPit TIM7 166 K= 12C1/SMBUS SCL, SDA, SMBA as AF
@Voos
= e—

Temperature sensor_| [<F| @Voon 12C2/SMBUS SCL, SDA, SMBA as AF
ADC1 DAC1 12C3/SMBUS SCL, SDA, SMBA as AF
ADC2 IF | [<E>] DAC2 bxCANT |0 e Rx
ADC3 L] 1r ﬁ L bxCAN2 o TX, RX

vV
DAC1_OUT DAC2_ouT
as AF as AF

MS19920V3

Micro-controller examples

STM32F40xxx
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Interfaces
e Power dissipation: = 1-420 mW Micro-controller examples

e 2-168 MHz, 32-bit ARM Cortex-M4F Core
e 1 MB Flash, 192 KB RAM, MPU STM32F40xxx
e 3-axis accelerometer

e Audio interface with class D speaker driver
e USB OTGFS

e 12x 16-bit timers, 2x 32-bit timer

e Watchdog timer

e 16x DMA channels

e 2x CAN, 3x 12C, 3x SPI, 6x UARTs,

e |EEE1588 (Precision Time Protocol)

e RTC, PLL

e 2x 12-bit DAC

e 3x 12-bit ADC (16 channels),

e Nested vectored interrupt controller

Discovery board

e Random number generator
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Micro-controller examples

MPC565

E-BUS

USIU (et

4-Kbyte CALRAM_B

| 4Kbyte Overlay |
’

28 Kbytes SRAM
(No Overlay)

aapce4E [l QADCBAE
wiamux B wamux | @SMCM g QSMCM DLCMD2

IMB3

6 Kbytes
DPTRAM

!

T ——

LR

4 Kbytes Tou Tou

DPTRAM CAN | CAN MIOS14

TPU3 TPU3 TPU3
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MICI‘O Controller examples

MPC565

* Power: power dissipation: 0.8 - 1.12W, -40° - +125°C
e CPU: PowerPC core (incl. FPU & BBC), 56 MHz

e RAM: flash: 1MB, static: 36 kB

e Time processing units: 3 (via dual-ported RAM)

e Timers: 22 channels (PWM & RTC supported)

e A/D converters: 40 channels, 10bit, 250 kHz

e Can-bus: 3 TOUCAN modules

e Serial: 2 interfaces

¢ Data link controller:
SAE J1850 class B communications module

e Real-time embedded application development inter-
face: NEXUS debug port (IEEE-ISTO 5001-1999)

e Packing: 352/388 ball PBGA
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Micro-controller examples

Time Processing Unit

A special-purpose micro-controller:

* Independent p-engine.

e 16 digital I/0O channels
with independent match
and capture capabilities.

* Meant to operate these
I/O channels for timing
control purposes.

IMB

* Predefined p-engine
command set
(ROM functions in
control store).

2 - 16bit time bases

HOST
INTERFACE

SYSTEM
CONFIGURATION

-

DEVELOPMENT
SUPPORT AND TEST

CHANNEL
CONTROL

PARAMETER
RAM

CONTROL )

J\

SCHEDULER <SERVICE REQUESTS
o TCR1
=
2 T2CLK
% 3 TCR2

L/

DATA )

MICROENGINE

1L

CONTROL
STORE <CONTROL AND DATA

EXECUTION

UNIT

/

TIMER
CHANNELS

CHANNEL 0

CHANNEL 1

CHANNEL 15

. PINS )
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Period- / Pulse-width
accumulator

Stepper motor

Position-synchronized
pulse generator

Period measurement

Pulse-width modulation

Synchronized pulse-
width modulation

Quadruple decode

Micro-controller examples
Time Processing Unit — Some predefined p-engine functions

The period/pulse-width accumulator (PPWA) algorithm accumulates a
16 bit or 24 bit sum of either the period or the pulse width of an input signal
over a programmable number of periods or pulses (from 1 to 255).

