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Workshop Series Idea D

 |ntroduce students to technical aspects of
neutron monitor operation

* Rotating workshop series that will repeat
every two years at a two per year rate

* Independent enough so students can join at
any point

* Accommodate wide skill range with an
emphasis on "hands on” experience and
individual discussion



Workshop Series Plan

1. Detector operation
A. Detector Physics and Analog Electronics
B. Artand Science of Soldering

2. Digital Circuits

A. Principles of Digital Logic
B. Neutron Monitor Digital Electronics

3. Microcontrollers (including data transfer methods
within the electronics system)
4. Real time data acquisition

A. Principles of Telemetry and Data Acquisition
B. Data Conversion and Manipulation with Visual Basic



Plan For Today il

 Lecture with Demonstrations
— Questions and answers

* Describe Design Problems
— Questions and answers

* Individual work on design problems
— Only one prototype system here
— Limited number of parts
— Testing your design will be left for later



Digital Circuits D

« Ultimately composed of the same type of
electronic components as analog electronics

» Digital signals are expressed as analog levels

« Typically there are only two logic levels
— Called “0” and “17; “Low” and “High”
— Low is usually near ground
— High is usually near supply voltage (often +5 volts)
— (Bad practice to use supply itself for “High”)

* One could define a range of discrete levels but
typically this is not done



Simplest Logic Elements
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Buffer: Really
doesn’t do anything
except isolate the
input signal and
condition the output

Inverter: The circle
on an input or output
Indicates inversion



AND and NAND

A B Out
0 0) 0
0 1 0

1 0) 0

1 1 1

A B Out
0 0 1

0) 1 1

1 0 1

1 1 0)

1

* Note that you can make

any logic function out of

NAND gates




OR and NOR

A B Out
0 0) 0
0 1 1
1 0 1
1 1 1
A B Out
0 0 1
0) 1 0)
1 0 0
1 1 0)

>
>
>
Ry

* You can also make any

logic function out of NOR
gates

OR, NOR, AND, NAND
all have natural multi-
Input extensions



XOR (Exclusive OR)

Out

- 1O -0

O|=—=|—-]0

« This is the “even parity”
operation

* Multi input operation is
not well defined
— One and only one?

— Odd number?
— All but one?



Simple Implementations

NOR.
ABQ

i 001
R3 100

110

BIK Q=-{A+EB)

* Note that these work, but they are poorly buffered on
Inputs and outputs, and cannot be combined easily
Into more complex circuits
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: - 74HCO00; 74HCTO0O0
Device Properties g a4 »-nput NAND gate

PINNING

PIN SYMBOL DESCRIPTION

1 1A data input

2 1B data input

3 1Y data output w0 2] vee

4 2A data input 18] 2] 48 1 '1 '&_

5 2B data input 3] 2] 2 '1 -1-' 3
6 2y data output 24 [4] 00 [11] 4v 2 _1 E ﬂ

7 GND ground (0 V) 23] [70) 35

8 3y data output »[E] ae

9 3A data input _—— BB

10 38 data input — 4 2'&.

1 4Y data output .

12 |4A data input ) _ _ 2Y i
3 Py data Input Fig 1 (F:?SCSDSETUM DIP14, 5014 and 5 2 E ﬂ__
14 Vee supply voltage

10 | 38 o &
"“_:}: 12 | 44
:DD—[>0—T 13 | 48 ot 1

ANAZTH MNAZT2

Fig.3 Logic diagram (one gate). Fig.4 Function diagram.
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Key DC Design Parameters

Philips Semiconductors

Product specification

Quad 2-input NAND gate

74HCO0; 74HCTOO

TEST CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX., UNIT
OTHER Voo (V)
Tamb = —40 to +125 °C
ViH HIGH-level input voltage 20 15 - - W
45 3.15 - - V
B0 42 - - v
WL LOW-level input voltage 20 - - 05 WV
45 - - 1.35 v
6.0 - - 1.8 v
Vaon HIGH-level output voltage | V) = Vg or VL
lg =-20 pA 20 149 - - v
lg=-20 pA 45 44 - - V
lg=-20 pA 6.0 59 - - v
lo=-4.0mA 45 37 - - v
lo =-5.2mA 6.0 5.2 - - V
VoL LOW-level cutput voltage |V =VigorViL
lg =20 pA 20 - - 0.1 v
lg =20 pA 45 - - 0.1 v
lg =20 pA 6.0 - - 0.1 V
lg=4.0ma 45 - - D4 v
lo=52mA 6.0 - - 0.4 v
Iy input leakage cument V) =Vee or GND 6.0 - - 1.0 A
lgz 3-state ocutput OFF current |V} = Vg or Vy.; 6.0 - - +10.0 iy
Vo = Ve or GND
log quiescent supply current |V = Voo or GND; =10 | 6.0 - - 40 i)
Note

