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NOTICE:

The example of an applied circuit or com-
bination with other equipment shown
herein indicates Fharacteristics and per-
formance of a semiconductor-applied
products. The Company shall assume no
responsibility for any problem involving a
patent caused when applying the descrip-
tions in the example.

MEDICAL APPLICATIONS

Hitachi’s products are not authorized for
use in MEDICAL APPLICATIONS,
including, but not limited to, use in life
support devices without the written con-
sent of the appropriate officer of Hitachi’s
sales company. Buyers of Hitachi’s prod-
ucts are requested to notify Hitachi’s sales
offices when planning to use the products
in the MEDICAL APPLICATIONS.

‘When using this manual, the reader should keep the following in mind:

1. This manual may, wholly or partially, be subject to change without notice.

2. Allrights reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part

of this manual without Hitachi’s permission.

3. Hitachi will not be responsible for any damage to the user that may result from accidents or any
other reasons during operation of his unit according to this manual.

4. This manual neither ensures the enforcement of any industrial properties or other rights, nor

sanctions the enforcement right thereof.

5. Circuitry and other examples described herein are meant merely to indicate characteristics and
performance of Hitachi semiconductor-applied products. Hitachi assumes no responsibility for
any patent infringements or other problems resulting from applications based on the examples

described herein.

August 1985

© Copyright 1985, Hitachi America Ltd.

Printed in U.S.A.
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REFERENCE GUIDE

Operating Temp. Range Package
ross-
Funetion Type No. 0 to —20to | —40 to Plastic . Plastic | Plastic recfe\("’:lslce Page
+r0c | +msc | +ssc | prp | CrdP | “gip | Fla
] HA17080PS - TL080 22
Single I A17080GS TLO80 22
HA17082PS TL082 22
J-FET HA17082GS TLo82 22
Input | Dual
HA17083P TL083 22
HA17083G | TL083 22
Quad. | HA17084P e TL084 22
HA17741 - 1AT41C 28
General HA17741PS #AT41 28
Purpose HA17741GS 1AT41 28
HA17741G uAT41 28
High Slew Rate| HA17715G uA715 39
HA17747 uAT47C 44
HA17747P #AT4T 4
Opera- HA17747G 1AT47 44
tional HA17458 1458 46
Ampli- HA17458PS 1458 46
fier HAL7458GS 1458 46
Dual HA17558 4558 51
HA17558PS 4558 51
HA17558GS 4558 51
HA17358 - LM358 58
HA17904PS ' LM3904 58
HA17904GS 1.M2904 58
HA17301P e MC3401 | 60
HA17301G MC3301 60
| HA17324 . LM324 66
HA17324P S LM324 66
Quad. i )
HA17324G LM324 66
| HA17902 : - LM3902 | 70
HA17902P - L.M3902 70
HA17902G e Lol LM2902 70
Single HAI1813PS : ‘ Original 76
R HA1812PS : . Original 84
Universal HA1812GS ; Original | 84
HA1807 Original 76
Voltage HA17393 . T LM393 91
Compa- | Dual -
rator HA17903PS L.M3903 91
HA17903GS o LM2903 91
HA17339 : o L.M339 95
Quad. HA17901P L LM3901 95
HA17901G e L.M2901 95
Notes) 1. —30 to +80C (to be continued)
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REFERENCE GUIDE

Operating Temp. Range Package
. Cross
Function Type No. 0 to -20 to —40 to | Plastic Cerdi Plastic | Plastic reference Page
+70C | +75°C | +85C DIP eraw | s Flat
Precision HA17723 14 1tA723C 100
HA17723G 14 1AT23 100
5V HA17805 3 1AT805C | 108
6V HA17806 3 #AT806C | 108
v HA17807 3 «A7807C | 108
8V HA17808 3 1AT808C - | 108
12V | HA17812 3 «A7812C | 108
15V | HA17815 3 #AT815C | 108
18V | HA17818 i 3 «AT818C | 108
A 24V | HA17824 3 1«A7824C | 108
5V | HA17805P 3 1tA7805 108
6V | HA17806P 3 1AT806 108
7V | HA17807P 3 1AT807 108
8V HA17808P 3 1tAT808 108
12V HA17812P 3 «AT812 108
15V | HA17815P 3 1AT815 108
18V | HA17818P 3 1AT818 108
24V | HA17824P 3 1A7824 108
Voltage 5V HA178M05 3 «AT8MO5C | 121
tRoergula- oV HAL78M06 3 1 AT8M06C | 121
7V | HA178M07 3 121
8V HA178M08 3 1AT8MOBC | 121
12V HA178M12 3 1AT8M12C | 121
15V HA178M15 3 HAT8MI5C | 121
18V | HA178MI8 3 #AT8MI8C | 121
20V | HA178M20 3. 1 AT8M20C | 121
0sAl 2V | HAL78M24 3 1AT8M24C | 121
’ 5V HA178MO05P 3. 1AT8MO5 121
6V | HA178M06P 3 HATBMO6 | 121
7V | HA178MO7P 30 121
8V HA178M08P 3 1ATBMO8 | 121
12V HA178M12P 3 1AT8M12 | 121
15V HA178M15P 3 #ATSMI5 | 121
18V | HA178MI8P 3 #ATSMI8 | 121
20V | HA178M20P 3 #HAT8M20 | 121
24V | HA178M24P 3 #HAT8M24 | 121
Controller HAL7524P 16 SG3524 125
HA17524G 16 SG3524 125
4-bit HA19202 Note 2 22 Original 132
A/D |High Speed | HA19203MP Note 2 18 Original 132
8-bit Dual Slope | HA16613A 28 Original 135
HA17008RP 16 DACO08 139
Conver- - THAI7008RG | s | DACO8 139
b/A HA17408P 1 16 MC1408 144
HAI7408G | 16 MC1408 144
oy | HAITOLZP | 20 Am6012 146
HAL7012G | 20 Am6012 146
Notes 2. =10 to -75C "to be continued
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REFERENCE GUIDE

Operating Temp. Range Package
. Cross .
Funetion Type No. 0 to —20 to | —40 to | Plastic Cerdi Plastic | Plastic [reference Page
+70C | +75C | +85C | DIP eraP ) sip Flat
Do HAI13007 16 Original | 152
Quad. Driver e one 16 Original | 163
9 ch Driver HA13408 Note 3 Original 160
Bridee Dri HA13421A Note 3 16 Original | 166
r river - :
18 PIET T AT3421AMP Note 3 T Original | 166
3-phase Motor Driver |HA13406W . Note.3 Original 154
3 phase Motor HA13426 Note 3 Orfgfnal 1oy
Driver with HA13431 Note 3 Original 175
Speed HA13432 Note 3 - Original | 178
Micro | Discriminator  Fponaoovp "Note 3 | Original | 178
processor - RO Original 1
Peri Thermal Head Driver |HC16701 1 Note 3 rigina 82
pheral | DC Motor HA16628P Original 186
Controller HA16629P Original 188
HA16631P Original 192
HA16631MP Original 192
Floppy Disk HA16632AP Original 202
Controller HA16640NT Original 211
HA16642MP - Original 217
HA16642NT Original 217
Ground Falt Interrupter| HA16636 P ; '»No!gefﬁp Original 208
Voltage Regulator Control | HA1835P i Original 222
) ) HA17733 1AT33C 230
Differential HA17733P A733 230
Video Amp.
HA17733G 1A733 230
5 Transistor Array |HA1127 CA3045 236
HA17555 NES555 239
Precision
Other' Timer HA17555PS NES555 239
Function HA17555GS NES555 239
Burner Controller |HA16605W Original 246
HA16617P Original 251
Fluorescent HA16619P Original | 251
Display Tube —
Driver HA16617PJ Original 254
HA16619PJ Original 254

Notes) 3. —20 to +70C, 4. —20 to +80C, 5. 0 to +60C, 6. —20 to +85C, 7. —55 to +125C

t The chip product fer sale
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PACKAGE INFORMATION

Package Code ; letters P : Plastic
letters G : Cerdip

17 X X X ; Standard Linear IC

Circuit Description of 1 st Vendor's Name
(Three Figures of Low Rank)

Other Circuit Description ; Hitachi Original

Prefix : HA ; Hitachi lLinear (Analog) IC

Il DIMENSIONAL OUTLINE (Dimensions in mm)
®Plastic Dual-in-line Package

8Pin 14Pin
TAmax
L T " 5.3~
I g e
42 IS
i, ,
(RN l l.

f-7.62~  5.06max2.54mn

. 25704
o 15 ‘L 1»\\1 (X}

[y

(DP-8) (DP-14)
16Pin
LY 17 7 7
I 6.4 - 2 15
T i 16 ;‘ L 3 14
|1 S e =z i 13
= |3 " = o (; 5 12
Eos g et T n
e 2 Cr 7 10
Sl i = ! ¢
] i 10 et = \
(BN 4 X 1_ uz—j
76 hd 6.9max.
05lmin =~ = K
5.06max 2.54min 7.62
e 025700 ”'\[5.. 0338
7 ~ls 257 )
(DP-16) (DP-16A)
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PACKAGE INFORMATION

18Pin

20Pin

22 Pin

I
== 9 9max-- =
) 18 y — —
] R o an ™
‘ 1 2 3 i
- R 2
"t . L © 19 g [ e o
! I 18 -4 ! 9
) sl 1”7 i "
3’35 16 1 i?v ::
s 15 4 il 1
|12 1 < | t "
| I = B it
18 13 G | du 1
10 [N 12 ¥
| o 1 $9oas
62 I ol - e
3 r‘—"‘°~'5"“‘ 5.06max2.54min o £
. -
0.25°8bs "
. il
I 5~ 15
(DP-18) (DP-20) (DP-22)
24 Pin 28 Pin
< _
2 |
. : 58
- 4 Rl
T T 5 % |2
[ o | 6 2 [
i $+ 7 2 |¥
s Y f 8. 2 |3
| o |5
I -
=N 2
. o 17
[ _.,._‘L: = "
" Té | 15
" 134
= eram ’ 0.51min
oAl i 15.24 .
- ’ S e i
o
025
o~15 0.20~0.38
(DP-24TS) (DP-28)

®Plastic Single-in-line Package

3 Pin

(T-220AB)

8

Pin

e

(SP-23T
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PACKAGE INFORMATION
®Plastic Flat Package
18 Pin 28 Pin
2.54+0.38 2.54+0.38
2503 | #1092+ 0.38 2403
.31
Amn 0.6 +0.2 0.3min.
)
; 3 A
k- 3 2 1 28 27 26
:( g 4 Pin{} % i l:*:
\[, 3 £ B 2 5 Now . 2 3
I —+Z s |5 6 BE S x
* - |3 ad <
© — S | 7 20 s A +
8 ) TTak 2 Ll 152
= = 1S5
il § :'E ) ol = CLF
¢ ! 0 = ]
QJ 10 19 E
£.8+0.25 u
= g Uy s |5 6w’
10+0.25
(MP-18) (MP-28)

44 Pin

Y P S

AN ATN-D0DD.

ERERN P8 SEEERPRIET)
60y K
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PACKAGE INFORMATION

®Cerdip

8Pin

5.06max 2.8min

UYSmm’
-

-
2.54+0.c5 0.48+0.1

14Pin

1.5

b —-19.3-——

oo oo

16Pin

12
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20Pin
5.08max 2.54min
0.5mi S
.51min =~ S
2082 = Az
ot i- by
19 @
w s
. 17 == et
= Dis S
3 15 =
§ 4
13
iz
n
T.62
.
|
u.znwr..}o” J‘/U*Lﬁ'
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RELIABILITY OF LINEAR ICs

In the following we review the reliability of linear ICs. The
introduction of this linear IC series marks a big step forward
in reliability and meets the user’s needs through their im-
proved reliability resulting from Hitachi’s mass production
technology and quality control.

1. CONCEPT OF QUALITY AND RELIABILITY

Hitachi's fundamental concept of product quality consists in
meeting the requirements of individual users and maintaining
a high quality of materials taking into consideration the mar-
ketability of the product from a broad and general aspect.
The quality of product required by a user is determined ac-
cording to the specifications listed in the agreement; how-
ever, there are occasions when it is not specified. In either
case, our company makes every effort to ensure that the
delivered semiconductor devices are able to display their full
performance under the service environment in order to se-
cure their reliability. Establishment of a quality control sys-
tem in the process and enhanced quality, are keys to bringing
about such reliable product quality in the manufacturing
process. In the market of late, the user’s requirements for
quality of semiconductor devices have become steadily more
stringent because the performance of electronic systems is
rapidly improving and their scale and applications are widen-
ing. In order to cope with this trend, the following points have
been adopted as the basic policy in Hitachi’s actual opera-
tions.
(1) In the design stage of developing new products, full
consideration is given to their reliability.
(2) The quality of product is made up at each step of the
manufacturing process.
(3) Inspection of finished products and confirmation of
their reliability are to be intensified.
(4) Field data should be fully utilized to improve the
quality of products.
Table 1 gives an example of the reliability programs
drawn up to the meet the user’s requirements. More-
over, we are making efforts to firmly establish higher
quality and reliability of our semiconductor devices by
pooling the efforts of our research and manufacturing
departments. Based on the above concept and meas-
ures, our company is doing its utmost to meet the user’s
demand for product quality.

2. RELIABILITY OF SEMICONDUCTOR DEVICES

2.1 RELIABLITY TARGET

Reliability target is an important factor along with the
function and price in the courses of manufacturing and
selling products. It is not practical to classify the reliability
target merely by the failure rate under a certain testing condi-
tion. Our company sets the reliability target by taking into
account the design, manufacture, quality control in the
process, screening, testing method, etc. with the contents
corresponding to the characteristic nature of each item of
equipment comprehensively considering the service environ-

ment of the equipment to which the device is applied, pur-
pose design, operating, condition, maintenance, etc.
22 HOW TO CARRY FORWARD RELIABILITY DE-
SIGN:
In order to achieve desired reliability based on the reliability
target, timely examination and execution of such items as
design standardization, device design (including process
design and structural design), design review, reliability test
are required beforehand.
(1) Standardization of design:
Establishment of design rule and standardization of parts,
materials and processes are necessary. When establishing
respective rules of design concerning circuit design, element
design, layout design, critical items regarding the quality and
reliability are always examined. Accordingly, where stand-
ardized processes or materials are used, even newly developed
products can minimize risks affecting reliability unless special
functional requests are made.
(2) Device design:
It is important to carry out device design taking into con-
sideration the total balance between circuit, layout, process
and structural designs. Particularly when using new processes
and materials, technical examinations prior to development
of the device are carried out to the full.
(3) Evaluation of reliability by TEG:
TEG (Test Element Group), sometimes called test pattern, is
an effective method to evaluate the reliability of design and
process of ICs and LSls containing complicated functions.
For transistors, it is useful to increase the sensitivity of
detecting troubles caused when applying new processes. As
to TEG, further expalanation is provided in the following.

1. Purpose of use of TEG;

® Clarifying the basic failure mode.

® Grasping the relation between failure mode and manufac-
turing process condition.

@ Obtaining a clue to analysis of failure mechanism to analyze
the mechanism of failure.

® Establishing QC point for manufacture.

2. Effectiveness of evaluation by TEG;

Possible to evaluate the basic failure mode and failure
mechanism common to each type of products.

® Possible to compare the process having the failure with
the process having records of marketabilily by clarifying
the factors controlling the failure mode.

® Easy to grasp the connection between the cause of failure
and that of the manufacturing process.

® Easy to perform test.

Here described several concrete examples of reliability evalua-

tion by TEG.

@ HITACHI 13
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Table.1 Example of Reliability Program

Semiconductor maker

Semiconductor user

Mfg. dept. Insp. dept. Design dept Sales & Sales Design dept. Product quality Customer
p- dep 8 4 /tech. dept. 'gn dep Parts dept. Mfg. dept. assurance dept. Service dept. (end user)
[ Market h} {Equip. d iod
A &
w — o Exam. of proposed spec. Jo——t (@) \e» s scesan) Parts approval |
H H o e B - -
2 ['{ D Sk ey R
o — J—
C Determination of development plan }
T J —0
Quality level, dewermmed
Des gn of quriny J Chansciernsties spec) ,——‘:
c Equip. design trial
> {1)Design of process —
3 (2)Standardization
& (3)Planning facilities
T . o= Design review D g
$
£ e} {emow Purchase spec J
s umumlu wronl l 1 [Pirts spproval
& [Quality approva — cceptonce sy spec ]
eliability data
{ Comprehensive evaluation oiing 99 I
. A Equip. design & : et
. [Mass prod. trial JI] QC within process | design review Mass prod. tria
H '
g uality approva . Trial mfg. test ]
“» * % Trial mfg. plan +1- = T
é 3 T 17 3 T == g m—
= { Comprehensive evaluation 1 i Comprehensive evaluation }
T
| ,_}
) 8. process 1 QC within process l
B [P S - x qusy exslaton
[(¥ew rocees | Handled s ]
developed
(@ Comvn e article) | Process defectme control Assembl
[ Quiliy information F—es 5
[Failuee aiyss R
& [ Insp. & screening l [ Lot assurance test l
2 Aging & debug
{ Perodal relubiny st eliability evalustion]
- Field evaluation Runnin,
] —
E Ll Fuilure iformauion
3 o o o Leonient amlysis

* Enginering Sample

* * Commercial Sample
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RELIABILITY OF LINEAR ICs

Table.2 Standard for Design Review

Hitachi Standard for Design Review

NASA Space System Standard for Design
Review.

Purpose

Securing reliability required in the market.

Assurance of performance required by the
program.

Definition . . ;
promotion of broad technical capacity.

Systematical and organic confirmation and

Systematical and orderly application of hroad
technical capacity.

Item of review Correction of defects in design.

Correction of defects in design.

Subject of review Designated types of products.

Contracted projects.

Preliminary Before mounting Before rejease

Time Concept Intermediate design Final design. A
of drawing.
Chairman | Collector of designs. Designation of project manager.
Composition Member Related responsible person and reliability Person in charge or higher rank, and reliability
technician. technician.

Authority Recommendation of improvement.

Presentation of advice.

2.3 DESIGN REVIEW:

Design review is a procedure to systematically check whether
the design satisfies the performance required by a user, the
designing work is performed according to the specified form,
and the items of technical improvement which have been
obtained from the accumulated experimental field data in
each specialized department are efficiently used. It is also
performed mainly for ensuring the quality and reliability of
the products in order to strengthen the competitive power of
our products. In Hitachi, new products and design-changed
products are subjected to design review from conceptional
stage. This method is extensively used by NASA. Table 2
shows the comparison between the standards for design
review of our company and NASA: The following are the
contents of the review.

(1) Description of the contents of products according to the
design document. .

The design document is reviewed from the standpoint of
each specialist who participates in the review. If any
unclear item is found, a sub-program for calculation,
experiment or investigation is drawn up and executed.
The contents or method of a reliability test is deter-
mined according to the design document and the
contents of the drawing.

Checking whether the process capacity of the manufac-
turing plant is sufficient to achieve the design goal.
Conference for preparation of production.

Planning and execution of a sub-program for test, or ex-
periment, calculation, etc. for change and confirmation
of the design proposed by each specialist.

Reference to past failure examples of similar types of
articles and confirmation of preventive measures
against recurrence of such failures, and planning and
execution of a testing program for confirmation.
Careful discussions for the above made at the design review
are carried out according to the check list specially
device and prepared according to each subject.

3. QUALITY ASSURANCE STRUCTURE OF SEMICON-
DUCTOR DEVICES:

3.1 ACTIVE OF QUALITY ASSURANCE:

The general concept of Hitachi's overall quality assurance is
described below.

(2)

(3)

(4)

()

(6)

(7)

@ HITACHI

The problems of each process are to be settled within
the process concerned. Accordingly, in the stage of
finally finished products, latent defective factors are
eliminated.

In order to maintain the process capacity at a good level,
feedback of information is performed.

Quality assurance aims at securing the desired reliability
obtained as a result of the above.

Device design, recognition of quality at the time of mass pro-
duction, quality control with the process inspection of
products and assurance test of reliability are described below.

3.2 QUALITY RECOGNITION:

(1)

(2)

(3)

In order to secure the desired quality and reliability, quality
of products recognition is carried out at the time of design
and trial; manufacture of devices and their mass production
according to the reliability design. The concept for recogni-
tion of the quality of products is described below.

(1) Performing an objective recognition putting the
company itself in its customer's place and by a third
party.

(2) Taking into full consideration past failure examples and
field information.

(3) Carrying out recognition of its quality, in case of change
of design or operation.

(4) In the case of parts, materials and process, emphasis is
placed on the recognition of their quality.

(5) The process capacity and causes of variations are

examined, and the control points at the time of mass
production are established.
Quality recognition is performed by incorporating the above
concept.

3.3 QUALITY AND RELIABILITY CONTROL IN MASS
PRODUCTION

For quality assurance of mass production, the quality control

work is systematically and functionally assigned to the manu-

facturing and inspection departments including the related

departments. The entire function is shown in the flow chart

of Fig. 1.
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Process

Quality control

Inspection of materials and Sampling lot
Maternls & parts ——_ | parts characteristics =~ [T———=— acceptance
inspection necessary for iconductor Confirmation of
devices quality level
Manufacturing equipment,

! q » ————— . .
environment, indirect materials C°"l(”’“f“°? of
and operator control quality leve

b — Sampling lot
) " acceptance
o ! .
Quality control wihin process Confirmation of
quality level
Final inspection of appearanc Classification &
and electric characteristics inspection
Lot Sampling inspection of s ling |
acceptance_>—————"-1 appearance and electric a:c'“»pl'"‘_c ot
~ characteristics eptanc
Pr—
]
L | . - Confirmation of
—_ Reliability test quality level
Sampling lot
! acceptance
£
Warehouse K]
E
5
) 2
£
5
Sh 1 E
ipment | =
) Lz
Quality information ll L
Custome (Claim, field work record,
other quality information in |
general) i
I
I
|
Y ———

Fig.1 Flow Chart of Quality Control in Manufacturing Process

4. SELECTION OF PACKAGE TYPE AND
RELIABILITY

4.1 SELECTION OF PACKAGE TYPE

Package types are generally classified into two; one is the
harmetic sealed type using metal or glass, and the other is the
plastic molded type. Selection of package types should be
done with considering the purpose of system, environment,
reliability cost etc. The reliability of plastic molded-type
semiconductor devices has been greatly improved. Recently,
their applications have also been expanded to automobiles,
measuring and control systems, and computer terminal equip-
ment operated under relatively severe conditions. Actually,
field application data has revealed that their trouble factors
under favorable indoor environmental conditions are
equivalent to those of the hermetically sealed type. How-
ever, in the view of the guaranteed reliability (specifically,

durability against environmental conditions), the hermetical-
ly sealed type passes inspection on a leak test 100%. Due to
poor screening technology, the plastic molded type involves
problems of moisture absorption or pereation inherent to
their plastics materials. Therefore, Hitachi recommends users
employ hermetically sealed-type semiconductor devices for
certain types of systems which require high durability against
environmental conditions, long service life, and high re-
liability. On the other hand, it is obvious that production
output and applications of plastic molded-type semiconduc-
tor devices will be increased or expanded over the years that
lie ahead. To fulfill such demands, Hitachi has exerted
considerable efforts to improve moisture resistance, re-
sistance against humidity cycles, operation stability, and
chips and plastics manufacturing process. At present, Hitachi
is confident that products featuring high durability against
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RELIABILITY OF LINEAR ICs

environmental conditions will be available in the near future.
4.2 RELIABILITY OF PLASTIC MOLDING TYPE IC

Open and intermittent open troubles are major causes of
reliability failure of the plastic-molded type IC. Fig. 2 indi-
cates open fraction failure rate in terms of year. In recent
years, the reliability in this aspect has been remarkably im-
proved. Fig. 3 shows the data of moisture resistance.
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Fig.3 Moisture Resistance of Plastic-
encapuslated IC’s
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Fig.2 Changes in Terms of lear of Open Failure
Rate in Temperature Cycle Test

5. RELIABILITY DATA

Here, we describe the results of reliability tests, data of
failure rate, failure mode etc.

5.1 CRITERIA OF FAILURES

Table 3 shows the failure criteria in linear IC reliability test.
The items of criteria and measuring conditions vary with the
types of products.
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Table.3 Criteria for Failures of Linear ICs (Example)

Criteria of failure (Note)

Item - Unit Remarks
min max

Voltage gain U-3 U+3 dB

Rated output L.x0.9 — W

Total harmonic distortion — UX1.5 %
” Output noise voltage — Ux1.5 V | Including pulse noise.
-2 | Input limiting voltage — U+3 dBu
‘é Power supply current — Ux1.1 A
g Input offset voltage — Ux1.5 \')
E Input offset current — UX1.5 A
: Input current & input bias current — Ux1.3 A
5 | Max. output voltage swing L.x0.9 Ux1.1 Vv
L% Common mode input voltage range L. x0.9 — \Y

Common mode rejection ratio — U+3 dB

Slew rate — Ux1.5 V/us

Open, Intermittent, Short, Half-short.
Open & short X R —
Including high & low temp. defects.

o | Airtight leak Major leak & minor leak. Applied to airtight sealing type devices.
§-§ Appearance According to limit sample. —
gz Rusting & discoloration According to limit sample. —
§-_ Solderability According to limit sample. —
< Marking According to limit sample. —
Note: U : Initial limit max. value. 1. : Initial limit min. value.

Table.4 Results of Reliability Test on Linear ICs

Plastic-molded Type Hermetic sealed Tvpe i Cerdip
Test ltem Test Condition No. of Total No. of Failure No. of Total No. of Failure
samples testing failures rate* samples testing failures rate*
(pes time (pes: (1/hr (pes’ time (pes i 1/hr
. Ta=125C
h temp. Vee=Vee u 1660 | 1,190,000 5 | 53x10° | 2,35 | 2426600 0 | 3.8x107
Operating life A ' M . ’ e .
W Vee=Ver wax
Ta=150C 829 793,000 0 1.2x10°¢ 485 463,700 0 2.0x10°°
Storage life Ta=—55C 509 509.000 0 1.8%10° - - - ~
Ta=—65C - — — — 376 376.000 0 2.4x10 ¢
Humidity Ta=65C, 95%RH 3.110 2,727.000 0 3.4x10°7 - - - -
Ta=85C, 85%RH
Bias humidity Vee=Vee wax 443 443,000 0 2.1%x10°° - - - -
Vee=Ver wax
~55C ~~+150C
Temp. cycle 10 Cyeles 10,043 - 0 - 2,198 — 0 -
. —55C ~~150C
Temp. cycle life 200 Cyeles 4,280 - 0 - 900 - 0 -
0°C~100C
Thermal shock 10 Cseles 398 - 0 — 3 — 0 =
Solder heat 260°C, 10sec 404 — 0 — 305 — 0 -
. 1,500G, 0.5ms, directions of
Free drop X,Y.and Z, each. 3 times 160 - 0 - 20 - 0 B
Vibration fatigue 60z, 20, directions of LY. g, - 0 - 260 ~ 0 -
and Z, each. 32hrs
. L 100~2,000Hz, 20G, directions
Variable freq. vibration of X.Y.and Z, each. 3 times 160 - 0 - 260 - 0 -
. 20.000G, directions of X, Y,
Constant acceleration . 160 - 0 - 260 - 0 -
and Z, each. 1 minute
Ta=121C, 2atoms
PCT 1= 60hrs 360 - 0 - - - - -
Solderability BOC, Ssec 160 - 0 - 300 - 0 -
with rosin flux
225g,
[.ead bend 90", 3 times 90 — 0 — 45 — 0 —

* Confidence level 2 607,
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5.2 RELIABILITY TEST DATA OF LINEAR IC:

Table 4 is the results of linear IC life test and environmental
test.

The reliability data concerning individual test results are
available as they have already been prepared.

6. FAILURE RATE AND DERATING

Fig. 4 indicates the relation between the failure rate and the
operating junction temperature obtained from various types
of reliability tests and field records. With respect to the
plastic-molded type and metal package type, the operating
junction temperature is selected as a stress factor, and then
the above relation is obtained from test data (mainly the high
temperature operating life test) and field data. In the case of
linear 1C, it greatly depends on temperature on the average,
so that it is confidently anticipated that the reliability can be
effectively improved by temperature derating.
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Fig.4 Derating Characteristics of Linear IC

7. HANDLING FOR MEASUREMENTS

Special attention should be paid about static electricity, noise
of surge-voltage when semiconductor devices are measured.
It is possible to prevent device breakdown by shorting their
terminals to equalize electrical potential during transporta-
tion. However, when the devices are to be measured or
mounted, they have to be left with terminals open and there
is the possibility that they may be accidentally touched by a
worker, measuring instrument, work bench, soldering iron,
‘belt conveyor, etc. The device will be broken if it touches

something which leaks current or has a static charge. Take
care not to allow curve tracers, synchroscopes, pulse genera-
tors, D.C. stabilizing power supply units etc. to leak current
through their terminals or housings. Especially, while the
devices are being tested, take care not to apply surge voltage
from the tester, or to attach a clamping circuit to the tester
or not to apply any abnormal voltage through a bad contact
from a current source. During measurment, pay special
attention to miswiring and short-circuiting. When inspecting
a printed circuit board, confirm that no soldering bridges or
foreign matter is observed prior to turning the power switch
ON. As these precautions depend upon the types of semi-
conductor devices, please contact Hitachi for further details.

8. PRECAUTIONS FOR PHYSICAL HANDLING

There are considerable precautions to install semiconductor
devices to a printed circuit board. In order not to impaire
the reliability of a semiconductor device during installation,
cares should be taken when forming or cutting the leads,
soldering and removing surplus flux.

8.1 FORMING AND CUTTING LEADS

When forming and cutting the lead wires of semiconductor

devices, be careful of the following points:

(1) When bending the lead wires, hold the lead wires secure-
ly between the package and the point to be bent with a
pair of pliers. Then, bend them, holding the open end
of the leads with your fingers, so that no bending stress
is applied to the package. Do not bend the leads by
holding the package. The same consideration should be
paid when many devices the simultaneously bent using
lead forming machines.

(2) When bending the lead wires at right angles, make the
bend at least 3 mm away from the package end. Do not
bend them more than 90°. When they must be bent less
than 90°, allow a space of more than 1.6 mm.

(3) Do not repeatedly bend the leads.

(4) Do not bend them sideways.

(5) Do not pull the leads with excessive force, to prevent
the device from being broken. The prescribed tensile
strength depends on their cross-sectional areas.

(6) Take care not to use any improper jig or pliers for bend-
ing, since the surfaces in contact with the plated sur-
faces of the lead wires may be damaged. It is advisable
to use a tool with a contact area of 0.5 mm radius.

8.2 SOLDERING

It is not desirable in general to leave semiconductor devices at
high temperature for a long time. Regardless of the soldering
method, whether it may be a soldering iron or the flowing
solder method, soldering must be done in the shorter time
and at the lowest temperature possible. Your soldering work
must meet test conditions of soldering heat, tolerability,
namely, 260°C for 10 seconds and 350°C for 3 seconds ata
point 1 to 1.5 mm away from the end of the device. Use of a
strong alkali or acid flux may corrode the lead wires, de-
teriorating device characteristics. The recommended sold-
ering iron is the type that is operated with a secondary
voltage supplied by a transformer and grounded to prevent
current leads. Try to solder the lead wires at the farthest
point from the device surface. ’
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8.3 REMOVING RESIDUAL FLUX

To ensure the reliability and lifetime of electronic systems,
residual flux must be removed from circuit boards. Deter-
gent or ultrasonic cleaning is usually applied. If cholorous
detergent is used for the plastic molded devices, package
corrosion may occur. Since cleaning over extended periods
or at high temperatures will cause swollen chip coating due to
solvent permeation, pay special attention to these precau-
tions prior to dissolution and toxity. Do not use any
trichlorethylene solvent. For ultrasonic washing, the follow-
ing conditions are advisable:

Frequency: 28 to 29 kHz (to avoid device resonation)
Ultrasonic output: 15W/1 (once)

Do not allow the devices to contact the generator source
directly.

Washing time: Less than 30 seconds

2 @ HITACHI
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HA17080PS,HA17082PS,HA17083P,
HA17084P,HA17080GS,HA17082GS,
HA1 7083G @ J-FET Input Operational Amplifiers

J-FET Input Operational Amp. provides excellent charact-
eristics including high input impedance and low input bias
current, since its input differential amp. is constructed by
J-FET Pair Transistor. Accordingly it finds wide application
of general controlling instrument, medical instrument. Espe-
cially it is optimum in signal precessing from sensor of high
impedance. Hitachi prepares J-FET Input Operational Amp.
series of one monolithic bipolar chip, HA17080, HA17082,
HA17083, HA17084.

B PRODUCT OUTLINE

J-FET Input Operational Amp. series provides single, dual,
quad, and they are all internal phase compensated type ex-
cepting HA17080, and include condenser for phase com-
pensation use. And HA17080 and HA17083 are capable of
offset adjustment. Package provides two types of plastic
sealing and glass sealing, and “A’’" glade with rigid electrical
characteristic specification. Use satisfying uses.

Item HA17080 |[HA17082 | HA17083 | HA17084

The number
of Opera-
tional Amp-
lifier (the
number of
channel)

Offset
Adjusting Exist Not exist Exist Not exist
Terminal

Single Dual Quad.

Phase Com-
pensating External Internal
Method

B FEATURES

Wide operating supply voltage range +5 to +18V
Low input bias current 30pA
Low input offset current SpA
High input impedance 10'2
High slew rate 13V/us
Wide common mode input voltage range

Operation to input near supply voltage (Vcc) is possible.
High voltage gain 106dB
HA17080, HA17083 are capable of offset adjustment.

Pin for pin compatible with Texas TLO8O series

BNOTE

Since this IC is high input impedance operational amp,
handling by hand may cause the input bias current.and input
offset current to be rise due dirt. Care shealed be taken for
handling.

HA17080PS, HA17082PS

(DP-8)
HA17083P, HA17084P

(DP-14)
HA17080GS, HA17082G'S

(DG-8)
HA17083G

(DG-14)
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HA17080PS, HA17082PS,HA17083P,HA17084P,HA17080GS, HA17082GS, HA17083G

HPIN ARRANGEMENT
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Item Symbol P, PS series G,GS series Unit Note
Supply Voltage Vee +18 +18 V
Supply Voltage Vie —18 —18 Vv
Differential Input Voltage Vincagss +30 +30 \Y
Input Voltage Vi +15 +15 \Y 1
Power Dissipation Pr 625 625 m\V 2
Operating Temperature Topr --20 to +75 —40 to +85 C
Storage Temperature T -55 to +125 ~65 to +150 °C

Notes 1.

If supply voltage is less than
2. P and PS are permissible values to Ta=50C, and beyond that, derate with 8.3mW/C.

15V, input

that, derate with 7.8mW /(.

voltage is to supply voltage.

MELECTRICAL CHARACTERISTICS (Vee=~—Vee=15V, Ta=25C)

G and GS are permissible values to Ta - 70°C, and beyond

Item Symbol Test Condition min typ max Unit Note
Non A — 5 15
Input Offset Voltage Vie Rs=500 - mV 1
A version — 3 6
Non A — 5 200
Input Offset Current Lo Lo=L.. -1 | - pA 1
A version — 5 100
Non A — 30 400
Input Bias Current I pA 1,2
A version — 30 200
Common Mode Input Voltage Non A +10 — — )
Veu V 1
Range A version +11 — —
i R.--10kQ 24 27 — ,
Peak To Peak Output Voltage Vor » = V
R, 2kQ 20 24 —
. . R, 2kQ Non A 88 106 —
Voltage Gain Avy - dB 1
Vo=+10V A version 94 106 —
Non A 70 86 —
Common Mode Rejection Ratio CMR Rs<10kQ - dB 1
A version 80 86 —

@ HITACHI
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HA17080PS,HA17082PS, HA17083P, HA17084P, HA17080GS,HA17082GS, HA17083G

HMELECTRICAL CHARACTERISTICS (Continued)

Item Symbol Test Condition min typ max Unit Note

Line Regulation PSRR | Rs=10kQ Non A 70 86 - aB| 1
A version 80 86 —
Supply Current Ice — 1.4 2.8 mA 3
Band Width BW Avp=1 — 3 — MHz
Slew Rate SR Ve m 10V, Ri=2k02, — 13 - V/us
C.=100pF, Avp=1

. val/
Channel Separation Ve Avp=100 — 120 - dB
Rise Time t Vin=20mV, R.=2kQ, — 0.1 — Hs
Overshoot Vover C.=100pF, Avp=1 — 10 — %
Input Resistance R.x — 10" — Q
Input Noise Voltage V. Rs=100Q, f=1kHz — 35 n\/ Hz

Notes: 1.

Non A is the standard to HA17080, HA17082, HA17083, HA17084.

A version is the standard to HA17080A, HA17082A. HA17083A, HA17084A.
2. It's Gate lLeak Current of J-FET, and depends on temperature.
At the time of measurement. it is necessary to keep junction temperature.

3. It's the value per 1 channel.

B VOLTAGE OFFSET ADJUSTING CIRCUIT

B CIRCUIT SCHEMATIC

24
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HA17080PS,HA17082PS,HA17083P, HA17084P, HA17080GS, HA17082GS, HA17083G
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HA17080PS, HA17082PS,HA17083P, HA17084P, HA17080GS, HA17082GS, HA17083G
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HA17080PS,HA17082PS,HA17083P,HA17084P, HA17080GS, HA17082GS, HA17083G
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HA17741G,HA17741GS,HA17741PS,
HA1 7741 @ General Purpose Operational Amplifier (Frequency Compensated)

HA17741 is internal phase compensated type, high per-
formance operational amplifier. Its application is possible
widely in the fields of instrumentation operation use and of
general use.