The stepper motor (SM) control algorithm provides for linear
acceleration and deceleration control of a stepper motor with
a programmable number of step rates of up to 14.

The PSP function generates pulses of variable length at specified
“angles.” Angle clock period is measured (in TCRT clocks)
using the PMA/PMM function on another channel.

This function measures the period (in TCR1 clocks) between regularly occurring
input transitions and makes this period available for use by other functions
or by the CPU (optional detection of misses and additional transitions).

The TPU can generate a pulse-width modulation (PWM) waveform with any duty
cycle from zero to 100% (within the resolution and latency capability of the TPU).

Three different operating modes allow the function to maintain complex
timing relation-ships between channels without CPU intervention.

QDEC uses two channels to decode a pair of out-of-phase signals in order
to present the CPU with directional information and a position value.

© 2019 Uwe R. Zimmer, The Australian National University page 350 of 961 (chapter 3: “Interfaces” up to page 379)



Micro-controller examples
Time Processing Unit — Emulation Mode

i Create your own p-engine

Refer the control store of the p-engine to the dual-ported
RAM instead of the integrated ROM area and supply:

Up to 16 py-engine commands (functions).

In 2-8 kB of long-word (32 bit) organized memory.

 Programmed in a 32bit p-instruction format (explained next).

i The dual-ported RAM is then cut off from the CPU (the TPU parameter RAM is not affected)
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Micro-controller examples
Time Processing Unit — pinstructions formats:

1: Execution unit and RAM:

31 24 23 16 15 8 7 0
\ Fr T \ o ol T T \
0 o|y] TiIABS | T3ABD |sHF R |c T1BBS e IOM AIS (6:0) DEC/ :
| W | [ | [ 1 1 | CJL [ | NNV [ | | [ | \. [ | E,\\ID Operatlon groupS:

2: Execution unit, flag, and channel control: W

31 24 23 16 15 8 7 0 Execution unit
I E I I I I I I I TIM I I C Bl I I L I I I C DE\C/ ||
0 1|R| T1ABS | T3ABD [SHF|D|R| T1BBS [I |\l PAC [S|PsC| FLC |![fND m
| W | | | | | | | LfL | | N | | L | | | R | gohnatr:‘glel
3: Conditional branch, flag, and channel control: —
31 24 23 16 15 8 7 0 RAM
I b F T T T B C I -
10 BCC L BAF (8:0) TBS PAC |C|PSC FLC I IMTSR ]
| | | | S | | | | | | | | | | | F R | Sequencer
4: Jump, flag, and RAM: —
31 24 23 16 15 8 7 0
o R I F T T o L [ T DE‘C/
1 | 1 | ’ W Nf\\AA IS_ | | \BA\F (?O)\ | | \FLC\: E I\OI\\A | \AI\S (6\0)\ | Er\\lD
5: Execution unit, immediate, and flag:
31 24 23 16 15 8 7 0
N L] ] "8 1€ immEDiaTE DATA 20y | 5| B | | S
11 1| TIABS ‘T3ABD SHF (R (€ U ‘ 3 e ‘FLC‘ : END
| | | | | | | |
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Micro-controller examples
Time Processing Unit — pinstructions formats:

1: Execution unit and RAM:

31 24 23 16 15 8 7 0
0‘0 R ‘T1P‘\BS‘ ll'?;A‘BD‘ SI‘-IF g g T;BB‘S CI:BI I‘OI\L\ | ‘Al;(6"0)‘ | DE‘C/ .
| W | | | | | | | ClL | | NNV | | | | | \. | | EI\‘JD Operatlon groupS:
RW RAM  Read/Write Control Execution unit
T1ABS T1 A-Bus Source Control B Channel
T3ABD T3 A-Bus Destination Control control
SHF AU Shifter Control -
SRC Shift  Register Control || RAM
CCL AU Condition Code Latch Control Il
T1BBS T1 B-Bus Source Control | | Sequencer
CIN AU  B-Bus Carry Control
BINV AU B-Bus Invert Control
|IOM RAM  Input/Output Mode Control