1. All typical values are measured at Tz = 25 °C.

* These tell you:

— Voltage ranges for
valid 1 and O on
iInput

— Guaranteed output

voltages as a
function of load

— How much load the
gate input puts on
the output of
anything it is
connected to
12



Key AC Characteristics

— — - Since this is ultimately
CQuad 2-input NAND gate T4HCOO; 74HCTOO an analog dev'ce. |t iS
AC CHARACTERISTICS essential to consider
S —— propagation delays in
SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. | UNIT any array Of gates

Tamp = —40 to +85 °C; note 1 = d The delays are

terLftain propagation delay nA, nB to nY ::Z :::32 i: : 35 12;5 ;z CO m po u n d ed

bty output transition time e gg : :9 ;2 ;z d Para”el traCkS in the

T B logic equation give rise

to races and glitches if
you are not careful

- Often a clock function is
owo—I used to allow a “settling

Von time” and then to record
A output Vi (or “register” the output
vou —— |, before proceeding to
e the next step in the
Fig.6 Waveforms showing the input (nA, nB) device Operation

to output (nY) propagation delays. 13



Digital Signal Requirements o

* Signals must never remain in “never-never
land”. At a minimum this increases power
draw and may damage the chip

 Transitions must be monotonic and “fast”

« Slow or sloppy transitions must be
conditioned by triggers or discriminators

* If the signals are only slow, most logic
families include devices with Schmidt trigger
iInputs

 Mechanical contacts must be de-bounced
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Simple Memory — Set/Reset Flip-Flop

IC1.A

SNT4HCOOD

iy

N3

b 4

IC1.E

SNT4HCOOD

b & -

Set-Reset Flip Flop

A B xz v
10 1 1 0O
1 10 0 1

39

ITYor
Py

1743

* Pushing a button

sets (A) or resets
(B) the device

This state remains
until the other
button is pushed

“‘Set” and “Reset”
describe the device
state — one output
IS always the
complement of
each other
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The Clocked “D” Flip-Flop

CD54HCT4, CD54HCTT4

{CERDIP}
CDTAHCT4, CDT4HCTT4
(PDIP, SOIC)
TOP VIEW
L
1FE[£ ii]Vcc
10 [2] i3] 2R
1cp [3] 2] 20
15 [4] [11] 2cp
10 [5] 0] 25
1a [§] 5] 20
GND [7] 5] 22

Functional Diagram

1
RESET 1

R

D
3 FIF1
> CP

2
DATA

CLOCK

TRUTH TABLE

a

9
Q

8

a
GHD =PIN T
Ve =PIN 14

INPUTS OUTPUTS
SET RESET cp D Q a
L H X X H L
H L X X L H
L L X X H (Note 1) H (Note 1)
H H T H H L
H H T L L H
H H L X Qo an

H= High Level (Steady State)
L= Low Level (Steady State)

X=Don't Care

NOTE:

T= Low-to-High Transition
Q0 = the level of Q before the indicated input conditions were established.

1. This configuration is nonstable, that is, it will not persist when set and reset inputs return fo their inactive (high) level.

On the leading edge
of the clock, the
state of D is
remembered in the
outputs

The state is
remembered before
the outputs change

Therefore the
outputs may be fed
back into the logic
that determines the
input without
ambiguity
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39

One-Shots DR
* A “one-shot” produces a
+5V pulse in response to a
0.001F “leading edge” on the
! 1 input
1 c3s _ L
e T s [ co00 » The opposite transition
- o L Rx/CX oF— produces no response
5V .
a——2aa ., * Ifaprecise (or very long)
TP N pulse duration is
—  74HCZ22IN needed, use a device

where this is controlled
by analog components

17
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ITYor
PR

1743

Simple One-Shot for Edge Triggering

* Produces a short pulse on
positive edge

* No reaction to the
following negative edge

l_[>o‘ )  Duration is a function of
4

temperature, supply
voltage, and device

variation
Add buffers or ¢ If implemented W|th
inverters (in pairs) here devices in the same logic
to lengthen the pulse family the pulse is usually
long enough with one
inverter

 More buffers or inverters
will lengthen it (to a point)
18



Ripple Counter from D Flip-Flops

DI D 3 D4
LED LED LED LED
;Iﬁ "[}' ‘Iﬁ ‘[}'
IC2.A T 2B IC3A Y 13
4L TAHCTAB wl TAHCTAB 4L 74HCT4B wl T4HCTAB
, [ BRE | | » PRE | , PRE | o[ PRE |,
=D Q =D Q D Q =D
cIn [ peg T Hpeg ot peg T Hpeg ot
5V 1 1 1 't