BFEATURES

Industrial use; HA17741G, HA17741GS, HA17741PS
Commercial use; HA17741
High Voltage Gain

Wide Output Amplitude
Protected to Output Short
Capable of adjusting Offset Voltage
Internal phase compensated type

106dB (typ)
+13V (typ) [at R 2 2kQ2]

HA17741G

(DG-14)

HA17741GS

(DG-8)
HA17741PS, HA17741
MPIN ARRANGEMENT m
HA17741G I
\
NC| 1 14 Ixc (DP-8)
NC| 2 13 |NC HA17741GS
o HA17741PS
fiset q HA17741
Null I 3 Z‘ NC U
s ‘
t..(—)|4 11|Vu (xinu ' il
V. (+i] s 10 ]| Vou M I TVee
V“l 5 9 g:‘lflsle‘ »,.\wl 3 6 xv,.,
Nel 7 8 I.\'C V£L| 4 5 |
Top View Top View
HE CIRCUIT SCHEMATIC
Vee
O
b p 30pF
(] t
b
g R
Vour
\.C—L. "
u..}.qun
Ry
’:; 50k
| .

Offset Null
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HA17741G,HA17741GS,HA17741PS,HA17741

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol v :::};;ﬁ?b 2) HA17741PS 2) HA17741 Unit
Vee 418 +18 +18 \Y

Supply Voltage
Vie 18 18 18 \Y
Power Dissipation Pr* 670 670 670 mW
Input Voltage Vin 115 +15 15 \Y
Differential Input Voltage Ve cags +30 +30 t 30 \Y%
Operating Temperature Tope 20 to 175 20 to 175 0to 170 C
Storage Temperature T 65 to 1150 55 to 125 -55 to +125 °C

* 1 is the permissible value to Ta - 65°C, and beyond that, derate with 7.6mW/°C.
2" is the permissible value to Ta=45°C, and beyond that, derate with 8.3mW/°C.

BMELECTRICAL CHARACTERISTICS—1 (Vee=— V=15V, Ta=257C)

Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vi Rs< 10kQ - 1.0 6.0 mV
Input Offset Current Lo — 18 200 nA
Input Bias Current I — 75 500 nA
. AVio/AVee | Rs=10kQ - 30 150 uV/V
Line Regulation
AVio/BVie | Rs= 10k0 - 30 150 AYAY
Voltage Gain Avp Ri=2kQ, Vo= T10V 86 106 — dB
Common Mode Rejection Ratio CMR Rs< 10kQ 70 90 — dB
Common Mode Input Voltage Range Veu Rs= 10kQ +12 113 — vV
. Vor R~ 10kQ 412 +14 — vV
Peak To Peak Output Voltage - -
Vor v 1= 2kQ +10 413 — \
Power Dissipation Pr at the time of no load - 65 100 mW
Slew Rate SR R, 2kQ — 0.5 — \/ps
Rise Time !, Vi.=20m\, R, -~ 2kQ - 0.3 — Hs
Overshoot Vieer C=100pF — 5.0 — “1
Input Resistance R.. 0.3 1.0 — MQ

BMELECTRICAL CHARACTERISTICS —2 ' Vee= V=15V, Ta= 20 to+75C, however as for HA17741, Ta=0to+70°C

Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Rs<=10kQ — - 9.0 m\’
Input Offset Current L — — 400 nA
Input Bias Current 1 — — 1100 nA
Voltage Gain A Ri 2k, Vi = 1 10V 80 — - B
Peak To Peak Output Voltage Vor » R 2kQ +10 — — V
@ VOLTAGE OFFSET ADJUSTING CIRCUIT INPUT OFFSET CURRENT VS.
SUPPLY VOLTAGE CHARACTERISTIC
R, 20 T T ™
NN ’ : i |
= 6 : ; ' ;
! s :
Jﬁ g 12 : . '
- T
) N i
- | | |
R, H 1 ; i
a=0% ?n=10()% . i :
VEE % lr
0 L]
+3 %6 9 %12 %15 *18

Supply Voliage Vee, Var (V)

@ HITACHI 29



HA17741G,HA17741GS,HA17741PS,HA17741

POWER DISSIPATION VS
SUPPLY VOLTAGE

Power Dissipation Pr (mW)

100

&0

60

40

20

T
No Load

/
/

0O

3 t6 +9 12 15

Supply Voltage Vee, Vee (V)

18

PEAK TO PEAK OUTPUT VOLTAGE

VS SUPPLY VOLTAGE

2 T
Ry =22
=
R A
<
T R
T Lo
= I \
- I
— R
H o
= x R
s 7z
H pald |
3 // '
% 4
b
= /
0
0
3 +6 Yotz 15 18
Supply Voltage Vee, Veg (V)
INPUT OFFSET CURRENT VS
AMBIENT TEMPERATURE
20
 — \\ [
]
- ™
£ N
s
§on
5
o
H
B
£ 8
(=}
e Vee=+isv
B —t Vip= - 15V
f
)
-20 0 20 30 50 30
Ambient Temperature Ta {'C)

30

VOLTAGE GAIN VS
SUPPLY VOLTAGE

120
110
@
-
ko
s
B —
=
=
S
g W
=
G}
=
22kQ
80
70
+3  t6 +9 +12 +15  +18

Supply Voltage Vee, Ve (V)

INPUT OFFSET VOLTAGE VS
AMBIENT TEMPERATURE

5

T T
Vee =715V
—t Vgg=-15v |
RgS10kQ

1
=
£
S |
= 3
®
El
3 , +-
= _
3 2
3 b
Z
I

i
0 L
-20 0 20 40 60 80

Ambient Temperature Ta ('C)

INPUT BIAS CURRENT VS
AMBIENT TEMPERATURE

120 T
1
'
;
i
. \\ |
= \\ |
- 8 \\
‘::-‘: P N
5 .
[SEE ~]
”
-1
&
S 40
£ !
v }\‘;V
cc=r IV
2 V=15V
T
'
0 l i
20 0 20 40 60 80
Ambient Temperature Ta (°C)
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HA17741G,HA17741GS,HA17741PS,HA17741

POWER DISSIPATION VS VOLTAGE GAIN VS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
T 120
| Vee= 15V
- Vi =~ 15V—
No load
10
; 1 —
E % "
& — FT)
B . =
F T =
o \
g 60 l — ; %0
a =
5 i - Vee=+15V
50 80 Vipp=—15V-
RIL 22k
N |
-2 « 20 10 60 0 e ; 2 m r %

Ambient Temverature Ta (°C) .
Ambient Temperature Ta (°C)

PEAK TO PEAK OUTPUT VOLTAGE VS OUTPUT SHORT-CIRCUIT CURRENT VS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
16 20 T T
Vo=Vec
Vee=+15V—]
=2 o Vegp=-15V
< E o6
g 8 £
- - —
2 g R
: 4 5o
i S T
:
= Vee =415V ] s
2 -4 Vg = =15V z
K] Ry =10k _ | %
I :
E =
- 12f
=20 0 20 0 60 B0 I)A'_’u 0 20 10 60 80
Ambient Temperature Tu (71 Ambient Temperature T (°C)
PEAK TO PEAK OUTPUT VOLTAGE VS
LOAD RESISTANCE OFFSET ADJUSTING CHARACTERISTIC
6 I Ve =% 1%, Vep= 15V
t TR, =512, R,=5.1k] T
Lo L / 12— -
< A i
N y
Z s / o 8 R= 102
;‘: . j 0.4 RAED,/4
< N -
H ¥ 0
= 0 = P
Z . /,/ R=2062
ES =+1 2 )
ER Veg - - 15V B A/
“ T -8
3 -8
-12
Y|
=12
-16
200 500 1k 2k 5k 10k 0 20 40 60 80 100
load Resistance Ry (Q) Resistor Position @ (%)
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Phase Angle ¢ (deg.)

HA17741G,HA17741GS,HA17741PS,HA17741

]
F

Max. Output Voltage Swing Vop-p (V)

EAK TO PEAK OUTPUT VOLTAGE VS
REQUENCY
28
24
\
20
\
16
12
Vee= +15
8T Vee=-15V
| | R, =10k
-
N
=

0
100 200 500 1k 2k Sk 10k 20k 50k 100k 200k 500k

Frequency f (Hz)

PHASE VS FREQUENCY

40 T
Vee=+15V
Vep=-15V |
0 Open Loop ]
—40
-80
¥
s
-120 \\
160
=200
-240 ‘H‘}
50 100 200 500 1k 2k Sk 10k 20k 50k 100k 200k 500k 1M 2M
Frequency f (1iz)
VOLTAGE GAIN,PHASE ANGLE VS
FREQUENCY CHARACTERISTIC(1)
120 ! [ T T T T TTITTT
Vee=+15V
. i Veg= =15V
e 1 Hi Closed Circuit
& AR Gain=60dB[[[ T
ERY -
a ac
= N 3
-60 =
: maNaslNEE -
o T
< 40 K
g mﬂj? Sy -0 g
22 ¥
2 3
B 4 3
- 1802
-20 LI il |
10 % 100 20 50 1k Ok 20k S0k 100k 200k SO0k IM 2M
Frequency f (Hz)
32

INPUT RESISTANCE VS

FREQUENCY
14
1.2
g
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< “"‘n
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S 08
s ™
2
N
£ o6
- N
2
2
= 04
02
0
100 200 500 1k 2k Sk 10k 20k 50k 100k 200k 500k 1M
Frequency f (Hz)
VOLTAGE GAIN VS FREQUENCY
120 TTTTTI
Vee = +15V
Ver =-15V
B Sw Open Lao
™
80
= ™
- N
s 60 b 8
=
= 0 i
@ a
z® <t H
= ™
0 a
™N
-20
-40
1020 50 100200 500 1k 2k 5k 10k 20k 50k 100k 200k 500k 1M 2M
Frequency / (Hz)
VOLTAGE GAIN,PHASE ANGLE VS
FREQUENCY CHARACTERISTIC(2)
120 T T 17 T
Vee=+15V
Vee=—-15V
100 Closed Circuit_|
N NN |Gain=40d8 [
z ; T 5
™ T 6
s NI I
= I b
= 40 S 2
3 = H-120 ¥
20 N .
;;‘ Avp i Z
Z 0 i —180 =
H
- H
H
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HA17741G,HA17741GS,HA17741PS,HA17741

120

100

=

=
3

VOLTAGE GAIN, PHASE ANGLE VS
FREQUENCY CHARACTERISTIC(3)

VOLTAGE GAIN, PHASE ANGLE VS
FREQUENCY CHARACTERISTIC(4)

T T T T I MO T T
111} SRS 1 ! T AT WSS
T B ' T 1 ) i Bl i i MR
IR ! Ll = i : *
T i ! i - = ; HH X -
At T T i ¥ = : ! ; g
e HISNCH b0 = < T T RO
L N - B [T i X i t -
. Nl M o A0 Vep 18V i+ e \ M
L R4 3 t+Closed Cireuit Gain =0d B+t 1 %
m E & TS T E
b ko E S ! ot + kil Iy 5
N -+ i -+ ™
+ -2 . ; |
| | REiEun HH t
| il
10 20 50 100 200 500 1k 2k Sk 10k 20k 0k ]ﬂm(lZ 0k 500k 1M 2M © IU‘ 20 ‘:J 100 200 S0 1k 2k Sk 10k 20k 50k 100k 200k 500k IM 2M
Frequency f (Hz) Frequency f (Hz)
TRANSIENT RESPONSE CHARACTERI- RISE TIME VS SUPPLY VOLTAGE
STIC MEASURING CIRCUIT
08
V.o =20mV
R =2k2
€[ =100pF
Vowr 06
_J- 0 & ki :
N
=
E
02
Vour
0
13 16 +9 t12 15 t18
Supply Voltage Voo, Ver (V-
OVERSHOOT VS SUPPLY VOLTAGE TRANSIENT RESPONSE
CHARACTERISTIC
40 40 T T
. Vee=+15V
Ve Z20m g
= a
Cp = 100pF o Ct=|009F__
30 V,o=20mV
\ P
R \ /
g 10 /
10
0
- \
L
£3 6 9 t1z 15 118 0 04 0.8 12 16

Supply Voltage Voo, Vep 0V

Time ¢ (pss
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HA17741G,HA17741GS,HA17741PS,HA17741

SLEW RATE MEASURING CIRCUIT SLEW RATE VS. SUPPLY VOLTAGE
08
Ry =2kQ
——0 Vour
0.6
SR
e ]

0.4 7

Slew Rate SR (V/us)

Vou V 02 /

T Slew Rate= 11/.‘ o

13 16 19 +12 +15 +18

Supply Voltage Vee, Ver (V)

VOLTAGE FOLLOWER LARGE SINGNAL
PULSE RESPONSE CHARACTERISTIC

10 T
Vee=+15V
VEg=—15V ]
R =2Q|
Cy =100pF—

z —

3 I T

BS | ~—| Output I

@ T T

% | |

2 I

S

2 : nput = |

= |

=3 T

2 AN

— L4
-10
20 40 60 80
Time ¢t (us)

AN APPLICATION OF IC OPERATIONAL AMPLIFIER

1. Multivibrator

Multivibrator is the square wave generator utilizing the charge
and discharge phenomenon of CR, and is widely used in
power source of square wave, electromagnetic¢ switch, etc.
Multivibrator is classified by Astable Multivibrator without
stable state, Monostable Multivibrator with one stable state,
Bistable Multivibrator with two stable states.

77

Fig.1 Astable Multivibrator Operating Circuit
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HA17741G,HA17741GS,HA17741PS,HA17741

Trigger Input 0

V=10

axis of ordinates 5V/DIV axis of ordinates 5V/DIV

quadrature axis 2ms/DIV quadrature axis 2ms/DIV

circuit constant ( Ri=8kQ}, R:=4kQ circuit constant ( R1=10kQ2, R:=2kQ
R3=100kQ2, C,=0.1pF R:;=40k2, Ci=0.47uF
RiL=c» C.=0.0068uF
Vee=15V, Vee=—15V R.=»

Vec=15V, Veg=—15V

Fig.2 HA17741 Astable Multivibrator Operating Fig.4 HA17741 Monostable Multivibrator Operating

Waveform Waveform
R3
. Vee
1
8] Vee J,_ ) V.:’ )
Vou Vi 1 §
> ! SVer R
0 [ | m— . |
C2 Ver ; 0 o— b p——n— =
§R, ¢ n R
R ! :
R : I .
: 7
nLr ked ”
Fig.3 Monostable Multivibrator Operating Circuit Fig.5 Bistable Multivibrator Operating Circuit
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HA17741G,HA17741GS,HA17741PS,HA17741

kT

[ vor-r=2v 5 Hi
] ST T
[t == = g
HES i
) 0N g
Trigger Input « I Vor o 20 R
3 |l| ™ '
. it R T
Vu'ero Z ; !
2 ESIEE! S5
g -
g i
g- 4
o T
= i i
Veu O & w :
| Hi
tol LI Ll
30p 100p  300p  L000p  3000p 00l 003 Olx
. . : Capaci Ci (F)
axis of ordinates 5V/DIV spacitance 1
quadrature axis 2ms/DIV X . . i i
circuit constant Fig.8 HA17741 Wien bridge sine wave oscillator
R\ =10kQ, R.=2kQ f-c characteristic
C=0.0068uF
R=wx

Vee=15V, Veg=—15V
Fig.6 HA17741 Bistable Multivibrator Operating

Waveform
152074 H,
bt
R,
e G R 31MQ 470kQ
K10 1 I axis of ordinates 5V/DIV
quadrature axis 0.5ms/DIV
5.1kQ measuring circuit condition

Vee=15V, Vee=-—15V
R/=110kQ, R.=11kQ
Ci=0.00154F, C»=0.015u4F
measurement result
f=929.7Hz, T.H.D=0.06%

Fig.9 Operating Waveform of HA17741 Wien
bridge sine wave oscillator

S008)

Fig.7 Wien bridge sine wave oscillator “a

sin out cos out

q
1 J m } R
: !

1

17

Fig.10 Quadrature Sine Wave Oscillator
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HA17741G,HA17741GS,HA17741PS,HA17741

TTTITI T
Vee= = Vha =15V
Rri =150kQ Rm =150k
Ri=151.2kQ
Ru=15k2 Ray=10kQ —Sin Out
Ru=15k2  Ri=10kg
CT1 €12 .C=+1.0000F &
0
~Cos Out
| = e sin ou1
= o5 out
[0 ‘\‘
N
N axis of ordinates 5V/DIV
o B quadrature axis 0.2ms/DIV
> circuit constant
\\ Cr1=1000pF (990) Cr.=1000pF (990)
N R 7 =150kQ Rr2=150kQ
N C,=1000pF(990) R, =160k
U“III p KUY 00T 0n R =15k R22.=10kQ
Ry =16V R.=10kQ
Fig.11 HA17747 Quadrature Sine Wave Oscillator Vee=15V Ver=—15V

f-Cn, Crn, C: characteristic
Fig.12 Output Waveform of Sine, Cos

Fig.13 Triangular Wave Generator Operating
Circuit
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HA17741G,HA17741GS,HA17741PS, HA17741

axis of ordinates 5V/DIV
quadrature axis 2ms/DIV
circuit condition
Vee=15V, Veg=—15V
R\=100kQ, C,=0.1uF

V=10V
) ) , . Fig.16 HA17741 Saw Tooth Generator Operating
axis of ordinates 10V/DIV Waveform
quadrature axis 10ms/DIV

measuring circuit condition
Vee=15V, Vee=—15V
R\ =10kQ, R:=20kQ
R3=100kQ, R.=200kQ
C=0.1¢F

Fig.14 Operating Waveform of HA17741 Triangular
Wave Generator

okl
R v,
Ve
6Ky .
_"
Re Rs oV
*Q 27kQ |
r Re
2.7kQ
Ke | R
” 27 25C17064) Rs
¢ Y
Ta 27Q
5kQ ”

Fig.15 Saw Tooth Generator
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H A1 7 7 1 5G @ High Slew Rate Operational Amplifier

HA17715 is an operational amplifier of high speed and high
gain, and it's application is possible in A/D, D/A converter,
active filter, wide band width amplifier, comparator, sample
hold circuit, and general feedback circuit required wide band
width from DC.

B FEATURE
@® Slew Rate 100V /us (typ)
® Fast Settling Time 300 ns (typ)
® Wide Band Width 65MHz (typ)
(DG-14)
M CIRCUIT SCHEMAITIC M PIN ARRANGEMENT
1 T Vee U
18 Ry
oW g | —n o
] “omp Bz Q22 " . .
. Comp) Re ) Compli | 2 13 | Vee
Comp A1 o fi Q kit ii%_..ek I: :I
omp A1 O " . - . Cascode | 3 2 | Compa
—‘g_.g?",_ "q"“ PRREL I b . II E] -
7 0 Vuur
Viw 10 Cascnde ‘ | K Vint - E E Vout
b ot I "
o o R ol ,
P {(“,k, e 151.22%21‘ e Vinl + E E Vee
100 | 100 - Qu Qis « - \“
w P o . E ZI NC
; s Ray NS 7 RS
';“’,T '\#5:“ '\} 300 Vo E j
(Top View)
B ABSOLUTE MAXMUM RATINGS (Te=25C)
Item Symbol HA17715G Unit
Supply Voltage Ve +18 \
Supply Voltage Vir -18 v
Power Dissipation Pyee 625 mW
Common Mode Input Voltage Viy* +15 \Y
Differential Input Voltage Vi ay +15 \
Operating Temperature T 20 to +75 ‘C
Storage Temperature T 65 to +150 @ °'C
*1f supply voltage is less than - 15V, input voltage is to supply voltage.
* %It's a permissible value to Tu -70°C, and beyond that, derate with 7.6mW/°C
Bl ELECTRICAL CHARACTERISTICS-1 (Vo= = V=15V, Ta=25°C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vi R.710kQ 2.0 7.5 mV
Input Offset Current I 70 250 nA
Input Bias Current I 0.4 1.5 HA
L.ine Keguration 2 lljl/%ﬁ “2" Ry 10kQ 45 400 uv/Vv
Voltage Gain Aw R, 2kQ, V= =10V 10000 30000 V/v
Common Mode Rejection Ratio CMR RsZ10kQ 74 92 A%
Common Mode Input Voltage Range Vi +10 12 \Y
Supply Current 1 5.5 10 mA
39
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HA17715G

B ELECTRICAL CHARACTERISTICS-1 (Continued)

Item Symbol Measuring Condition min typ max Uuit
Power Dissipation Pr — 165 300 mW
Band Width BW Avp=1 — 65 — MHz
Ac=100 - 70 - V/us
Slew Rate SR Ac=10 - 38 - V/us
Aci.=1(positive phase) 10 18 — V/ps
Ac.=1(negeative phase) — 100 - V/us
Transient Stable Time taco Vou=5V, Ac.=1 — 800 - ns
Settling Time tsto Aci=1 - 300 — ns
Rise Time t, Va=400mV, Ac.=1 — 30 75 ns
Overshoot Viver V.=400mV, Ac.=1 - 25 50 %
Input Resistance R. - 1.0 - MQ
Output Resistance Roue - 75 — Q
Temperature Drift AVi/ AT — 6 — nV/°C
B ELECTRICAL CHARACTERISTICS-2 (Vec=— V=15V, Ta=-20 to +75°C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vio Rs=10kQ — - 10 mV
Ta=15C — - 250 nA
Input Offset Current Lo "
Ta=-20°C - - 750 nA
Ta=75C - - 1.5 KA
Input Bias Current I Ta=0C - - 7.5 HA
Ta=—20C - - 10 1A
Voltage Gain Ayy R, 22kQ, V,..=110V 7000 - — v/ vV
Peak To Peak Output Voltage Amplitude Vor » R.=2kQ +10 *13 - \'

DEFINITION OF TRANSIENT RESPONSE WAVEFORM

Transient
—
I Stable Time

J

INPUT OFFSET VOLTAGE VS.

AMBIENT TEMPERTURE

4.0 - T
Ve bmbpp =18V
tVee=-Vgp =15
Ry =10k
_ ! [ ! |
& | P
= | I -
< 1
= !
g T
&
E ! -
Z 20 t
|1 |
5 |
K +
H
2
£
0
~20 20 0 60 30
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HA17715G

PHASE COMPENSATED
CIRCUIT

CLOSED LOOP GAIN VS.
COMPENSATED CAPACITANCE

10k
ol C G A
V=215V
1000 10pF
100 50pF 250pk” -
: N : NN
10 100pF 500pF 1000p¥ 1000 N
n C:
1 | 500pF | 2000pF | 1000p} & ’
g 3
2 N P~
E NS N
<100 -
C, C S
1] \
x
\
10
] 10 100 1,000
Closed loop Gain Avicr, (V/V)
INPUT BIAS CURRENT VS. LINE REGULATION VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
0.8 T T 100 T
Vee=~Vgp =15V
T 0 N =
3 = |
: N : '
Z ™ -
H \ ]
& o I S5
2 N s2 ]
z 53
0.2 =
g T
5
0 0
-40 40 80 120 =20 20 10 60 80
Ambient Temperature Ta (°C) Ambient Temperature Ta (C)
VOLTAGE GAIN VS.
VOLTAGE GAIN VS. FREQUENCY AMBIENT TEMPERATURE
10T RO |
T T T i T 1]
& i i | : i Vee=-Vgg=15V
= - S I‘r 50k R, =2kQ
E &0 + :5‘ \ T o I S
P NN o a0k b—t
s Y N - 40k
@ o H ~ =
QA0 ; N { T
= il I ; N £ 30k
] i i AT § H
Z ’;!m } T mE i ] t <
i LT T i E
ot Ilk 10k : 100k ™M 10M 100M 2 2k
Frequency / (Hz)
10k
0
~20 B 30 60 80
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HA177156G

COMMON MODE REJECTION RATIO VS.
AMBIENT TEMPERATURE
130

R Rs<10kQ
z Vs=+£15V
a
=
R §(]
2
5
o
_2 100
] —
& —
& 9%
v
®
= g0
H
£
E
S 10
60 L
=20 =10 1 20 3 4 50 60 7 8f

Ambient Temperature Ta (°C)

Hl AN APPLICATION OF HA17715

HA17715 is an operational amplifier of high slew rate, and is
optimum for the application in the field requiring high speed
signal processing and wide band width. The following
describes an application of HA17715.

1. Fundamental articles for using HA17715

1.1 Method of using phase compensated capacitance
Because HA17715 is high speed and high gain, it is especially
necessary to notice the prevention of oscillation at the time
of using it. On account of this, capacitance value for phase
compensation is being recommended as shown in Fig. 1,
satisfying the largeness of closed loop gain for use.

(1) In case voltage gain is 1,

500pF

1520148 | o
Vou

Cs

1.000pF
C2 J;Z'OOO"PI

Fig.1 Phase Compensation in case voltage gain is 1

In case of voltage follower, in order not to have latch up
occur at input stage even if output is increased, it is necessary
to insert diode to cascode terminal as shown in the figure.

(2) Incase volitage gain is 10

Veur

09R
500pF

1,000pF

Tl

Fig.2 Phase Compensation in case voltage gain is 10

PEAK TO PEAK OUTPUT VOLTAGE VS.
AMBIENT TEMPERATURE

+16 T
[
+V,t

+12

=

. +8

2 o+

=

w

&0

<

-

2

E

T -8

%

=

- -

-o-12 -
|

-16 I

—100 +100

Ambient Temperature Ta (°C)

In case voltage gain is 10, it is allowable to insert capacitance
of C, to between terminal 1 and 12, replacing C, and C,
from the above figure. In that case, the value of C, is 200pF.

(3) In case voltage gain is 100

100R

Vou

Fig.3 Phase Compensation in case voltage gain is 100

(4) In case voltage gain is 1000

1,000R

Vour

Fig.4 Phase Compensation in case voitage gain is 1000

1.2 Offset Adjustment

The adjustment of voltage offset can be performed by apply-
ing volume etc. for offset adjustment use to input terminal.
In case of HA17715, it can be performed effectively by using
terminals 1 and 2 for phase compensation use to input
terminal. In case of HA17715, it can be performed effec-
tively by using terminals 1 and 2 for phase compensation use
as shown in Fig. 5
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HA17715G

Q Vee

50k

-

Fig.5 Offset Adjustment of HA17715

2. An application of HA17715

2.1 High Cycle Amplifier

Fig. 6 shows high cycle amplifier with progressed drive ability
of output by applying PNP and NPN transistor to HA17715.
Voltage Gain A, of this amplifier can be.

Re 51kQ
Vee=+15V

510Q
Rs

5100

Fig.6 High Cycle Amplifier

: R
expressed by Av=20 log g—*—g() log (1+ ﬁ)
5 :

Fig. 7 shows frequency characteristic of voltage gain in the
circuit of Fig. 6.

‘ T mEss T

i
I A

Tt
1

= R i

= tr+ t

B Vi e

- mas S nast

H ; SRR \

K] 1 T

- R BRI

x i T

= L i Lt

= - 1= 4

= 0| Ll
e R
L I‘ il
|] | | R

U H %
0.01 0. 03 1.0 ll 30

Frequency f (Miiz)

Fig.7 High Cycle Amplifier A.-f Characteristic

2.2 Wide Band Width Oscillator
Fig. 8 shows oscillation circuit of wien bridge type theore-
tical equation
_ VR, C
S 7

@ HITACHI

Table 1. Constant Table

Frequency Range C. C.
10 to 100Hz JukF 7.5¢F
100 to 1000Hz 0.3uF 0.75pF
1k to 10kHz 0.03xF 0.075¢F
10k to 100kHz 0.003¢F 0.00754F
100k to 1000 kHz 300pF 41500 750pF

V]
Swing
Ajust.
10kQ B

TS

- S VR
S0QR- o

|
t
vk
Sookel
,/

Fig.8 Wide Band Width Oscillator

Note 1.

4700

By switching C, and C,, it is capable of oscillating

the range of from 10 Hz to 1 MHz by 5 range.
2. As for output amplitude, about 3 Vpp is optimum.

3. The amplitude of each range is stabilized by the
fine turning of C, .

4. By the adjustment of VR_, uniformalize amplitude
change during VR, , VR, changes.

2.3 Waveform Shaping

Circuit

Fig. 1 shows Waveform Shaping Circuit of Schmitt Trigger
method. At no signal, this circuit becomes Astable Multi,
since bias is put to it with the negative feedback type in order
to make high cycle waveform shaping good. Fig. 11 shows
the relation between minimum identification level and re-
sistance.
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Tl i e o -4" Fig.9 Oscillation Frequency
i .
. } i ; vs Capacitance
100p 1Lowop 001 O.dlp lu T0pu

Capacitance Ci (F) 10

Toky

Ro(Qr

Fig.10 Waveform Shaping(Slice)

Circuit Of Schmitt Trigger ficating Level
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HA17747G,HA17747P,

HA17747 eo.i operationat ampiter

HA17747 is an internal phase compensated type, high per-
formance, dual operational amplifier, and its wide scope of
application is possible in the field of measuring and control
use.

B FEATURES

® |Industrialuse . .. ........ HA17747G, HA17747P
® Commercialuse. . ... ............. HA17747
® High Voltage Gain . . . ............ 106dB (typ)
® Wide Output Amplitude . . . +13V (typ) [at R = 2kQ]
@® Protected to Output Short

® Capable of adjusting Offset Voltage

[ ]

Internal Phase Compensated Type

B PIN ARRANGEMENT

HA17747G

(PG-14)

HA17747P
HA17747

(DP-14)

. A\
V- | Io;(m
W= U ]
'V,.(+)1| 2 13 IVccl
Offset | 5 12 |Output 1
VEEI 4 11 |NC
Oﬂsul 5 2
Nl 2 10 | Output
V..(+\z| 6 9 |Vec2
- l Offset
Viai-)2} 7 8 Nul’]’z
(Top View)
B CIRCUIT SCHEMATIC(1/2)
Vee
oy
- <R
o} £
Vg -1 O
R,
3 3%
r—Km
et Q.a}IEQ“
[T b Bl e
l Tk a0k E‘l Sk s0k3 100 39 Qa: SR,
i 30k

Offset Null
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HA17747G, HA17747P, HA17747

Hl ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

[tem Symbol 1! HA17747G 2" HA17747P 2) HA17747 Unit
Supply Voltage Ve +18 +18 +18 \Y%
Vir —18 -18 -18 Y
Power Dissipation P> 670 670 670 mW
Input Voltage Vs 15 +15 t15 \Y
Differential Input Voltage Vincaugs 430 +30 +30 \Y
Voltage between Offset Adjusting Terminal and V. Vorr Vi +0.5 +0.5 +0.5 \Y
Operating Temperature T -20 to t75 - 20 to +75 0to +70 ‘C
Storage Temperature Tox --65 to 1150 55 to 1125 55 to 1125 ‘C
*1 :\alue under Tu 65°C. In case of more than it, 7.6mW/°C derating shall be done.
2 :Value under Ta® 45°C, In case of more than it, 8.3mW/°C derating shall be done.
* %16 supply voltage is less than * 15V, input voltage is to supply voltage.
M ELECTRICAL CHARACTERISTICS-1 (Vi¢=— V=15V, Ta=25C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vio Rs<10kQ 1.0 6.0 mV
Input Offset Current I 20 200 nA
Input Bias Current I 80 500 nA
Voltage Gain Avy R, z2kQ, V.= 10V 88 106 dB
Supply Current Lo at the time of no load 1.7 2.8 mA
Power Dissipation Py It’s the value per 1 channel. 50 85 mW
Input Resistance R.. 0.3 2.0 - MO
Input Capacitance C. 1.4 pk
Output Resistance R.. 75 Q
Slew Rate SR R, z2kQ 0.5 V/ps
Rise Time t, V..=20mV, R, =2kQ, 0.3 us
Overshoot Vier C.=100pk 5.0 A
Input Offset Voltage Adjusting Range AV +15 mV
Output Short Current I.. 25 mA
Channel Separation Vi/ Vo, 120 dB
MELECTRICAL CHARACTERISTICS-2 (Vi¢=—V.:=15V, Ta=-20 to +75C,
however, as for HA17747, Ta=0 to +70°C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vie R=10kQ 1.0 9.0 mV
Input Offset Current I 20 400 nA
Input Bias Current N 80 1100 nA
Line Reguration ia,j?i‘&;; R.<10kQ 30 150 nV/V
Voltage Gain Ay R, =2kQ, V.. 110V 80 dB
Common Mode Rejection Ratio CMR R,<10kQ 70 90 dB
Common Mode Input Voltage Range Viw +12 113 vV
Peak To Peak Output Voltage Amplitude Vorr R, =~ 10k ‘12 L v
R, =2k + 10 *13 \Y
Supply Current I at the time of no load 2.1 3.7 mA
Power Dissipation P, It's the value per 1 channel. 65 110 m\W
Note As for characteristic curve, refer to HA17741.
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HA17458GS, HA17458PS,
HA1 7458 @Dual Operational Amplifier

HA17458 is a dual operational amplifier which provides
internal phase compensation and high performance. It can be
applied widely to measuring control equipment and to

general use.

IndustrialUse . . .. ........ HA17458GS, HA17458PS
CommercialUse . . ................. HA17458
M FEATURES

@® High Voltage Gain . . .. ........... 100dB (typ)
@ Wide Output Amplitude . . . +13V (typ) [at R 2 2kQ]
® Protected from output shortcircuit

@ Internal Phase Compensation

B PIN ARRANGEMENT

\V

Vour [1]
Vai- 12
Vol #1[5]

‘3 Voura
&E Vil =02

EV,,,| +12

(Top View)

B CIRCUIT SCHEMATIC(1/2)
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HA17458

(DG-8)
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G Qi
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HA17458GS, HA17458PS, HA17458

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol 1)HA17458GS | 2)HA17458PS 2)HA17458 Unit

Vee +18 +18 +18 \'

Supply Voltage Ver 18 18 18 v
Power Dissipation P 670 670 670 mW
Input Voltage Viare +15 +15 +15 \Y%
Differential Input Voltage Viacaus +30 +30 +30 \Y
Operating Temperature T -20 to +75 —20 to +75 0 to +70 °C
Storage Temperature Tos —65 to +150 | —55 to +125 | —55 to +125 C

%*1);Value under Ta=65°C. In case of more than it, 7.6mW/°C derating shall be done.
2);Value under Ta=45°C. In case of more than it. 8.3mW/°C derating shall be done.
* *1f the Supply voltage is less than +15V, input voltage shall be less than supply voltage.

B ELECTRICAL CHARACTERISTICS-1 (Vec= V=15V, Ta=25°C)

Item Symbol Test Condition Min Typ Max Unit
Input Offset Voltage Vio R.=10kQ - 2.0 6.0 mV
Input Offset Current Iio - 6 200 nA
Input Bias Current I, — 30 500 nA
. . AVio/A Ve R.=10kQ - 30 150 #V/V
Line Regulation
AVio/A Vg R.=10kQ - 30 150 #V/V
Voltage Gain Avp R.=2kQ, V,.=+10V 86 100 - dB
Common Mode Rejection Ratio CMR R.£10kQ 70 90 - dB
Common Mode Input Voltage Range Veu +12 +13 - A%
Peak-to-peak Output Voltage Voo » R,=10kQ +12 +14 - v
Power Dissipation Pr No load - 90 200 mW
Slew Rate SR A=1 - 0.6 - V/us
Input Resistance R.. 0.3 1.0 - MO
Input Capacitance C.. - 6.0 - pF
Output Resistance R o - 75 - Q

B ELECTRICAL CHARACTERISTICS-2 (Vee=—Vee=15V, Ta=—20 to +75%C,
For HA17458, Ta=0 to +70°C)

Item Symbol Test Condition Min Typ Max Unit
Input Offset Voltage Vio R.=10kQ - - 9.0 mV
Input Offset Current Lo - - 400 ~ nA
Input Bias Current I, - - 1100 nA
Voltage Gain Avp R.22kQ, V.= +10V 80 - dB
Peak-to-peak Output Voltage Voo » R, =2kQ +10 - +13 - \'
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HA17458GS, HA17458PS, HA17458

Input Offset Voltage Vio (mV)

Input Offset Current I1o (nA)

Voltage Gain 4vn (dB)

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

T T
Vee=+15V

Vep=-15V
Rs=10kQ

-20 [§ 20 40

Ambient Temperature Ta {

INPUT OFFSET CURRENT
AMBIENT TEMPERATURE

60 80

)

VS.

Vee=+15V

Vep=—15V

=20 0 20 40

Ambient Temperature Ta (°C

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

120

)

T T
Vee=+15V

110

Vep=-15V
Ri.=2kQ

100

90

80

70

=20 0 20 0

60 80

Ambient Temperature Ta (°C)
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Input Bias Current I; (nA)

Power Dissipation Pt (mW)

INPUT BIAS CURRENT VS.
AMBIENT TEMPERATURE

100
Vee=+15V _|
Veg=—15V
80
60
40 \\
\\
\\
20
I~
0
=20 0 20 1 60 80
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POWER DISSIPATION VS.
AMBIENT TEMPERATURE
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B e
0
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AMBIENT TEMPERATURE
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HA17458GS, HA17458PS, HA17458

POWER DISSIPATION VS. MAXIMUM OUTPUT VOLTAGE SWING VS.
SUPPLY VOLTAGE SUPPLY VOLTAGE
200 20 -
Ta=25C — - Tu=25C
No Load z Ri=2kQ |
Both Amplifiers | T /]
150 =
= = %
E k3 v
: . 7
< WA
£ 10 — ] E X\;\\\'
= oz
2 — ] E // gid
5o £
é ! 5 4 /% /
P
o 0
13 +6 +9 £12 +15 +18 *3 +6 +9 £12 +15 £18
Supply Voltage Vee, Ver (V) Supply Voltage Vee, Vee (V)
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HA17458GS, HA17458PS, HA17458

Maximum Output Voltage Swing Vop p (V)

Input and Output Voltage (V)

MAXIMUM OUTPUT VOLTAGE
SWING VS. FREQUENCY

28 T 11 171
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HA17558GS,HA17558PS,
HA17558 @ Dual Operational Amplifier

HA17558 is a dual operational amplifier which provides

internal Frequency compensation and high performance. It HA17558GS

can be applied widely to measuring control equipment and to

general use. The two amplifiers share a common bias net-

work and power supply leads.