AlS RAM  Address
DEC/END SEQ Decrementor/End Control
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Micro-controller examples

Time Processing Unit — pinstructions formats:

2: Execution unit, flag, and channel control:

31 24 23 1615‘ — 87‘ — ‘0
o] s | v Jo e oo [ U] me [e]me] e uf26
ERW RAM  Event Register Write Control
T1ABS T1 A-Bus Source Control
T3ABD T3 A-Bus Destination Control
SHF AU  Shifter Control
TDL CC  Transition Detect Latch Negation Control
MRL CC  Match Recognition Latch Negation Control
T1BBS T1 B-Bus Source Control
CIN AU  B-Bus Carry Control
BINV AU  B-Bus Invert Control
PAC CC  Pin Action Control
LLS CC  Link Service Latch Negation Control
PSC CC  Pin State Control
FLC CC  Flag Control
CIR CC  Channel Interrupt Request
DEC/END SEQ Decrementor/End Control

Operation groups:

Execution unit

Channel
control

RAM

Sequencer




Micro-controller examples
Time Processing Unit — pinstructions formats:

3: Conditional branch, flag, and channel control:

31 24 23 16 15 8 7 0
\ o F Fr 1 1 T [ T B C \
1 ‘0 ‘B(‘:C‘ IS_ | ‘BA‘F (E‘S:O)‘ B | TE?S | PAC (F: PSC FLC II2 M'I"SR Operation groupS:
BCC SEQ Branch Condition Code Field Execution unit
FLS SEQ  pPC Flush Control B Channel
BAF SEQ Branch Address Field control
TBS CC Time Base Select Control W
PAC CC  Pin Action Control || RAM
BCF SEQ Branch Condition Control ]
PSC CC  Pin State Control || Sequencer
FLC CC  Flag Control
CIR CC  Channel Interrupt Request

Match/Transition Detect Service Re-

MITR cc quest Inhibit Control
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Micro-controller examples
Time Processing Unit — pinstructions formats:

4: Jump, flag, and RAM:
31

24 23 16 15 8 7 0
1 ‘1 ‘0 R NI\‘/\A [ B ‘BA‘F (E‘S:O)‘ B ‘FLC‘ IS_ I‘OI\L\ | ‘AI‘S(6‘:0)‘ | DE‘C/ : .
| | W ASE I 17 N N B E,\\JD Operatlon gl’OUpS.
RW RAM  Read/Write Control Execution unit
NMA SEQ Next yPC Address Mode Control B Channel
FLS SEQ  pPC Flush Control control
BAF SEQ Branch Address Field W
FLC CC  Flag Control || RAM
LSL CC  Link Service Latch Negation Control ]
IOM RAM  Input/Output Mode Control | | >equencer
AlS RAM  Address

DEC/END SEQ Decrementor/End Control
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Micro-controller examples

Time Processing Unit — pinstructions formats:

5: Execution unit, immediate, and flag:

31 24 23 16 15 8 7 0
S T IS Eimmepiate pata o) [E | Eqr [ LT [ oEe
1 1 1| TIABS T3ABD | SHF (R: (LI (T1BBI) 70 E (?E FLC II2 END
|| L1 I | I I A [ | | I

T1ABS T1
T3ABD T3
SHF AU
SRC Shift
CCL AU
T1BBI T1
LSL CC
FQ/GE CC
FLC CC
CIR CC

DEC/END SEQ

A-Bus Source Control

A-Bus Destination Control
Shifter Control

Register Control

Condition Code Latch Control
B-Bus Immediate Data

Link Service Latch Negation Control
Match Compare Register Control
Flag Control

Channel Interrupt Request
Decrementor / End Control

Operation groups:

