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INTRODUCTION ¢

This manual provides controller design information pertaining o four standard Dale bar graphs: PBG-18101,
PBG-12201, PBG-12205 and PBG-12203. A typical drive circuit is included to illustrate the type of interface re-
quired and to act as an aid in Initial product evaluation,

To simplify understanding of the interface raquiraments a brinf description of bar graph construction and opera-

tion is insluded.

TERMINOLOGY

To minimize confusion in the descriptions contained in this manual the lollowing terminology will be used:
Bar Graph -~ Refers to the complete product — the glass envelope and ite contents.
Channel - Refers to one display column of & bar graph. Some bar graphs have more than ons channel.
Bar - - Refers 10 ona element of 4 channel. A channel has typically 100 or more bars.

CONSTRUCTION AND OPERATION

Dale bar graphs combine advanced thick film manufacturing technology with a patented internal addressing
technique. This provides high reliability and minimized drive cireuitry requirements,

Bar graphs consist of a rear glass substrate on to which is screen printed individual conductive cathode slements
for each channel, These cathodes are bussed internally in groups of 3 or 5, dependent on the particular model,
Tha groups are Known as phasas. A black dielectric is then applied to improve contrast.

A funther piece of the unit. the front plate, has two transparent anodes applied, each covering the entire surface
of a given channsl area. The two pieces of glass are placed together, sealed and filled with neon gas. This pro-
vides a soft-orange glow when illluminated,

Flgure 1 shows the construction of the linear bar graph,
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Flgurs 1: LINEAR BAR GRAPH CONSTRUCTION T
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The bar graphs operate on 2 patented principle known as Glow Transfer. This employs the use of grouped
cathodes, each group being called a phase, A phase is formed by internally connecting every Nth cathode.

Depending an the bar graph style, N can have value 3 or 5. Discharge occurs between a negative cathode and
the positively charged anode.

Located at one end of the panel is a pair of electrodes known as a “'keep alive."" For models addressable from
either end a “'keep alive' is provided at each end. ''Keep alives'" are not visible from the front of the panel but are
used to produce the initial ionization in a scan sequence. They are permanently ionized when the tube is
operating.

To commence a scanning seguence, a non-bussed cathode, the reset cathede, is energized to a negative poten-
tial. The reset cathode is located close to the ionized ''keep alive' and thus also becomes ionized. After a period
of time, known as the resel duration, each cathode bus (phase) is sequentially energized by placing it at a nega-
tive potential and by returning all other phases 1o any off bias potential (voltage too low 1o sustain an ionization).
The ionization is therefore established on each phase in sequence. In practive only one cathode on a phase is
ever ionized at any one time. This is because immediately one cathode becomes ionized and 1he potential on the
phase drops to a level which is too low to ionize any further cathodes. Further, the cathode which does ionize is
always adjacent o the one last previously ionized on the adjacent phase. This feature is the unique principle of
Glow Transfer and occurs because the concentration of jonized particles around a cathode is always greater
when it is close to another cathode that has just been ionized. These particles speed up the ionization of that
particular cathode and causs it to ionize before any other on the same bus. The ionization thus proceeds up or
down the tube as each cathode bus is sequentially energized.

Only one bar of information is illuminated at any instant of time but the scan cycle is repeated many times per
second. Due to the persistance of human vision the scan appears as a flicker-free display.

An obvious advantage of this principle is the large reduction in the number of external connections and drivers
required. The number of cathode drivers is reduced 10 N + 1 giving a very significant improvernent in cost and
reliability.

GENERAL PRODUCT INFORMATION

Each linear bar graph contains two independent channels. There is a separate anode for each channel to allow
independent channel cantrol.

Bar graphs have three or five phases,

One hundred or 200 bars per channel are provided, depending on the model. These give a resolution of 1% or
2% respectively.

Use of the Glow Transfer internal addressing system minimizes both the number of connections and the number
of electronics drivers required.

FUNCTIONAL CHARACTERISTICS

Functional characteristics for each model are shown in Table 1.

Table 1. FUNCTIONAL CHARACTERISTICS

No. of Channels No. of Display
Bar Graph Per Device Elements/Channel No. of Phases
PBG-16101 2 100 3
PBG-12201 2 200 3
PBG-12205 2 200 5
PBG-12203 2 201 3



ELECTRICAL CHARACTERISTIOS

Beslan information
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MECHANICAL CONFIGURATION
Dimensions for sach bar graph modsl are shown in the tollowing figures:

PBG-18101 - figure 2
PBG-12201 — figure 3
PHRGE-12205 — figure 4
PBG-12203 - figure 5
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PIN CONNECTORS
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MOUNTING

Dale bar graphs are designed for mounting behind a host system panel, The method of securing is [eft as a user
option best suited io the particuiar application. Some viabie msthods are shown below:

1. Double sided foam adhesive tape (IM).
2. Small plastic mirror-support clips (as typically used o suppon hanging mirrors),
3. Housings shaped 1o mechanically grip the device.