Industrial Use . . . . ... ... .. HA17558GS, HA17558PS

Commercial Use . . . ................ HA17558

BFEATURES

® High Voltage Gain . . . ............ 104dB (typ)

® HighSpeed . .................0..... 1V/ps

® Continuous Short-circuit Protection

® [ow-noise operational amplifiers (DG-8)

® |nternal Frequency Compensation
HA17558PS
HA17558

HPIN ARRANGEMENT

oupur &[] 1 vee m
Inv.
Inpur A L2 7] Ouput B

Non Inv. [ = Inv.
Input A L2 = 51 tnpue B

N Non-nv.
L 5 fnput B
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(Top View)

B CIRCUIT SCHEMATIC(1/2)
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HA17558GS, HA17558PS, HA17558

BABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17558 HA17558PS HA17558GS Unit Note
Vee +18 +18 +18 \'
Power Supply
Ve -18 —18 -18 \
Common-mode Differential Voltage Vincaus +30 +30 +30 \%
Common-mode Input Voltage Vew +15 +15 +15 \% 1
Power Dissipation Pr 670 3) 670 3) 670 2) mW 2,3
Operating Temperature Range T, 0~+70 —20~+75 —20~+75 ‘C
Storage Temperature Range T —55~+125 —55~+125 —65~ 4150 °C
Note 1.) For supply voltage less than +15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2.) Value under Ta<65C. In case of more than it, 7.6mW/°C. derating shall be done.
Note 3.) Value under Ta=45C. In case of more than it, 8.3mW/°C. derating shall be done.
M ELECTRICAL CHARACTERISTICS (Ta=25C, Vec=+15V, Vgp=—15V)
Test Item Symbol Test Conditions Min Typ Max Unit
Input Offset Voltage Vio R.=<10kQ — 0.5 6 mV
Input Offset Current Iio - 5 200 nA
Input Bias Current m - 50 500 nA
Voltage Gain A, R.22kQ, V,=+10V 86 104 - dB
Maximum Output Voltage Vor » R, =10kQ +12 +14 — \Y%
Maximum Output Voltage Vor v R, =z2kQ +10 +12.4 - v
Common-mode Input Voltage Range Vew 12 +14 — \Y
Common-mode Rejection Ratio CMR R.=10kQ 70 100 — dB
Supply Voltage Rejection Ratio SVR R.<10kQ - 110 150 ©V/V
Power Dissipation Py 2-channel, No l.oad - 90 170 mW
Slew Rate SR A =1 - 1.0 - V/ps
Equivalent Input Noise Voltage Vi R.=1kQ - 6 - #Vp-p
Channel Separation CS f =1kHz - 105 — dB
B TYPICAL PERFORMANCE CHARACTERISTICS (Ta=25C)
OPEN LOOP VOLTAGE GAIN VS. MAXIMUM OUTPUT VOLTAGE VS.
FREQUENCY FREQUENCY
120
32 Ve=+15v |
= V=215V = Ri.=2kQ
g \ R =
§ 20 N\ - N\
: a \
3 \ ERT
L b0 \ = \
H AN ER
s 1 \ E 12
- N £ l
H \ é 8
S \
\ |
0 0
1 10 100 1k 10k 100k M 10M 100 1k 10k 100k M
Frequency [ (Hz) Frequency f (Hzi
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HA17558GS, HA17558PS, HA17558

(W

Output Voltage Vo

Maximum Output Voltage Vop-p (\Vp pi

Maximum Output Voltage Vop.p (Ve p)
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Supply Voltage (V)
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HA17558GS, HA17558PS, HA17558

COMMON-MODE INPUT VOLTAGE VS. INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
20 : 100
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HA17558GS,HA17558PS, HA17558

Slew Rate SR {V us)

Hz)

Input Offset Voltage Vio (m\)

Input Noise Voltage Vs (mV.

SLEW RATE VS. AMBIENT

TEMPERATURE
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Short Curcuit Current Jos (mA)

Common-mode Rejection Ratio CMR (dB)

SHORT CIRCUIT CURRENT VS.
AMBIENT TEMPERATURE
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HA17558GS, HA17558PS, HA17558

Power Supply Rejection Ratio SVR (dB)

Power Supply Rejection Ratio CMR (dB)

56

POWER SUPPLY REJECTION RATIO VS.
AMBIENT TEMPERATURE
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VOLTAGE GAIN VS. AMBIENT
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HA17558GS, HA17558PS, HA17558

M CIRCUIT EXAMPLE

RIAA PRE-AMPLIFIER
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| f i
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HA17904GS, HA17904PS,
HA1 7358 @Dual Operational Amplifier

HA17904 is a dual operational amplifier, which provides
internal phase compensation and high gain, and mono power
source operation is possible. It can be widely applied to
control equipment and to general use.

Industrial Use . .. . ........ HA17904GS, HA17904PS
Commercial Use . . ................. HA17358
B FEATURES

@ Wide Range of Operating Supply Voltage and Mono
Power Source Operation is possible.

® Wide range of Common Mode Input Voltage. Possible to
operate with an input around 0V, and output around OV
is available.

® Frequency Characteristics and Input Bias Current are tem-
perature compensated.

B CIRCUIT SCHEMATIC(1/2)

Input +

B PIN ARRANGEMENT

Output IE
Input 17 E 7 |Output 2
Input 1°* E 8§ lnput 27

GND E i Input 2°

(Top View)

CILTL

L—l.

HA17904GS
(DG-8)
HA17904PS
HA17358
\
(DP-8)

Output
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HA17904GS, HA17904PS,HA17358

M ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol 1) HA17904GS | 2) HA17904PS | 2) HA17358 Unit
Supply Voltage Vie 32 32 32 \
Output Sink Current Y 50 50 50 mA
Power Dissipation Py 570 570 570 mW
Common Mode Input Voltage Viw -0.3 to Ve 0.3 to Vie ~0.3 to Ve A%
Differential Input Voltage Viuaigss +Vee + Ve + Ve \Y
Operating Temperature Topr ~40 to +85 -20 to +75 0to +70 ‘C
Storage Temperature Tk -65 to +150 ~55 to +125 =55 to +125 C
* 1): Value at Ta375°C. In case of more than it, 7.6mW/°C derating shall be done in HA17904GS.
2): Value at Ta"55°C. In case of more than it, 8.3mW/°C derating shall be done in HA17904PS and HA17358.
BMELECTRICAL CHARACTERISTICS (Vec=15V, Ta=25C)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Vew =7.5V, Rs =50Q, R.=50kQ — 3 7 mV
Input Offset Current I Vew =75V, Lo=\lo., =1 | — 5 50 nA
Input Bias Current I Vew =7.5V — 30 250 nA
Power Source Rejection Ratio PSRR | f=100Hz, Ry =1kQ, R, =100kQ — 93 — dB
Voltage Gain Avp R, =0, Ry =1kQ, R, =100kQ 75 90 — dB
Common Mode Rejection Ratio CMR R, =50Q, R, =5kQ — 80 — dB
Ve Rs=1kQ, R, =100kQ 13.5 — —
Common Mode Input Voltage Range
Vew Rs =1kQ, R, =100kQ — — -0.3
Peak-to-peak Output Voltage Vo » S =100Hz, R, =20kQ, R, -1kQ, R, =100kQ — 13.6 — A"
Output Source Current L. Vine=1V, Viy =0V 20 40 — mA
Output Sink Current Lok Viv =1V, Vinr =0V 10 20 — mA
Output Sink Current L Vin =1V, Viy+ =0V, V... =200mV 15 50 — HA
Supply Current I Vin=GND, R.=w0 — 0.8 2 ‘mA
Power Dissipation at no load Py R.,=w, Vix=GND — 12 30 mW
Slew Rate SR Ri=w, Vey=75V, [=1.5kHz — 0.6 — | V/ps
Channel Separation Va/Vie | f=1kHz — 65 — dB
Note'  As for the characteristic curve. see the HA17902.
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HA17301P,HA17301G ec..s operstionst ampiier

HA17301 is a quad. operational amplifier which provides HA17301P
internal phase compensation, and mono power source opera-
tional is possible. Generally, it can used for waveform gene-
rator, voltage regulator, logical operation circuit, voltage
control oscillator, etc.

B FEATURES

@® Wide range of Operating Temperature

® Mono Power Source Operation is possible
@ Internal Phase Compensation

® Small Input Bias Current (DP-14)

HA17301G

HECIRCUIT SCHEMATIC (DG-14)
Vi w1 Veurt Va2 Vourz Vi3 Veurs Viae-ne
9Ix1y
Vee (g
Qljj Q|:J
R W Q Qo
10k] | # [ Qul|
3.5k Qu
Dby
E Que Ry
D’i‘?-lseo Qu
4 +— Qu
GND
Vieon Vieon Vineons Visons
Note'!  Eight emitters shall be connected to pin 1,2, 3, 6, 8, 11, 12 and 13 respectively.

HPIN ARRANGEMENT

\J
Vit E E Vee
o [7] 5] v
Vit E ‘ T_z'] Vato
Vown E E Viiene

Vou

'
s[5 L
GND E

(Top View)
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HA17301P,HA17301G

HABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17301P HA17301G Unit
Supply Voltage Vi 28 28 \Y
Non-inverted Input Current I, 5 5 mA
Sink Current Iow 50 50 mA
Source Current . 50 50 mA
Power Dissipation* P 625 625 m\V
Operating Temperature T 20 to 175 40 to 185 ‘C
Storage Temperature T 55 to 125 65 to 1150 °C
* In HA173011% it is a value under Ta® 50°C, In case of more than . 8.3mW /¢ derating shall be done.
In HA17301G, it is a value under Ta 700, In case of more than it, 7.6mW/'C derating shall be done.
BELECTRICAL CHARACTERISTICS-1 (Vie= +15V, R, =5.0kQ, Ta=25C)
Item Symbol Test Condition min typ max .| Unit
Voltage Gain Avn 1000 1400 - /v
Iia Non-inverted input:open - 7.7 10 mA
Supply Voltage
Lo Non-inverted input: GNID) — 8.3 14 mA
Input Bias Current I R, = 80 300 nA
Current Mirror Gain Rt 1. 200\ 0.80 0.94 1.16 A/A
Source Current L. Vor_0.4Y 3 13 - mA
Vin - 9.0V - 10 - mA
Sink Current Lo Vi -0.4V 0.5 0.75 - mA
Vi 13.5 13.9 v
Output Voltage Vi o Inverted Input Driving - 0.04 0.1 vV
Vi Non-inverted input Driving - 0.55 - Ay
Output Resistance R. Inverted input Only 0.1 1.0 - MQ
Slew Rate SR Cy +100pk. Ri -5.0kQ - 0.2 - \'pes
Bandwidth BW vl - 2.6 - Mz
Phase Margin $m - 87 - deg
Power Source Rejection Ratio PSRR |/ 100Hz - 63 - dB
Channel Separation Va/ Vi / 1.0kHz - 63 - dB
M ELECTRICAL CHARACTERISTICS-2 (Vie= +15V, R, =5.0kQ, -40°C =Ta=85C)
Ttem Symbol Test Condition min typ max Unit
Voltage Gain Ao - 1400 — V/V
Input Bias Current 1 — 80 - nA
Current Mirror Gain Drift A — 2.1 — o
Note In HA17301P: V.o = 15V Ry =5.0kQ. - 20°C = Ta=75°C
INPUT BIAS CURRENT VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE (1)
140 — 14 —
Vee =15V Ta=25T
Vi1 =open
120 12
~ A
i 100 < - 10 =
2 80 M 1
: N ~F
= 60
H ™
= N
40
20 2
-40 -20 0 20 40 60 80 100 0 4 8 12 16 20 24 28

Ambient Temperature Ta (°Cu
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HA17301P, HA17301G

SUPPLY CURRENT VS.
SUPPLY VOLTAGE (2)

CURRENT MIRROR GAIN VS.
AMBIENT TEMPERATURE

14 — 1.00 —
Taszsc| | T T [vee=isv] ]
" Vair= Grounded Vil 41 1 2004 A thr. 100kQ.
= =
E 10 >
H = 095
= 8 - . —
B 3 ——
3 7 - —
o =
E e E
z £
5 -~
4 g 0.90
S
2
0
0 4 X 12 16 20 24 28 -40 =20 0 20 40 60 80 100
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
SOURCE CURRENT VS.
SUPPLY VOLTAGE SINK CURRENT VS. SUPPLY VOLTAGE
2 T - 14 < —
| B
i Ta= 257 Vou=0.4Vdc
by
a ! Von=0.4Vdc 12
Z I
: - I
£ ; I Y
N ! ‘f Z
: R e e
t 15 H H T 08
z - J U : . ! — Z
5 i — g
R ] £ o
¢ yail . 3
5 P ; ~
2 | i + £ 04
+ ;
Iy - 0.2
T i
i [
o f X 12 To 20 ) X 0 4 B 12 16 20 24 28
Q ¢ Vo T "
Supply Voltage Voo (V) Supply Voltage Ve (V
VOLTAGE GAIN VS.
VOLTAGE GAIN VS. FREQUENCY AMBIENT TEMPERATURE
s . — . 7
il i ‘I 1 ! 1 i Ve =I5V 1 Vee =15V
0ot L Ll Tt » 1kt
| | ' l | | | ‘7‘.=l}n\ ‘
=
80 '5’ ; I. % + z 70
—_ H i 3 . <
g PN T 1 il =
z . H s
= Y [ TN T ! m EI
< b1 At + i \ 1 + ; - 68
5 40 T" * ; ; . v J;
S el i s 66
@ IR A N T Ed
R ; 4 } =
= ' i N | =
=5 — - 4+
o i it N ; 64
R LR ki N T
- + .H :
] N N
10 f - 62
7
N
. H
t
0 1 i | \\ 60
0.1k In 10k 1ok M 1M -4 -20 0 20 40 60 80 100
Frequency / (Hz) Ambient Temperature Ta (°C)
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HA17301P, HA17301G

M HA17301 APPLICATION

HA17301 is a Quad. Operational Amplifier, and it’s consisted
of four operational amplifiers which operate independently,
and a bias circuit. It can be widely used with the features
such as wide range of operating temperature, mono power
source operation, internal phase compensation, wide 0-cross
bandwidth, small input bias current, large open loop voltage
gain, etc.

HA17301 applications will be explained below.

1. HA17301 Circuit Operation

i
Rig
10k 3
[ ; ¢ Inv. Oy
. . ! Input - 3pF .
! R [Kf'k r*/‘«)" ! O
- ri . .{314 ~ I Input J | ‘
S E ik i’ N |
! hl r Lo 5600, ) |
e Qu J-—— : b e
' r Ds H

RN -

O

Bias Circuit Op Amp |

Fig.1 HA17301 Internal Equivalent Circuit

Fig.1 shows HA17301 Internal Equivalent Circuit; Bias
Circuit & Operational Amplifier (Op Amp 1).

The Op Amp 1 is a emitter GND type amplifier. The Inver-
sion Amp is consisted of Input Transistor (Q1), Buffer Tran-
sistor (Q4), Current Source Transistor (Q5), Output Emitter
Follower Transistor (Q2) and Current Source Transistor
(Q10). In this circuit, the voltage gain is all depend on TRS
Q1, and large open loop gain will be obtained by current
source load Q5, even if the supply voltage is small.

Emitter Follower TRS Q2 lowers the input impedance. Using
the Power Source TRS Q10 for load of Q2 enables to get
very large dynamic range, which is actually from GND to
(Vee-1).

Buffer TRS Q4 is to lower the input current without raising
the DC input voltage level. When the inversion amp is used in
closed circuit, capacitor C1 is provided to keep the circuit
stable, so no external compensation is required.

Next, we would like to look at Non-inverted Input.

The current flowing into a non-inverted input is, if current
amplification of Q3 is large enough, flown through diode D1.
The input current causes voltage drop at D1, which will be
added to base-emitter junction of Q3. Therefore, if D1 and
Q3 are matching, the current flown to Q3 emitter is the same
as the input current. And if the current amplification of Q3
is large enough, the same current as the input current is flown
to Q3 collector. This is known as ‘‘Current Mirror’’. When
using an external feedback resistor, the same current as the
non-inverted input current is flown to it, and the output
voltage can be established.

Finally, we would like to explain a Bias Circuit. This circuit
is to give bias voltage to current source Q, and Q,, of opera-
tional amp, in which reference voltage is voltage drop of D,,
D, and D, .

Emitter current of Q, (Ig,) is;

_ Vos+ Voa— Vaes

Ies R s (1)
where; Vp, .. voltage drop of D3
Vpg - voltage drop of D4
VBEB ........ VBE of Q'
When these elements are all matching;
Vs =Vie=Virg= Ve woeererrreeeemmmmmecncnceees (2)
_ Ve
Irs R (3)

PNP Current Source Qg will be set to be Vgg/R, by Q.
Emitter current of Q, (Ig,) is;

_ Voo 4+ Vos4+Vou—Vos — Vaes

Ies R e (4)
When these elements are all matching;
VIJZ:VDK:VD:IZVDSZVBE9=VBE """""""" (5)
Vae
Codge = RB: ................................................ (6)

NPN Current Source Q,, will be set to be Vgg/R, by Ds.
The most important feature of this bias circuit is that the
value of current source is not depend on the supply voltage.
Q,, is used for protection when a negative signal is applied.

2. Inversion Amplifier

Biasing of Inversion Amplifier can be performed by one of
the following three methods; mono power source biasing
method, NVgg biasing method and negative voltage biasing
method.

2.1 Mono Power Source Biasing Method

Fig.2 shows an AC amp biased with the power source which
is used for amp operation.

Viu

> Ro=2ReSIMQ Fig.2 Mono Power Source
v Biasing Method
Vour _ _Re
V. R, (7
2.2 NVgg Biasing Method
Re I
1MQ
G Ri Vae
0.1uF 100k 1| y
Vi 82k "

Rs

Fig.3 NV.: Biasing Method
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HA17301P, HA17301G

This is the most useful application of Inversion AC Amplifier.
Bias voltage of the inverted input (Vgg) is determined by the
current flowing through resistor R, to GND.

Ve __ R

‘/‘_" = Rl .............................................. (8)

3. Triangular Wave Generator

A triangular wave is made by integrating an AC voltage (in
which positive & negative values are repeating one after the
other). The relation between the input and the output is
shown below.

t——0 Vour

100kQ

——0 Vourz

120kQ

Fig.4 _Triangular Wave Generator

Voz

Vou = -

I

== Tou === Ton -~

Vor
o =0

Fig.5 Operation of Triangular Wave Generator
Cl Rl R3 [/(Hl

T{)L’ RS(V*'_VBH) ...................................... (9)
o GR VY i,
Ton= X (Y_“Jl# V*—Vgp:> 10
*\'R. R,
Under the conditions of R, =2R,, Vou=V*, V* >VpgE;
TOH+ T()l,= % ................................... (11)
5
Vous
Vour

Fig.6 Operation Waveform of Triangular
Wave Generator
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Table 1
Item | Test Condition B\/]l:;xs:red S:llcuuelated Unit
Tow |V 83 | 1.06 | 0.83 |ms
T |Ri—imac | o8z | 0.3

i oL =1MQ, . . ms

Trlan‘gular RI, Z5001ka,

Wave Generator| v, l;: - ig}l)a(?' 13.5 14
Vo | fo 320K s 1.5

4. Comparator
We would like to show applications of HA17301 to compara-
tors; Positive Input Voltage Comparator, Negative Input
Voltage Comparator and Power Comparator.

4.1 Positive Input Voltage Comparator

!

+ Ve 00— N——— 1 —
1MQ

” Vou
+ Veer o— A ——— +
1MQ

Fig.7 Positive Input Voltage Comparator

Vout is equal to Vo under I'<I*, and Vout is equal to Vo
under |I">1I*. For normal operation, the reference voltage
should be more than Vgg.

28

Vee =28V
24

20 20

Verer =5V

Vi (V)

Fig.8 Operation Characteristics of
Positive Input Voltage Comparator (1)

4
0
V=415V
16
B
BT T
>
saH=15 Z E —H
=1
&
#3
0 2 8 10 12 4 16 18

Vi (V)

Fig.9 Operation Characteristics of
Positive Input Voltage Comparator (2)
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HA17301P, HA17301G

4.2 Negative Input Voltage Comparator
Vv

=,
TT

200k 200kS!

R

100kQ

O Vs

Re

Virr ¥
100kQ

Fig.10 Negative Input Voltage Comparator

Vin >R\ {Vnp;(kl—l—{»—Rl—])—R—'l} ..................... 12

Vier >Ry { Vi (Riz + RLJ) - K} .................... 13

When using resistor R, and R, which meet Equation (12)
and (13) respectively, negative values of V| and VRgg are
available. As same as in the positive input voltage comparator,

Vout is equal to Vg under I~ <I* and Vout is equal to Vo
under 17> 1*.

” V= RV
= -
- . 1
5 +204 )
= 16
"

H | H

2o b s

il

ER 1 i
| +10--1 ]

' Vepr = ~1V |

+a—af [ 4

o + 34—

- b o -4 -3 -2 0
Input Voltage Vi (V)
Fig.11 Operation Characteristics of

Negative Input Comparator (1)
24[— .
204——

=5V

Output Voliage Ve

[} —

i Vrer

-5 =5 -4 -3 -2 =1 0

Input Voliage Vi (V)

Fig.12 Operation Characteristics of
Negative Input Comparator (2)

4.3 Power Comparator

By adding a TRS externally, a load that requires a current
larger than the output current of HA17301 can be connected
as shown below.

12188
40mA
LAMP
150
Virs o o
My -
e - { 251K
Ik
P
MG

Fig.13 Power Comparator

24

20

=1V

Output Voltage Vow (V)

Vae

0 z 1 10 12 14 3 1
Input Voltage Vin (V)

Fig.14 Operation Characteristics of
Power Comparator Vcc =15V
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HA17324G,HA17324P, |
HA1 7324 @ Quad. Operational Amplifier

HA17324 is Quad. Operational Amplifier that provide high
gain and internal phase compensation, and mono power
source operation is possible. They can be widely used to
control equipmengs.

Industrialuse . ... ......... HA17324G, HA17324P
Commercial use; . . ................. HA17324
B FEATUERS

@ Wide range of supply voltage, and mono power source
operation is possible.

® |nternal Phase Compensation

@ . Wide range of common mode voltage, and possible to ope-
rate with an input about OV.

@ Frequency and input bias current are temperature com-
pensated.

M CIRCUIT ‘SCHEMATIC (1/4)

HA17324G

(DG-14)
HA17324P
HA17324

(DP-14)

HPIN ARRANGEMENT
%
Vourt | 14 | Vours

(] 1]

To Other Circuit g%

Qs Qs Q¢

L

13pF|

Qu "

Vin( =) Q0 Qs Qo Cp
» Qz0

Vin( + ) O f——

Qu ] Q.

Q
£ Qui v
Qi Qi3 ']qu.l
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HA17324G, HA17324P, HA17324

HABSOLUTE MAXIMUM RATING (Ta=25C)

Item Symbol 1) HA17324G 2) HA17324P 2) HA17324 Unit
Supply Voltage Vee 32 32 32 \
Sink Current Loim 50 50 50 mA
Power Dissipation Pr* 625 625 625 mW
Common Mode Input Voltage Vew —0.3 to Vec -0.3 to Vec —0.3 to Vee \%
Differential Input Voltage Vi caryy + Ve + Vee + Vee \Y
Operating Temperature Topr -20 to +75 -20 to +75 0 to +70 ‘C
Storage Temperature Tox ~60 to +150 -55 to +125 =55 to +125 ‘C
* 1); Value under Ta=70°C. In case of more than it. 7.6mW/C derating shall he done.

2): Value under Ta>50°C. In case of more than it. 8.3mW/°C derating shall be done.
M ELECTRICAL CHARACTERISTICS (Vee=+15V, Ta=25C)
Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio Vew =7.5V, Rs=50Q, R, =50kQ - 2 7 mV
Input Offset Current Iio Lio=\I, ~I'|, Vey=7.5V — 5 50 nA
Input Bias Current I Ve =17.5V — 30 500 nA
Power Source Rejection Ratio PSRR | f=100Hz, Rs=1kQ, R, =100kQ — 93 — dB
Voltage Gain Avo Rs=1kQ. R, =100kQ, R, = 75 90 - dB
Common Mode Rejection Ratio CMR Rs=50Q, R,=5kQ — 80 — dB
Common Mode Input Voltage Range Veu Rs=1kQ, R, =100kQ, /=100Hz -0.3 — 13.5
Peak-to-peak Output Voltage Vip » f=100Hz, Rs=1kQ, R, =100kQ, R.=20kQ — 13.6 — A
Output Source Current Leouree V. =1V, V.. =0V 20 40 — mA
Output Sink Current Link V. =0V, V.. =1V 10 20 — mA
Supply Current Iec V.. =GND, R = — 0.8 2 mA
Power Dissipation Pr R, =, V,=GND - 12 30 mW
Slew Rate SR f=1.5kHz, Viy =75V, R.= — 0.19 — V/ps
Channel Separation Vir/Vie | [=1kHz - 65 — dB
Output Sink Current Lok V.. =0V, V.. =1V, V, =200mV 15 50 - HA
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HA17324G, HA17324P, HA17324

Output Source Current vs Ambient Temperature
80

Input Bias Current vs Ambient Temperature.

Vee=15V 80 Vee=15V
70 Vo =10V 70 Vem =75V
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g ¥
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o P —
o 40 .\ 3 40
8 T~ a
3 = @ 30
- 5
220 22
3
10 10
0
—20 0 20 40 60 80 —20 0 20 40 60 80
Ambient Temperature (°C) Ambient Temperature (°C)
Supply Current vs Supply Voltage. Input Bias Current vs Supply Voltage
4 — 80 T
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0 0
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Maximum Output Voltage vs Frequency
20 IAN
Vee =15V
. T,=25¢ ]
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Voltage Gain (dB)

HA17324G, HA17324P, HA17324
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Voltage Gain vs Frequency
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HA17902G,HA17902P,
HA1 7902 @ Quad. Operational Amplifier

HA17902 is Quad. Operational Amplifier that provide high
gain and internal phase compensation, and mono power
source operation is possible. They can be widely used to con-
trol equipments.

Industrial Use; HA17902G, HA17902P

Commercial Use; HA17902

B FEATURES

e Wide range of supply voltage, and mono power source
operation is possible.

e Internal Phase Compensation

e Wide range of common mode voltage, and possible to
operate with an input about OV.

e Frequency and input bias current are temperature com-
pensated.

M CIRCUIT SCHEMATIC(1/4)

HA17902G

(DG-14)

HA17902P
HA17902

"I\‘
) Qs

B . .
NS

(DP-14)

B PIN ARRANGEMENT

» N
To Other Circuit g_‘ - E E v
Vo +01 E _1_3_‘ Vid+e
Ve E I] cND
Vioa+)2 E 1L E V,d+13
V,(-)2 E: 9 | Vid-13
(Top View)
B ABSOLUTE MAXIMUM RATINGS (Ta=25C) ;
Item Symbol 1 HA17902G 2 HA17902P 2 HA17902 Unit
Supply Voltage Vee 28 28 28 v
Sink Current Lk 50 50 50 mA
Power Dissipation Py 625 625 625 m\W
Common Mode Input Voltage Vew =0.3 to Voo -0.3 to Vi -0.3 to Ve \
Differential Input Voltage Vinags Ve Ve + Ve v
Operating Temperature Tope -40 to +85 -20 to +75 0 to +70 °C
Storage Temperature T -60 to +150 -55 to 125 -55 to +125 °C

* 1): Value under Ta<70°C. In case of more than it. 7.6m\W/°C derating shall

be done.

2): Value under Ta<50°C. In case of more than it, 8.3mW/°C derating shall be done.
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HA17902G, HA17902P, HA17902

B ELECTRICAL CHARACTERISTICS (Vec=+15V, Ta=25C)

Item Symbol Test Conditions min typ max Unit

Input Offset Voltage Vio Vew=17.5V, Rs=50Q, R,=50kQ — 3 8 mV
Input Offset Current Lo Lo=1l, —IL+|, Vew=17.5V — 5 50 nA
Input Bias Current I Ven=17.5V — 30 500 nA
Power Source Rejection Ratio PSRR | f=100Hz, Rs=1kQ, R,=100kQ — 93 — dB
Voltage Gain Avp Rs=1kQ, R, =100kQ, R.= 75 90 — dB
Common Mode Rejection Ratio CMR Rs=50Q, R,=5kQ — 80 — dB
Common Mode Input Voltage Range Veu Rs=1kQ, R,=100kQ, f=100Hz -0.3 — 13.5 \
Peak-to-peak Output Voltage Vo » f=100Hz, Rs=1kQ, R,=100kQ, R, =20kQ — 13.6 — \Y
Vou Ion=—1mA 13.2 | 13.6 — \

Output Voltage Vonz Ton=-10mA 12 | 13.3 — v
Vo Ioi=1mA — 0.8 1 v

} Vore | lo.=10mA — | 11| 1.8 v
Output Source Current Lourer Vo =10V 15 40 — mA
Output Sink Current Lk VorL=1V 3 9 — mA
Supply Current e V..=GND, R, = - 0.8 2 mA
Power Dissipation Py R, =m0, V,,=GND — 12 30 mW
Slew Rate SR [=1.5kHz, Vey=7.5V, R.—=0 - 0.6 — | V/us
Channel Separation Vii/Ve | f=1kHz — 65 — dB

ETEST CIRCUIT

1. Input Offset Voltage (V..), Input Offset SW1 SW 2 Vo
Current (lo), Input Bias Current () ON ON Vor
Kk OFF OFF Voo VCM=% Vee
ON OFF Vos
Vi OFF ON Vou
R 51
% V()l
Vaur e
% s (1) Vio 1+R,/R; (V)
_ Voe — Vo
{ e 2 o= Ry R/RG Y
Vew _ | V(}d_VlJ3 |
I B =3 RO+R/Ry N
2. Common Mode Input Rejection Ratio (CMR) 3. Supply Current (k)
D 'Vix- Ry
CMR=20 log__——Vsz (dB) .
ki 5.0k
= MM
|
| Vio Vo
r{ - .
{ R 50
‘ T 7 ”
Vi 5.0k
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4. Voltage Gain (Aw), Slew Rate (S.R), Common 5. Output Source Current (l.c....)
Mode Input Voltage Range (Vc.), Peak-to-peak .
Output Voltage Range (V.,-,) Liouree = Vo =10V

Ry
100k

Vee
“R T
4Tu
Sl

Vour

Sw1

Ry
20kQ

—

6. Output Sink Current (l.i.)

(1) Avo . Rs=1kQ, R,;=100kQ, R.=o0, Line - Voo =1V
Vi=Vo=Y% Vcc
Y2, 440 (dB) it
IN
(2) SR f=1.5kHz, R =00,
Vi=Vo=Y% Vec Vou

0 Vee

Avo= 20 log

SR=¥ (V/ps) °

T e

(3) Vewm: Ss=1kQ, R,=100kQ, f=100Hz,
Vi=2 Vee, R.=00, value of V: just before
the waveform changes. Vew s, Vewco

(4) V., p: Rs=1kQ, R,=100kQ, R.=20kQ,
f=100HZ. ‘/npfp=V0HHVOL [Vp-p]

OUTPUT SOURCE CURRENT VS. INPUT BIAS CURRENT VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE

Vo 215y T
Vo= 10% '

o
Input Bias Current I (nA)

Output Source Current Losrce (mA)

-5 =35 -15 25 45 65 85 105 125 =55 -3 -15 25 45 65 85 105 125
Ambient Temperature Ta (‘C) Ambient Temperature Ta ('C)
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Voltage Gain Avp (dB)

INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE

100, T

| Ta=25C
Vin=75v
}
< 75 T
= ! i
I
= i S
z . I
2 i
3 i - 1
3 50 ‘ :
" j !
2 !
a L . 1 i i ]
= i :
i
|
0 10 20 30
Supply Voltage Vce (V)
VOLTAGE GAIN VS. FREQUENCY
166
Voo =15V
Ta=25C
14
& 20—
=
Eoq 1) S M [ R —
- |
3 80 ]L
@ \
%
< t
= 60 e et Fe o
= I
4 ) \ T
1
|
- |
0 10 100 1 10k 100k 1

Frequency f (Hz)

VOLTAGE GAIN VS. SUPPLY VOLTAGE

Ta=25C

80

0 1 2

Supply Voltage Vce (V)

PEAK-T PEAK OUTPUT VOLTAGE
VS. FREQUENCY

20) T

NHIRE
FTT "N

[ .t
k Ok 100k

Peak-to-peak Output Voltage Vop-p (Vp-p)

N

Frequency f (Hz)

COMMON MODE REJECTION RATIO
VS. FREQUENCY

Vec =15V
Ta=25C
@ R=
= 100
£ |
=
© b
£ 8 —
3 .
= |
K] |
g @ ! K
& ! ! *P\
@ ) ™
E 1] s ek b BE N
= i ! N
S )i NN
£ ' i N
£ 2 :
S ' !
5 ' :
0 I i L !
100 Tk 10k 100k M

Frequency f (Hz)

SUPPLY CURRENT VS. SUPPLY VOLTAGE

4 T T T
i ! Ta=257C
H Vin=G ND|

2 3 -—
E
o
]
ke
2
5
5
3
>
=
2
5
wn

1

0 1 20 30

Supply Voltage Vcc (V)
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HMHA17902 APPLICATION -

HA17902 is a Quad. Operational Amplifier, and it's consist-
ed of four operational amplifiers which operate independent-
ly, and a bias circuit. It can be widely used with the features
such as wide range of operating temperature, mono power
source operation, internal compensation, wide O-cross band-
width, small input bias current, large open loop voltage gain,
etc. HA17902 applications will be explained below.

1." Non-inverted Amplifier

Fig.1 shows a non-inverted amplifier.

Voltage gain of the circuitis; V/,,, R:
=14
Via R:
10k
+Vin
r——ot'oul
R.
IM

10kZ R,y

Fig.1 Non-inverted Amplifier

2. Adding & Subtracting Amplifier

In Fig.2, input +V1 and +V2 are applied to non-inversion
circuit and input +V3 and +V4 are to inversion circuit.

The outputis; Vou=Vi+Ve—Vi—V,

R
100k
+Vi

Fjg.2 Adding & Subtracting Amplifier

74

3. High Input Impedance DC Differential Amplifier
Fig.3 shows a High Input Impedance DC Differential Ampli-
fier which is consisted of two non-inverted amplifiers con-
nected in cascade. The common mode rejection ratiov(CMR)
is depend on the matching of R, /R; and R, /R,;.

The output is;

Vi (14 5) (Ve wh)

|7 S—

R "R
Ri 100kQ | i 100kQ
100ke >_ Ky
“m‘l—,:D————n Vour
j

+ Vio

Fig.3 High Input Impedance DC
Differential Amplifier

4. Voltage Control Generator

In Fig.4, Amp A, , A, and TRS Q, operate as an integrator, a
comparator and a switch for control of oscillation frequency,
respectively.

When Vout, is in “LOW"” level, TRS Q, is cut off. The
potential of inverted input of A, becomes higher than that
of non-inverted input, and the output of A, will be integrat-
ed to be the "LOW" level.

When the output of integrator A, becomes smaller than the
non-inverted input of comparator A, (V¢c/2), output of the
comparator will be “HIGH" level and TRS Q, will turn ON.
Then the output of A, will be integrated to be “HIGH"
level.

In this way, a square wave and a triangular wave are generat-
ed at Vout, and Vout, respectively.

C 00501

100k
P M
R Vee | i i
100k i | gV
W A
+Vc A
51k HA17902 = 2
4 HA17902 Vourt

Vee/2
; +
R/2 51k |

50k I 0 Vour2

10k '

Fig.4 Voltage Control Oscillator
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HA1807,HAT813PS  evo compornter

HA1807, Dual Comparator, and HA1813PS, Single Compara-
tor, can be widely applied to control equipments, since they
operate with a single power source.

B FEATURES

@ Operate with single power source.
@® Provide complementary outputs
(Vout and Vout) (HA1807)
® Common mode input voltage range is wide.