Execution unit

Channel
control

RAM

Sequencer
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Micro-controller examples
Time Processing Unit — pinstructions formats:

1: Execution unit and RAM:

31 24 23 16 15 8 7 0
\ Fr T \ o ol T T \
0 o|y] TiIABS | T3ABD |sHF R |c T1BBS e IOM AIS (6:0) DEC/ :
| W | [ | [ 1 1 | CJL [ | NNV [ | | [ | \. [ | E,\\ID Operatlon groupS:

2: Execution unit, flag, and channel control: W

31 24 23 16 15 8 7 0 Execution unit
I E I I I I I I I TIM I I C Bl I I L I I I C DE\C/ ||
0 1|R| T1ABS | T3ABD [SHF|D|R| T1BBS [I |\l PAC [S|PsC| FLC |![fND m
| W | | | | | | | LfL | | N | | L | | | R | gohnatr:‘glel
3: Conditional branch, flag, and channel control: —
31 24 23 16 15 8 7 0 RAM
I b F T T T B C I -
10 BCC L BAF (8:0) TBS PAC |C|PSC FLC I IMTSR ]
| | | | S | | | | | | | | | | | F R | Sequencer
4: Jump, flag, and RAM: —
31 24 23 16 15 8 7 0
o R I F T T o L [ T DE‘C/
1 | 1 | ’ W Nf\\AA IS_ | | \BA\F (?O)\ | | \FLC\: E I\OI\\A | \AI\S (6\0)\ | Er\\lD
5: Execution unit, immediate, and flag:
31 24 23 16 15 8 7 0
N L] ] "8 1€ immEDiaTE DATA 20y | 5| B | | S
11 1| TIABS ‘T3ABD SHF (R (€ U ‘ 3 e ‘FLC‘ : END
| | | | | | | |
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Micro-controller examples

Time Processing Unit — Example Code

One state of a function (example): Proceed to next

31 24 23 16 15 8 7 0 / p-instructlon
[ | | | | | | | slc | | C | | | | | | | | I

R BI

0 0|w| T1ABS T3ABD | SHF |R|C[ T1BBS |1 k| 1OM AIS (6:0) NIL
| L1 L1 | C|L L N L | L | D tre ister
—E T TM T [Clal 1L T Tcl ecremen g

0 1[R[ T1ABS T3ABD [ sHF [D|R| T1BBS [ I f\f PAC [S|psc| Fic |[I|DEC|<«” oy
B D 0 T A 3 —Proceed at0

S|C L C
11 1| TIABS T3ABD | SHF |R|C 'MMED'(?‘IEB[?;\TAO’O) S EGQE/ FLC | 1] NIL

clL L R
| | | I | | | | | | | | | | | Decrement
[ [ R [ F [ [ [ [ | | L | | | | | [ /

1.1 0w |NMA[L BAF (8:0) FLc |S| 1om AIS (6:0) DEC . _ oy
N Al I ) R S - | register — Call at‘0
| E | I I I I TIM | C BI | | L | I I C [

0 1[R[ T1ABS T3ABD | SHF [D|R| T1BBS |1 \\f PAC |S|Psc| FLC |I]|END
WL L gty o IN Y R R \ End Of state i

Functions are composed of one or multiple states.

i States are atomic instruction blocks,
i.e. the scheduler will not interrupt.
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Micro-controller example

Composing the pengine:

Entities to consider:

e States : non-interruptible p-code-blocks.

¢ Functions : constructed
of one or multiple states.
e Channels: 16 digital
I/0 lines with match
and capture.
¢ Priorities of channels.
e Timers: = <::>

2 - 16 bit time-bases.

1> Associate functions,
time-bases, channels
and priorities

HOST
INTERFACE

SYSTEM
CONFIGURATION

DEVELOPMENT
SUPPORT AND TEST

CHANNEL
CONTROL

PARAMETER
RAM

...and let it run!