The bar graph consists of two pieces of giass. During operation size changes are caused by thermal expansion
and contraction. The mounting method used must aljow for expansion and contraction of the units, A rigid fixing
method, such as epoxy, must not e used, Such a fixing method will often result in either the cracking of the glass
or the separation of the two pieces of glass,

INTERFACE OPERATYTION (All but PBG.12203)

1. Each device {except for PBG-12203) contains & common reset cathode which Is energized for one
cathode bar time per scan. The time 18ken for one sean of the device is equal to one more than the
mumber of dispiay elemenis (N + 1) times the ¢athode bar time.

2. The display anode for each channsl must be turned on at resed time.

3. Following the reset time, each catheds phase is sequentially energized for one bar time. For example, in
the PBG-18101 the sequence would be reset, phase 1, phase 2, phase 3, phase 1, phase 2, elc,

4. During this interval the bar graph will llluminate from the reset end up fo the cathode currently being ad-
dressed.

5. When the desired dispiay height in the bar graph is reached, the display anode for that channel is {urned
off {returned 1o display anode off-bias),

&, The remaining cathodes are scanped until the full bar count value Is reached, indicating time for another
resat. :

7. This cyele is repeated al & rate of 60 times par second or more.

INTERFACE OPERATION {PBG-12203)

1. Operation is similar to that previously described except thal the device contains a reset cathodes at sach
end of the panel. This allows scanning {0 sommencs from either end of the panel or even from both ends
simiitanesusly. ' :

2. Each channhel may dispiay two Independent columne of information s long as the combined total display
for that channel does not excead 201 har counts, '

3. Avresel is appliad to one end of the bar graph and the relevant channe! display anode is turned on.

4. Scanning then commences from the end which was resst. Note that when the botiom raset is the starting
point, scanning must proceed in the sequence phase 1, phase 2, phase 3, phase 1, efc.; but for the top
reset, scanning sequences phase 3, phase 2, phase 1, phase 3, eic. The holiom of the bar graph is
shown by the position of the dot adjacent 1o pad 1 (see figure 7).8canning continues until the desired
chenne! height is reached (Point A). '

5, The display anode is Jeft on and the opposite reset is then energized for one bar time, _

6. The cathodes are now addressed but in the opposite phase sequence {Le., instead of #1, §2, $3 the se-
guence bacomes §3, 82, §1, 83, 82, ¢1, etc.).

7. Bar is scanned until desired displayed value is reached, representing second displayed height {Point B}.
Al this time the display anode is trned off,

8. Remaining cathodes are scanned through a total of 207 bar timas.

9. The above séquence results in two lluminated areas: the first is from one end (first reset) to Point A, and
the second is from the opposite end 10 Point B,

10, The total number of displayed bars must not exceed 201,



TYPICAL DRIVE CIRCUITS

The circuits describad below allow an input of one or 1wo analog voliages of between ¢ and 30 volts o be dis-
played on the bar graphs as proportionally displaved dispiacements.

PBG.12201, PBRG-16101 and PBG-12205

The circuil shown is designed 1o operate with the PBG-16101. Figuras in parentheses allow use with the
PRE-12201. For operation with the PBG-12208 an additional fiip fiop and transistor shouid be added 1o aliow tor
S.phase operation.

A typical circuit is shown in biock diagram jorm and schematic form in figures 6 and 7 respectively. Operation is
controlled by a free running clock circuit with 2 basic period of 140 s {70 4s). This is applied o the reset and
nhase generator circuitry,

The reset generator is a divide-by-100 {200) counter with two oulputs. One oulput is applied to the ramp gener-
ator; the other output is appllied to the reset anode of the display.

The ramp generator provides a linearly rising sawiooth voitage from 010 + 1.01V {2.01V), commencing at OV at
reset puise me and reaching maximum voltage in 14.2 ms.

This ramp signal is applied to one input 1o a dual input comparator circulit,

The analog voltage o be displayed is applied across scaling networks designed 1o limit the maximum input
voitage to the circuit to 1.01V (2.01V). This acaled voltage is applisd to the other input of the comparator, The
comparator drives the front anode of the bar graph,

At the same time that the clock signal is supplied to the reset circuid, i is supplied to the 3-phase generator. This
circuit operates as a ring counter and continually generates the three phases required to drive the cathode,

At sach reset! puise, the anode circult is enabled, and as long as the input voltage exceeds the jevel of the ramp
voitage the comparator output is maintained, the anods voitage is retained and the scan is illuminated, When
coincidence ocowrs betwaen the input signal and the ramp the anode voltage drops and the scan ceases.
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TYPICAL DRIVE CIRCUITS

The circuits described below allow an input of one or two anajog vollages of between 0 and 32 voits o be dis-
played an the bar graphs as proportionaliy displayed displacements.

PBG-12201, PRG-16101 and PBG-12205

The circuit shown is designed o operate with the PBG-16101. Figures in parentheses aliow yse with the
PBG-12201. For operation with the PBG-12208 an additional Hip tlop and transistor shouid be added 1o aliow tor
E-phase operation.

A typical circuit is shown in block diagram form and schematic form in figures 6 and 7 respectively. Operation is
controlled by a free running clock circuit with a basic period of 140 s ({70 .s). This is applied {o the reset and
rhase generaior pircuilry.