HPIN ARRANGEMENT
HA1807
p—g

Ve [I EI Vee
Comp E 12 | Vi
[] (] com
V=15 E NC
Val+)l |6 Ev,.(—)z
[_7—_ E Vi+)2

(Top View)

HA1813PS

Vee E E Vout
NC [z‘ 3 Comp
NC} 3 3 Vinl -1
GND E 3 Vin 1)

(Top View)

HE CIRCUIT SCHEMATIC

HA1807

(DG-14)

HA1813PS

-

R

(DG-8)

B e e 1 L]
R iR ] . <
15k $15k R, SR 1 Qe o Qn
5.5k 5.5k r‘{@w o [ 10k %Ru
16 k
R J SR
Val+) 200
Sk b oV
R2
(= Q T
V. ) o Q 2 p |) oV,
5k | ,\Q.. t— Qs
L
Q@ Ro| 13 SRi WD Rao ¥Ds
Qs Wl 10k yp, 10k izvn
Rs Qs i
GND 420 | i

|
i
1
1

Comp

(Vaur  Only for HA1807)
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HA1807,HA1813PS

B ABSOLUTE MAXIMUM

RATINGS (Ta=25C)

Item Symbol HA1807 HA1813PS Unit
Supply Voltage Ve 18 18 \Y
Power Dissipation Pe* 500 500 m\V
Common Mode Input Voltage Veu Ve Ve \Y
Differential Input Voltage Viuiags ** +10 10 \Y
Operating Temperature Ty -30 to +80 ~20 to +75 °C
Storage Temperature T\ ~65 to 1150 55 to +125 ‘C
Note' * HALB07 : Value at Ta 70°C. In case of more than it. 7.6mW/°C derating shall be performed.
HA1813PS : Value at Ta'250°C. In case of more than it, 8.3mW/°C derating shall be performed.
* %k Value at Voo -10V. In case of Vo 10V, Ve Ve,
B ELECTRICAL CHARACTERISTICS (Ta=25C)
Iten Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Vee =6V, Vey =3V, Rs=50Q — 1 5 mV
Input Offset Current I Vie <6V, Vi =1.5V — — 150 nA
Voltage Gain Ay Vee =55V, [=10Hz 75 100 - dB
Input Bias Current I Vee=6.5V, V=2V, V2o, =5.5V — 0.5 3 HMA
Viu 5.5 6.4 — \Y
Common Mode Input Voltage Vee =6.5V, [ =10Hz
Vi — 0.6 1 vV
Von Loy = ~2mA 4 | 53 -1 v
Output Voltage Vee =5.5V
Vou L. =10mA — 0.2 0.4 \Y
Power Dissipation Py Vee=6.5V, V... =3V, V, =2\, R, = © — 36 48.8 mW
POWER DISSIPATION VS. COMMON MODE INPUT VOLTAGE
SUPPLY VOLTAGE VS. SUPPLY VOLTAGE
200 . 20 T
_l ‘ 7=10H:
’_ RL_’ ! T Test Circuit 1
V. (+)=3V - e
. lﬁf)r-——v.‘(i)._zv Ta= —30C -
A =
E T =
= g K Ta= ~30C
s 10 /A“ mlr'r_ =1 - 25C
: / Y e
E 2 T
Z Ven
Z £ =
40 Z
£
£
35 Veu Ta= = 30C,25°C, 80°C
o o — — —
5 7 9 11 13 15 5 7 9 n 13 15
Supply Voltage Veo (V) Supply Voltage Vee (V)
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INPUT OFFSET VOLTAGE VS. SIGNAL
SOURCE RESISTANCE

"ML
Vec=6V
10 Y em =3V
Test Circuit

0 100 200 500 1k 2k Sk 10k 20k 50k 100k

Signal Source Resistance Rs (Q)

INPUT OFFSET CURRENT VS. AMBIENT

TEMPERATURE
Vee=6v
o=
80—y =15V

~ =

: 2

= 40 -

° =

= -
z

H 2

o0 5

5 S

© @

3 P

: @

= -40 .

3 2

- £

5 5

2

5

-80
-120
~-30 0 30 60 90

Ambient Temperature Ta (C)

OUTPUT VOLTAGE VS. OUTPUT

CURRENT
M Vee=Tv iy ]
10 2 -
9 I —
\;, s . 8 \\‘\.
5 N - T~
;';’ 6 l‘ u -
;j 4]; 5 \\‘\ \ \
H i ~ [\
& \
. \
. WA
0 -1 -2 -3 -4 -5

Qutput Current o (mA)
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Input Offser Voltage Vio (mV)
o
Input Offset Voltage Vio (mV)

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

24 T l
Vec =6V
20—Ycu =3V
Trg =500
——Test Circuit 2
16
12
|
—
|
08F=
0.4
[)
-30 0 30 0 %

Ambient Temperature Ta (°C)

INPUT BIAS CURRENT VS. AMBIENT

TEMPERATURE
12
T T
Vee=65V i
Vn=2v
10 f—1Vjp ‘Test1 =55V T
B
0.8
0.6 a
\
\\
04
? b
i
02
|
!
|
0 i
=30 0 30 60 40

Ambient Temperature Ta (°C)

OUTPUT VOLTAGE VS. AMBIENT

TEMPERATURE
12
f f Veo=12v
s Y
! T
n 110
=
Ly
E 3 s
T =
3 L 7_,_j
N =T I
% !
g ° 3
I !
= 5 4. 4
]
s
5
i=}
) IOH:—TA
) !
~30 0 30 60 %

Ambient Temperature Ta (‘C)



HA1807,HA1813PS

Output Voltage Vor (V)

Voltage Gain 4 odB

OUTPUT VOLTAGE VS. OUTPUT CURRENT OUTPUT VOLTAGE VS. INPUT VOLTAGE
1.0 10 T r
Ll
Ve =55V ;Cb_‘\f:zgov
0.8 8 RL =5k0
= - T;
06 £ 6
z
0.4 Ta=80C FE]
b j25C 2
’,‘/—)w'c——J 3
|
0.2 = 2
Py
0 4 8 12 16 20 0 04 08 12 1.6 2.0
Output Current Tor (mA) Input Voltage Ve (mV)
VOLTAGE GAIN VS. AMBIENT
VOLTAGE GAIN VS. SUPPLY LTAGE
o GE G v vo G TEMPERATURE
120 T 120
/=104 Vee=55V
Test Circuit 3 J=10Hz
Test Circuit 3
10 | 10
x
100 e ] —_:: 100
%0 - %0
80 I | 80
5 7 9 1 13 15 -30 0 30 60 90

Supply Voltage Vie (V'

PROPAGATION DELAY TIME VS.

PHASE COMPENSATION CAPACITANCE

Propagation Delay Time tp (us)

B

[ T i T l ] l T l—"- T_T 11 T T T
“‘['( =55V ] T T I ! |
Test Circuit 4] ! hd 1
200 ey ;
i 1
' -
| b
100 - 11 ot T
N -
—— 1 .o :
= ATt
. t t =
50—+ .
-+ bt -
wl Cl : ;T
= v T
pHL, Veu
it g SR A
Vo L - o
W0 tpyr. 78 o at Cp=0 + {
e be | Unit] Vim | Ve |
w7 t tpui ws | oas i M
T
:/ N : Cpiw| ws | 114 | uxs L]
Lo LOm 111,
0001 0.002 0.005 001 0.02 0.05 0.1 0.2 05

Phase Compensation Capacitance Cp (uF)
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B TEST CIRCUIT

1. 2.
© Oscilloscope
Offset
Ady.
Unit
R:Q
CF
P.G.
[=10Hz 100u
0t +peak voltage=100mV Unit
duty=50% » 9 » CoF
Rs S Rp /100 Vem =Veer:
 Rs(Vew=Ven!
Vio= =% FtRs
4
Z
+ g
3304 v((,—}- i i
~ »<
2 <
2k PG. Oscilloscope
b
L000p . tyS10ns .
dutyS50%, INE IS o .
(. S50XCpx107 t5, Cr(For Phase Compensation)
100 2 T to Oscilloscope l
10k Unic:
input
% S Unit
R0 Output Vo (V) v (V)
; CF Vo 4 —2
7
P.G.duty=50% Voue 2 +2
f=10Hz
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HA1807,HA1813PS

M HA1807 APPLICATION

HA1807 operates with dual comparator and a power source,
The operating supply voltage range is wide, 5 to 8V, and the
output is a complementary output with two stages of gate
connected in cascade.

1. Waveform Conversion Circuit

Fig. 1 shows a waveform conversion circuit. The input
voltage range is maximum at Rs = R1 and Vs = Vcc, and the
output is inverted at the time when the input is zerocrossed.

Fig. 2 shows Input and Output Waveforms at Vs = Vcc =
6.0V and R1 = Rs = 100k2.

f=100H2

Input

2ms/DIV.

Input

0.2ms/DIV.

2. Schmitt Trigger Circuit

Schmitt Trigger Circuit is a circuit with hysteresis on the
input and output characteristics by applying a positive feed-
back. Fig. 3 show a Schmitt Trigger Circuit.

Fig. 4 shows an example of the Schmitt Trigger Circuit Ope-
ration.

R
Rs Vou
Vy o———e
Ry
+
Vot
R, )
Via
Ko=Ry Wy = Vi

Fig.1 Wave form Converter

[=10kHz

Input

20us/DIV.

Vi=Vee =6.0V
Ri=R. =100kQ

Fig.2 Operation Waveform of
Waveform Converter

Rs

Vs o

Fig.3 Schmitt Trigger Circuit
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Fig.4 Shows an example of the Schmitt
Trigger Circuit Operation

10 T
Vee =60V
Vi =30V
8 Re =5k
e
iR =1/10
s 6
&
o
2
0 ] 8 10

Vs (V)

Fig.4(a) Operation Waveform of
Schmitt Trigger Circuit
(Vour — Vs)

3. Window Type Comparator

A window type comparator has two reference voltages. The
output voltage level is determined according to that whether
the voltage is smaller or larger than the two reference volt-
ages.

Fig. 5 shows a circuit of window type comparator, and Fig. 6

10

3

Vee =6.0V
Vi =30V
Re =5kQ

_Bs__
Tetm=1/10

Vour (V)
S

4
Vs (V)

Fig.4(b) Operation Waveform of
Schmitt Trigger Circuit

(Vour

shows an example of the operation.

=
Vs o ~ 4
I
2
Ve
0
0
Vst

Fig.5 Window Type Comparator

4. Bistable Circuit
Fig. 7 shows a Bistable Circuit (R-S Flip-Flop Circuit), and
Fig. 8 shows an example of the operation.

s ﬂol & \v..,
Rs
vs Rs >>
R L Ve

DDz 1 152075®

Fig.7 Bistable Circuit

Vin

4
V)

Comparator

—Vs)

Vee =6.0V
Vsy =35V
Vsi. =2.5V

Fig.6 Operation Waveform

Vee =6.0V

Y-axis : 5V/div

Vs =30V
Rs =10kQ

X-axis ! 2ms/div

Rr=20kQ

(V)

Vour

of Window Type

Fig.8 Operation Waveform of
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5. Parallel Comparing A/D Converter

Fig. 9 and Fig. 10 show circuits of the parallel comparing
A/D converters in which the comparator is applied. In this
case, the output is converted to BCD (Binary Coded De-
cimal). This A/D converter can not be used suitably for a
precise converter, but it has the features such as high speed
conversion and a simple block diagram.

Input
Vo, TOV - 4V My
Input + 2 o - A
OV ~4VH ) + = %
! - ——t b I
) Vir
1k 1k Voo ———o0 f1
> b < b
R Iu =
~ —
b
1kQ Vir 2 <
2
. Vee =5.0V
+40V =5
(Ver * GND) +4.0V
Fig.9 3Split & 2Bit A/D Converter Fig.10 4Split & 2Bit A/D Converter
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HA1812GS,HAT812PS e¢universai comparstor

HA1812 is general purpose IC, including comparator, buffer
amplifier, reference voltage and is designed to be used widely
as unit cell of circuit investigation and system designing.

HA1812GS

B FEATURES

® Large sink current of 200mA max.

® Capable of becoming Schmitt Trigger (Hysteresis charact-
eristic) Circuit without external resistance. (DG-8)

® Includes reference voltage source.

HA1812PS
Lot
' (DP-8)
H CIRCUIT SCHEMATIC HPIN ARRANGEMENT
‘ o , Fedbicky o \_/
v“»@ — ( ' ' feed back E 3 Vee
i
. ¢ T K}? . ’ i Vin® E Z| ref.l
! S % B }ﬁ’ Q?’w
| K a1 - :
x Iq?{v_‘ ""v# Q% - Vin E Elref.z
X _WJ - ' 1 in Rio
| R :
| i - | Output E 3 GND
i . h I 5 R |
! é‘ “RV.“‘IQKQ, w1 ﬁ ‘
i | - Kaw i
Vi s AN~ ,,,,T R K l ' Top View
Re | MEIN Reg Rit
& | &
o 3 . |
R Qo
GND(S

WY S

Viw refi refz
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HA1812GS, HA1812PS

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA1812GS HA1812PS Unit
Supply Voltage Vee 20 20 A%
QOutput Sink Current Loink 200 200 mA
Common Mode Input Voltage Vew Vee Vee
Differential Input Voltage Vi cas t Vee* FVee*
Reference 1 Source Current Liource cret 1 2.0 2.0 mA
Output Transistor Voltage Viue 40 40 \Y
Feedback Terminal Current Ivn +2.0 +£2.0 mA
Power Dissipation Poy** 800 800 mW
Operating Temperature T -20 to +75 -20 to +75
Storage Temperature T.s -65 to +150 —55 to +125 '
Note! * At Voo 15V, V., anomax = £15V.
** In HA1812GS. it is a value under the condition of Ta""65°C. When Ta is more than 65°C, 7.6mW/°C derating shall be performed.
In HA1812PS, it is a value under the condition of Ta~45C. When Ta is more than 45°C, 8.3mW/’C derating shall be performed.
MELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol I\él:a(s::lmg Test Condition min typ max Unit
Supply Current Tec Vie =20V, Vi, i+ =0, V(-1 =3V, R, =™ — 18 27 mA
Output l.eakage Current I Vee =V, =20V — — 1 HA
“0" Level Output Voltage Vo Vee =8V, L,m =100mA — 0.3 0.5 \
Input Bias Current Iin Vee=13.5V, Vey=6.75V — — 100 nA
Input Offset Current Iio Vie=13.5V, Vey=6.75V — 0.34 50 nA
Input Offset Voltage Vio e =13.5V, Viy=6.75V — 3 15 mV
ref.1 terminal 5.87 — 6.88
Vi s Vee=13.5V
ref.2 terminal 2.935 — 3.44
Reference Voltage
2 Vee=13.5V, R, =1kQ 1A — 15 — mV
A Vier
3 Ve =8—=20V, lawece 1. =0 IB — 50 — mV
Voltage Gain Ay 4 Vee=13.5V, R, =1kQ, f=10H=z 80 100 — dB

B TEST CIRCUIT

1. Input Offset Voltage Vo

2. Reference Voltage Vi 1A

100kQ

Input Offset Voltage V|g is 1/1000 of the indication of

voltmeter V.

Measure difference voltage of ref. 1 terminal at the time of

inverting output with Vin(+), Vin(=) at 3V or OV,

@ HITACHI
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HA1812GS, HA1812PS

3. Reference Voltage VRgfF 1B 4. Voltage Gain Ay
In the same test circuit asVRgfF 1A, with output established
at 1 level, changing supply voltage Vcc from 8V to 20V, I ! o
measure difference voltage of ref. 1 terminal. 2K é + 3300F
Output
1009
i 0.33uF
e ]
’J’ ” 100kQ -
ATT)
100k8 SG.
104,
SUPPLY CURRENT VS. SUPPLY VOLTAGE OUTPUT VOLTAGE VS. OUTPUT SINK CURRENT
28 v 07
B | 111 /
* Note ) Vec =135V 7
2} p7t 06 s
—} ﬁ‘_* a = =20 /'
- 20 JI ,/",7 _ o5l J y,/
& Ta=-20C} LY z e 7/,
o 3 ..
<6 = 04 C+—
-~ | /
= = 60°C F 4
g ST E
ER < 03
IS
g 3 ’v".u):ov 02
» Vin( =) =3V :
=20°C
4 I = i 0.1
e 'm(+i=3V~25.C".A<
LT lvmioy—ov | 80C
0 4 8 12 16 20 0 m 80 20 160 200
Supply Voltage Vee (V2 Output Sink Current Lo (mA)
*Note' The broken line is the
characteristic at the time
of connecting each Input
Terminal to Vec and GND.
INPUT OFFSET VOLTAGE VS. SUPPLY VOLTAGE REFERENCE VOLTAGE VS. SUPPLY VOLTAGE
) P o 1 ] T8
“level [
-20C " |25°C
Ta=60.c — // - ¢
3 —. 1 -
z 25C 1= > s Vrel.1
" = —5 A =
= i
& - Ta=60'C
= 2kt H
= 3 e 1=
- R, =1kQ = / -20c]  25¢C
= Vew =Vee /2 ¢ I
PN Rg =100Q i 2
=
. i
I/
0
5 16 15 20 0 4 8 12 15 20
Supply Voltage Vee (V) Supply Voltage Ve (V1
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REFERENCE VOLTAGE VS. SOURCE CURRENT

10

1
Vee =135V
TR, =100Q
B 8
=
< Output "0" Level
s 6 Output "17 Level
3
=
2
<
g4
2
s
=
2
0 0.4 08 1.2 1.6 2.0
Source Current luwreeter 1y (mA)

OUTPUT VOLTAGE VS. DIFFERENTIAL
INPUT VOLTAGE

vee =135V,
Vom =6.75V
| R =1000

Output Voltage Vo (V

0 2 4 6 10

Differential Input Voltage Vo (mV)

HBASIC OPERATION DESCRIPTION

The following describes the circuit operation of HA1812.

1. Differential Amplifier and Output Terminal Vout

Q,, Q, and Q,, Q, are Differential Amplifier of Darlington
Connection, and signals amplified at this stage are further
applied to the base of Q,, through Q,, Q,, Q,,. Q,, is the
open collector in order to be able to drive load directly, and
its sink current is designed largely with the maximum at
200mA when Ambient Temperature is 256°C.

Q, and Q, are provides current mirror connection at the col-
lector load of Q,, Q, and Q,, Q, and the progress of voltage
gain are designed.

VOLTAGE GAIN VS. SUPPLY VOLTAGE

110

I
RL=1k2
[/ =10H:
Ta=25°C
@
=
=
_ 100
]
(&)
%
=
)
2
90
8 10 12 0 16 18 20

Supply Voltage Vec (V)

2. Feedback Terminal
Feedback terminal is connected to the coliector of Q,,
through R,, and R,,. The phase of this Feedback terminal
is the same phase as the collector of Output Transistor Q,,,
and used by feedback to positive input terminal at the time
of Schmitt Trigger connection. Further, since values of R, ,,
R, affect hysteresis characteristic, its resistance value is
shown in the following.

R,, = 1009 + 30%

R, =470 + 30%
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3. Constant-Current-Circuit

The circuit formed through R,,, R,,, Q,, Q,,, Q, is
constant-current circuits, and attracts currents with a small
dependance on supply voltage from each circuit.

B EXAMPLES OF APPLICATION CIRCUITS

1. Negative Input Comparator (When fundamental
voltage is set at Vref.2)

ref.2 RL

Vot

HAl1812

Note) Vier2 is 3.27V.

2. Positive Input Comparator (When reference
voltage is set at Vref.2)

ref.2 R

Vou

HA1812

Note) Vir2 is 3.27V.

4. Reference Voltage

Q,,,2ZD,, Q,,, Q,; are the circuits which produce reference
voltage, and have almost constant current flown with a small
dependance on supply voltage to ZD,, and so stabilize
cathode voltage of Zener Diode ZD, .

Q,, and Q,; are diodes for temperature compensation of
Zener Diode. Q,, is the transistor for supplying stabilized
voltage through ZD,, to the two terminals of Reference 1
and Reference 2.

OUTPUT VOLTAGE VS. INPUT VOLTAGE

T

TRL =1.2kQ.
Vee =135V 1
| |

|
|

16—t

(v

Output Voltage Vi

0 i 2 3 4 5

Input Voltage Vi (V)

OUTPUT VOLTAGE VS. INPUT VOLTAGE

R, =1.2kQ i
T _
Vee =135V | [
16 o
= B
don
©
&
=
2y
2
4
0 i 2 3 4 5

Input Voltage Vi (V)
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3. Comparator when Vref.1 is divided by resistance OUTPUT VOLTAGE VS. INPUT VOLTAGE
at Ri, R: and set at Reference Voltage.

20

v

HA1812
Noted burioin 6553V, = p = p
. S S g g
Theeshold voltage Ven is found by the following equation. . 3 2 =l ®
[}
WRRILTI o2
T |
0 1 2 3 4 5
Input Voltage Vi (V)
4. Comparator established reference voitage by OUTPUT VOLTAGE VS. INPUT VOLTAGE
ref.2 and R..
20
| Voo =135V
16 RL=).2kQ
T
o
4
HA1812 =8
Z 2 g
Note) ¥ i —
Threshold voltage Vrg as found by the following cquation. s o
Ve B3R 4
ETYEY
Unit of R kQ
0 1 2 3 4 S
Input Voltage Vi (V)
5. Schmitt Trigger Circuit 1. OUTPUT VOLTAGE VS. INPUT VOLTAGE (1)
=<
E] 20
3 | vce =135V
& Vi Ry =1.2kQ
16 —Ry =
R .
R =t
=
v E |
g E
Vo O g =
Z [
z 8
HA1812 E
=
Notes Threshold voltage Ve Vin are found by the
fullowing equations.
Vi Ve o 3.200) 4
TN Ryesaw
Unit of Ryt k2
0 2 4 6 8 10

Input Voltage Vi (V)
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HA1812GS, HA1812PS

OUTPUT VOLTAGE VS. INPUT VOLTAGE (2)

20
‘IT'CC J)B 5V!
— Ry =1.2k
16 |——tRy; =5k
z ¥
R
f 1
I
0 2 4 6 8 10
Input Voltage Vi (V)
6. Schmitt Trigger Circuit.2. OUTPUT VOLTAGE VS. INPUT VOLTAGE
20
T
v‘w =|r3,sv Ri=5k0 ‘R,=2t§k9 IL,,=III)kQ
= R, =1.2kQ f
2 16

=

>
Q/ feed back
=

=
: 12 TI
% | i
s [N T N S
Vou = i
V., O—— P +——df
2 =
3
Ry =
HA1812 4
Note) Threshold voltage Vri.Vru are found by the 1 - - j
following equation. x
6.53 0
= 053 | 2 E
= Ry Y C? ¢ 5
6.53 Input Voltage Vin (V)

Vru= T RTR T V)

a=Re/(570+Ru)
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HA17903GS,HA17903PS,

HA17393 ec.ai comparstors

HA17903 and HA17393 are comparators designed for car use
and control system use.

They provide wide voltage range with single power source,
and the supply current is small, because it is independent of
the supply voltage.

They can be widely applied, such as limit comparator, simple
analog/digital converter, pulse/square wave/time delay gene-
tor, wide range VCO, MOS clock timer, multivibrator, high
voltage logic gate, etc.

Industrial: . .. ... ........ HA17903GS, HA17903PS
Commercial: .. .. ... ... ... ....... HA17393
W FEATURES
® WideSupply Voltage . . . ... .......... 2 to 36V
® Very LowSupply Current . . . . ... ....... 0.8mA
® SmalllnputBias . .. ... .............. 25nA
® Small Input Offset Current . . . . . ... ....... 3nA
® Small Input Offset Voltage . . . ... ........ 2mV
@® Common Mode Input Voltage Range Including Ground.
® Small Output Saturation Voltage . . . . . . . . 1mV(5uA)
70mV(1mA)
® Output Voltage is Compatible with CMOS Logic System.

H CIRCUIT SCHEMATIC(1/2)

Input” @ Q

Input  O—

HA17903GS

(DG— 8)
HA17903PS
HA17393

(DP— 8 )

HPIN ARRANGEMENT

/
Output 1 1
Input 1 [z 7
Input 1" E 6
GND E 5
(Top View)

Output
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HA17903GS, HA17903PS, HA17393

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol 1) HA17903GS 2) HA17903PS 2) HA17393 Unit | Note

Supply Voltage Vee 36 36 36 \
Differential Input Voltage Vin s Vee Vee Vee \Y%

Input Voltage ) Vin —0.3 to +36 —0.3 to +36 —0.3 to +36 R4

Power Dissipation Pr 570 570 570 mw |1
Output Short-circuit Current Ios Continuation possible | Continuation possible | Continuation possible 2
Operating Temperature Tope —40 to +85 —20 to +75 0 to +70 ‘C

Storage Temperature Toe —65 to +150 —55 to +125 —55 to +125 °

Note) 1. 1): Value at Ta=75°C. In case of more than it, 7.6mW/’C derating shall be performed.
2): Value at Ta<55°C. In case of more than it, 8.3mW/°C derating shall be performed.
2. Short-circuit between the output and Vee will be a cause to destroy the circuit.
The maximum output current is about 20mA for any supply voltage.

MELECTRICAL CHARACTERISTICS-1 (Vec=5V, Ta=25C)

Item Symbol Test Condition min typ max Unit | Note
Input Offset Voltage Vio — 2.0 5.0 mV 1
Input Bias Current Lis Iineey or Iine-s — 25 250 nA 2
Input Offset Current 1o [ Iivees —Iiveas | — 3 50 nA
Common Mode Input Voltage fe 35 — — v 3
Vew - — 0 v
Supply Current Icc All Comparators: R, =0, All Channels ON — 0.8 2.0 mA
Voltage Gain Avp Vee=15V, R, Z15kQ — 200 - V/mV
Response Time tk Ver =5V, R.=5.1kQ — 1.3 — us 4
Large Signal Response Time ti Vin=TTL Threshold Width. Vier—1.4V - 300 - ns
Output Sink Current Lok Viner 21V, Vine, =0, Vo215V 6 16 — mA
Output Saturation Voltage Vocsarr | Viner 21V, Vineer, =0, Lix=4mA — — 400 mV
Output Leak Current Lo Vine,=0, Vine., 21V, Vy=5V — 0.1 — nA

Notel 1. Virr=1.4V and R; -50Q, when V,=1.4V at output switching point.

2. Under Linear Operation.

3. Common mode input voltage or each one of the input signal should not be less than —0.3V.
4

. This is a value to 100mV Input Step Voltage with 5m\ over drive,

BMELECTRICAL CHARACTERISTICS-2
(Vec =5V, HA17903GS; Ta= —40 to +85°C, HA17903PS; Ta=—20 to +75°C, HA17393; Ta=0 to +70°C)

Item Symbol Test Condition min typ max | Unit | Note

Input Offset Voltage Vio — 9 15 mV 1
Input Offset Current Lo I Ivess —Ivey | — 50 200 nA
Input Bias Current Iis Output Linear Range — | 200 500 nA

Vew + Vee =2.0 - - v
Common Mode Input Voltage

Vew - - 0 '
Output Saturation Voltage Voo Viner 21V, Vineor,=0, LinS4mA — | 400 700 mV
Output Leak Current I Viner=0, Vineer 21V, Vy=30V — — 1.0 KA
Differential Input Voltage Viwcagsr | All Inputs Z0V - — | Vee v

Note! 1. Vier=1.4V and Rs =50Q, when V.. =1.4V at the output switching point.
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HA17903GS,HA17903PS,HA17393

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

1.28
1.0 \ -
~]
= 0.75 *
< 18V —
S 0.5 A\ 2V
kg
’ : Vee
0.25 p—
I— RL=oc0
lV’L
0 I J
- 20 0 25 50 75
Ambient Teraperature Ta (7Cy

OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE

Output Sink Current lowanr (mA

Output Voluge Vo (V)

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

110 - T T T
’7 }l v | ‘
Y i |
__é—_—gm.‘.\_‘
= 100 = ; K
B
= Loy |
E . ] —
= .vi 1
3 90 4 —
20\‘% Vioy |
A’V\/V,
15k | |
B 10k %“Nv V.
3ok
8ot méi T * A —
m§ M
| sVos S |
i |
| | ! {
70\ 1
20 0 25 50 75

Ambient Temperature Tu ('C

‘mA

Output Sink Current [noner

Output Saturation Voltage tm\™

Input Offset Voltage Vio (m\?

@ HITACHI

OUTPUT SINK CURRENT VS.
AMBIENT TEMPERATURE

20
15 }-Vce=36V
L |
10 5 N
1 v T
50 Vee

s S
2viI 50% s } 1.5V

Ambient Temperature Tu (°C)

OUTPUT SATURATION VOLTAGE VS.
AMBIENT TEMPERATURE

400 i I l

g N = s Tunk 4mA

Ambient Temperature Ta (°C

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

4

Ambient Temperature Tu (°C)
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HA17903GS,HA17903PS,HA17393

94

Input Bias Current Iig (nA)

40

INPUT BIAS CURRENT VS.
AMBIENT TEMPERATURE

Vee=36V
\45&: sv
— 2v
Q
Vee
® }
—| @
|
-20 0 25 50 75

Ambient Temperature Ta (°C)
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Response Time Ir (us)

4

0
-20 0 5 50 75

RESPONSE TIME VS.
AMBIENT TEMPERATURE

‘ 100mV Input

l
Ve
’ } 5. Jk SmV Over-
+V drive
Vin (J§W Vo L |
30k 50% 120k j"lz\l '
i

/VA;V 2

-t
\
|
i
|

Ambient Temperature Ta (°C)



HA17901G,HA17901P,

HA1 7339 @ Ouadruple Compajators

HA17901 and HA17339 are comparators designed for car use

and control system use.

They provide wide operating voltage with single power
source, and the supply current is small because it is inde-

pendent of the supply voltage.

They can be widely applied, such as limit comparator, simple
analog/digital converter, pulse/square wave/time delay gene-
rator, wide range VCO, MOS clock timer, multivibrator, high

voltage logic gate, etc.

HA17901G

(DG-14)

Industrial: . .. .. ......... HA17901G, HA17901P
Commercial: . ... ... .............. HA17339
B FEATURES
® Wide Range of Supply Voltage . . . .. ... 2 to 36V
® Very Small Supply Current . . . . ... ...... 0.8mA
@® Small Input Bias Current . . . . ... ........ 25nA
® Small Input Offset Current . . . . .. ... : Fee e 3nA
@® Small Input Offset Voltage . . . .. ......... 2mvV
® Common Mode Input Voltage Range Including Ground
@ Differential Input Voltage Range Equal to Supply Voltage.
® Small Qutput Saturation Voltage . . . . . . .. 1mV(5uA)
70mV(1mA)

The output voltage is compatible with that of CMOS

Logic System

B CIRCUIT SCHEMATIC(1/4)

[nput  O—

Output

HA17901P
HA17339

(DP-14)

B PIN ARRANGEMENT

\J

Output ZE
Output 1E

Vee E
Input 1 E
Input 1" E

Input 2 | 6
[nput 2* ] 7 3 [

LEIEIE]

<

LI

14 | Output 3

13 [ Output 4

10 | Input 4

(Top View)
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol 1 HA17901G 2) HA17901P 2) HA17339 Unit

Supply Voltage Vee 36 36 36 \
Differential Input Voltage Vincaigy +Vee £ Ve + Vee v
Input Voltage Vi —0.3 to +36 -0.3 to +36 —0.3 to +36 v
Power Dissipation Pyt 625 625 625 mW
Output Current Lu** 20 20 20 mA
Operating Temperature Topr -40 to 85 -20 to +75 0to +70 ‘C
Storage Temperature Tox -65 to +150 -55 to +125 —55 to +125 ‘C
Output Voltage Viur 36 36 36 v
Note  * D1 Value at Ta 270, In case of more than it. 7.6mW/ C derating shall be performed.

2 : Value at Ta =500, In case of more than it. 8.3mW/ C derating shall be performed.

* % . Short-circuit between the output and V.o will be a cause to destroy the cireuit,
The maximum output current s the permissible value for continuour operation,
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HA17901G, HA17901P, HA17339

B ELECTRICAL CHARACTERISTICS

(Vee=5V, Ta=25C)

Item Symbol Test Condition min typ max Unit
Vrer=1.4V & Rs=0Q when V,=14V at the _ .
Input Offset Voltage Vio output switching point 2 7 mV
Input Bias Current (Note 1) Iis Liveisor Iiveos — 25 250 nA
Input Offset Current Lio Incey —Iines — 5 50 nA
Common Mode Input Voltage(Note 2) Veu 0 — | Vee—1.5 \Y
Supply Current Icc R, = — 0.8 2 mA
Voltage Gain Ay R =15k — 200 — | V/mV
Response Time(Note 3) ty Vae=5V, R.=5.1kQ — 1.3 — s
Output Sink Current Lk Vine »=1V, Viyc.o,=0, Vo21.5V 6 16 — mA
Output Saturation Voltage Vosar Vine »=1V, Viy,=0, Liuw=3mA — 200 400 mV
Output Leak Current Io Vineer =1V, Vinc ,=0, Vy=5V — 0.1 — nA
Note) 1. The input bias current is constant, because there is a reference line or input line wihtout any change of load.
2. Common mode input voltage or either of the input signal voltages should not be less than —0.3V.
3. This is a value to 100mV input step voltage with 5mV overdrive.
B TEST CIRCUIT
1. Input foset Voltage (V|Q), Input Offset Current (l)o) SW1 SW 2 Vit
Input Bias Current (1)
ON ON Vor
Ry 5k OFF OFF Voo Ver=1/2 Vee
i ON OFF Vos Vee=1.4V
swi v OFF ON Vos
c
L
R. 50 Ri. 51k
" R 20k - V.
(1) Vie= l O;{l w)
R. 50 R 20k N 14+ L
’ 470;@ Rs
Vo.—V,
Risk SW2 (2) Iio= [Voe ROI l (A)
Ve » R <1+ Y
l v
1, Voi—V.
lhz 3) Ip= [Vos (;23| (A)
2L
2-R(1+ 4
2. Output Saturation Voltage (VQ sat), Output Sink Current
(Isink), Common Mode Input Voltage (Vcom)
Item | Voo | Ve: [Vey |SW1|SW2 | SW3 Unit
N . _ lat Vee=5V
Vo sat | 2V (Y 1 U lavee=3v] Vv
Iink 2V oV 1.5V ] 1 1 2 mA
Vew 2V | —1~Vee| — 2 |l.2b)4% 3 \Y
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HA17901G, HA17901P, HA17339

. Supply Current (Icc) 4. Voltage Gain (Ay) (R = 15k)

Py Tv,,

lec Ry =m w%
. - E ?Sn
i b -V i
. ,
v »
T
i Voi— Vo2
Ed Ay=201
v=20log Vini = Vixe (dB)
5. Response Time (tR) tr: R =5.1kQ,

e 100mV input with 5mV overdrive
(Y) Turn the SW OFF without applying VN, and adjust the
: VR to make Vg 1.4V approximately.
Apply VN, and turn the SW ON.

24k 3 PG
? 50% v
|
|

VR
sk e e A l——'w»—c/o— "
30k i 120k Sw

1‘ -‘m% T ‘ v,
| i
SV 7}‘7 ,J’
INPUT BIAS CURRENT VS: INPUT BIAS CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
! ]‘ ‘ ? Ta=25C
X | ! ; |
| P . - L
m—a‘__- e d !
~ | I R !
R R " 3 SN B
= ! ; = :
- 50 { b ot - bl l
o i ! @ P '
& ' ; i A O e
[SEE] - —‘L'—% . 3 _ i
EN I i
10
s =35 -15 25 45 65 85 105 12 i 10 2 3 i

Supply Voltage 1, (V)
Ambient Temperature Ta (C)
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HA17901G,HA17901P,HA17339

SUPPLY CURRENT VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE i SUPPLY VOLTAGE
18 vz " Ta=25C
1.6 Rize Ry =c
14 B R e R
" ]t )
- i z R
ERRY £,
£ 1 i -
:’ 1 T~ - | é [IT) S R A/L’ff-:, ]
S osp- R Rt s E ]
(_JZ 0.6 — - \\ - . —;i 4 /
@ 04 + —— R s
0.6
02 L4 - b
()L
-5 =% 15 3545 65 & 105 125 a 0 E 30 70
Supply Voltage Vi (V)
Ambient Temperature Ta ('C)
OUTPUT SINK CURRENT VS. OUTPUT SINK CURRENT VS.
SUPPLY VOLTAGE SUPPLY VOLTAGE
“ T Vii=5V | T ]
] ! Vin( =) =1V [ |
40 r Vil +)=0 I i
; ! Vout=1.5V 5 ‘\
ERT ; B !
E : 4] '
S C '
T | —
g 98 | ; . /
5 ' | 5 T T
s 15—t ? Z :
o —— |
| Pl 9
! I |
o i ! 0 |
-55 =35 —15 25 45 65 85 105 12 10 2 30 3
Ambient Temperature Ta ('C) Supply Voltage e (V
VOLTAGE GAIN VS.
VOLTAGE GAIN VS. P
AMBIENT TEMPERATURE OLTAGE G S. SUPPLY VOLTAGE
130 130
T T T T T sy : : : !
; I : Ta=25C
125 i t : Ruzine : U R =15k
T S B 120 +
120 ( : { ; i
2 us ——— } z
T | A
£ ; - ! ‘ = . i
S = |
® i ! ¥ i
95 | . !
o T : }‘ 80 -
9 f
l ! ‘ ‘ 701
855L5 T S S R T 0 10 2 30 4

Supply Voltage bec (V)
Ambient Temperature Ta ('C?
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HA17723G,HA17723 e'otase reguiator

HA17723, high accuracy voltage regulator for general HA17723G
purposes, features low stand-by current — quiescent current,
low temperature drift and high ripple rejection ratio.