CONTROL )

SCHEDULER

<SERVICE REQUESTS

CHANNEL

T2CLK
PIN

TCR1 J\
TCR2 j/

DATA )

MICROENGINE

CONTROL
STORE

EXECUTION
UNIT

<CONTROL AND DAT{‘>

TIMER
CHANNELS

CHANNEL 0

CHANNEL 1

CHANNEL 15

. PINS )

© 2019 Uwe R. Zimmer, The Australian National University

page 360 of 961 (chapter 3: “Interfaces” up to page 379)



T B S e B o B T e e R L e e T e T 3 R oy P L T e T e

In terfaces

MICI‘O Controller examples

TPU Fixed scheduled, prioritized time slots

e S B T o SO R S
Low - - -
Medium 1 [ [ [ [ 1 [ 1 BN |
High Il BN I I S I N e e
(I) | | | | | | | | | | | | | | | | | | | l | | | | l | | | | | | | | | | | | | | | | | | | | | | ItI:TTe
Round Robin schedule for all runnable states inside each priority.

> No state will be starved.
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In terfaces

MICI‘O Controller examples

TPU Fixed scheduled, prioritized time slots

o | -
vediom | N — B
i - I W B O O O e .

L | L | LU L L l L | L UL LU L | L | L ‘I>
time

Unused slots will be re-assigned according to
priorities and channel numbers.
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In terfaces

B A B e A L S N R R L I TR S T D

MICI‘O Controller examples

TPU Fixed scheduled, prioritized time slots

" S — —_— T
ow 4 [T [ [
v | TN T T .
High F I D [ | N B N B
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ‘|>
0 5 10 15 20 25 30 35 40 45 time

States have different and variable lengths.

i Calculating actual and maximal latencies
requires full understanding of all states.
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Micro-controller examples

Latencies on TPUs
. for latencies of capture and match at each channel mind:

e only the time-base resolution (all channels are evaluated independently and in parallel).

. for the functions associated with individual channels mind the:

e number of active channels (max. 16).

 number of channels on each priority level (add max. 2 p-cycles for each “state-switch”).
 number of available time slots on each priority level per full scheduler-cycle (4, 2, 1slot{s}).
 number of p-cycles to execute individual states of a function (2 p-cycles per p-instruction).

* number of RAM accesses during the execution of a state
(each access may stall for 2 CPU-cycles).

TPU clock cycle frequency.
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In terfaces

MICI‘O Controller examples

Determining actual TPU latencies

State switches
yd

R R
i : =i | 1 e e I
e Y l [
vedior | TN T IT —
High # I D [ ] B e
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | .|>
0 5 10 15 20 25 30 35 40 45 time

Emulate the known executing ready times for all states.
i Add two 2 p-cycles for each state switch.
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In terfaces

MICI‘O Controller examples

Determining actual TPU latencies

Memory access State switches
i f——
Low J l -
vediom | I T
High 1 1 1 BN BN B
I o rrrrrrrrrrrtrr——rr—+—+r—+—1+r—+rrrrrr—t°r 1 rr -t > T 7717 ° " ° 7T T 7 1 T T I>
30 3 40 45 time

Emulate the known memory access patterns for all states.
i Add two 2 p-cycles for each memory access (potential stall times).
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In terfaces

MICI‘O Controller examples

Determining maximal TPU latencies
E<—I Max Latency I—>i

O ] O
== O o —_— _

Lo EE 444090 =
edium l — l — l
N BEE B W BN B
(I)IllléllIl'llOl|||1l5||||2|0||||2|5||||3|0||||3I5||||4|0||||4|5|||’(i|m>e

1> Assume all states on the same priority runnable at all times and run their maximal lengths.
i Assume the longest state out of all higher priorities runnable at all times.
iz Assume the longest states on each lower priority runnable at all times.