The reset generator is a divide-by-100 {200) counier with two outputs. One outpul is applied 1o the ramgp gener-
ator; the other output is appllied to the reset anode of the display.

The ramp generator provides a linearly rising sawiooth voltage from § to + 1,01V {2.01V), commenciag at OV at
reset puise time and reaching maximum voltage in 14.2 ms,

This ramp signal is apphed 1o one input to a dual input comparatoer circuit.

The anaiog voltage to be displayed is applied across scaling networks designed 1o imit the maximum inpu
voltage o the circult to 1.01V (2.01V). This scaled voltage is applisd to the other input of the tomparator, The
comparater drives the front anode of the bar graph.

At the same time that the clock signal is supplied 1o the reset circuit, it is supplied to the 3-phase generator. This
circuil operates as a 7ing counter and continually generates the three phases required 1o drive the cathode,

At each reset pulse, the ahode circult is enabled, and as long as the input voltage exceeds the level of the ramp
voitage the comparaior output is maintainad, the anods voliage is relained and the scan is iluminated, When
coincidence occurs between the input signal and the ramp the anode voltage drops and the scan ceases,

This action is repeated at a rate of approximately 70 times per second, allowing the bars 1o appear as a ton-
tinuous flicker-free display,

Flip-fiop AS shown on the schematic is optional. When intialied, the last bar in the column may eycle on and off
81 a siow rate if the input signal is between two steps. If pot installed, the |ast bar will appear slightly dimmer if the
input signal is betwaen two steps. When A5 is not used, jurmpers shouid be connected between pins 3 and 5, and
8 and 11 of AS,

ADJUSTMENTS

Prior 10 supplying an input signal, the circuit must be calibrated. Four poteniiometers must be adjusted, Two of
thase control the scaling of the meximum input voltage to parmit any analog signal with amplitude ranges up to
+ 30V to be applied to the cirguit.

Adjustments must also be made to sstablish the ramp compatison voltage and reset puise generation levels,
Input Scaling Adjustment:
1. Turn potentiometer R40 and R41 fully clockwise,
Connect BYM to pin 4 of A1,
Apply voltage equivalent to maximum analog signal to be displayed to V1 input.
Adiust R41 for -+ 1.01V {2.01V) a1 pin 4 of A1,
Connect DVM to pin 8 of A1,
Apply voltage equivalent to maximum analog signal to be displayed to V2 input.
Adjust R40 for + 1.01V (2.01V) at pin 8 of A1,

NP om oA woN



Reset Puise Generator Adjustmaent:

il A

Adjust R44 for mid-range setling.

Connect UVM fo pin 6 of At.

Turn sysfem «+ 8V power on.

Adjust R44 for + 1.01V (2.01V)} a1 pin 6 of A1,

Remp Generator Adjustment;

L

I

Adiust R45 for mid-range setting.

Apply veltage equivalent 1o maximum analog signal to be displayed 1o V1 and V2 inpuls.

Turn system + 5V and + 280V power on.

Adjust R45 slowly untit all ba

rs are H,

Decrease input voitage and chserve that the bar height decreases proporticnaily.
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Figure 6: BLOCK DIAGRAM PBG-12201, PBG-16101 and PBG-12205
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Ref.
Deslg.

A1
A2
A3
A4
C
cz
Cc3
C4
C5
ce
CR1
CR2
CR3
CR4
CHS
CRE
CR?
CRs
CRs
Q1
Q2
Q3
Q4
Qs
Qe
Q7
Qas
Qs
Q10
Q11
Q12
Q13
Q14
R1
R2
R3
R4
R5
R6

PI/N or Value

PARTS LIST

LM339 Comparator

7474 Flip Flop
7432 OR Gate
74174 Flip Flop
.01uF

.O1uF

.01uF

.0033uF

.01uF

33uF

1N3070 or equi

v, .

1N3070 or squiv.
1N3070 or equiv.

1N3070 or equi
B0O03 Zener

1N3070 or equi
1N3070 or equi

V.

Y.
V.

1N3070 or equiv.
1N3070 or equiv.

2N7055
2N5550
2NEB50
2N5550
2N5550
2N3643
2N3643
2N3643
2N39%04

FG or PN7055
EA or 2N4209
EA or 2N4209
EA or 2N4209
E505 FET
20K (33K) 1W
22K 1W

100K a4 W
100K VaW
100K VoW
100K Ve W

Ref.
Deslig.

R7

R8s

R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
H32
R33
R34
R3S
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45

M

P/N or Value

20K (33K) 1W
75K 1W

4.7k VaW

1K %W

3.3K vaW

1K 1aW

1M YW

3.3K 14W

1K W

3.3K %W

1K VaW

3.3K =W

1K vaW

22K 1W

4, 7K W

20K VaW

15K (7.5K) %W
4.7K VaW

1K W
Jumper

20K VaW

39K 1aW

10K YaW

47K VaW

39K VW
470ohm aW
1K W

1.BK %W

3.3K %W
Jumper

47K VaW

20K vaW

20K W
Q0-50K Pot %W
0-50K Pot "aW
10K VaW

10K vaW
0-10K Pot-1aW
0-200K Pot %W