Output current above 150mA is also available by adding PNP
or NPN transistors externally. This voltage regulator finds
wide application, using in series, parallel and as switches.
Industrial Use . . . . . ... ............ HA17723G
Commercial Use . . .. . ......coooon.. HA17723

Il CIRCUIT SCHEMATIC

(DG-14)
Ve W
T HA17723
Re
1kQ
|
Ne
Qu
Qs Vour
" "Eﬂb 6.2V
100Q Vz
;u?l CoMp
62V |Qio
@ CURRENT (DP-14)
Rio
R 220k0 3R
1 1500 CURRENT
L 3009 l SENSE
HPIN ARRANGEMENT

Virr Vieer Ve Voo

=
Z
=

J
NC | 1
CURRENT LIMIT I 2
CURRENT SENSE | 3

Voo | 4

ODUEEEEE

3| Comp

N

Z
=

(Top View)
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HA17723G,HA17723

Il ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17723G HA17723 Unit
Supply Voltage Vee 40 40 A%
Input/Output Voltage Differential Vagrin oy 40 40 \%
Differential Input Voltage Vincas +5 +5 \%
Maximum Output Current Low 150 150 mA
Current from Vrer Iker 15 15 mA
Power Dissipation* Pr 950" 830** mW
Operating Temperature Top —20 to+75 0 to +70 °C
Storage Temperature Tk —65 to +150 —55 to +125 °C

* Derating above 25°C will be 7.6mW/T
* % Derating above 25°C will be 8.3mW "(

BMELECTRICAL CHARACTERISTICS (Ta=25C)

Item Symbol Test Conditions min typ max Unit
V=12 to 15V — 0.01 0.1 %
V=12 to 40V — 0.1 0.5 %
Line Regulation Vo Line Vem12 to 15V, . - — 0.4 %
Ta=—20 to -+75°C
V=12 to 15V°. _ _ 0.3 %
Ta=0 to +70°C
Iu=1 to 50mA — 0.03 0.2 %
I.=1 to 50mA _ _ 0.7 9%
Load Regulation Vo Lowa Ta=—20 to +75°C
l.u=1 to SOmé _ B 0.6 %
Ta=0 to +70°C
Ripple Rejection Ry f=50Hz to Crer=0 — 74 — dB
1kHz Crer=5uF - 86 — dB
Average Temperature Coefficient of Vol s Ta=—20 to +75°C * - 0.003 0.018 %/°C
Output Voltage Ta=0 to +70°C — 0.003 0.015 %/"C
Reference Voltage Vier Va=Vee=V=12V, Vir=0 6.80 7.15 7.50 A%
Standby Current Isr V=30V, I.=0 - — 4.0 mA
Short Circuit Current Limit Isc Rse=10Q, V=0 — 65 — mA

*HA17723G Only
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HA17723G,HA17723

WELECTRICAL CHARACTERISTICS MEASURING CIRCUIT

V.
Vee Ve

Vou
' Rsc Va=Vee=Ve =12V, Vie=0
Vaer cL r— Vour Vo=5.0V, 1. =1mA

. s Rsc=0, Ci=100pF, Crer=0

S : R.=5kQ, Ry=R.\R:/(R\+R:)

Viatss
Ry
Cncr‘L RS Viaior ‘,/\/\,—J
Vee  COMP
=G
I

LOAD REGULATION VS. OUTPUT CURRENT-1

0.2 T
Vo= +5V
=+12V
Rsc=0 /
S
3 //
3 Ta=75¢C
= 4
5 v
A //
2 A
E // 25
/// L1
.é 1
0 20 40 60 80 100
Qutput Current [ow (mA)
. RELATIVE OUTPUT VS. OUTPUT RRENT
LOAD REGULATION VS. OUTPUT CURRENT-2 utT cu
VOLTAGE
02 I 12 T T
| o=y Vv
Rsc=10Q T Rsc=10Q
§ z
H %08
R % os Ta=175¢ zTa_ 2
& E
5 4=75C 3 04
3 — &
1 25 —__
L — 02
i - -
0 10 20 30 0 20 40 60 80 100 120

Output Current low (mA) Output Current low (mA)
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HA17723G,HA17723

STAND-BY CURRENT VS. INPUT VOLTAGE LINE REGULATION VS. INPUT/QUTPUT
VOLTAGE DIFFERENTIAL
5 0.2
[ Vo= 45
V..:iV eF | :lsc::)mA
Lu=0 Lu=1n
4 P
S
E
53 Ta= ~20C—> b
z A5 ] £ o
£ Y 45— = —
3 2 &
>, o
ks A .
H vV X 35
1.0 ,/
0
0 10 20 30 40 50 - 15 25 35 [
Input Voltage Via (V) Input/ Output Voltage Differential Vairrux-or (V)
LINE REGULATION VS. INPUT/OUTPUT ) CURRENT LIMITING CHARACTERISTICS
VOLTAGE DIFFERENTIAL
0.2 — 09
it 0
Je= im0 08 N
IS L 01 N
- // - d Sense Voltage ® 2
s e T 0 -
2 3 N 2
o - \ ~
£ o1 & 05 H
: / S Miaas ™
® mit Current| 3
& /( 2’ 04 :—- -l—-—w 3 E
2 3 s - 3
3 y . .
/ o2 Rsc =108 TN
I
[ 0.1 I
-5 15 25 35 [ -100 100 700
Input/ Output Voltage Differential Vairas or (VI Junction Temperature T, (°C)
LINE TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
[T1T [ 11

Output Current

_ Input Voltage E E
> - -
£ [ $ i 5 3
i [ \ = 2 3
2 \ 0 Z g 1 [ ]
3 g £ g
Z 10 s 5 &
e - - -
¢ -2 = = -5 A
K] Output Voltage a =] Output Voltage -
= 5 o o S =
s E ¥ H
s | T E = L 8
s 0 = = 0 -
] = 5 3
S 3 3 2
- 2 2 3
2 -5 = & -5 S
-10 -10
Sus/div Sus/div
Time (us) Time (us)
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HA17723G,HA17723

OUTPUT IMPEDANCE VS. FREQUENCY

10
HH
CL=0
LF
il

T C=1uF

E Y

PR /

N

®

g

2

S

3

2

£

= 74

2 01

2

100 1 10k 100k M

Frequency J (12)

B HA17723, APPLICATIONS

HA17723 is high accuracy voltage regulator for general
purposes and may be used as voltage sources in various types.

1. Fixed Voltage Source in Series

1.1 Low Voltage, 2 to 7 volts, Regulator

Fig. 1 shows the construction of a basic low voltage regula-
tor. The divider by resistors R; and R, from VREF is to
make the reference voltage which will be provided to non-
inverted input of the error amplifier, be less than output
voltage. In the fixed voltage source where the output voltage
will be fed back to the error amplifier directly as shown in
Fig. 1. Output voltage will be divided VREF since the
output voltage is equal to the reference voltage.

Thus, the output voltage Vout is;

R:
Voue = nVREF, M= o verrnineieeeaeeaieeieeiens (1)
’ R.+R:
Vin
Vcc. Ve
Veur
Vaer
Rsc =0 .
R CL \ Vour
> 2.15kQ
[0}
[ Val4) Val=) Ry 1.5kQ
wl( + wl(— %
Crer P .L
ml’ 3R Ver [comp T C' 100PF
»

Fig.1 Low Voltage (2 to 7V) Regulator

1.2 High Voltage, 7 to 37V, Regulator

Fig. 2 shows the construction of a regulator when output
voltage is higher than the reference voltage, VREfF. The
VREF shall be added to the non-inverted input of the error
amplifier via a resistor, R,. The feedback voltage is available
by dividing the output voltage with resistors R, and R, .

Thus output voltage Vout is:

_ Veer R:
Vo= """ Rit+R.

Ry . - Vi
1. our
3.8k ¢

Ry
Vil+i Vi) 7.87k2

- R,
:]' 100pF ’L: ok

Fig.2 High Voltage (7 to 37V) Regulator

1.3 Negative Voltage Regulator

Fig. 3 shows the construction of a so-called negative voltage
regulator which generates negative output voltage with regard
to the GND. Assuming that the output voltage, —Vout
increased in the negative directions. As the voltage across the
R, is larger than that across the R, which provides the
reference voltage, output current of the error amplifier
increases. In the control circuit, the impedance decreases
with increasement of input current, which makes the base
current of the external transistor Q approach to the potential
at GND. As the results, the output voltage returns to the
established value and stable output voltage is available.

The output voltage =Vt in this circuit is;

_ [RitR: R\
Vo= “\ Ro¥ R, "R Vrer

_ (Ri+R2)-(R3+R4) R
Ro-(Rs T Ri)—Ra-(Ri+ Ro) < Rot Rs VREr(2)

5]

11.5kQ

Ry
kR

K Ry
ki 365kQ

Lo
ml COMPT 01

Fig.3 Negative Voltage Regulator
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1.4 How to Increase the Output Current

It is necessary for increasement of output current to increase
the current capacitance in the control circuit. Fig. 4 and Fig.
5 show examples, where transistors are externally added.

Q
Voo Ve

= Vou
. R
S .

T.RKQ
O Vit -
Y
g oMP r 715k
Vir COME ]‘w’p': -
ke
Fig.4 Method to Increase Output Current (1)
Via
o
R
19
| Q
Ve, Ve
Vi Ve
i
20k L.
R
€S (N1
V.o V. Vour
K [
5.0k Vil CoMD
' | %gr
> »

Fig.5 Method to Increase Output Current (2)

2. Fixed Voltage Source in Parallel Control
Fig. 6 shows the circuit of fixed voltage source in parallel
control.

Ry
100Q

Ry 1008
CL—

R —
k0 »;11 [T P
o %

Fig.6 Fixed Voltage Source in Parallel Control
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Output Voltage Vi

3. Switching Regulator

Fig. 7 shows the circuit of a switching regulator. The error
amplifier, control circuit and forward feedback circuit R,
and R, operate in together as a comparator, and make the
external transistors Q, and Q, operate as switching elements
to turn ON/OFF. In this circuit, the self-oscillation stabilizes
the output voltage and the change in output is absorbed by
the changes of conducted period of switches.

Vin
(
ks ake ' ¢ N
Vee| ve
Vagr Vouf— &
D ”L|
12mH
a R 510
2.15kQ cL Vour
cs J.
Ry 1kQ C
Val )Vl -] 1004F
o R» Ry |Vee ICOMP
0_1“]-‘1 5k T 1ke
» »

Fig.7 Positive Voltage Switching Requlator

Fig. 8 and Fig. 9 show the circuit of negative voltage switch-
ing regulator and its characteristics.

Vin
Rs "
100,
R
J: vee] Ve 169 @
Rz v, Re
ok = Varr Vo 2200 1
Ve Lo D
Cr= .
0.1uF CLi— I L
csh— L2mH
Ry 1kQ Vo
Ri Re l 2 100uF
365kQ]  IMQ I"' 100u

Fig.8 Negative Voltage Switching Regulator

24

16 Ta =25C

4 12 16 20 24 28 32 36 40
Input Voltage Via (V)

(a) Input-Output Characteristic

Fig.9 Operating Characteristics of Negative
Voltage Switching Regulator
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~15.360 T
Tow =0.2A
Ta=~25C
-15.340
S-15.320
N
5.3 &
g
I
=
=-15.280
g 75
~15.260
15240
-24 28 32 36 —40
Input Voltage Via (V)
(b) Line Regulation
15600
= Vi =25V
> 15500 —
- u/ —
= a0 =
g Ta=—25C
H = =
< I
z 7
3
2 15200
3
15.100

0 02 04 06 08 10 1.2 14 16 18 20
Output Current Iou (A)

(¢) Load Regulation

Fig.9 Operating Characteristics of Negative
Voltage Switching Regulator

4. Fixed Voltage Source in Floating Type

Voltage sources in floating type or boost type are typically
employed when high voltage output is required. Fig. 10
shows the circuit of a fixed voltage source in the floating
type. For considering the stabilization in this circuit,
assuming that the output voltage increased. At the input ter-
minal of the error amplifier, non-inverted input will become
low compared with inverted input, and the output current of
the error amplifier decrease. Then, the current from the
terminal V; in the control circuit decrease. As the results,
the base current of the external resistor Q, will decrease and
collector current will decrease, resulting to control increase-
ment of the output voltage.

Vin
o]
Rs 6.2k0
Ve, Ve 20W
Veer Veut f—
v Re
Dot 230 cL Rec
2Rs
3‘57ﬁl CSk— e
- Vi +)Va( =) T
Rz SRs EE M )
53.7kQ! 3 3.0k InF
Vour

Fig.10 Positive Voltage Floating Regulator
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The output voltage Vgt in the circuit, Fig. 10 is;

Ri+R.
R;+R,

R

Vour = R-l -

Fig. 11 shows the circuit diagram of the negative fixed
voltage source in floating type.

Vr
o
Rs 10kQ
J’ o Vee Ve
R
b 12v —Vaer  Vou 106|(Q
X Hi vz
Reg RsS -
97.6kQ %05 cL
- cSp—
Val+) V(=)
Rig Rig T Lo
3.57kQ3 3kQ3S EE [COMP T 100pF
Vou
Fig.11 Negative Voltage Floating Regulator

5. Other Applications
Other applications are follows.

5.1 Fixed Voltage Source with Reduction Type Current
Limiter
17 w
Vec Ve
- Rsc 309
Vrer Vout W Vour
3R
T 2.7k
2R
32.15kQ CL
4R
cs 356kQ
Vin(+) Vin(~) ”
3R
[ 50k2 VejrCOMFj_C‘ InF
4 Jr-

Fig.12 Fixed Voltage Source with Reduction
Type Current Limiter

6.0
5.0
4

z l/
>§ 4.0 /
; 3.0 /
H
320

10 //

A
0
0 100 200

Qutput Current low (mA)
Fig.13 Current Control Characteristics of Fixed Voltage
Source with Reduction Type Current Limiter

@ HITACHI



HA17723G,HA17723

6.2 Fixed Voltage Source Turning ON/OFF External

Control
Vin
Ve, Ve
Vi RSC al
v out ’ M Vour
o s o
Note
2R
2215 cLy
Note) Insert when
cs| Vo Z 10V
Vin(+)  Vin( =)
3k, Ve T CowP] Ry 25C458® &
. Lo & o —m—gny
J rlnF
7 ”

Fig.14 Fixed Voltage Source Turning ON/OFF
External Control

Ta =25°C

Output Voltage Lo (V7

" 4 B 12 16 20 24 20 32 36 40
Time (second)
Fig.15 Operating Characteristics of Fixed
Voltage Source Turning ON/OFF
External Control
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HA17800P,HA17800 Series *7eine. ™ ™

HA17800P and HA17800 series, 3-terminal fixed voltage re-
gulators provides 8 kinds of output voltage; 5,6, 7, 8, 12, 15,
18 and 24 volts. When a heat sink is used, output current
above 1A is available, which enables wide applications are a
power source of various equipments.

For all devices in this series, three protection circuit; one to
limit current, another to limit temperature at chip junctions
and the other to limit internal power dissipation, are built-in
and elements are protected against the destructions.

Industrial Use . . . . ... .......... HA17800P Series
Commercial Use . . . HA17800 Series

B FEATURES

® Output Current above 1A is available.

® 38 kinds of output voltages, 5, 6, 7, 8, 12, 15, 18 and 24V
will be provided to offer wide applications as various
sources.

® Eliminates external compensating circuit.

® T0-220AB package enables easy mounting and radiation
design like transistors.

@ Built-in Current Limiter prevents elements from destruc-
tion when load is short circuited.

® Built-in Chip Junctions Temperature Limiting Circuit pro-
tects elements against thermal destruction.

® Built-in Internal Power Dissipation Limiting Circuit pro-
tects transistors at output driver.

B CIRCUIT SCHEMATIC

—o0 11
R T "
ke Shi @ &

Q
Qo
G L £or ) Qr
by I
. r PRERIETS
Rs Qo) ———0 3 10utput
Qi3 Qs
L3
Re Ris Ris R
U:r Qu
' Ri Re .
- Q y
Qe
kg Q (] () ks
Ris
Rio Ry Ds

Q' 2!Common

HABSOLUTE MAXIMUM RATIlilGS (Ta=25C)

(T-220AB)

HEPIN ARRANGEMENT

PO §

1. Input
2. Common
3. Output

(W)

Max. Power Dissipation Prmes

40 60

Ambient Temperature Ta (°C)

(1) With Infinitely Large Heat Sink

(2) §°C/W Heat Sink | Including Additional

(3) 15°C/W Heat Sink | Thermal Resistance

(4) Without Heat Sink

6,.=3.0C/W (typ.!
5.0°C/W imax.'

6,.=60°C/W ityp.

Item Symbol |[HA17800P, HA17800 Series | Unit 65°C/W max.'
Input Voltage Vi 35 v Thermal Resistance
Input Voltage Viare 40 \%
Power Dissipation Prass 15 w HETYPICAL CONNECTING CIRCUIT
Operating Ambient Temperature Topr —20 to +75 C
- o- (1) (3) o
Operating Junction Temperature T, X —20 to +125 C Vie HA178X X P Vou
Storage Temperature Tie —55 to +125 ‘C Ci== E
0.334F (2) 0.1uF
Note) * HA17805P to HA17818P and HA17805 to HA17818
* % HA17824P and HA17824
% % % Follow the derating curve W
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HA17800P,HA17800 Series

M HA17805P,HA17805 ELECTRICAL CHARACTERISTICS
( V=10V, L..=500mA,0C<T;<125C, C:n=0.33u4F, C...=0.1 #F; unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C 4.8 5.0 5.2 \Y
Output Voltage Viur -
V= V220V, 5mA= [, =1.0A, Pr<15W 4.75 — | 5.25 \
. . . V= V,£25V — 3 100 mV
Line Regulation OV, tine T,=25C
8V<V,<12V — 1 50 mV
. SmAZ L= 1.5A — 15 100 mV
Load Regulation Vo toaa T,=25C
250mA < [ = 750mA — 5 50 mV
Quiescent Current Iy T,=25C — 4.2 8.0 mA
_ 7V Vs 25V — — 1 13 mA
Quiescent Current Change [y -
SmA= . =1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz= f=100kHz — 40 — Y%
Ripple Rejection Ratio Rues S=120Hz 62 78 — dB
Voltage Drop Voror L.=1.0A, T,=25C — 2.0 — \Y
Output Resistance Rou f=1kHz — 17 — mQ)
Output Short Circuit Current Ios T,=25C — 750 — mA
Peak Output Current L year T,=25C — 2.2 — A
Temperature Coefficient of . .
; 0Vou/OT, L.=5mA, 0'C=T,£125C — -1.1 — | mV/C
Output Voltage

M HA17806P,HA17806 ELECTRICAL CHARACTERISTICS
(Vu=11V, [,..=500mA,0'C = T,=125°C, C.,=0.33uF, Co.:=0.14F, unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C 5.75 6.0 6.25 vV
Output Voltage Viut y .
8V= V=21V, 5mA< L= 1.0A, Pr< 15W 5.7 — | 6.3 vV
. 8V V., =25V — 5 120 mV
Line Regulation SV, tine T,=25C
V=V, =13V — 1.5 60 mV
. .. 5mA T L. Z1.5A — 14 120 mV
[.oad Regulation SV, toae T,=25C - -
250mA 7 [, < 750mA - 4 60 mV
Quiescent Current Iy T, =25C — 4.3 8.0 mA
. 8\ V.2 25V — — 1.3 mA
Quiescent Current Change M -
SmA < [ 7 1.0A — — 0.5 mA
Output Noise Voltage V. Ta=25C, 10Hz~ f= 100kHz — 45 - Y
Ripple Rejection Ratio Riey f=120Hz 59 75 - dB
Voltage Drop Vioror Lw=1.0A, T,=25C - 2.0 - \%
Output Resistance R f=1kHz — 19 — mQ)
Output Short Circuit Current Ios T,=25C — 550 — mA
Peak Output Current L peax T,=25C — 2.2 — A
Temperature Coefficient of . . i
) IV,.u/dT, Lu=5mA,0C~ T,7.125C — - 0.8 - mV/C
Output Voltage
@ HITACHI 109



HA17800P,HA17800 Series

MHA17807P,HA17807 ELECTRICAL CHARACTERISTICS

(Via=12.5V, I,.:=500mA, 0°C=< T;=<125°C, C;n=0.331F, Co..=0.14F, unless otherwise specified.)

Item Symbol Test Conditions max typ max Unit
T,=25C 6.72 7.0 | 7.28 \
Output Voltage Vour
9V=V.=22V, 5mA< L. =1.0A, Pr<15W 6.65 — 7.35 \4
V< V,=25V — . \Y
Line Regulation SV, tine T;=25C 9 5.5 140 o
10V=V,=15V — 1.7 70 mV
5mA<[.=1.5A — 1 \Y%
Load Regulation OV; toaa T,=25C o 13 40 n
250mA < L. < 750mA — 4 70 mV
Quiescent Current Iq T,=25C - 4.3 8.0 mA
IV=V,,=25V — — 1.3 mA
Quiescent Current Change dlq
SmA=[.=1.0A — — 0.5 mA
Output Noise Voltage Vi Ta=25°C, 10Hz< f<100kHz — 48.5 — A%
Ripple Rejection Ratio Rres f=120Hz 57 73 — dB
Voltage Drop Voror La=1.0A, T;=25C — 2.0 — \Y%
Output Resistance Rou f=1kHz — 17 — mQ
Output Short Circuit Current Ios T;=25C — 500 — mA
Peak Output Current Lo pear T;=25C —_ 2.2 — A
Temperature Coefficient of . . .
SVour/ ST, Lu=5mA, 0'C=T,=125C — | —0.8 — | mV/C
Output Voltage
BHA17808P,HA17808 ELECTRICAL CHARACTERISTICS
(Via=14V, I,.,=500mA, 0'C=< T,;=125C, Ci»=0.334F, C...=0.1uF, unless otherwise specified.)
Item Symbol Test Conditions min typ max Unit
T,=25C 7.7 8.0 | 8.3 \Y
Output Voltage Vour
10.5V=V,,<23V, 5mA< L. =<1.0A, Pr<15W 7.6 — 8.4 \
. 10.5VV,, =25V — 6.0 160 mV
Line Regulation OV, tine T,=25C
11V V=17V — 2.0 80 mV
N SmA=<[.=1.5A — 12 160 mV
Load Regulation OV. toad T,=25C
250mA < [, = 750mA — 4.0 80 mV
Quiescent Current I T,=25C — 4.3 8.0 mA
10.5Vs V,.=25V — — 1.0 A
Quiescent Current Change dlq =
SmA=[.=1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz=f=<100kHz — 52 — A%
Ripple Rejection Ratio Rrey f=120Hz 56 72 — dB
Voltage Drop Voror Ii=1.0A, T,=25C — 2.0 — \
Output Resistance R f=1kHz — 16 - mf)
Output Short Circuit Current Ios T,=25C — 450 — mA
Peak Output Current L pear T;=25C - 2.2 — A
Temperature Coefficient of OVar/ST, | Lu=5mA, 0CST,5125C — | 08| — [mvc

Output Voltage
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HA17800P,HA17800 Series

B HA17812P,HA17812 ELECTRICAL CHARACTERISTICS
(Va=19V, I,..=500mA, 0°C = T;<125C, C.,=0.33uF, Co..=0.1u F; unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C . . .
Output Voltage Vour - 1.5 120 | 125 v
14.5V= V,.£27V,5mA S Lu=1.0A, Pr=15W 11.5 — | 12.6 \
14.5V=V,=30V ) — 10 24 \Y
Line Regulation SV, tine T,=25C 0 °
16V=V,= 22V — 3.0 120 mV
5mA< L.=1.5A — 12 24 \'/
[.oad Regulation OV, tosd T,=25C - . 0 n
250mA = L. = 750mA — 4.0 120 mV
Quiescent Current Iq T,=25C - 4.3 8.0 mA
14.5V< V,, =30V — — 1.0 A
Quiescent Current Change Slq - o
SmA= L. =1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz=< f <100kHz - 75 — A%
Ripple Rejection Ratio Ries f=120Hz 55 71 — dB
Voltage Drop Voror I.=1.0A, T,=25C — 2.0 — A%
Output Resistance Rou f=1kHz - 18 — mQ
Output Short Circuit Current Tos T,=25C — 350 - mA
Peak Output Current Lo pear T,=25C — 2.2 — A
Temperature Coefficient of . N .
) IVou/ST, L.=5mA, 0'C=T,=125C — | —1.0 — | mV/C
Output Voltage

MHA17815P,HA17815 ELECTRICAL CHARACTERISTICS
(Via=23V, L,..=500mA,0°’C = T,=125C, Ci»=0.334F, Co..=0.1¢ F; unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C 14.4 15.0 15.6 \
Output Voltage Vou .
17.5V=V,,=30V,5mA< L. = 1.0A, Pr<15W 14.25 — | 15.75 \Y
o 17.5V= V..=30V — 11 300 mV
Line Regulation SV, tine T,=25C
20V= V,< 26V — 3 150 mV
. SmA<.<1.5A — 12 300 mV
Load Regulation OV tuae T,=25C —
250mA = L. = 750mA — 4 150 mV
Quiescent Current Iy T,=25C — 4.4 8.0 mA
17.5V= V.30V — - 1.0 mA
Quiescent Current Change Sy
SmA= Lu=1.0A — — 0.5 mA
Output Noise Voltage V. Ta=25C, 10Hz< f=100kHz — 90 — "%
Ripple Rejection Ratio Ry /=120Hz 54 70 — dB
Voltage Drop Vikor La=1.0A, T,=25C — 2.0 - \'
Output Resistance Roue f=1kHz — 19 — m{)
Output Short Circuit Current Tos T,=25C — 230 — mA
Peak Output Current Lo peak T,=25C — 2.1 - A
T ture Coefficient of
cmperature Loeticient o OVu/ST, | IL.=5mA, 0C=T,=125C — | =10 — | mvrc
Output Voltage
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HA17800P,HA17800 Series

HMHA17818P,HA17818 ELECTRICAL CHARACTERISTICS

(Vi=27V, I,..=500mA,0C=<T;<125C, Ci»=0.334F, Co..=0.14F; unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
Output Volt. V. T;=25C 17.3 18.0 18.7 v
Jutput Toltae 21VE V., =33V, 5mA= L., <1.0A, Pr< 15W 17.1 — | 189 v
Line Regulati oV T —95C 21VE Vi =33V — 15 360 mV
ine Teguation s ’ 24VS V.S 30V — | 50| 180 | wv
N SmA=<[.<1.5A — 12 360 mV
Load Regulation OV, toaa T,=25C
250mA = L. = 750mA — 4.0 180 mV
Quiescent Current Iq T,=25C — 4.5 8.0 mA
21VE V=33V — — 1.0 mA
Quiescent Current Change Slq
SmAS [ =1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz= f<100kHz — 110 — A%
Ripple Rejection Ratio Rres f=120Hz 53 69 — dB
Voltage Drop Voror I.=1.0A, T,=25C — 2.0 — \Y%
Output Resistance Rou f=1kHz — 22 — m()
Output Short Circuit Current Ios T,=25C — 200 — mA
Peak Output Current L, pesk T,=25C - 2.1 — A
Tempecrature Coefficient of . . .
SVou/ST; Lu=5mA, 0C=T;=125C — | —1.0 — | mV/C
Output Voltage
B HA17824P,HA17824 ELECTRICAL CHARACTERISTICS
(Vin=33V, I,..=500mA, 0°C=< T;=125°C, C:n=0.33uF, Co..=0.14F; unless otherwise specified.)
Item Symbol Test Conditions min typ max Unit
T,=25C 23.0 24.0 | 25.0 A
Output Voltage Vour .
27V= V=38V, 5mA= L. <1.0A, Pr<15W 22.8 — | 25.2 \
2TV V.= 38V — 18 80 \
Line Regulation Ve tine T;=25C 4 o
30VE V.36V — 6 240 mV~
S5mA<[.<1.5A — 12 480 \%
Load Regulation OV, toaa T;=25C - - z
. 250mA = [, = 750mA — 4 240 mV
Quiescent Current Iy T,=25C — 4.6 8.0 mA
27V= V.= 38V — — 1.0 A
Quiescent Current Change dlq o
SmAS Lus1.0A — — 0.5 mA
Output Noise Voltage V. Ta=25C, 10Hz< f<100kHz - 170 — A%
Ripple Rejection Ratio Rkeys f=120Hz 50 66 — dB
Voltage Drop Voror w=1.0A, T,=25C - 2.0 — \'
Output Resistance Rou f=1kHz — 28 — m)
Output Short Circuit Current Ios T,=25C — 150 — mA
Peak Output Current Lo pear T,=25C — 2.1 — A
Temperature Coefficient of . . . .
SVout/ST, L.=5mA, 0'C=T,=125C — —-1.5 — | mV/C

Output Voltage
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HA17800P,HA17800 Series

B CHARACTERISTICS CURVE

PEAK OUTPUT VS. VOLTAGE DROP CURRENT RIPPLE REJECTION VS. FREQUENCY RATIO
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HA17800P,HA17800 Series

QUIESCENT CURRENT VS. JUNCTION

OUTPUT IMPEDANCE VS. FREQUENCY TEMPERATURE
WE=F SFFERT 6
T i
_vt . 1 17805 HA17805 [
R 4.4
. [Ce=0.1uF =
: P w
t\i = 4.2 1
g 03 — ; / % =] -t - - :L
% ]. Al lm=100ma f 3 \
FRRY Mo | |
H Z : 3 .
= 38 e
Do
| | ! i
001 1 e 3.6 | |
0 20 50 100 200 500 1k 2 S 10k 20k 50k 100k 200k -25 0 25 50 75 100 125
Frequency f (Hz) Junction Temperature T, (°C)
W APPLICATION NOTE frovt © 1 1
Fixed Current Protector for
In HA17800P and HA 17800 Series, external compensating Source J "'""““"I;L
circuits are eliminated and easy mounting and radiation Erling ]
design like transistors are enabled by employing the Cireut - Output Contral Transis tor
TO-220AB package. Output current above 1A is available
when using a heat sink. To protect devices from destruction, !
three protection circuit; current limiter, one against load Short Circuit 3R
short circuit and one to control the operating junction tem- -0 Output
perature, are built-in. HA17800P and HA17800 series are
usable fixed voltage sources and the followings shall explain
some examples of circuit constructions and applications for
further use. 3 R
1. Circuit Constructions of HA17800P and HA17800 Series
Fig. 1 shows the internal equivalent circuit and Fig. 2 shows 3 O GND
its block diagram of HA17800P and HA17800 Series.
Fig.2 Block Diagram of HA17800P and
HA17800 Series
' DR
oy R & Ris o (1) Reference Voltage Circuit
wokd  F%0 10 10k (v, For examplaining the part generating the reference voltage,
Q Q D”“i"/ the equivalent circuit shall be shown in Fig. 3. As this figure
T Qe shows clearly, the difference from the conventional method
._KQ,, Rn'\,_&r g
720 ! using zener diodes is that the reference voltage is generated
Rs Qis A by only the base-emitter forward characteristics of transis-
33%3 { J" R By & tors. The reference voltage VREF is;
Q an} e, YT
N N LL 2o Veer=Vees+ Vees+ Vs + Vees+ Relce- (1)
D‘ﬁ; 27k 0;4 Rilci+Vsey=Relco+ Vprs woveeeeereees (2)
4 Qs
Vz=12V Veri = Vees+ Rl
»—‘ Qi Ris BE1 BE2 3lE2
‘ * I;L“ Ris kT
5’& fkl 2&5; Ci=30pF Qn 5 5.0k VBE = 7 In
+
' where, assuming that VBg1 = VBE3
Q kT 1 R
i = Ip =R ( )
Ao Ie2 ¢ R Ian 5
@ Common
Veer=Vees+ Veea+ Vees + Vees+
Fig.1 Internal Equivalent Circuit ’_CIB_Z 1"& .................................... (6
of HA17800P and HA17800 Series ¢ R "R
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HA17800P,HA17800 Series

Input O

O Output

Vrer

O GND

Fig.3 Circuit Generating Reference Voltage

In equation (6), the first four terms in the right to equal sign
are Vg and have negative temperature coefficient. On the
other hand, the last term has positive temperature coef-
ficient. Then, give value to Rq, R2 and R3 so that VRgfg =
5VsVRepr/8T = 0. This reference voltage source which utilize
the base-emitter forward voltage of transistors has less noise
than the conventional ones using zener diodes. The output
voltage is as shown in Fig. 3;

Rz
Ry

(2) Protection Circuit

In the HA17800P and HA17800 Series three kinds of protec-
tion circuit are provided. One is current limiter constructed
by R17, R12, R21 and Q15. Another is one to control output
when load is short circuited or the power dissipation of
output transistor Q47 exceeds a limit value, constructed by
R13 and D2, The other is one constructed by Q14 which pre-
vents temperature rise on the whole chip.

(3) Other Circuits

The Darlington connection, Q4—Q3 in the Fig. 1 operates as
an error amplifier as well as a reference voltage generator. As
the collector load of Q3 is a load with high impedance con-
structing the fixed current source from Qg MOS capacitance
shall be applied to compensate the frequency characteristics
of the error amplifier. It is aiming at stable operation when
load conditions changes. Qq3 operates as the so-called
ignition circuit which flows current to Qg when a regulator
turns ON and is turned OFF by the rised emitter potential
when regulator provides output.

Vowr=Vrer <1 +

2. CAUTIONS ON USE

Package used in HA17800P and HA17800 Series are
TO-220AB, which is used for mid-power transistors and,
therefore, the mechanical treatment is as same as in the case
of transistors. The other important points are radiation
design and the way to by-pass.

2.1 Radiation Design

When the power dissipation of HA17800P and HA17800
series exceeds to 1.67W, a radiator or a heat sink must be
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attached so that the junction temperature is below the speci-
fied value. If you use the radiators on the market, you must
select one with required thermal resistance and pay attention
to mounting. If you design by yourself, you can utilize the
data in Figs. 4 thru 6.

(An Example of Designing a Heat Sink)

o T T TTT
= \ ”al\gral (lfor)veclion
5} lorizona ‘nsition
= NN
< 10 T
T
E Ny Aluminum Board
@ O (1.5mm width)
5 R NN
. Copper N
4 Board
% (3mm width) q N
I ™
= N
3
E
z
=1
20 50 100 200 500 1,000

Heat Sink Area S (cm?)

Fig.4 Areas vs Thermal Resistance

of Heat Sink

10
2 08
< N
N
206 ithout s
2 con oil
i N -
&
TE 0.4 ~ ith silj
E . 1lico oil
E ~— i
&
B
g 0
S

0 2 4 6 8 10

Clamp Torgue (kg-cm)

Fig.5 Clamp Torque vs Contact
Thermal Resistance

w0 |
z Clamp Torque(6kg-cm)
30 WS
<
B Without silicon oil < wiet L
& 20 —
<
H P & W —]
Z > o —
£ // // Mics_t—]
: N
E
kS = N T
£ w.aI silicon oil
0 005 0.10 [X5 020

Thickness in Insulators d (mm)
Fig.6 Thickness in Insulators vs Thermal
Resistance (Typical)

Assuming to design a radiator which is required when
HA17800P and HA17800 Series dissipates 10W in the condi-
tion of the maximum ambient temperature is 50°C.
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HA17800P,HA17800 Series

(1) Ratings of HA17800P and HA17800 Series Junction
Temperature Tj = 125°C
Thermal Resistance 6j.c = 5°C/W
Junction — Case

{2) When a radiator is used, the relationship between the
junction temperature rise and power dissipation will be;

T,—Ta
=0, —0
/ Pr J N
Thus the thermal resistance of the required radiator is;

6f=1—2—5£-§9—5—0‘4=2.1°(:/w

(3) As Fig. 4 indicates, the required area of the heat sink
will be 760cm? when copperplate of thickness; 3 mm.
Then, the heat sink is placed horizontally. If this area is
too large, it can be smaller by air-cooling by wind from
a fan.

2.2 Way to By-Pass

HA17800P and HA17800 Series may be used as regulators in

a simple form, but stable operation requires connection of

capacitors for by-passing at input and output as shown in Fig.

7. The capacitor at input, Cijn must be at least 0.22uF to

improve the stability in operations and the large capacitance

capacitor for smoothing, C may be used at input. The capa-
citor at output, Coyt is provided aiming at preventing oscilla-

tion and improving transfer characteristics. The output im-

pedance of the regulator increases with increasement of fre-

quency. This phenomenon is caused that the gain with
devices decreases with the increasement of frequency. So,
adding a capacitor of about 50uF to output as shown in Fig.

8 improves it. When supplying voltage to load which

switches in high speed as TTL load, ceramic capacitor or film

capacitor with good frequency characteristics shall be con-
nected at output.

HAL7800

Common
Fig.7 Way to By-pass in
HA17800P and HA17800 Series

2
10 T
= il
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o
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§ o
S
2
£
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3 8
= |8 SN R
e A
10 ? I |
10 100 1k 10k 100k M

Frequency f (Hz!
Fig.8 Frequency Characteristics of
Output Impedance
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3. APPLICATIONS

3.1 Fixed Output Regulators

Fig. 9 shows the most basic form of the 3-terminal fixed out-
put regulator. Fig. 10 shows the operational characteristics
of this type regulators.

Vi Viur
Input 1 3 Outpur
(o -J_ HA178XX
Co 2 Cour
0.330 F-I_ T 0.1k
Fig.9 Fixed Output Regulator
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— T
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Fig.10 Operational Characteristics of
Fixed Output Regulator
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HA17800P, HA17800 Series

3.2 A Regulator with Increased Output Voltage
Fig. 11 shows the circuit diagram to increase output voltage
utilizing fixed output voltage. The output voltage Vgyt is;

Vi = (1+ ﬁ—f) Vix +ToR:

where, Vyy:. Output voltage in HA17800P and HA17800

Series
IQ:  Quiescent Current in HA17800P and
HA17800 Series
Vie \ 4 Vou
o—— HAITSXX

la

Fig.11 Regulator with Increased Output Voltage

If the resistance ratio, Rp/R1 are equal, adopting smaller R
and Rg value enables to ignore the voltage drop because of
quiescent current, IQR2.