Deploy a set out of those states which will cause the longest latency.

i Determine the longest latency inside a full hyper-cycle.
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In terfaces

MICI‘O Controller examples

Determining maximal TPU latencies

< I Max Latencyl

Low -
Mediu N ] N ]
High
(I)IllIéll||1|0||||1|5||||2|O||||2|5||||3|0||||3|5||||4|0||||4|5|||ti|m>e

1> Assume all states on the same priority runnable at all times and run their maximal lengths.
i Assume the longest state out of all higher priorities runnable at all times.
iz Assume the longest states on each lower priority runnable at all times.

Deploy a set out of those states which will cause the longest latency.

i Determine the longest latency inside a full hyper-cycle.
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In terfaces

12 7 W e BT TR LT - e A TR P ST T SR R LT = et

MICI‘O Controller examples

Determining maximal TPU Iatencies

|
:( I Max Latency I
IIIHIIIIHII“IIIIIIIII.II
Low -
Medium
High
Ollllél|||1|0||||1|5||||2|OII||2|5||||3|0||||3|5||||4|0||||4|5|||ti|m>e

1> Assume all states on the same priority runnable at all times and run their maximal lengths.
i Assume the longest state out of all higher priorities runnable at all times.
iz Assume the longest states on each lower priority runnable at all times.

Deploy a set out of those states which will cause the longest latency.

i Determine the longest latency inside a full hyper-cycle.
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Micro-controller examples

Time Processing Unit

A special-purpose micro-controller:

* Independent p-engine.

e 16 digital I/0O channels
with independent match
and capture capabilities.

* Meant to operate these
I/O channels for timing
control purposes.

IMB

* Predefined p-engine
command set
(ROM functions in
control store).

2 - 16bit time bases

HOST
INTERFACE

SYSTEM
CONFIGURATION

-

DEVELOPMENT
SUPPORT AND TEST

CHANNEL
CONTROL

PARAMETER
RAM

CONTROL )

J\

SCHEDULER <SERVICE REQUESTS
o TCR1
=
2 T2CLK
% 3 TCR2

L/

DATA )

MICROENGINE

1L

CONTROL
STORE <CONTROL AND DATA

EXECUTION

UNIT

/

TIMER
CHANNELS

CHANNEL 0

CHANNEL 1

CHANNEL 15

. PINS )
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Micro-controller examples

MPC565 : Time-base & Real-time clock

e 64 bit time base

(driven by an external clock: e.g. 20 MHz = resolution: 50 ns; range: ~30,000years).

 Free running
(not influenced by any CPU action or resets).

« 2 reference registers
(used for compares and interrupt generation).

+ Real-Time clock
supplies full seconds (32bit 1= range: ~136years)
(not affected by CPU, resets, and operates in all low-power modes).
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Micro-controller examples

MPC565 : Interrupt controller

 Handles up to 48 different sources
(32 from internal modules, 8 from timers and clocks, and 8 external vectorized

sources) and supply each of them with a unique interrupt-vector

e 3 interrupt levels are distinguished by the interrupt controller
(32 interrupt levels are supplied by the internal modules, prioritized
and vectorized interrupts are supplied by external sources)

e Latency: 20 clock cycles
+ bus collisions + CPU state saving + tasking system overhead
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Micro-controller examples

MPC565 : Nexus debug port (IEEE-ISTO 50071-1999)

(Real-time embedded application development interface)

On-Line mode:

* Program trace: via branch trace messaging.

e Data trace: via data write messaging and data read messaging
(can be reduced to selected areas).

* Owner trace: via ownership trace messaging (also indicates task creation and activation).
e Run-time access to memory map and special CPU registers.

e Watchpoints: CPU watchpoint status signals are snooped and transferred with high priority.