I
1L

001xF

When clocked, each D changes state because Qbar is fed back into D
When and only when Qbar rises the next flipflop is clocked

Each thus operates at half the rate of the previous stage forming a
counter

Because of the ripple, not all stages change state at the same time so
the count is actually only well defined after a settling time

Synchronous counters also exist, where all outputs change
simultaneously

Even there, the finite time of the transition can cause glitches 19



Shift Registers

Dl D D3 D4
LED LED LED LED
ﬁ/‘ ﬁj" ﬁ}‘ ﬁ}‘
+5V +5V %7 +5V %v £5V Y‘7 %
T c2a ¥ 2B T 1c3a 7 3B
4l T4HCT4B ml T4HCT4B 4l 74HCT45 ml T4HCTUB
, [ PRE | & " PRE | , , [ PRE | s [ PRE |,
D Q = o Q - D Q =" °
Tock In > = >c1§ o = Ll >CIE o — >CIE g2 . >CIE o
5V | 1 l 1 | 1 | 3

PB2
Reset

!

—_—cda

v

* The ripple counter becomes a “shift register” if Q of
one stage is connected to D of the following, and all
the clocks are connected together

20
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Johnson Counter — Multiphase Clock "

Dl D D3 D4
LED LED LED LED
ﬁf‘ ﬁ?‘ ﬁ?‘ ﬁ?‘
+5V +5V %7 +5V %v £5V Y‘7 %
T c2a ¥ 2B T 1c3a RO
4l T4HCT4B ml T4HCT4B 4l 74HCT45 ml T4HE74B
, [ PRE | & " PRE | , , [ PRE | s [ PRE |,
D Q = o Q - D Q =" °
— Id
Tock In > = >c1§ o = Ll >CIE o — >CIE g2 . >CIE o
5V | 1 l 1 | 1 | 1
| RI10
PB2 1 ) —a
Reset T 0.01xF
y
N

A shift register loaded with a single “1” becomes what is known as a
Johnson Counter

The “1” moves from stage to stage, and is often the simplest way to
sequence logic and allow for setup time

Fed back on itself this becomes a “multiphase clock”

Typically only the “even” phases are used to sequence logic, ensuring

that there is no overlap and good settling time 21



Problem 1: Implement the following
using only NAND gates

» Buffer

* |nverter

« AND

« OR

« XOR (Exclusive Or)

22



Problem 2: Explain How This Circuit
“Debounces” the Contacts

§

o—.——

BEMCas

23



Problem 3: How a D Flipflop Works

-

13

.

RESET by

Clock >

3
4
5

-

|l

ol >

i
= o-12 T >0

o
¥ . 7

"

10

14

.

feature of the D flipflop

Note that this is just
our old friend, the
set-reset flipflop

Figure out how gate delays implement the edge triggered

Using the chips on the prototype board build this circuit and use

it to add one more stage to the counter

24



Problem 4: Design a Full Adder

Input | Output

oy
.y
o
“

_L_L_L—IGGGG:EL

T L I e T B = T T T B e T e
P e T IO Y TN R Y e T I ) Y
e S e TR R O e T Y s T A e
a | lolol sl ol a| oo

S=(A®B)®Cy,

Cout = (A-B) + (Cin- (1@ B)) = (A- B) + (Cin - B) + (Cin - A)
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Problem 5: Design an 8 Bit
“Accumulator” to Add 4 Bit
Numbers

An accumulator is an array of memory
cells to which successive numbers can
be added

Use four of the switches for input
Use one of the push buttons as a clock
Display the results in the lights

26



Problem 6: Design a Circuit to
Multiply Two 4 Bit Numbers

Multiplying two, four bit numbers yields an eight bit
product

This actually could be implemented with a lot of gates,
since there is an 8 bit - 8 bit truth table that uniquely
specifies the answer, but here you should do it with
clocked logic

Use two groups of four switches for the inputs
Display the product in the lights
Use a push button to initiate the clock sequence

27



Problem 4: Answer

A e Input  Output
B o - A B
Cin © A B C C 'S ¢ ¢
(0|00 |0 1-bit
Cout 00/ 1]/0 1 Cout < Full («—Cin
NEERE Adder
Full adder circuit diagram 01 1 1 0 ¢
Inputs: {A, B, Carryln} — Outputs: {Sum, CarryOut} S
110/0|0 |1
1101|110
1110|110
111111 |1

S= (A& B) & Cy,
Cowt = (A-B) + (Con - (A® B)) = (A- B) + (Cin - B) + (Cin - A)
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