However, as smaller resistance causes the larger power dissipa-
tion at the resistor, attention must be paid to the power capa-
citance of the resistor.

' !
Tour =0
1
Ri=2.2k  HAL7824P
0 k= 7
= HAI7824 P
T3 / Ri=20.7Q |
i / Re=10.99
N VA I
Ed /4 | 1
= 1HA17812 Ri=2.2k
= 20 R =1.1k——1
z N Ri=20.70
= HAl ‘1 12 +—R;=10.99 —
z2 A
- Atk Ri=2.2K
10 HAI7805 ﬁ-——RFHk—-—
Ri=20.79
AT7805 | o 220 ie ]
[ T
N 10 20 40

Input Voltage Vo (V1)

Fig.12 Operational Characteristics of the
Regulator with Increased Voltage

3.3 Fixed Current Regulator
Fig. 13 shows the circuit of a fixed current regulator to pro-
vide a fixed current. This circuit utilizes the fixed output
voltage of HA17800P and HA17800 series to generate a fixed
current and is easily designed.
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HAL78XX 3

0.33uF

]

Fig.13 Fixed Current Regulator

The fixed current output, lgyt is;

_ Vxx
qut R] +1Q
where, Vyyx: Output Voltage of HA17800P and HA17800
Series
IQ:  Quiescent Current of HA17800P and
HA17800 Series
500 ™
HA17812
/ o
400 1
ey,
3 300 /
L;; 200 ]
100 —l HAL7812
l R=1KQ |
Low=17mA
[ 1
—
10 20 30 40

Input Voltage Vin (V)

Fig.14 Operational Characteristics of
Fixed Current Regulator

If the resistance of Rq is small and Vxx/R1 is far larger than
10, lout is nearly equal to Vxx/R1. The maximum value of
the fixed current output, gyt is maximum output current of
HA17800P and HA17800 Series, 1.5A. Then, the power of
the resistor Ry and the maximum power dissipation of
HA17800P and HA17800 Series must be considered.

3.4 Variable Output Voltage (7 to 30V, 0.5 to 10V) Regula-

tor

Fig. 15 shows the circuit of a regulator whose output voltage
is variable from 7 to 30 volts and Fig. 17 shows that of a
regulator whose output voltage is variable from 0.5 to 10V.
In each case, output voltage is controlled by an operational
amplifier and the output voltage is;

- R (In case of Fig. 15)
Vit (1+ R‘) Vxx 9
_(Rit+R: ) « R

Voul_ R3+R4 R] VXX

(In case of Fig. 17)
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HA17800P,HA17800 Series

The relationships of the adjusting point potential of the
variable resistor, R, VR and output voltage, Vgt are shown
in Fig. 16 and Fig. 18. Operational amplifiers should be
selected considering supply voltage, common mode input
voltage range, output voltage range and so on. When oscilla-
tion happened, inserting a capacitor between Vi, and
Common Terminal is an effective measure.

HA17805

e .
G :
0.33uF

7

HAL17741 P{
7

Fig.15 Variable Output Voltage
(7 to 30V) Regulator

15
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Adjusting Power Point Potential V& (V)

Fig.16 The Variable Output Voltage (7 to 30V)
Regulator —Adjusting Power Point
Potential, V: Characteristics
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Fig.17 Variable Output Voltage
(0.5 to 10V) Regulator
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Fig.18 The Variable Output Voltage (0.5 to 10V)

Regulator —Adjusting Power Point
Potential, V: Characteristics

3.5 Regulator with Increased Output Current

In HA17800P and HA17800 Series, output current above 1A
is available and larger current is available by externally adding
a transistor as shown in Fig. 19. Then, the relationship of the
current amplification factor, hFg of the transistor Q1 and
current in each parts must be .

hre( Q1) %%ﬁ
RE

3 Vi
HAI78XX ’ o
Towee Lo

Fig.19 Regulator with Increased
Output Current (1)

Lowv=(1%hre [orecthrelq—hrel

hre Lout

Torec= W<}HF +I*IQ>

The output current decreases from lgyt to IQREG in appear-
ance and the load regulation will be improved.

A circuit where a current limiter is added to the basic regula-
tor with increased output current in Fig. 19 shall be shown in
Fig. 20. The limit value of the output current lgyt limit is
determined as;

Ve g2

RS('

Lou limit =
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Fig. 21 shows the operational characteristics of the circuit in
Fig. 20. On determining R¢g, line impedance and contact
resistance should be considered.

HA178XX

nr
Fig.20 Regulator with Increased Output Current (2)

T
HALTB0SP
(Va=10V1 ]
S0
R
v
&
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E
s
&
7
a
4 5 6 7 X 9

Output Current Lo (A}

Fig.21 Operational Characteristics of the Regulator
with Increased Output Current (2)

3.6 Positive and Negative Voltage Regulator

Fig. 22 shows the circuit of a regulator which provides both

positive and negative output, constructed by 2 devices of

HA17800P and HA 17800 Series. The portion providing posi-

tive output is basically the same as in 3.1 the fixed output

regulator.

In the portion providing negative output, the input of

HA17800P and HA17800 series is floating state, output

terminal Vgt is grounded and the negative voltage is taken

out of the common terminal.

Fig. 22 shows the circuit to get larger power than the com-

mercial source. lts ripple voltage at output will be deter-

mined by the characteristics of the smoothing circuit and

ripple rejection ratio in HA17800P and HA17800 series — 78

dB typ: in case of 05P, 05.

d
N
| 3 Vour
HA178XX - 0
s
+ = 0uf
LT |
! HAL7&8XX 3
+ 3
- 2 o= 0.1uF
T "5
2]

= Vour

Fig.22 Positive and Negative Voltage Regulator
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Fig. 23 shows the smoothing capacitance C and ripple
characteristics at input and output when the transformer
K3-D69 is emploved.
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Fig.23 Characteristics of Fixed Output Regulator
with a Rectifier

3.7 Switching Regulator

Fig. 24 shows the circuit of a switching regulator. This
circuit stabilizes the output voltage with self-oscillating and
the change in output voltage will be absorbed by changing
the conducting period of the switching transistor Q. The
minimum operational input voltage, Vi, min is;

Viemin=Vxx+Vz(ZD\)+ Ves(Q)

The zener diode, ZDq is to reduce the voltage applied to
HA17800P and HA17800 series. The period during the
switching element Q is ON becomes longer with the increase-
ment of load current and the oscillation cycle is nearly pro-
portional to the inductance L. The current capacitance of Q
must be twice as large as the load current.

Fig. 25 shows the operational characteristics of the circuit in
Fig. 24.
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HA178MOOP,HA178MOO Series ® i oo,

B FEATURES

@® OQutput Current more than 500mA

® Possible to be widely used as power source with various
output voltage; 5V, 6V, 7V, 8V, 12V, 15V, 18V, 20V &
24V

® No external compensation circuit required.

® T0-220AB package and easy mounting & easy design for
heat sink, as same as a transistor.

@ Built-in current control circuit protects elements from de-
struction by short circuit.

® Chip junction temperature limiting circuit built in pro-
tects elements from thermal destruction.

® |nternal power dissipation limiting circuit built in protects (T-220AB)
transistors in output stage.

® |Industrial Use; . ............ HA178MOOP Series

® Commercial Use; . . ... ... ..... HA178MO0O0 Series HPIN ARRANGEMENT

H CIRCUIT SCHEMATIC

’ﬁ‘ ’ O lnput 5 O E
Ry 3 Ris
Cil
W
K 1. lnput
2. Common
O Output
R Qi 3. Output
N
R
x ;
1) R 123
- -Top View!
R Q
———O Common
MABSOLUTE MAXIMUM RATINGS (Ta=25C)
¥
Item Symbol Rating Unit = T @
v - = L N
Input Voltage Vie* 35 V z i N
H
Input Voltage Vin** 40 \Y% £y ; i N
z s i N
Power Dissipation Prx** 7.5 \Y k= T N N
) L >
Operating Temperature T.,. 20 to t75 C 38 ek © I
23 B e B SN
Junction Temperature T, 20 to t125 ‘C 0 20 40 60 80 100 120 140
Storage Temperature Tox - 55 to +125 C Ambient Temperature Ta (1C)
Note * For HA178MO5P - HA178M18P, HA178M05-- HA178M18 A Infinity h sink
* % For HA178M20P, HAI78M241, HA178M20, HA178M24 1 himey heat sin )
. 0 782 @ 5°C/W heat sink | Included fixed thermal
* % % Follow the derating curve shown below. - PO . .
(3: 15°C/W heat sink ! resistance
4 No heat sink
thermal resistance
8, =3.0°C/W
B STANDARD CONNECTING CIRCUIT RO )
. 8,,-62°C/W typ)
o '3 72°C/W * max)

Vin . ’
° I HAI7AMXX l © Vo
<’1 2
0.33uF (2) 0.1uF

nr
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HA178MOOP ,HA178M00 Series

B HA178M05P,HA178M05 ELECTRICAL CHARACTERISTICS
(Via=10V, I,.,=350mA,0'C=T,=125C, C:r=0.33¢F, Cou.=0.14F, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 4.8 5.0 5.2
Output Voltage Vo TVS V,,= 20V, Pr=7.5W, 5mA< L= 350mA | 4.7 — | 5.2 M
. . g, TV= V,.=25V, L. =200mA — 3 100
Line Regulation OV, tine T;=25C SV= V= 25V, L= 200mA — 1 50 mV
. e S5mA= L. = 500mA — 20 100
Load Regulation Ve toas T,=25C SmAZ 1= 200mA — 10 %0 mV
Quiescent Current Iq T,=25C — 4.5 6.0 mA
8V= V=25V, L..=200mA — — 0.8
i d
Quiescent Current Change Iq SAS 1= 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz<f<100kHz — 40 — uV
. Lo . f=120Hz, | l...=100mA 62 80 —
Ripple Rejection Ratio Rrey T, 25C T =300mA 62 30 — dB
Drop Out Voltage Viteop Lu.=350mA, T,=25C — 2.0 — v
Output Short-circuit Current Tos T,=25C, V.=35V — 300 — mA
Peak Output Current Lo peak T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0 Vout/dT, | L=5mA, 0°C = T,=125C — | —1.0 — | mV/C
HHA178M06P,HA178M06 ELECTRICAL CHARACTERISTICS
(Vi=11V, L...=350mA, 0'C= T,=125C, C:»=0.334F, C...=0.1u4F, unless otherwise specified.)
ltem Symbol Test Condition min typ max Unit
) T,=25C 5.75 6.0 | 6.25
Qutput Voltage Ve 8VE V=21V, Pr=7.5W, 5mA= .= 350mA | 5.7 — | 6.3 M
o 8V< V=25V, Luw=200mA — 5 100
i i G Viine ,=25C.
Line Regulation v Dm25C oV V225V, L 200mA — 15 0] ™
. 5mA < L = 500mA — 20 120
i Via =
Load Regulation Vicad T,=25C SmA= 1. = 200mA — 0 ) mV
Quiescent Current Iq T,=25C — 4.5 6.0 mA
IV= V=25V, L =200mA — — 0.8
. s s
Quiescent Current Change Iq SAZ 1= 350mA — — 0.5 mA
Qutput Noise Voltage |4 Ta=25C, 10Hz< f<100kHz — 45 — uV
. . . f=120Hz, | l...=100mA 59 80 —
Ripple Rejection Ratio Rrer T,—25C 1. =300mA ) 0 — dB
Drop Out Voltage Virop I, =350mA, T,=25C — 2.0 — \Y
Output Short-circuit Current Ios T,=25C, V.=35V — 270 — mA
Peak Output Current 1o pear T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0V,./ 8T, | L.=5mA, 0°C=<T,<125C — | —0.5 — | mV/°C
MHA178MO7P,HA178M07 ELECTRICAL CHARACTERISTICS
(Vin=12.5V, I,,.=350mA, 0'C < T,=125°C, Ci»=0.33u F, C...=0.1uF, unless otherwise specified.
Item Symbol Test Condition min typ max Unit
T,=25C 6.72 7.0 | 7.28
0 \' out v
utput Voltage i VS V=22V, Pr=1.5W, bmAS [,.= 350mA | 6.65 — 7.3 v
IVE V=25V, L =200mA - 5.5 100
. . Ve 95 s .
Line Regulation v L=28C VS Vim 25V, L= 200mA — | 17] 50 m
SmA S [, = 500mA — 23 140
i Vs 1o =25 /
Load Regulation Vo toad T,=25C SmAS L. = 200mA — 0 70 mV
Quiescent Current Iq T,=25C — 4.6 6.0 mA
10V V.25V, L.=200mA — — 0.8
. 5 s
Quiescent Current Change I SmAS 1. 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz=<f<100kHz — 48.5 — u\V
. o . f=120Hz, | [o.:=100mA 57 80 —
R
ipple Rejection Ratio | Rrer T, 25°C T = 300mA 57 30 — dB
Drop Out Voltage Virop To=350mA, T,=25°C — 2.0 - V
Output_Short-circuit Current Ios T,=25C, V.=35V — 260 — mA
Peak Output Current Io peut T,=25C — 700 — mA
Temperature Coefficient of Output Voltage| 0V,../dT, | L..=5mA, 0'C=T,=125C — —0.5 — | mV/C
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HA178MOOP,HA178M00 Series

M HA178M08P,HA178M08 ELECTRICAL CHARACTERISTICS
(Va=14V, L,..=350mA, 0'C < T;=<125°C, C..=0.33u F, C...=0.1uF, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 7.7 8.0 8.3
P
Output Voltage Vo 10,5V V., <23V, P27 5W.5mA S0, 350mA 7.6 — | 8.4 v
10.5V=V,, <25V, L. =200mA — 6.0 100
Li i Vi e , =25 : v
ine Regulation v D780 VS Vs 25V, L= 200mA — 1 20 50 "
5mA <= L. =500mA — 25 160
I.oad lati SV, toa L =25C \Y
oad Regulation Vi toad T,=25C SmA = 1. 200mA — 0 30 m
Quiescent Current Iq T,=25C — 4.6 6.0 mA
10.5VE V.= 25V, L..=200mA — — 0.8
. . 5
Quiescent Current Change 1y SmAS o< 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz= f<100kHz — 52 — A%
) o ) f=120Hz, | l=100mA 56 80 —
R _—
Ripple Rejection Ratio REF T,=25C Jluut:300mA 56 80 - 48
Drop Out Voltage Virip 1,..=350mA, T,=25C — 2.0 — \
QOutput Short-circuit Current Vos T,=25C, V..=35V — 250 — mA
Peak Output Current Lo pear T,=25C — 700 — mA
Temperature Coefficient of Output Voltage| 0V,..,/dT, | L.=5mA, 0°C=T,£125C — | —0.5 — mV/°'C
HMHA178M12P,HA178M12 ELECTRICAL CHARACTERISTICS
(Va=19V, I,..,=350mA, 0'C < T;<125°C, C..=0.33u4F, C...=0.1u4F, unless otherwise specified.)
Item Symbol Test Condition min typ max Unit
Output Voltage v T,=25C 11.5 12.0 | 12.5 v
. 14.5Vs V.. <27V, Prs7.5W, 5mAS L., < 350mA 11.4 — 12.6 )
14.5V=V.=30V, L. =200mA — 8.0 100

r . SV ore 8

Line Regulation : D720 16V 1,2 30V, L~ 200mA — 20 w0 m
. SmA= L. = 500mA — 25 240

. i IV, 1 L= \%
[.oad Regulation Vi toad T,=25C SmA< 1= 200mA — 0 20 m
Quiescent Current I T,=25C — 4.8 6.0 mA

14.5V= V., =30V, [,..=200mA — — 0.8
. _— 5 s
Quiescent Current Change 1y BmA= 1= 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz= f=100kHz — 75 — uV
L f=120Hz, | L..=100mA 55 80 —

i i dB
Ripple Rejection Ratio Rier T,=925°C 7= 300mA 55 80 —

Drop Out Voltage Virep L..=350mA, T,=25C — 2.0 — N

Qutput Short-circuit Current los T,=25C, V.=35V — 440 — mA

Peak Output Current Lo pear T,=25C — 700 — mA

Temperature Coefficient of Output Voltage | dV,../dT, | L.=5mA, 0°C=T,=125C — —1.0 — | mV/°C
HMHA178M15P HA178M15 ELECTRICAL CHARACTERISTICS

(Va=23V, 1,..=350mA,0'C=T,=<125C, C..,=0.33uF, C,..=0.14F, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 14.4 15.0 15.6 ,
' ot v
Output Voltage v 17.5VE V.. <30V, Pr<7.5W, 5mA < L., < 350mA 14.25 — 1575
N 17.5V= V<230V, L= 200mA — 10 100 s

A i SV, tine = ¥ - \%

line Regulation b DoBC 0V Vi 30V, Lo 200mA —[ 30 |- "
. S5mA = L. = 500mA — 25 300

. i SV, 1 ,=25C - —
l.oad Regulation Vi toad T,=25C SmAZ 1= 200mA — 0 150 mV
Quiescent Current Iy T,=25C — 4.8 6.0 mA

17.5V< V., 30V, L..=200mA — — 0.8
. N . 5 s A
Quiescent Current Change 1y BmA= 1= 350mA — — 05 . m
Output Noise Voltage Va Ta=25C, 10Hz< f<100kHz — 90 — uvV
R f=120Hz, | L.=100mA 54 70 —

. ) . B
Ripple Rejection Ratio Ryer T,=25°C 1= 300mA 54 70 — d
Drop Out Voltage Virip L..=350mA, T,=25C — 2.0 — \
Output Short-circuit Current Ios T,=25C, V..=35V — 240 — mA
Peak Output Current ) T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0V,./dT, | L.=5mA, 0°C<T,=125C — | —1.0 — | mvV/°C
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HA178MOOP,HA178MO00 Series

HMHA178M18P,HA178M18 ELECTRICAL CHARACTERISTICS
(Vin=27V, I,..=350mA, 0'C = T;=125C, C:,=0.33uF, C,..=0.14F, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 17.3 18.0 | 18.7
Output Voltage Vou 21VS V=33V, Pr=7.5W, 5mA= L= 350mA|_17.1 — [ 18.9 M
. . _ ope 21Vs Vi,=33V, Low=200mA — 10 100
Line Regulation IVerwe | TmC N V=33V, Lou—200mA — 50 s ™
. oes SmAS L =500mA — 25 360
Load Regulation Vo | T=25C T = 200mA — 10 | 180 mv
Quiescent Current Io T,=25C — 4.8 6.0 mA
21=V.,=35V, L..=200mA — — 0.8
. 5 s
Quiescent Current Change Iq SmAZ Lo< 350mA — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz< f<100kHz — 110 — »V
. Lo . f=120Hz, | L..=100mA 53 70 —
Ripple Rejection Ratio Rrer T,—25C T = 300mA 53 70 — dB
Drop Out Voltage Virop Lu=350mA, T,=25C — 2.0 — \Y%
Output Short-circuit Current Ios T;=25C, V..=35V — 240 — mA
Peak Output Current 1y peak T;=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0 Vour/dT; | Lu=5mA, 0°C=T,<125C — | —1.0 — | mV/C
B HA178M20P,HA178M20 ELECTRICAL CHARACTERISTICS
(Via=29V, L,.:=350mA,0'C=T,;=125°C, C:n=0.334F, Co..=0.14F,unless otherwise specified.)
Item Symbol Test Condition min typ max Unit
T,=25C 19.2 20 | 20.8
Output Voltage Vo 23V= V=35V, Pr=7.5W, bmA= [, =350mA| 19 — = M
. . e 23V= V=35V, Lu=200mA — 10 100
Line Regulation Vo tine T;=25C 24V V=35V, Lor— 200mA — 5.0 0 mV
. e SmA S L. = 500mA — 30 400
Load Regulation OVo T,=25C SmA < L. < 200mA — 10 200 mV
Quiescent Current Iq T,=25C — 4.9 6.0 mA
) 23VE V=35V, Lui=200mA - - 0.8
Quiescent Current dlq BmAS 1. 350mA ) — — 05 mA
Output Noise Voltage Va Ta=25'C, 10Hz= f<100kHz - 110 — A%
. L . f=120Hz, | Lu.=100mA 53 70 —
Ripple Rejection Ratio Rrer T,-25C T = 300mA 53 70 — dB
Drop Out Voltage Virop Low=350mA, T,=25C — 2.0 — \Y
Output Short-circuit Current Ios T,=25°C, V..=35V — 240 — mA
Peak Output Current Lo peat T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | S Vour/S T, | [=5mA, 0°'C = T,=125C — | —1.1 — | mV/'C
W HA178M24P,HA178M24 ELECTRICAL CHARACTERISTICS
(Vin=33V, L.:=350mA, 0'C = T,=125°C, C:»=0.334F, Co.:=0.14F, unless otherwise specified.)
Item Symbol Test Condition min typ max Unit
T,=25C 23.0 24.0 | 25.0
Output Voltage Vou 27VS Vs 38V, Pr=7.5W, 5mAS L= 350mA | 22.8 — | %52 M
27Vs V..=38V, L.=200mA — 10 100
i i Vo tine =25 * /
Line Regulation Ve T=25C I o8V= V=38V, L= 200mA — [ 5.0 50 mv
SmAS L. £500mA — 30 480
i Ve tan =25 ;
Load Regulation Ve | Dl NS L= 200mA = 0] a0 | ™
Quiescent Current Iq T,=25C — 4.6 8.0 mA
. 27Vs Vi.s38V, L..=200mA — — 0.8
Quiescent Current Change Jdlq SmAS [ 350mA — — 05 mA
Output Noise Voltage Va Ta=25'C, 10Hz=/=100kHz — 170 — MV
. o . f=120Hz, | [o:=100mA 50 70 —
Ripple Rejection Ratio Rrer T, 25°C T = 300mA 50 70 — dB
Drop Out Voltage Viren I..=350mA, T,=25C — 2.0 — Vv
Output Short-circuit Current Ios T,=25C, V.=35V — 240 — mA
Peak Output Current I, peak T,=25C — 700 —_ mA
Temperature Coefficient of Output Voltage | ¢ Vou,/ST, | Lu=5mA, 0°C=T,=125C — | —1.2 — | mV/°C
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HA17524G,HAT7524P esuitcring reguiator conteotrer

B FEATURES

® pyise Width Modulation (PWM)

® Wide Operating Frequency Range . . . . . 450kHz (typ)
® | ow QuiecentCurrent . . . . . .. .. ...... 5mA typ
® Good Line Regulation (0.2% typ) and Load Regulation

(0.4% typ)

Provides independent output stage of 2 channels. Wide

external circuit application including single end method

and push-pull method.

® Reference Power Source Output Stage and Switching
Output Stage include current limitting protection circuit.

® Compatible with SG3524

HBLOCK DIAGRAM

HA17524G

(DG-16)

HA17524p

(DP-16)

Vier

+5V to all

To whole the internal circuitry

+5V

Flip Flop

Ref. Volt.

0SC Out

NOR

Comparator

Inv. [nput A Error Amp

N.I Input -

GND @j @
Shut ”

Down

B ABSOLUTE MAXIMUM RATINGS:

+5V
f CLl+)
’ ol
CLi-)
Ik coMP

Current Limitter

HPIN ARRANGEMENT

N
@e 15 mE
Input
NON-INV [ v
1)E Input
e os¢ ou (3] 1] 2
En B
14) E2
kr [6] ]
. SHUT
o Ej 19 pown
2 [+] comp
(Top View)

(Unless otherwise specifieb, Ta=+25C)

Dissipation Derating Table

Item Symbol Rating Unit | Note No N Power Derating .
Package Rating Factor Above Ta
Supply Voltage Ve 40 vV 1.2 E + o o
pply toltae ‘ P 600mW | 8.3m\W/°C | 52.7°C
Collector Output Current I 100 mA K L o ot
° P ‘ G 600m\W | 7.6m\W/°C e
Reference Output Current Tker 50 mA
Current througn Cr+ Terminal Ior 5 mA
Continnous Total Power ) .
Dissipation Py 600 mW 3
Operating Free-Air s . .
Temperature Range T 200 475
Strorage Temeperat- Cerdip T, 65 to ¢ 150
- . «
ure Range Plastic 55 to ¢ 125
Note 1. With respect to network ground terminal
2. The reference voltage can he given by connecting the Vee and 5V reference output
pins bhoth to the Supply Voltage. In this configuration, Vee - 6Vmax.
3. HAI17524P : Value at T.<52.7C. In case of more than it, 8.3mW ‘C derating shall be performed.
HA17524G : Value at T.=710C, In case of more than it. 7.6mW " derating shall be performed.
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HA17524G,HA17524P

BELECTRICAL CHARACTERISTICS (Vic=20V, f=20kHz, Ta=25C)

[tem Symbol Test Conditions min typ max Unit
Output Voltage Vrer 4.6 5.0 5.4 \Y
Input Regulation OVo Line Vee=8 to 40V - 10 30 mV
Ripple Rejection Rres f=120Hz — 66 — dB
Regulator Output Regulation Vorwa | Tow=0 to 20mA - 20 50 mV
Output Voltage Change With Output Ta=0 to +70°C — 0.3 1.0 %
Vo/dTa
Temperature Ta=—20 to +75°C - 0.4 |1.36 %
Short-Circuit* Output Current Tos Veer=0 — 100 — mA
Input Offset Voltage Vio Vie=2.5V — 2 10 mV
Input Bias Current L Vie=2.5V — 2 [ 10 4A
Error Open-Loop Voltage Gain Avp — 60 - dB
Amplifier Common-Mode Iuput Voltage Range Vew Ta=25C 1.8t03.4 — — A%
Common-Mode Rejection Ratio CMR - 70 — dB
Unity-Gain Bandwidth BW — 3 — MHz
Output Swing Vor » 0.5 — 3.8 A%
OSC. Frequency f Cr=0.0014F, Rr=2kQ — 450 — kHz
Vee=8 to 40V,
Standard Deviation of Frequency Af Re=1.8 to 100kQ C=Const — 5 — %
Oscillator Frequency Change with e Vec=8 to 40V - — 1.0 %
Ta=0 to +70°C - 5.0 10 %
Temperature 8f/6Ta — - -
Ta=—20 to +75°C - 5.0 |13.6 0
Output Amplitude Vs (peoks 3Pin — 3.5 — \Y%
Ouput Pulse Width Tr Cr=0.014F, 3Pin — 0.5 — Hs
Maximum Duty Cycle D... 45 — - %
Comparator Input Threshold Voltage Vi 0 duty =0 — 1.0 - v
Vikmge duty =max - 3.5 - A%
Input Bias Current I — —1 — HA
Current Input Voltage Range Vis to;(l):; — - \Y
Limiter Sense Voltage Vs V(Pind) =2V, Ta=25C 180| 200 | 220 mV
V(Pin2)—V(Pinl) =50mV
Sense Voltage Change with Temperature | 6Vs/dTa | Ta=—20 to +75°C - 0.2 — mV/°C
Collector-Emitter Breakdown Voltage Vee 40 — - \%
Collector Off-State Current I Lear Vee=40V — 1 0.01 50 HMA
Output Collector-Emitter Saturation Voltage Veeosaor | Ic=20mA — 1 2 \Y4
Emitter Output Voltage Ve Vee=20V, Ir=—250uA 17 18 — \Y
Turn-off Voltage Rise Time t, — 0.2 — Ms
Rc=2kQ
Turn-on Voltage Fall Time ty — 0.1 — Hs
Vee=40V, V. =2V, Pins
Total Device | Standby Current Isr 1,4,7,8,9,11,14, grounded — 5.0 10 mA
All other pins open.

Note) *Duration of the short-circult should not exceed one second.
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HA17524G,HA17524P

H APPLICATION NOTE
® Principal in HA17524 Operation

+5\V
w whole the mternal circuntry
+5V
= . ® o
+ 5\ OS¢ OUT
Flip Flop Q
1 = = O &
+5V 2
l.‘\4'()H Q2

Comparator

[nv.Input

N.LInput

GND @—_L )
Shut

Down

= Current Limiter

Fig. 1 HA17524 Block Diagram

HA17524 is a switching regulator circuit using Pulsewidth
Modulating Method (P.W.M) constructed by the block shown
in Fig. 1.

Timing resistance, RT and timing capacitance, CT control the
oscillating frequency and the Ct is charged by a constant
current generated by the RT. Lump signals (saw-teeth wave)
at CT terminal generated in this oscillator is available for
reference input signal to comparators which control the
pulse-wideth.

To Positive Regulated

rlhnpul Voltage

Sk ke

Vi

Error
Amp.

—— Tu Negative Regulated

Dutput Voltage
ta' Forward Output ‘b Reverse Output
stahilizing Stabilizing
Source Source
, . Ri-R.
= 2.5\ o = 2.5k
1 5 KRR, 2.5kQ

Fig. 2 Biasing in Error-Amplifier
As shown in Fig. 2 the reference voltage connects to non-
inverted on inverted input terminal of error-amplifier via
resistance divider.
The output voltage from the error-amplifier is compared with
the lump signal of the Timing Capacitance CT, as shown in
Fig. 1 and comparator can provide a signal with modulated
puise width.
This signal, then, control output transistors Qq and Q2,
making an open loop to stabilize output voltage.

@ HITACHI

Commonly connected outputs from the error-amplifier, the
current limiter and the shut-down circuit is provided to the
comparator, which enable to break output stage by input
signal in any one of those circuits.

@ Biocks Description
Oscillator; The oscillating frequency f is calculated from the
following equations. Fig. 3 shows one example.

f=1.15/(R+- C,)

Rr=1.8kQ) to 100kQ
Cr=0.001 to 0.1uF

/=140Hz to 500kHz
IM
400k \
100k \ 7
‘. 4
2 AN N\,
:wk N Y
z N
£ 10k o, |
7.
I K
1k N
2 ,ﬁl
100 ~
100
ko 10k 40k 100k

Timing Resistance Rr ()
Oscillating Frequency vs
Timing Resistance

Fig. 3
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HA17524G,HA17524P

Then the lump wave shown in Fig. 4 is available at pin 7, CT
Terminal since the CT is charged by the constant current |
generated by the RT.

° Vrer

Q

Discharge

Cr Terminal Waveform

Veer—Ves(Q:)— Ves(Qs)
Rr

kr AV=V,~V.=3.8-0.9=2.9V
1
C.

I=

T=—=-[-AV

Fig.4 Oscillating Circuit and C+
Terminal Waveform

The output pulse signal at oscillator is used as elements in
Flip-flop circuit and (a synchronous signal of clock-pulse)
switching. The pulse-width which can be controlled by the
timing capacitor CT as shown in Fig. 5 provides function to
gain a dead time of output.

10

Vee=20V
2=25C

d

1.0 /

pd

Dead Time (us)

0.4 e

_—//

0.1
0.001

0.004 0.01 0.04 0.1
Timing Capacitance Cr («F)

Fig.5 Dead Time vs Timing Capacitance

Reference Voltage: The regulator (reference voltage: VREF
=5 + 0.4V) is built in Integrated Circuit. It can be used as re-
ference power supply of error amplifier which determines
Output Voltage Output (Vgyt). And also, it is connected as
bias source of another circuit in IC.

Error Amplifier: Biasing in error amplifier is shown in the
Fig. 2. Input Applied Voltage is required to be set within the
range of common-mode Input Voltage (1.8V to 3.4V). To
control gain of error amplifier, shunt resistor is inserted
between phase compensation terminal (Pin 9) and GND. If
resistor and capacitor are inserted between phase compensa-
tion terminal (Pin 9) and GND in series, phase compensation
is available.

128

Current Limiter: Threshold Voltage (Vg) of sense amplifier
for current limiter is calculated as follows;

Vs=Vee(Qi)+ 1 R: — Vee(Q2)
=11 Rz
=200mV typ.

At Current limiter Sense Amp shown in the Fig. 6, when
V + -V _ 2>200mV, Q1 turns “ON", Phase compensation
terminal becomes low level and Output Switching element is
cut off.

Fig. 7 shows an example of detecting current limit. As the
range of Input Voltage is 0.7V to +1.0V; detection output
of current limit is provided from GND Line.

Comp l Cr

Error
Amp

Comparator

Q

L
i—1C.L. .
ve Sense Amp e

Fig.7 An Example of detecting current limit

Ex

N + Vorr
k2 %R
HAL7524 * T £
- L: EL
0
L y +
b
1 Vo R»
Toonser =2 (Vesmor 2
Rs R.+R:
Vivenser
Josm—riemel
Rs
Visenser = 200mV
@ Operating waveform at every part
HAL7524
Ve Q ® L
—J—e——o0 Vour
25k 5V
5k ® Vee
-‘.‘vl: — @Inv Er @p—
5|
W @Nonlnv G @ -
0.1 ¥k B o T°
it @Ref @
6k 3k
A ®Rr E: ®
0.01
# @Cr +CL@®
—@gh -cLe Unng:sz
—4@®0sc C L uF
®0ut GNDnmp@ 0.001 Rs
1 50k T

e

Fig.8 Breakdown Voltage types
Chopper Switching Regulator

Fig.6 Sense Amplifier for Current Limiter
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HA17524G,HA17524P

Fig. 9 shows operating waveform at every part, when the
circuit configuration of breakdown voltage type chopper
switching regulator (shown in the Fig. 8) is used. Operating
Conditions are as follows, f = 20kHz, VouT = 5V. At
output section, two channels are connected in parallel. Ope-
rating waveform inside IC is shown at the same time.

B CAUTIONS

Compared with the conventional series regulator, switching

regulator generates high frequency noise by switching current

quickly. To reduce noise, the following shall be followed.

1) As a general rule, insert line filter in order to reduce noise
at the side of Input.

2) To reduce noise at the side of output,

(a) Output wiring should be twisted.

(b) Power Source and output wiring should not be
bundled.

(c) Capacitor should be inserted at the side of load.

(d) Power frame should be grounded.

When grounding frame, output (OV) and Shielding wire,

Only one of them should be grounded. Impedance must

be as low as possible. And also, Power frame should be

grounded. In case of choosing external parts-external

switching transistor, diode, coil and etc. —, it is necessary

to consider their capacitance and characteristics.

3

-

Cr Terminal

Output Voltage of Error Amp.

o L T

ouT 1

_

I
Cr@ '
I
'

o U

O oN
S0us Stus

Fig.9 Operating Timing Chart of each part
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@ Circuit Applications

Simple polarity switching regulator: Fig. 10 shows the
circuit configuration of HA17524 polarity switching regula-
tor which has small current capacitance (VouT = -5V).

Vee=15V

15k%

Vee
Inv E1
0.15"% 3 »—{ Non Inv Cjf—
il Ref Out C 1t
it

kd Rt E 20
1t Cr
0.01 _shu _ ¢ 4

Com

Osc Out

Jz
8
3
>
N
&
S

gl
L.
g

L UnitR:iQ
C:uF
Fig.10 Simple Type Polarity Conversion

Tracking switching regulator: The circuit configuration of
tracking regulator which uses transformer is shown in the Fig.
Fig. 11 (VouT = #5V).

Vee=5\
—+ 15V
L L ’
1008 25kE5k3 300 20mA
5k 7
"™ I - M L5y
Sk Non Inv m
" Ref Out  CY
Kr E;
7t Cr +C.Lp—
e e~
R o
Osc Out GND BB G
i
Tooor]-
’L Unit R:Q
C:uF
Fig.11 Tracking Switching Regulator

Push-pull switching regulator: Fig. 12 shows the circuit
configuration of Push-pull switching regulator which uses
transformer. This system is suited for large power. Output
transistors inside HA17524 can drive external switching
transistors respectively.

. Jec=ay
5k T

I e
5k Ve l“% w %
- [ <§ ) t——
EPSDNEN NS S B 0TH(BsT | 1500 sv.s5a
K 5 -
I

:((M at : Ik @ 20T ST
' :
i,
Jown 0
s ] e ™R i L_U". =00 -
i 'Jf'm 3 Unit R:Q
ok
-
Fig.12 Push-pull Switching Regulator
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Qutput Voltage Verer (V)

130

OUTPUT VOLTAGE VS. SUPPLY VOLTAGE

OUTPUT SATURATION VOLTAGE VS.
COLLECTOR CURRENT
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HA19202,HA19203MP e« 40 conerter

With development of the digital electronic technique, A/D
converters have been playing an important role of interfacing
analog-to-digital conversion. Requirement for the high-speed,
high-performance and low cost A/D converters is increasing
especially in color TV applications which need analog-to-
digital conversion for video signal processing.

The Hitachi A/D Converter HA19202 has a 4-bit parallel
sampling system. The HA19202 is useful for video signal
processing.

M FUNCTIONS

4-bit Comparators

Gray Code Converter
ECL-to-TTL Converter

Latch Circuits

Gray-to-binary Code Converter
Sampling Clock Pulse Shaper
Underflow Output Switch

B FEATURES

@® Conversion Time
The sampling rate is 10 million samples/sec (max).

@ Output Stages
Open-collector type, TTL compatible

@ Expansion to 5-bit A/D Converter
Two HA19202’'s easily make a 5-bit A/D converter, as
shown in Fig. 2. Table 1 shows the output patterns in the
4-bit application. The output patterns in the expanded 5-
bit A/D converter is shown in Table 2. V| is the lowest
reference voltage and V| is the highest reference voltage.

® High-performance
The comparator utilizes an ECL circuit. The output con-
version to Gray code is achieved by an AND/OR circuit.
The error at the middle converting point will not exceed
an LSB.