Off-line mode:

e Read / Write access: the READI module can take over the L-bus to manipulate data.

e Access to all CPU registers during halt.
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MICI‘O Controller examples

MPC565

* Power: power dissipation: 0.8 - 1.12W, -40° - +125°C
e CPU: PowerPC core (incl. FPU & BBC), 56 MHz

e RAM: flash: 1MB, static: 36 kB

e Time processing units: 3 (via dual-ported RAM)

e Timers: 22 channels (PWM & RTC supported)

e A/D convertors: 40 channels, 10 bit, 250 kHz

e Can-bus: 3 TOUCAN modules

e Serial: 2 interfaces

¢ Data link controller:
SAE J1850 class B communications module

e Real-time embedded application development inter-
face: NEXUS debug port (IEEE-ISTO 5001-1999)

e Packing: 352/388 ball PBGA
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Interface architectures

Basic sampling control mechanisms

 Status driven: the computer polls for information (used in dedicated
micro-controllers and pre-scheduled hard real-time environments).

. Interrupt driven: The data generating device may issue an interrupt when
new data had been detected / converted or when internal buffers are full.

. Program controlled: The interrupts are handled by the CPU
directly (by changing tasks, calling a procedure, raising an exception,
free tasks on a semaphore, sending a message to a task, ...).

 Program initiated: The interrupts are handled by a DMA-controller. No
processing is performed. Depending on the DMA setup, cycle stealing can
occur and needs to be considered for the worst case computing times.

« Channel program controlled: The interrupts are handled by a dedicated channel
device. The data is transferred and processed. Optional memory-based communication
with the CPU. = The channel controller is usually itself a dedicated p-engine / -controller.
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Interface architectures
Handling device responses

Responses from devices can be: Device handlers may thus:

i Immediate. i Perform a ‘busy-wait’ for the response.

iz Reschedule the device-process

iz With a constant delay or by a constant delay.

within a defined time-frame. i Schedule the device-process periodically

= Unpredictable / sporadic. and employ different t!me-slots for sending
control / data and receiving status / data.

1 React to triggers / calls /
interrupts from the device.

i The device handler can be implemented as a process / interrupt rou-
tine / dedicated u-controller | DMA-controller or a mixture of those.
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Interface architectures

Handling device responses

i How to embed the unpredictable in predictable systems?

By providing the resources to cope with the assumed worst case
(and fall back to a lower, yet safe functionality beyond that).

Concrete:

e Either the unpredictable events need to be synchronized with the
remaining real-time tasks without violating real-time constraints.

e Or exclusive processing resources (e.g. a dedicated micro-
controller) for a specific device need to be provided.
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Interface architectures

Language requirements for interfaces

= Specify the device interface (protocol and formats) in all detail
(candidates: Ada, CHILL, ERLANG, Modula-2, C, ...

...or Macro-Assemblers level (if platform-independence or abstraction is not required)).

= Handling asynchronous hardware messages (devices, timers, ...)
Many different methods to implement a context-switch

(candidates: all languages with some real-time orientation:
PEARL, CHILL, ERLANG, Ada, RT-Java, POSIX, ...)

i The term “high-level languages” in the real-time interface context:

Allow for
strong abstractions while being time and physics specific
down to the actual level of interface realities
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Summary
Converters & Interfaces

e Analogue signal chain in a digital system
e Sampling data, aliasing, Nyquist’s criterion, oversampling
* Quantization (LSB, rms noise voltage, SNR, ENOB), Missing codes, DNL, INL
e A/D converters:
* Integrating (Single-/ Dual-slope), Flash, Pipelined, SAR, Tracking,
>-A, Z-A DDA, n-th order Z-A.

e Examples:

e Fast and simple A/D converter example: National Semiconductor ADC08200

* Multi-channel A/D data logging interface example: National Semiconductor LM121L458
* Simple 8-bit p-controller example: Motorola MC68HCO5, Propeller.

e Complex 32-bit p-controller examples: AVR32 and Motorola MPC565 (including TPUs).

e General device handling / sampling control / language requirements
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