@ Reference Voltage of Comparator
The power supplies, V|_ and V|, should have a low im-
pedance to prevent the external influence.

H PIN ARRANGEMENT
HA19202

NC E 22] N¢
(Vee'l E z] K- Sampling Clock

10.0334 Gnd 'H E 20] R Latch ON/OFF

tVisg F E
(Veerr E E
\rerr D E
(Veere ' C E

B E

Analogue IniA E

Gnd'G |10
NC

[T5] M- Underflow:
mEES
E 0 22
E P2
5] @2

14]J Gnd)
13] LiUnderflow SW

[12] xc
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HA19202
(DP-22)
HA19203MP
(MP-18)
HA19203MP
H 1 K R
ninlvizin)
3 E 16] M
e [&] 5] N
v =] 1] o
C E 13lp
B E 12] Q

(Top View:!
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HA19202, HA19203MP

Il BLOCK DIAGRAM

———- -— l:}-— -— i}—
' Vi Voo Vie Vi Viz Vs Vi
! P e Wy
| - ___4_5'19':”3”33:5 _____________ H -
| 3
I
] | Gray Code Conv. 13
1
| Sampling I
el 1| s
ulse Gray-to-B R
Shaper T o IO Latch
Latch 4 {
Clock Gray
Pulse y
: 1 s
-TTL
%ﬁKUnderflow
' Switching
“Junderflow e - Undertt
| Slave — Underflow (): erflow
H Latch r l\l:{:lscl}?r i<‘ t
I |
|
sy, S ———— _‘
ta Gnd or to Vec
NE18AY Vu> v
YR RO NAREA R .
[VRRRES N v Vs LAV \n
£ x
N b * f -] ﬂ K Input F‘
e DO 00O DECNCNGNONO St =
E3 - —_— -
£ ®__ ® I B 20 Outpur Bk "
Sampling R 1%} @__ r{@ @ st Oper Out Signal
Ul @ O 00 S 2 Lent fhat
Pubae i} O Y p tr
copoodl|||looopolTT:
l fuvn ;u,[ A D Converted Output
J' 00330
Ve 6.0V 205V =
Fig.2 Timing Chart
Fig. 1 Expansion to 5-bit A/D Converter
Il ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item S ym bol Rating Unit
Supply Voltage Vi 7.0 \%
Input Voltage at K,L Vi 7.0 Vv
Output Voltage at M,Q V. 15.0 \Y
Power Dissipation Py 350 mW
Operating Temperature Range T.,. - 10~+75 °C
Storage Temperature Range T --55~+150 ‘C
Operating Supply Voltage Range Vi 4.5~6.5 \Y
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HA19202, HA19203MP

Table 1: Output Patterns (4-bit)

a) L: GND b) L: Vee
Vs Vs
Vo il i Vi i i V& Vi V& Vo Vio Vii Vie Vis Viu Vs Vo Vi o Vi Vi Vi Vi Vi V& Vo Vie Vi Vig Vis Wiy Vi
@|L|L|{H|L|H|{L|H|L|H|L|{H|L|H|L|H|L|H @|H|L|H|L|H|{L|H|L|H|L|H|L|H|L|H|L|H
®|L|L|{L|H|H|L|L|H|H|L|L(H|{H|L|{L|H|H ®|H|L|L|H|/H|L|L|H{H|L|L|{H|H|L|L|H|H
O|L|L{L|L|L{H|H|/H|H|L|L|L|L|H[{H|H|H OfH|L|L|{L|L|H|/H|{H|{H|L|L|L|L|H|H|H|H
®|L|L{L|L|L{L|L|L|{L|H|H|{H|H|{H|H|H|H ®|/H|L|L{L|L{L|L|L|{L|{H|H|{H{H|{H|H|H|H
@M|/H|H|H|/H|H|H|H|H|H|H|{H|H|H|H|H|H|H M| L{H/H/H{HH/H/H|{H|H|H|{H|{H|H|H|H|H
Table 2: Output Patterns (5-bit)
Vs
A\’ Vu
Vo i v i Vo & V& Vi V& Vi Vo Vi, Vi Vig Viu is, o i & i Vo 5 V& Vi 5 Vo Vio Vb Vi Vis Vi Vs
2° |L|IL|H|{L|{H|L|H|L|H|L|H|L|H|L{H|L|H|{L|H|L|{H|L|H|{L|{H|L|H|L|H|L|H|L|H
2! L|L|L{H|H|L|{L|H|/H|L|L|H/H|L|L|H/H|L|L|H|/H|L|L|{H|{H|L|{L|H{H|L|L|H|H
2?2 ([L|L|L|L|L|H|H|H|H|L|L|L|L|H|H|H|H|L|L|L|L|H|H|H|/H|L|H|L|L|H{H|H|H
23 rfrjr|LjL|L|(LIL|L{H|/H|H/H/H{H/H/H|L|L|L|L|L|L|{L{L|H|H|H{H|{H|H|H|H
2« jL{r|jLfjrfr|jjr|oj|LjL|LjLf{L{L{L{H{H(H|H{H{H/H/H|H/H|/H|H|H|H|H|H
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item Symbol Test Conditions min typ max’ | Unit
Supply Current Icc Vee=5.0V; Input Clock Pulse=10MHz - 33 48 mA
Maximum Sampling Frequency fsc Vee=5.0V;duty=50% 10 - — | MHz
. Pin-B Minimum Input Voltage Viv s Vee=5.0V 1.1 — - \Y
Pin-F Maximum Input Voltage Viv ¢ - — | Vee07 \i
Pin-A Maximum Input Voltage Viv a — - |Vee—0.7 \Y
Béiil:;m]::lmanlélp‘\;t Voltage Difference between AVer 1.0 _ _ v
Pins K and L Input Voltage(“H"Level) Viu 2.0 — - \
Pins K and L Input Voltage(“L"Level) Vi - - 0.8 \
Pins K and L Input Current(“H"”Level) LIin Vee=5.25V; V,=2.7V — — 20 KA
Pins K and Input L Input Current(“L”Level) In Vee=5.25V; Vi=0.4V - - —0.4 mA
Pin-K Input Clamp Voltage Vik Vee=4.75V; [;y=—18mA — - —1.5 v
Pins M~Q Output Voltage Vou {Lo(vféu’{im‘ Level; [o.=8.0mA B B 0-5
Pins M~Q Output Voliage Voo (‘)’;;;‘:Zi‘: Level: I, =4.8mA - - 0.4 \
A-to-D Switching Threshold Voltage Vee=5.0V; Vs=1.8V; Vi=3.8V —50 0 +50 mV
Resistance between Pins B and C Rac 300 | 400 500 Q
Resistance between Pins C and D Reo 300 | 400 500 Q
Resistance -between Pins D and E Roe 300 [ 400 500 Q
Resistance between Pins E and F Rer 300 400 500 Q
A-to-D Converter Frequency Response(1MHz) fin Vee=5.0V; Referred to f=100kHz —1.1 0 +1.0 dB
A-to-D Converter Frequency Response(3MHz) fin Vee=5.0V; Referred to f=100kHz -3.0 0 +1.0 dB
Pin-A Maximum Input Impedance A Vee=5.0V; Vi, 1=2.8Voc - — 100 &)
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HA166 13A @8-bit Dual Slope Type A/D Converter

HA16613A is a 8-bit Dual Slope Type A/D Converter, which
is bipolar IIL structure and is designed for +5V mono power
source. It is suitable for microcomputer, home appliance,

industrial equipment, etc.

B FEATURES

@® Two-channel analog input

® Series count output and 4-bit parallel output as well as
8-bit parallel output are possible.

@ Oscillator and regulator are built in.

(DP-28)

H BLOCK DIAGRAM

6.8k 6.8k

Analog
Input

Ref.

4 (s
Voltage (24 (25 2% 2"
24V

2 2 2 PP 7

BIT

W ABSOLUTE MAXIMUM RATINGS (Ta=25C)

HEPIN ARRANGEMENT

¢ [T
»
5
[
15
G

cHs [7]
N1 [8]
N2 [9]

REF [10]

oFs [11].

161[12]
160 [13]
GND1 [14]

\J

28] 2
Bl
26] DOT
[25] ADE
24 ADS

(@] vee

22| BIT

[21] CRY
20] TS
[19] 0sC
18] 0S1
[17] GND2
[16) vs
T__?' REFS

(Top View)

Item Symbol Rating Unit
Terminal Voltage vV, —0.3 to Ve v
Supply Voltage Ve 7 A
Standard Current of Power Source I, -5 mA
Logic Output Current I, +500 A
Integrated Output Current L +200 H#A
Operating Temperature T... —20 to +75 ‘C
Storage Temperature T —55 to +125 °C
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HA16613A

B ELECTRICAL CHARACTERISTICS (Vcc=5V, Vrs=2.0V, V25=0.8V, V,=2.4V constant,

fosc=10kHz, Ta=25C)

Item Symbol Test Condition min typ max Unit

Conversion Time Sose: =200kHz - - 5.2 ms

Resolution — - 8or6 bit
T, =0~+40C - 0.39 -

Accuracy N =16 N 0.39+ | %
T=—20~+15c | - |}3F)

Analog Input Voltage Range Vincoprs 0 - Vee-2 \Y
Short circuit T.=0~+40"C - +50 -

Standard Volt: T t D d AVs/AT, °C
andard Voltage Tmprature Dependency s/ between T —20—+75C — 100 — ppm/
Standard Voltage Spply Voltage Dependency |AVi/AVee| & " 416 Veemd4~6V 7 o +7| mvv
andard Voltage oltage Dependenc - m

ge Spply Voltage Dependency | ST/8Yc) po—2.4k0 Lot aoureer = —5001A
Standard Voltage Internal Resistance AVs/AIL I.=1~5mA - 2.4 5 Q
Oscillation Frequency Temperature _ — —on— o _ _ o
Dependency Afose/ AT, | fore=100kHz, T, 20~+75°C +0.3 %/°C
Oscillation Frequency Voltage Dependency |Af,../AVed fo.c=100kHz — +1.8 - %/V
Reference Voltage Vier Fhort clrcult between Pin 15416, 1.110 | 1.20| 1.340 v
Analog Input Current Iiv Vin=0V —0.2 - - ¢A
L soureer Vou=Vee/2 - —100 —50 rA
Logic Output Current*
gle o Lo | Vor=0.4V 50 | — | - uA
I Vin=0V —20 - — A
Logic Input Current*
gle e T Viv= Voo - - 20 | wA
Vi . - . A%
Input Voltage ** - 1.0
Vi — - 0.4 \Y
Operating Supply Voltage Range Viccapr T.=—20~+75C 4 5 | Vec max \Y%
Maximum Operating Frequency foscCopr 200 — - kHz
Power Dissipation Pr Vee=5V — 30 60 mW
Three-state Output Leak Current ITov Vi=0~Vce —5 - 5 A

Note) % : Applied to 2°~27, ADE, & DOT.

% % I Applied to ADS, TS, CRY, BIT, & CHS.
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HA16613A

Il TERMINAL DESCRIPTION

Terminal Description
. Analog input voltage is applied. (INI ~~~~~~ 1channel>
INL - IN2 IN2 - 2 channel
For switching the analog input terminal. 0 : 1 channel
CHS .
1 : 2channel
A/D Conversion end signal is applied. (0 : End
ADE . .
1 : under conversion
ADS A/D Conversion start signal is applied. When ADE=1, A/D
conversion starts at negative edge of ADS input signal.
A/D converted pulse is directly outputted between ADS and ADE.
DOT L A
( 3 state is impossible.)
For switching 6-bit or 8-bit full scale. 0 : 8bit
BIT . .
1 : 6bit
Digit switching at 4-bit parallel transfer.
CRY (0 I 4 bit lower + 4 bit upper)
1 : 4bit upper + 4 bit upper
Make 8-bit output terminal to be high impedance.
TS (0 . Output
1 : High Impedance
2091 Binary output terminal
During A/D conversion, the previous data is available.
Oscillator external terminal.
0SI, 0SC When a clock is applied from external part, a resistor of
some hundred k Q shall be added to OSI.
REFS - Vs Regulator terminal
REF Reference voltage for integrator is applied.
IGI - IGO Input & output terminal of integrator
Generally connected to GND.
OFS Terminal for offset adjustment, in case of small digital

output through A/D conversion.
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HA16613A

LINEARITY CHARACTERISTICS

300
300

Vee=5.0V
Using a Built-in Regulator

250—  f.,.x10kHz

100 /
o /
50

0 0.2 04 06 08 1.0 1.2 1.4
Analog Input Voltage Vix (V)

Digital Output N2
]
<

CONSTANT VOLTAGE-TEMPERATURE

DEPENDENCY
1.25
IIEINE
F—t Vee = 5.0V
| |Ri=2.4k

s
=
F1.20
g T
<
8 L
=
H
]
=1.15
=
g
s
z

l'1050 50 100

Ambient Temperature Ta ('C)

B HINTS FOR USE

1. In the equation on the preceding page (Note 1), if R, =0,
Vzs = OV (possible to convert from input of OV). How-
ever, the linearity around VN = OV will worsen.

It is recommended to use under condition Vzs is more
than 0.1V.

2. After Three State is applied, the time required for chang-
ing from digital output to high impedance and vice versa
is 4 ~ 8us. The quantity of current flowing through
digital output terminal is equal to that of a LSTTL.
Therefore, when connecting digital output to a busline
and reading it into a microprocessor in a high speed, a
three-state buffer is required for it.

3. If an analog input changes during A/D conversion, there

may occur some troubles in the output data. In this case,

Sample & Hold is necessary.

Timing from CHS (Channel Switch) to ADS (A/D Conver-

sion Start) is more than or equal to O seconds. It may be

accepted that CHS and ADS are performed at the same
time.

»
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LINEARITY CHARACTERISTICS
(LEADING EDGE)

=
®
g
§<
T

S

~

Digital Output N

Connect ADE & ADS

0 50 100 150
Analog Input Voltage Viv (m\)

CONSTANT-VOLTAGE INTERNAL

RESISTANCE

1.200
z
£ —
& g
< 1150
*
2

1.100 Vee=5.0

S 10
Current of Constant voltage

Regulated Power Source Ir imAr

ENOTE

When input analog voltage of ZS or less, input analog voltage
of ZS or more and A/D conversion is done, after the maxi-
mum conversion time perform A/D conversion.
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HA17008RP,HA17008RG

@8-bit Multiplying Digital-to-Analog
Converter

HA17008R is a 8-bit monolithic D/A Converter, with a re-
ference current amplifier, a ladder resistor of R-2R and eight
high speed current switches built in. By establishing a re-
ference current and resistance, it is possible to change the
maximum output current according to the applications. And
it is pin-for-pin compatible with DACO8 and its power
dissipation is small and realizes high settling speed.

The reference current is divided into current value of each bit
by the ladder resistor of R-2R and maximum output current
will be 255/256 of the reference current. For example, the
maximum output current gained from reference input
current of 2.0mA will be 1.992mA.

HA17008R provides a wide scope of application including
CRT display, control of step motor, programmable power

HA17008RP

(DP-16)

source, audio instrument, attenuator, etc.
HA17008RG

B FEATURES

Wide Operating Temperature range & a linearity of
+0.19% (+1/2 LSB) is guaranteed.

Since the settling time is short, 85ns typ, and fast con-
version is possible.

Low power dissipation, 135mW typ.

Compatible with TTL, CMOS logic.

Reference Supply Voltage is;

Vce = +15V, VEE = -15V.

Output Voltage Range with Accuracy Guaranteed is wide;

(DG-16)

-10V to +18.

H BLOCK DIAGRAM
MSB LSB
<}:P é @ <A;P @ 9:\;)
THC ®— Current Switches f% To
=Wrw

LT T T TTTT I

R-2R Ladder Bias
Resistor Circuit

] I

Vrer' ™ @ C Vee
e ‘m®— H—‘Compensnion
e Ref. Current Amp.

é Vee

@ HITACHI

H PIN ARRANGEMENT
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(Top View)
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HA17008RP, HA17008RG

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit

Supply Voltage Vee +18 v

Ver —18 v
Digtal Input Voltage Vi Viu Ver to Vee+36V \Y
Reference Current I, 5 mA
Input Voltage Range of Reference Amplifier Vker Vee, Vee \%
Power Dissipation . Pr 500 mW
Operating Temperature T, —20 to +75 ‘C
Storage Temperature Tus* —55 to +125 °C

* : In HA17008RG;—65 to +150°C

M ELECTRICAL CHARACTERISTICS (Vcc=15V, Vee=—15V, I,.,=2mA, Viyc=0V, Ta=25°C)

Item | Symbol Test Condition min typ max Unit
Relative Error Ex ) - — +0.19 %FS
Settling Time(+1/2LSB) ty All Bits OFF to ON - 85 150 ns
Propagation Delay Time vt pun — 35 60 ns
Maximum Output Current Drift Tero - +10 +50 ppm/°C
Vin 2.0 — - Y
Digital Input Level -
Vi - - 0.8 v
1 Vin=5.0V - 0.002 10 A
Digital Input Current (MSB) v - ~
Im Vii=0.8V —10 —2.0 - HA
Reference Bias Current L —-3.0 —1.0 - #A
Output Current with A Guaranteed I VeeZ 75,0V - 0 2.0 2.1 A
utput Current wi ccuracy Guarante: o
’ Y © ’ Vee= 8.0 to 18V 0 2.0 12 "
V.r=10.000V
Output Current . L, B R0 ke S o194 | 1.9 2.04 mA
Locnins All Bits Low - 0 2.0 ©A
Output Voltage with Accuracy Guaranteed V., %zioz‘sl%% Vee=—15V —-10 - +18 v
Reference Current Slew Rate SRI.., 4.0 8.0 - mA/us
Iec Vee=+45V Txrr=1mA - 2.3 3.8
[
Ik Vig=—5V ~5.8 —4.3 -
I Vee=+45V Ixer=2mA - 2.4 3.8
Supply Current — Hermem mA
I Vip=—15V -7.8 —6.4 -
I Vee==415V Ixrr=2mA - 2.5 3.8
Ik Vip=—15V —-7.8 —6.5 -
Ve 4.5 15 18 \
Supply Voltage
PPy & Vee —18 —15 -4.0 Y
Vee=45V Ixpr=1mA
Py Vip=—5V e - 33 48
. e Vee=+5V Iyer=2mA _
Power Dissipation Pr, V‘k:_: Z15v 4 108 136 mW
, Vic= 115V lerre2mA N
Py, RN 135 174
Full Scale Current Difference Irss Trse = Ivs: -8.0 *1.0 +8.0 A
Digital Input Scale Vis Viwe=—10 to+13.5V -10 - +18 v
Threshold Control Voltage Virne -10 0 13.5 v
Digital Input Threshold Voltage Vine, - Vine +1.3 - v
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HA17008RP, HA17008RG

OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. REFERENCE INPUT CURRENT
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HA17008RP, HA17008RG

B EXPLANATION OF FUNCTIONS

@® Reference Differential Amplifier and Phase Compensation
Reference Amplifier is for converting the reference voltage
added to pin 14 from voltage to current. And its converted
current is supplied to each bit by current mirror and ladder
resistor. Further, use pin 14 with positive or negative porali-
ty according to the current flown to it. The reference power
source supplies all currents to pin 14. (Refer to Fig. 1)

To input a positive pulse to the reference voltage, as multi-
plying mode, R, is capable of being connected to the lowest
electric potential of input voltage which is equivalent to the
negative voltage.

Without R, , the accuracy and the temperature drift is little
influenced. To keep the phase margin proper, the capa-
citance for phase compensation shall be increased with
accordance to the increase of R,,. For example, when R, is
1k2, 2.5k, 5k, the lowest capacitance is 15pF, 37pF, and
75pF respectively. The capacitor shall be connected to VEg
or GND. When a high impedance is required, connect R, to
GND, and R,,, to the negative reference voltage. (Refer to
Fig. 2) In this case, capacitor for phase compensation must
be connected between VEEg and pin 16. In case of using a
DC reference voltage, insert by-pass capacitor. It is not
recommended to use logic power source of 5V. In case of
using a high stable 5V power source for logic control, con-
nect the resistor to the reference power source, and ground
0.1uF capacitance from the connecting point.

As for a reference voltage of 5V or more, ground a clump
diode from pin 14.

When pin 14 is controlled by a high impedance such as a
power source, phase compensation can not be performed in a
way described above. Amplifier shall be fully phase-com-
pensated in all frequency bands.

MSB

Ay

A

A

AL 12BIT

A, D/A ]

A

Iy
AnAd i

.SB

25.0k0
> 50kQ

_AAA

Vi
2.0v  0.1F

Lo
HA17741 ERROR

Rig Ve 1.0V 17,

9500 S I

14 13

SBIT HA17408 4 |

Counter 1

1516 3 2 1

LOI(Q%E{
Vi i

Fig. 3 Circuit to Measure Relative Accuracy
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HA17008RP, HA17008RG

B AN EXAMPLE OF OPERATION

® Current — Voltage Conversion by an Operational Ampli-
fier

0.14F

L2.0
0.14F

14 10KQ +—
Fe M1
1.0kQ

[15 :
HA17408
R

L
:T: 1.0kQ
] i
: 15pF Co25pF
3 l
0.1,F
"0 vy

The theoretical output is;

_ Vier A A A AL AL A LA
Vom Y (R (B Er B R B st

Once values of VREF, R,, and R, is determined, the output
voltage will be 9.961V under the condition of all bits High.

_ 1.1.,1 .1 1
V=850 (F+ 4T &t es T 138 36)
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HA1 7408 P y HA1 7408G @8-bit Multiplying Digital-to-Analog Converter

HA17408 is a 8-bit monolithic D/A converter, with reference
current amplifier and a ladder resistor of R-2R, and eight
high speed current switches built in. By establishing a re-
ference current and a reference resistor, it is possible to
change the maximum output current according to the appli-
cations. And it is compatible with MC1508/1408, AM1408,
and its power dissipation is small and realizes high settling
speed.

Reference current is divided into current value each bit by
the ladder resistor or R-2R and maximum output current will
be 255/256 of the reference current. For example, the
maximum output current gained from reference input
current of 2.0mA will be 1.992mA.

HA17408 provides a wide scope of application including
CRT display, control of step motor, programmable power
source, audio instrument, attenuator, etc. . HA17408G

HA17408P

(DP-16)

FEATURES

Wide operating temperature range & a linearity of +0.19%
(+1/2 LSB) is guaranteed.

Since settling time is short, 250ns typ, and fast conversion
is possible.

Low Power dissipation, 157mW typ.

Compatible with TTL, CMOS logic.

Reference Supply Voltage is;

Vce = +5.0V, VEg = 6.0V, -15.0V (DG-16)
Output Voltage Range with Accuracy Guaranteed is wide; -

-5.0 to +0.5V

H BLOCK DIAGRAM B PIN ARRANGEMENT

MSB LSB
An . -/ .
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PPPPPPPP o= s

Ve E X E Ve

Current Switches == I
v Io|4 13| Ve
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B [ |

T T T T T T l [12] AuLsB.
- Bias A: |6
Eefill;:dder C;i:uil m E A7
NG o

Ad| 8 E As
() L (. <[]
Ve Vi
@_—i%mé - (Deompmen Top View
Ref. Current Amp.
@m
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HA17408P, HA17408G

M ABSOLUTE MAXIMUM RATINGS (Ta=257C)

Item Symbol Rating Unit
Vee 5.5 \'
Supply Voltage Ver 6 v
Digital Input Voltage W to Vi 0to +5.5 \%
Output Voltage Vv, —0.5, —5.2 \
Reference Current Iy 5.0 mA
Input Voltage Range of Reference Amplifier Virr Vee, Vee v
Power Dissipation Py 625 mW
Operating Temperature Topr —20 to +75 C
Storage Temperature Ton* -55 to +125 ‘C
* *In HAIT408G: - 65 to +150°C
M ELECTRICAL CHARACTERISTICS ( Vi¢=5.0V, Vee=—15V, [..,=2mA, Ta=257C)
Item Symbol Test Conditions min typ max Unit
Relative Error Ex - - +0.19 %FS
Settling Time(+1/2LSB) t. All bits; OFF to ON - 250 - ns
Propagation Delay Time eyt pun — 30 100 ns
Maximum Output Current Drift Tero — +20 - pp/°C
Digital Input Level Vi 2.0 — v
Vi - - 0.8 v
Lin Viu=5.0V - 0 0.04 mA
Digital Input Current(MSB)
I Vii=0.8V -0.8 | —0.002 - mA
Reference Input Bias Current I -3.0 -1.0 - #A
Vir=-5.0V 0 2.0 2.1
Output Current with Accuracy Guaranteed Lok mA
kr=-7.0 to —15V 0 2.0 4.2
V.;=2.000V 1.9 1.99 2.1 mA
Output Current L Ri1=1000Q
L. All Bits Low — 0 4.0 HA
B X E=0.19% Vir=—5V -0.6 - +0.5
Output Voltage with Accuracy Guaranteed V. v
Ta=25C Vi< =10V -5.0 - +0.5
Reference Current Slew Rate STI.., - 4.0 - mA/ us
. I - 1.9 14 mA
Supply Current I TS 53 — A
Supply Voltage Vi 45 5.0 55 v
: Vit 16.5 —15 —4.5 \'
All Bits Vie=-5.0V - 34 136
o Low Vir= =15V — 108 265
Power Dissipation P mW
All Bits Vir=--5.0V - 34 -
High Vir= ~15V - 108 -
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H A1 70 1 2 P r H A1 7 0 1 ZG @12-bit Multiplying Digital-to-Analog Converter

HA17012 is a monolithic_high speed multiplying D/A con-
verter which provides 12-bit resultion and current output. It HA17012P
is divided into two groups according to the accuracy of
linearity and the differential error.
B FEATURES
@ With differential current attraction terminals (1,,T,)
@ 4mA full scale output is gained with TmA reference input
current.
@ The settling time is short, 250ns (typ), and fast conver-
sion is possible.
® Possible to connect a digital input to TTL and CMOS
directly. (DP-20)
® Compatible with Am6012 of AMD Ltd.
HA17012G
W ACCURACY
T N Linearity Accuracy Differential Accuracy
ype fo Bit LSB Bit LSB
HA17012B 11 +2 12 +1
HA17012C 10 +4 11 +2, —1
(DG-20)

[l BLOCK DIAGRAM
M PIN ARRANGEMENT

v Blz Bun B B Bs Bs B« By B B] S
B .
_] BHE 19|k
. Interface Circuit l N
® B [7 ] 18] o
R T8 N
N I IR IR R IR R w [ ’

PP 3 B
) éower Supply Ladder Circuit —I j Br E 15 ] Vees' ™!
Be E 18 Vet

CP @ Bs E Ex.xn
B E E Hl‘,sli

8 [10] 1] e

To——4
! O——4

10—
| o
o—4

(Top View)

B ABSOLUTE MAXIMUM RATINGS (7a=250°C)

Item Symbol Rating Unit
Supply Voltage V- +18 \%
Logic Input Voltage Vi -5 to +15 \Y
Analog Output Voltage Vour —8 to +12 \Y%
Reference Input Voltage Vs V™ to V* \Y%
Reference Input Current I.., 1.25 mA
Differential Reference Input Voltage Range Viscag +18 \Y%
Operating Temperature Topr —20 to +75 ‘C
Storage Temperature * Tus —65 to +150 ‘C

*In HA17012P; —55 to +125C
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HA17012P, HA17012G

Il RECOMMENDED OPERATING CONDITIONS

Item Symbol |Recommended Value Unit VI(5~15V)  VT(-10.8~—15V)  Vaer5.0V
s 5 to 15 A
Supply Voltage v —15 to —10.8 v
Logic Input Voltage Vi 0to V* \Y%
Reference Voltage ViEF 5.0 \ g 9 ce 47pF o
Reference Current Lo 1.0 mA T ] T P Toke [sko
Reference Input Resistance R, Ris 5.0 kQ 20 19 18 17 16 15 14 13 12 1
Phase Compen-sation Capacitance Cc 47 pF
Output Voltage Vou i} \%
1 2 3 4 5 6 7 8 9 10
I ELECTRICAL CHARACTERISTICS (V*=—V-=15V, I..,=1mA, Ta=25C)
. HA17012B HA17012C
Item Symbol Test Condition - - Unit
min typ max min typ max
Resolution 12 12 12 12 12 12| bits
Differential Error DNL Vour=0V —0.025 —{+0.025| —0.025 —| +0.05{ %FS
Non Linearity NL Vour=0V —0.05 -] +0.05] —0.1 —| 4+0.1] %FS
Full Scale Current Irs K""/:H)l\sl’zlskn 3.935( 3.999| 4.063| 3.871| 3.999( 4.127 mA
Full Scale Temperature Dependency Alps/Irs — +10 - - +20 —| ppm/°C
Output Voltage Range Ve R,..>10MQ -5 — +10 -5 — +10 \Y
Full Scale Subtracted Current Irss Tes — Ips —2.0| =+0.4 +2.0| —4.0f +0.8] +4.0 rA
Offset Current Izs - - 0.1 - - 0.4 HA
LSB
Settling Time tx to £ 75 T | o] - s
All bits ON,OFF]
Delay Time oyt puc 50% to 50% — 25 — - 25 - ns
Output Capacitance Cout — 20 - - 20 - pF
Logic Input Voltage Vie — — 0.8 - — 9.8 v
Vin 2.0 - - 2.0 - - v
Logic Input Current Iiv =5V Vins+15V —60 - +20 —60 - +20 rA
Ligic Input Voltage Range Vis —5V=Vivs +15V -5 - +15 -5 - +15 \Y
Reference Current Range Irer 0.2 1.0 1.1 0.2 1.0 1.1 mA
Bias Current at Reference Terminal Iis -3 — 0 -3 — 0 uA
PSS-Irs~ | 13.5VSV*<16.5V —10 - +10 —10 - +10| ppmFS/%V
Supply Voltage Dependency
PSS-Irs —16.5SV"<-13.5V -10 — +10 —10 — + 10| ppmFS/%V
Supply Voltage Range v V=0V 4.5 - 18 4.5 — 18 \'
A v -18 —i{ —10.8 —18 —| —10.8 \
Supply Current I Vo=15V -] 5.2 8.5 - 5.2 85 ™A
1 V =—15V —23] —17.2 - a3 —w72 - ™A
Power Dissipation Pr 5 :l—s)st - 336 473 - 336 473 mW
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HA17012P, HA17012G

FULLSCALE CURRENT VS.
OUTPUT VOLTAGE RANGE

4.00 T
Jr=—v =15V
—hes=1mA
I N, oy
=
£
»
&
E
2
5 3.98
[$]
@
=
3
3
[
3.9
-5 0 10

Output Voltage Range Voc (V)

SUPPLY CURRENT VS. SUPPLY VOLTAGE(1)

6.0
V- =15V {All Bits'H"
Irey=1mA All Bits™L”
lo =lo=GND
T L]
£ 5.0
: —
o
=
&
' l
1.0 1
0 4 10 18

Supply Voltage V* (V)

SETTLING WAVEFORM(ALL BITS ON-OFF)

&#
Input 1V-div

FULLSCALE CURRENT VS.
SUPPLY VOLTAGE

4.00 T
VoorV*=15V
Lej=ImA ]

=z [-V* Variable

£ V4

»

=

E ,\‘V’ ariable

£3.99

5

o

©

E

w

3

Lo

3.98

0 4 10 18

Supply Voltage V",V (V)

SUPPLY CURRENT VS. SUPPLY VOLTAGE(2)

-18 T T
V- =-15V
L Ies=1mA
lo =lb=GND
=z
£ \
T -
H
=
5
©
>
a
S
5
A
=16
0 4 10 18

Supply Voltage V* (V)

R B

Digital Input To Oscilluscope

Io

Io

100Q

DUT

Note)

lo 0.2V/div

Probe Capacitance : 7pF

Test Circuit

Input *

t=50ns/div
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HA17012P, HA1 7012G

B APPLICATION NOTES

1. Method to Apply a Reference Input
® Positive Reference Voltage

Vrer _———

I 19 To—

1 22 Tantatum)
te g 200 1101

2. Method to Connect Output Circuit
(1) Resistor
® Unipolar Negative Output Voltage

9th 10th 1th LLSB Vorr
‘_[ T T 4IJ
\ : [ i 1
; : X
/ :O%lfé%g: %2 :of
1.0000k 2 TL
[ Vorr
\
HAL7012
+2.0000\
® Bipolar Output Q
oh loh 1lth LSB

é 10000k
—l lo Vour
-

> —0
¢ .

Vour

HAL7012

The full scale output current (1, + _l:,) is four times as large as
the reference input current (IREF) on account of the internal
circuit.

IFs =1y +To S4IREF
VREF is converted to the reference input current (IRgf) by
Ry

VREF

'REF = —¢
14

To erase the input bias current error of the input operational
amplifier, R, =R ;.

The phase correction capacitance C¢ is 0.01uF generally and
the minimum value can be found by;

Cc =5 xR,, (kQ) (pF)
For example, when R, 0 5k$2, the minimum value of Cc is;
Cc=5x5 =25 (pF)

® Negative Reference Voltage

22uF(Tantalum)
0.1uF

Ik r=1.0000mA

Input Code 1, I, Vour Voer
MSB LSB | (mA) (mA) (v) (V)

111111111111 3.999 0.000 | —3.999 0.000
111111111110 3.998 | 0.001 | —3.998 | —0.001
100000000000 2.000 1.999 | —2.000 | —1.999
000000000001 0.001 3.998 | —0.001 | —3.998
000000000000 0.000 3.999 0.000 | —3.999

Tkrr=1.0000mA

Input Code I. I, Voer Vorr

MSB LLSB | (mA) (mA) (V) (V)
111111111111 3.999 0.000 | —1.999 | +2.000
111111111110 3.998 0.001 | —1.998 | +1.999
100000000001 2.001 1.998 | —0.001 | +0.002
100000000000 2.000 1.999 0.000 | +0.001
011111111111 1.999 2.000 | +0.001 0.000
000000000001 0.001 3.998 | +1.999 | —1.998
000000000000 0.000 3.999 | +2.000 | —1.999
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HA17012P, HA17012G

(2) Method to Connect Output Buffer and Amplifier
@® Unipolar Positive Output Voltage (Straight Binary)

9th 10th 11th LSB

\ | 2.5000kQ Vorr

[
(

T
4
1
1
1
}
.

,_-._._
i
| O
oY
R E
1
O
o—
4, é\
<
b
p-
o
Vou

2.5000kQ Digital Input ———————

—

HAL7012
HA17082

® Unipolar Positive Output Voltage (Complementary Binary)

9th 10th lth LSB

T

|

T T
' |
T T
! '
T T
1 |
[ L

Py

Fs

Digital Input-————e

/[
£

HA17012
HA17082

@® Symmetrical Offset Outpuat Voltage

oth  10th 1lth  LSB
+10V
1
1
|
I
I
—0 |
Vour H !
= I
1
Zs MSB Fs
HAL7012 HA17082 Zlov |
Digital Input
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HA13007 @®Quad. Driver

HA13007 is a monolithic, bipolar, high voltage, high current
Quad. Driver especially designed for switching applications.
This device is recommended for the interfacing from low-
level logic to peripheral loads such as relays, solenoids,
stepping motors, LED, heaters and other similar high voltage,
high current loads.

M FEATURES

® Guaranteed minimum output breakdown of 50V, and
maximum output current of 0.7A.

Low output collector-emitter saturation voltage.

[ J
@ Compatible inputs with TTL, LSTTL and 5V CMOS. (DP-16A)
@ Included integral transient suppression diodes for induc-
tive loads.
@ Less input current.
H PIN ARRANGEMENT B TRUTH TABLE
S ENABLE IN ouT
OUT A 16| IN A H
CLAMP I5]IN B H
OUT B 14 ] ENABLE L
GND »{ 13] GND for each input:
GND 7 o H = High level; 2.0V
L = Low level : 0.8V
OuT C 11 ] Vee X = Irrelevant
CLAMP I0]INC
OUT D S]IND
(Top View)
M ABSOLUTE MAXIMUM RATINGS (Tae=25C
Item Symbol Rating Unit | Note I
2.1F
Supply Voltage Ve 7.0 V|1 S e pe____ ¢
Input Voltage Vix 0 to Vee vV &£ sk 'y\\@é &
Output Voltage Veex 60 £ 12 s
2 \%.
Output Current Iocr 0.7 5 09F (
a
Power Dissipation Pr 1.85 w 1 g 06
H
a
Thermal Junction-Case b, 15 [‘C/W 03 \
-0
Resistance | Junction-Ambient 9, 60 |°'C/W —40 0 40 80 120 160
- Ambient Temperature Ta (C)
Junction Temperature T, 150 °C
Operating Junction Temperature Range | Ty —40 to +125 C %1 A maximum thermal resistance junction to ambient of 35 C/W
N with the device soldered into a P.C. board is achievable
Storage Temperature Range Towe —55 to +125 C provided there is enough copper on the P.C. hoard.
Note) 1. The derating curve is shown below.
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HA13007
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=5.5V)
Item Symbol Test Condition min typ max Unit
Output Leakage Current Icex Vee=60V, Vix=0.8V — — 100 HA
Output Sustaining Voltage Vet causr | Vin=0.8V, Ic=10mA 60 — — \Y
. . Ic=0.4A — 0.3 0.5
Output Saturation Voltage Vet wrs | Vee=4.75V, Vix=2.0V Vv
Ic=0.7A — 0.5 0.7
Input Low Voltage Viu — — 0.8 A
Input Low Current I Vin=0.8V, Ic=0 — -1 +10 HA
Input High Voltage Viu 2.0 — — \%
Vin=2.0V — 0 +10 KA
Input High Current Iy Ic=0.7Ax4
Vin=5.0V — — 1.0 mA
Supply Current (All Output ON) Is Ic=0.7A%4, V;x=5.5V (All Inputs) — 50 65 mA
Supply Current (All Outputs OFF) Iso Vin=0.8V (All Inputs) — 8.0 — mA
Clamp Diode l.eakage Current I V=50V — — 50 HA
Ir=1.0A — 1.2 1.6
Clamp Diode Forward Voltage Ve Vix=0.8V
Ir=1.5A — 1.3 2.0
Turn-On Delay trru — 1.0 - s
Turn-Off Delay tru — 0.3 — us
0.8 0.
06 0.6 /
Ta=+85C z |
_ +25C
LS -40°C 5/ B T
Y 0.4 / E
E o= %/ - 0.4
g2 5 Z
s 7 A - 2
i: g 0.2 ié g 0.2
O wn z «
/ ) ©” Vee =475V
» Vee=a1v | Viv—20v
Viv=20V leson
0 .
0 0.2 0.4 0.6 —40 0 40 80
Ie (A) Ambient Temperature Ta (C)
e —Veeaan Ta — Ve
b M APPLICATION
Vin=2.0V ,N*Ac‘“
I ’T‘”:_‘;Zé e ® Stepping Motor Drive
= - oy A3 55VI4.75~7.0V) 264V max.
£ 10 2] 4\
E N
= oy XA
g / Motor_Oil
U; / / | 41 O——l )
2 / / N lw S 1
t/ AL 12
/ = i 6} :b' 'F[
0 2.0 1.0 6.0 Enable 1
Supply Voltage Vee (V) . -
b I 50—
VCC _|5
‘]R N max.
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HA1 3406W @ Three-phase Brushless Motor Driver

HA13406W is a power IC developed for use in the three
phase brushless motor driving.

This provides hall amp, logic part, output amp, control amp,
and forward and back rotation circuit functions in one chip.
As the maximum driving current and voltage is as much as 3A
x 12V per phase. Therefore, this finds best use in the spindle
motor driving of 5.25 inches HDD.

B FEATURES

3A Output Current Capability.

Low Output Saturation Voltage.

Hall Amp with Hysteresis.

With Thermal Shutdown.
SP-23T

Low Thermal Resistance Package. ( )

H ABSOLUTE MAXIMUM RATINGS (Ta=25T)

Item Symbol Ratings Unit

Control Stage Supply Voltage (Note 1) Veer 7 \'

" Output Stage Supply Voltage (Note 1) Veee 15 \Y

Output Current Io 3 A

Power Dissipation (Note 2) Pr 25 w
Junction-Case 9. 3.0

Thermal Resistance ‘C/W
Junction-Ambient 0, 40

Hall Amp Input Voltage ) Vi 0 to Vees \'

Direction Voltage Vo 0 to Veer \

Control Voltage Vere 0 to Veer \Y

Junction Temperature T; 150 C

Operating Junction Temperature Range Tjop —20 to +125 ‘C

Storage Temperature Range Tois —55 to +125 °C

2. See the derating curve of Fig.1

Notes) 1. Recommended Operating Voltage

- s e
min typ max Unit <

& 20b

Veer 4.5 5.0 5.5 A 5
K
2

Veee 10.2 12 13.8 v g wf- ) i
a
5 425 2W Without Heatsink
Z 1 1 1 1 1 d
& -20 0 25 50 70 100 125 150+

Ambient Temperature Ta (C)

Fig.1
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HA13406W

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc1=5V, Vccz=12V)
Item Test Conditions min typ max Unit %:ls':ninal Note
Veer — 10 15 mA 3
Ver=0v
Veee - 10 15 mA 1
Quiescent Current
Vert=Veer | veey - 10 15 | mA 3
Total _
R.=0Open
Veee — 105 150 mA 1
}““""‘“' Shut-Down | v\ — Veer, To=0.1A — | 150 -] T 1
emperature
Input Bias Current - — +50 1A 18~23
Hall Amp to Input Common-mode o .
Logic Voltage Range 2.0 3.0 v Ditte
Hysteresis width R.=220Q 15 — 30 mV Ditto
Sustaining Voltage Ic=20mA 15 — — vV |13.15.17
Output Leak Current Ver=15V - — 10 mA Ditto
Saturating Voltage Verr=Vcer, To=2.8A — 2.8 3.8 v Ditto 2
{}nernal Reference 2.35 2.5 2.65 v 6
oltage
Output Resistance o 2.5 _ KQ Ditto
of Reference
Buffer Threshold Voltage To=20mA — 100 — mV 8 3
VerL=5V — 0 +10 uA Ditto
Input Current
Vere=1V — -3 +10 uA Ditto
Voltage Gain Io=0.8A, f=500Hz — 0 — dB 11
Input Offset Voltage | Jo=20mA — 100 — mV 12
Control Amp
Voltage Gain Io=0.8A, f=500Hz — 0 — dB 11
Leak Current Vee=15V — o 1.0 mA 2
Comparator
Saturation Voltage Ic=20mA — 1.0 1.5 \% Ditto
Voltage Range for _
Forward Mode 2.0 5 v 4
Voltage Range for — i
Direction Reverse Mode 0 0.7 v Ditto
Vo=GND — 1.2 — mA Ditto
Input Current
Vp=5V — 0 — mA Ditto
Notes) 1. The specification indicates the temperature of the case.
2. The specification shows the sum of the upper and lower saturation voltage.
3. Reference to pin 6.
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HA13406W

HBLOCK DIAGRAM

Veer Veez “U,V,W : Output Amp
B . Buffer Amp

CTL  : Control Amp
U-Hall ‘ (13) U-Out C  :Comparator
D : Direction
N  Neutral Point Feed-back
V-Hall (17) V-Out P :Protector
W-Hall () W-0ut
m Detecting Output Current
Direction
Hi ; Forward (0 Stabilizing Neutral Point
Lo; Reverse
Feed-back
Control
Voltage L 7) Phase C ion
Determining
Threshold Voltage |
|
| o Comparator Out
|
! J
b @ -
GND GND
W APPLICATION
O LINEAR DRIVE
Veea

Vccclmi' L r__@___['ﬁl:ﬁ(ﬁ\_”__—(b-——; iCm
g > |

Ruoz g
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HA13406W

Description :

The output stage is saturated at starting and is not saturated
in usual. Therefore, the loss is comparatively large and heat
sink may be required.

Relationship between the current lo which flows into the
motor coil and the control Voltage VT, the following is
given.

— (R106+R107) VCTL_VRe/

Io

Here, the VRef is the voltage at pin 6 and determined to
Vcc, /2 internally.

Consequently, connecting the output of the servo IC to the
terminal 8, constructs the servo motor driving system.

Under the conditions of R106 = 0, R107 =  (i.e. Voltage
gain of the control amp is 0dB), Equation (1) will be as
follows.

Rios Ryr
where Vere = Vies Vere— Ve
10 Rop s (2)
NF

External Components

Parts No. Recommended Value Purpose Note
Rin, R — For hall elements bias 1
Ris, Ris, Ruos 100 (1/4W) For stability
Ris, Rio B For determining the control amp gain
Ryr 0.220 (2W) For detecting output current
Cia 14F/16WV For phase compensation of control amp
Cio 104F/16WV For stabilizing the neutral point
Cios, Cios, Cios 10uF/16 WV For stability 2
Cioe 0.1xF For power supply by-passing
Cror 1004F/16WV For power supply by-passing
Notes) 1. Determine it so that the input voltage of hall amp (AC) will be more than 100mVes.

2. If the system will be adversely affected by the spike voltage at commutation, make it larger (max 22uk),

O HIGH EFFICIENCY DRIVE

Veer
o_r-—{b HALMOGW 5
('"’I SRha M- 77 -7~ 777 -7 D
3

Rioz

Li
Q Veea
% ICma
! Rlo»l
W
W
“oe Rioe
+
zz i
S Ry
Shis )
Rioz
Sk
2R
Ruos
AN

VWV
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HA13406W

Description :

As the output stage is always saturated, the loss is less than
the case in the application of Linear Drive and the efficiency
of the system may be increased.

The comparator, C oscillates automatically and its ON-OFF
duty is controlled by the control voltage VoT. Consequent-
ly, the ON-OFF duty of the external switching transistor Q,
is also controlled by VcTL. That results to so-called PWM
control of power supply, which means that one pin voltage of
IC’s is controlled.

To the comparator C, the voltage which appears at current
detection resistor R\yF feedbacks, so that the relationship
between the current which flows the motor coil, 1o and the
control voltage VCTL is also shown in the equation (1).

External Components

The automatic oscillating frequency, fc is mostly determined
by the external constant on around the duty of 50%.

e BarRuo e
fc_. 4Ll RlOS (3)

The fc is recommended to be set in the range between 20k
and 100 kHz.

Parts No. Recommended Value Purpose Note
Ria, Rz —_— For hall elements bias
Rios, Rios, Ruos 100 (1/4W) For stability 1
Rios, Rm‘ — For determining the control
R . 2.2k0 (1/4W) For preventing from error-operation caused by the leak current
Ry 2.2kQ (1/4W) For limiting output current of comparator
R —_— For determining the hysteresis of comparator
R 4.7kQ For bias of Neutral Point Feedback Circuit
Rnr 0.220 (2W) For detecting output current
Ciat 1004F/T6WV Low pass filter
Cios, Cios, Cros 0.1uF For stability 1
Cio7, Cios 0.1uF For power supply by-passing
L, 1mH Low pass filter
Q —_— For switching power supply
D, —_— Fly Wheel Diode

Note) 1. If no oscillation occurs. it may be deleted.

® HIGH FREQUENCY DRIVE

PWM
Control

—0 Ve

J‘ Cros
>

, UL
0
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HA13406W

Description :

As the output stage is always saturated, the loss is less than "H"”, switch off at the state “Lo’’. That is, Motor speed can
case in the application (1) and the efficiency of the system  be controlled by PWM (Pulse Width Modulation)

may be increased. Frequency range from 1 kHz to 20 kHz is recommended for
In this application, output transistors are saturated or shut the fundamental frequency.

off. Output transistors switch on (saturated) at control input

External Components

Parts No. Recommended Value Purpose Note
Rio, Rioz . — For Hall elements bias
Rios, Rios, Rios 10Q (1/4W) For stability 1
Rios 1kQ For output stage bias
Ci3, Ciros, Curos 0.1«F For stability
Cios, Cro7 0.1F For power supply by-passing

Notes) 1. If no oscillation occurs, it may be deleted.
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HA1 3408 @9-channel Power Driver

HA13408 is 9-channel Power Driver IC, designed for head
driver of dot printer. This IC enables to drive 9 dot printers
without using any other external components or IC’s.
HA13408 can be used for 2 system four-phase step drive, as
every channel is used independently.

M FEATURES

® High output Current (MAX 1.5A/channel)

® High Sustaining Voltage (MIN 50V)

® Low Saturation Voltage

® {ow Supply Current

® Low Input Current (SP-23T)

@ Compatible with TTL, LSTTL & 5V-C-MOS

® | ow Thermal Resistance Package

® With Zener Diode
M ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit Note

Supply Voltage Veer 7.0 \%

Input Voltage Vi Veer v

Output Voltage Vee coun 50 A%

Output Current Io 1.5 A

Power Dissipation Pr 20 w 1
Junction Temperature T, 150 °C

Operating Junction Temperature Range Ton —20 to +125 °C

Storage Temperature Range Tos —55 to +125 ’C

Note' See the Derating Curve of Fig.1.
Thermal Resistance 8, ,<40°C/W

160

Power Dissipation Pr (W)

20

10

4.25

6, =3°C/W

Fig.1

PC

ithoyt Heatsink

A L
0 25 70 w0 150
Ambient Temperature Ta (C)
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HA13408
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc1=5V)
Test Item Symbol Test Conditions min typ max Unit Note
Input Low Voltage Vio Veer=4.0V — — 0.8 \%
Input High Voltage Vin Veer=6.0V 2.0 — — A"
Input Low Current I Vi=0V —100 —15 +10 HA
Input High Current Iin Vi=2.4V —-10 0 +10 HA
Icco All V,=2.4V — 30 45 mA
Supply Current
Icc All Vi=0V - 33 50 mA
Output Cut Off Current Icco Veer=6V, Veco=40V, Vi=2.0V — — 1.0 mA
Output Saturation Voltage Vee Gt Veer=4V, Io=1.0A, Vi=0.8V — 1.6 2.2 A%
Output Sustaining Voltage VeE Coun Io=1.0A 50 — — v 1
tpLw Turn OFF - 1.5 5 Hs
Delay Time
teue Turn ON — 0.3 5 Hs
Notes) 1. The conditions of Loading ; Measure at Ls=5mH, Rs=220.
HMBLOCK DIAGRAM
Veer
Veer 4 to 6V O 24V+10%
1 [ 1
| y- OUT 6
; ®
w7 (16 {>c £ |
: :' OUT 8
IN8
| y
| OUT 9
! @ TRUTH TABLE
: | Input Output
| . |
: I LO ON
(o Ve HI OFF
oo OPEN OFF
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HA13408

HEPEAK CURRENT AND TURN-OFF TIME

The Fig. 1 shows waveforms of load current (lout) and
output terminal voltage (Vout) when driving inductive load.

Hi
Via

Low

ton T
/ Ir
Low 0=
o s
Veewun B
Vout Veez =
Veewan
Fig.1

The peak value of output current (Ip) and sustaining time
(tgys) are obtained as follows;

Ip— Vccz—RVcsuan (l —e—%h)# V;zcz (l —e—%h;.)

Ir-R

_L —AP'R N\,
=" b (1 + VCE(us) — Vccz) (2)

Where L is self-inductance of load and R is direct current
resistance of load.
For example, under the following conditions;

L =5mH, R = 229, Supply Voltage V¢, = 24V,

The time to drive load = 0.42ms.

Peak Current (lp) and sustaining time (tg,s) are obtained as
follows;

Ip =0.87 (A)

tgys = 0.118 (ms)

where VCE(sat) = 1.3V typ. and VCE(sus) = 52V typ.

162

B POWER DISSIPATION

On the other hand, in case of driving inductive load, power
dissipation is determined in the following.

At first, average power dissipation (Pg,) per channel at tonis
obtained as follows;

- Vecz 1 LY [,
Pon= Vegan IP (R‘IP = R) (3)
Average power dissipation (Pgs) at tgys;

= Ve 1 L Veeww —Veez) ...
Pous = VcEus) Ip (t:us R R-Ir ) (4 )

Where Ip and tg,s are obtained in the equation (1) and (2).
Average power dissipation (PT) per channel for a period is
obtained as follows;

PT= % (Pon'ton + Psu:'t.ms)

Where drive period is defined as T.

And power dissipation (P1) when driving 9 channels at the
same time;

9
PT=T(Pon'tan"r"Psus'tsus) ..................... (6)
H APPLICATION
® Dot Printer
: +24V
+5V °
4 1 A 4
6 3 |
8 AV
10, 9
MPU 12 11 i Printer
LLIDZ " N—
14 T 15 Head
16 < EAA \
18 21 PN
20 EEEPN
20935 Jran
91\
4 1
>—H
6 S St f
5 = epper for
T ; i Head Feeder
. 12 11 e
ML i e I
2 L )
16) 17 Py 4+ | Stepper for
18 21 + [ Paper Feeder
20 23 e I pe

Al
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Power

HA1 341 5 ® Quad. Solenoid Driver

The HA13415, a monolithic power IC, is a driver for induc-
tive loads.

Packaged in ‘Dual-in-Line 16 pin, contains four driving cir-
cuits of 0.6A.

Each driver has OCSD circuit to protect the IC from the
short circuit of loads, and is best suited for drivers of sole-
noid, relay and stepping motors.

B FUNCTIONS

0.6A Quad Driver

With Clamp Diode

With Chip Enable

With OCSD (Over Current Shutdown)
With Low Voltage Inhibit

B FEATURES

® High Sustaining Voltage (50V)
® Low Saturation Voltage

® Compatible with TTL

® Low Input Current

B ABSOLUTE MAXIMUM RATINGS (Ta=25T)

Item Symbol Ratings Units | Note
Supply Voltage Vee ~0.5 to 6 A% 1
Input Voltage Vix ~0.5 to 6 v
Output Voltage Vou 50 \'
Output Current In 0.6 A
Power Dissipation Pr 2.0 w 2
Junction o
Temperature T. 150 ¢
Operating Junction B o
Temperature Range Tin 40 to F125 €
Storage - o
Temperature Range Tae 55 to +150 C

Notes) 1. Recommended Operating Voltage
Vee -5V+107, (4.5 to 5.5V
2. See the Derating Curve below.
A : Soldered on a print circuit board. (4, . <607 W1
B : Soldered on a print circuit convered with copper sufficiently.

0, «S35C W)
C : Soldered on pin 4,5,12, and 13 with an infinity heat sink.
4, 15T W)
39C 85°C 122°C

(DP-16A)

HPIN ARRANGEMENT

N/

OUT 1 [I
CLAMP E
0UT 2 E 4] cE
GND E 13
GND E 12
0UT 3 E 1] vee

CLAMP E 0] IN3
OUT 4] 8 9 IN 4
(Top View)
HEBLOCK DIAGRAM
Vee
rmom O ------- 1

Chip Enable!
CEQP—

1
IN-1 @—-

Dissipation Pt (W1
T

0 Il 1
—20 25 50 105 150

Ambient Temperature Ta (T

@ HITACHI
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!
LD OO O F---

GND GND GND GND
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HA13415
] EL:ECTRICAL CHARACTERISTICS (Tae=25C, Vcc=5V)
-Item Symbol Test Conditions min typ max Units Note
Sunnly G . Iee CE=0.8V — 6 — mA
upply furren " [TCE=IN=2.0V - 60 80 | mA
Low Level Input Voltage Vi 0 — 0.8 A%
High Level Input Voltage Vin 2.0 — — \Y%
Low Level Input Current I, Vi=0.8V -10 - 10 «A
High Level Input Current LIin Vi=2.0 to 5V -10 — 10 «A
Input Clamp Voltage Vik Ik =—12mA — -1.0 -1.5 A 1
Ic=0.3A - 0.20 0.4
Low Level Output Voltage Vor A
Ic=0.6A 0.40 0.7
Output Leakage Current Icex Ver=50V — — 100 «A
Ir=0.4A - 1.1 —
Clamp Diode Forward Voltage Vi \'
Ir=0.8A — 1.3 -
Clamp Diode Reverse Current Ir Ve=50V — — 100 «A
for IN — 0.2 -
toHl. R1.=56Q for CE us
Turn On & Turn Off Delay or B -
R1—560 for IN - 1.0 —
ot} B for CE — | 15 -1 *
Negative Output Current Test Jo=—100mA 2
Output Short Test Vi.=5.5V, R.=3.5Q 3
Capacitive Load Test Vi.=17V, R1.=27Q, C1.=0.01«F 4
Solenoid Survival Test V1.=32V, R1.=56Q , L1.=250mH 5

Notes) 1. See Fig. 1.
2. Test Procedures are

(2) Set all outputs "ON" with Ic=250mA per output, then set Ic=—100mA for one output. All remaining outputs shall remain "ON".
(3) Set all outputs "OFF" then set Ic=-=100mA for one output. Each remaining Output shall not conduct more than 30mA.

(1) Vee=5.5V
(4) Perform test for each output.
3. See Fig. 2.
4. See Fig. 3.
5. See Fig. 4.
4.5V
Vee
Lix
IN, CE
Vix|

4,5, 12,13

Fig. 1 Input Clamp Voltage

® Measure at pins 9, 10, 14, 15, 16.
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3V

Vee
CE OUT-1
OUT 2
INT
to 4 OUT-3
OUT-4

56Q X3

4,5 12,13

Fig. 2 Output Short Test

® Each unshorted output small turn ON and remain OUT 2w
On with IC = 300mA per channel.
® Perform test for each output.

3V

CE ouT

IN-1
to 4

Ri
270

Vi
l VVV 17V
C
I 0.01uF

4,5, 12,13

Fig. 3 Capacitive Load Test

® OCSD shall not become enabled and limit Ic or disable

the output being tested during the cycling.
® Test each output, one ON at a time.

o
-

I

ki L.
56Q  250mH

Veo
. . . Vi
— cE OUT — A TN —— 51
N
to 4 2

4,5,12,13

Fig. 4 Solenoid Survival Test

® Each output “ON’’ and “OFF"’,
® Test one output each time.

2.5V

HA13415
5V
IN \ l
(% \—J

18ms

5.5V et
OUT-1 -\J

ov

| T

\/

SThus
17V
oV
5V
IN 2.5V
o
10ms Lums
17V
ouT
o
5V
IN 2.5V
oV
10ms 10ms
=32\
ouT
O\
165

@ HITACHI



HA13421A,HA13421AMP ¢ouai sridge orivers

HA13421A and HA1342AMP are monolithic power ICs,

dual bridge drivers.

finds best use in the 2 phase bipolar

The maximum driving current and
voltage are 0.33A x 12V per bridge.

Therefore, this value
stepping motor driving

to head actuater of 3 to 5% inch FDD.

B FEATURES

330mA Output Current Capability
Dual Bridge Included

With Power Save

Single — Input Direction Control
Low Output Saturation Voltage
Low Supply Current

Low Input Current

With Thermal Shutdown

Compatible with TTL, LSTTL & 5V CMOS

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol | HA13421A |HA13421AMP | Unit | Note
Logic Stage Supply
Voltage Vee 7 7 Vi1
Seeking Supply .
Voltage Vs 15 15 Vi1
Holding Supply .
Voltage Vs2 7 7 Vil
Input Voltage Vi | 0to Vec | 0 to Vec A%
Peak Seeking Io
Current (peak) 500 500 mA | 2
Seeking Current(DC) | Ios 330 330 mA
Holding Current(DC) | Ion 200 200 mA
Power Dissipation Pr 2.0 1.0 3
Junction o
Temperature Ti 150 150 C
Operating Junction o _ o
Temperature Range Tjop |—20to +125|—20to +125| C
Storage _ _ P
Temperature Range Tax |—55to +125|—55t0 +125| C
Notes 1) Recommended Operating Voltage
MIN TYP MAX UNIT

Vee 4.5 5.0 5.5 A

Vs 10.2 12.0 13.8 \Y

Vs 4.5 5.0 5.5 v

2) ts5 ms

3) See the Derating Curve below.

(6-.=35C/W)

(6-a=15C/W)

. Soldered on glass epoxy circuit boad
(6-a=120C/W)

. Soldered on glass epoxy circuit boad
(6-a=100C/W)

: Soldered on a metal based circuit bo:

A
B
C
D
E
F

: Soldered on a print circuit board. (6j-a—<60°C/W)
I Soldered on a print circuit covered with copper sufficiently.

. Soldered on pin 4, 5, 12, and 13 with an infinity heat sink.

with 10% printing
with 30% printing

ard (G- =80°C/W)

HA13421A

(DP-16A)

HA13421AMP

*

(MP-18)

30C B0C 120C s

B S 7| HABIRIAMP

e *

Pt 2 T 30_50_WC g

:g CHAI3421A> :,é S F

8 z7

c.a s.2
8 N N £58 b N

-20 0 % 100 150 =% 0 % 00 I
Ambient Temperare Tu (C) Ambieas Temperature Tu ()

B PIN ARRANGEMENT

®HA13421A

Vsa(¢1) E
Vee E

1 Direction E
GND E

anp [ 5]

@2 Direction E
Power Save E
Vsa(g2) E

/

El Vsi( 1)

15| 41 0u

14| %1 Ou

13| GND

T_z] GND

11| 2 Out

10 | 62 Out

9 | Vsi(ge)

O®HA13421AMP

2

] $1 Out

(Top View)

1

:' GND

#1 Out E
vsito) [ 4]
Vs2(81) E
Vee E

¢1 Direction E

a
=
S
1 [#]
1 ¢2 Out
Ok

14

Vsi( g2)

Vsa( ¢2)

PS

EIEEEE

¢2 Direction

L]

Q
z

@ HITACHI
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HA13421A,HA13421AMP
B ELECTRICAL CHARACTERISTICS (Te=25C, Vcc=5V, Vs2=5V, Vs1=12V)
Item Symbol Test Condition min typ max Unit Note
Input Low Voltage Vii - - 0.8 \'/
Input High Voltage Viu 2.0 — - \%
Input Low Current I Vi=0.8V — — +10 uA
Input High Current In Vi=2V — 1.0 10 1A
Input High Current Iy Vi=5V — 0.3 1.0 mA
Vee — 25 33 mA
PS=0.8V, lo=0 Vs - 10 20 mA 1
Vsa - — 1.0 mA T2
Supply Current ‘ Vee - 1) 3 Yy
PS=2V, In=0 Vs — 3 5 mA 1
Vsa — 10 mA 2
Output TRS Breakdown Voltage BVeer Ie=10mA 18 — — v
Vs1 Saturation Voltage Vektsao 1 PS=0.8V, [»=330mA — 1.5 2.0 \Y% 3
Vs2 Saturation Voltage Veksao 2 PS=2.0V, In=130mA — 1.5 2.0 \' 3
Upper — 5 — v
Clamp Diode Forward Voltage Vi Ir=330mA
Lower - 1.5 - '
Delay Time teiy Io=330mA — 1.0 5 us
Delay Time tPHIL In=330mA - 1.0 5 us
Note 1) The specification indicates the sum of Vsi(¢1) & Vsi(¢2) current.
Note 2) The specification indicates the sum of Vsa(¢41) & Vs2(¢2) current.
Note 3) The specification indicates the sum of Upper & Lower saturation voltages.
HEBLOCK DIAGRAM
Power Save Vsil 1) Vsalgr) Vee Vsa( ¢2) Vsi(¢2)
Q ? Q 0O Q Q
K ot LS % A
Logic ——K Logic Logic __ﬁ; P— Logic

—K

[

O

@1 Direction 4] $1

GND

@ HITACHI
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¢2 Direction
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HA13421A,HA13421AMP

B TRUTH TABLE

@ For Each Bridge

HAPPLICATION

2-phase Bipolar Stepping Motor Drive Circuit

Power Save Direction $—O0ut $—Out T U/ jlﬁ
L L L H* o = 41 0UT
L + Vee o———| 2 151—
H H L (+5V) #1 0UT ¢
0 L L o Do—ot—3] HA13421A 14
. 4 13
H H H L Vs o —
L =Low Voltage State (+5V) 5 32 OUT
H*=High Voltage State (Seeking TRS On) 0 | 2
H™=High Voltage State (Holding TRS On) D: 6 1l $2 0UT $2
pso—rt—— 7] 10::
D 5 —
(Top View)
E TIMING CHART
H Seeking Holding
PS L
100us 100xs

H
D l | I ]
L
H
D2 I I |
L
[T S E——
é1 O s St Bt
0 -
Vst
% Vs2
0
Vs l
@2 Vs2
0
Vst
%2 Vs?

168
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HA1 3426 @ Three-phase Motor Driver with Speed Discriminator

HA13426 is a power IC with a speed discriminator for the
three-phase brushless motor driving of 5 % inch-HDD (Hard
Disk Drive). It is possible to construct a servo system with
quartz resonator, requiring fewer external components.
Especially EMI noise from motor driver is depressed because
of a voltage drive system.

B FEATURES

Possible to construct a servo system on a single chip

Large output current (3A)

Require no adjustment because of digital servo system:
The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused
EMI (Electro-Magnetic Interference) conventionally.

The START/STOP terminal of TTL level is attached.
Load-short brake at STOP mode

Maximum current at starting is depressed by the built-in
current limiter.

@® Wide selection for quarts resonator is permitted because
of frequency divider.

HBLOCK DIAGRAM

(SP-23T)

Q—>0]

Hi  Stop Control Amp
(Brakel Ini !
Lo : Start
TSh
Zero-cross
lof Detector
R (1 pulse/
ccle)
W cxcle Specd
e Discrimi-
nator
Xl Freq,
N5 Divider Integrator
(OP Amp)
Rios
1.8k

Mode
Select 1.2k

w0 Vee 11764 )
<()pen D1/32 w Vee
to GND 1 1/16

Qlee
T
[
N2
Cin
0.1
1k
it
Amp- Nz
atrix litude Croz
Marix Cont- ol
roller r
N3
—— “10%
k I
L(}1)5
N3
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HPIN ARRANGEME

O

NT

23] U Hall+In

22§ U Hall—=In
E V Hall+1In

20] V Hall~In
Plﬁtl W Hall+In
18] W Hall~In
7] W Out
[ 16] Open
5] V Ou

14] Integrator Out
U Out

12] Integrator In
[11]  Current Sense

10] Speed Discri. Out
[9]  Fileer
[ 8] Internal Reference
[7] GND
6] 0SC Out
[5]  Mode Select
I 1]0SCIn
z] Injector

2] START/STOP
B Vee

]
(Top View)
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HA13426

HABSOLUTE MAXIMUM RATINGS (Ta=25T)

Item Symbol| Ratings Unit | Note 25 75¢C
Supply Voltage Vee 15 v 1
Input Voltage Vi 0 to Vee A% 2 _20F
Output Current Io 3 A = )
&~ With
Power Dissipation Pr 25 w 3 < r Infinity
- - 2 Heatsink
Junction Temperature T; 150 C B
2
Operating Junction ) _ o 2
Temperature Range " Tior Ato +125 € 5
2
Storage Temperature _ o £
Range e 55 to +125 C 195 Without
Heatsink
Note) 1. Recommended operating voltage 0 X A
Vee =12V £15% (10.2V to 13.8V) S 25 100 150
2. Applied to Hall Amp, mode select input. X
Maximum Input Voltage at start/stop is 6V. Ambient Temperature Ta ()
3. See the derating curve.
0,-<3C/W

8;-.S40C/W

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)

Item Symbol Test Condition min typ max Unit Note
Supply C . Iso S$/§=2.0V — 50 70 mA
rr
uppy arren Is S/S=0.8V.Ri=Open | — | 55 75 | mA
Total -
Tu Shutdown - 150 — C
Thermal Shutdown Temperature - -
Thys Hysteresis - 20 — C
Input Bias Current Ing Vi=6.0V - 2 10 nA
Hall Amp Input Common Mode Voltage Range Vi 2.0 - 10 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Vq 5.3 5.9 6.5 \Y
Difference Between Phase AV - - +0.3 v
Output Stage -
Saturation Voltage Vekcam | To=2A - 2.4 3.2 \' 1
Output Impedance Ro Io=0.4A - 0.2 . — Q
Internal Ref. Voltage Veent 3.0 3.2 3.4 \'
Control Amp | Voltage Gain (CTL Amp to Output) Gerl. 21 24 27 dB
Difference of Gain AGer - — +2 dB
Input Bias Current In — — +0.1 nA
Integrator Output Voltage Swing A In=0.3m.f\ — 0.7 — A%
A In=-0.3mA = 0.7 — \
Note) 1. Sum of upper and lower TRS saturation voltages (to be continued)
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HA13426
M ELECTRICAL CHARACTERISTICS (Ta—25C, Vec—12V)
Item Symbol Test Condition min typ max Unit Note
Output Voltage Swing Vou TIo=0.3mA 5.8 6.1 — v
Vou To=-0.3mA — — 0.2 \'
]s):):::-i o Cutoff Current Ly Charge Pump Off State — — | 0.1 1A
Operating Frequency feik 60 250 kHz
Count Number N - 1024 -
Input High Voltage Vin Stop 2.0 - A%
Start/Stop Input Lf)w Voltage Vi Start - — 0.8 \Y%
Input High Current Iu Vi=2.0V — —0.15 | —0.5 mA
Input Low Current In. Vi=0.8V — —-0.2 | —0.5 mA
Current Limiter | Reference Voltage 0.52 0.56 0.60 A
1/16 Division Input Voltage Vine - - 0.8 v
1/32 Division Input Voltage Virse Open — 6.3 — \'
];12](1‘1( 1/64 Division Input Voltage Vises 1.2 — — A
1/16 Division Input Current s Vin=0V — | —0.63 | —1.3 mA
1/64 Division Input Current Liss Vin=12V — 1.0 1.5 mA
Oscillator Operating Frequency Sfose . — — 8.0 MHz

HE TIMING CHART

Hall Amp Input 0

120° 120° 120°

U Out

59V
V Out

5.9V
W Out

5.9V

Sra
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HA13426

M EXTERNAL COMPONENTS

Parts No.| Recommended Value Function Note
Rinn
1kQ Hall Elements Bias 1
Rio2
Rios
Rios 2.2Q(0.5W) Stability
Rios
Rios 1.8kQ 0SC Bias 6
Rio7 1.2kQ Speed Descri. bias
Rios 470Q Stability 6
Ri, R2 | See Application Integral Constant
Rs — Current Sense 3
Cio
Croz2 0.1.F Stability 2
Cios
Cros 20.1.F Vee By —passing
Chos 10pF AC Coupling 0SC
Cios, Croo .
=0.01«F Stability
Cuio
Cin 4700 pF Stability 6
C1,C2 | See Application Integral Constant 4
Cs See Application Filter Constant
X’tal — Resonator 5
Notes) 1. Set Rion and Rioz at which output voltage of more than 50mVpp is
applied to hall elements.
2. Use Cint to Cios which cause no 2nd resonance.
And connect the middle points of Ciot, Cioz and Cios to the most
stable one of those of Vcc, GND the middle point of coil.
(Requring to use non-polar in case of connecting them to the middle
point of coil.)
3. Output current is limited as shown below by RS valve.
L _056(V)+10%
mt Rs(Q)
For example, output current is limited to 2.55(A) £10% at Rs=
0.22Q.
4. Need to use non-polar as to C; and C:.
5. The relationship between Crystal Oscillation frequency, fosc and the
number of rotation, N is as follows.
60 -fosc
N=ﬁf - mfosc (rpm)
Where P is the number of pole of motor, and m is the division ratio
of Frequency Divider and the latter is set at the following values by
the voltage applied to Mode Select.
Mode Select m
to GND 1/16
Open 1/32
to Vee 1/64
For instance, the relationship between Mode Select
and fosc to rotate a 4-pole motor at 3600 rpm as
shown below.
Mode Select fosc (MHz)
to GND 1.96608
Open 3.93216
to Vee 7.86432
172

6 . Determine external components of Oscillator as shown below in
accordance with the frequency range.

1.0MHz= fosc =4.0MHz 4.0MHz= fosc =8.0MHz

{0 O

10p 10p Crystal

0,
(£1%) 1.0k~ 1.8k 470 (+1%) 1.0k

Crystal

4,700p

(Ceramic);;.

EHOW TO USE THE HA13426/431/432/432MP

1. Selection of Resonator

1.1 In HA13426

The oscillating frequency at synchronous, fpse and the
number of motor rotation N have a relationship shown
below.

60 m-fosc
512
where, the p is the number of motor poles and m is the divid-
ing ratio of a divider. For the m, one of the following values
is selected according to applied voltage at the mode select
pin.

Mode Select m
to GND 1/16
Open 1/32
to Ve 1/64

For example, the values of fogc to rotate 4-poles motor with
3600 rpm are;

Mode Select fosc (MHz)
to GND 1.96608
Open 3.93216
to Ve 7.86432

1.2 In HA13431/432/432MP
The oscillating frequency at synchronous, foge and the FG
frequency, fFG have a relationship shown below.

m+fosc

f, =
FG= o024

where, m is the dividing ratio of a divider and takes one of
the following values according to the applied voltage at the
mode select pin.

Mode Select m
to GND 1

Open 1/2

to Vee 1/4
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HA13426

2. How to Determine the Integral Constants R, , R,, C, and
C, . and the Filter Constant C,

2.1 Block Diagram

Fig. 1 is the block diagram showing motor speed control by

the HA13426/431/432/432MP. The part enclosed by dotted

lines denotes the IC, and the G, (S) and the G, (S) indicate

the transfer functions of an integrator and from contro!l amp

to output, respectively. Since these IC’s are driven by volt-

age, items of the motor coil impedance and the kick-back

voltage are contained in the loop.

Ioad [ K] _tem) [T100 ]
Torque Js | No_ | Error (%)
HAL3426/431/132/ 132MP
_______________ 5
Control Integrator |
Amp. :
\)
u:(s»l—-—{ Gis) I—(—[ Kv
I
_______________ puj
KeNo |
| I
Fig. 1 Block Diagram
Kj = Transfer constant, 9.55
KT = Torque constant (kgscm/A)
Kg = Kick-back constant (V/rpm)
Ky = Speed discriminator gain (V/%)
J = Moment of inertia (kgecm+sec?)

Zm(S) = Motor coil impedance (£2)

G, (S) = Transfer function of an integrator

G, (8) = Transfer function from control amp to output
No = Standard number of rotation

2.2 Resolution
In the Fig. 1, when

K 1000
A(S)= 75 No (3)
Kr KEe-No
B(S)= Zn(ST (Kr~Gl(S)~Gz(S)*———100 ) (4)

the Fig. 1 can be shown as Fig. 2.

Load

Torque ( y———+

(kg-cm) A(S) ————O Error (%)
B(S)

Fig. 2

On the other hand, the Zm(S), G, (S) and G, (S) are ex-
pressed as follows;

Zn(S)=Ru(1+S/ wm) woveereeerseesermvennsesnnes (5)
_Re ltwe/S
GHS)I= R T4 S/wn (6)
§)—GCTL e
G2(S) 1+S/ w3 (7)

Then,

Om= 5,’: ............................................. (8)
= 1 .............................................
DT R (9)
w2 L e (10)

Cz2R:2
e e,
W ="E R (11)

The GeTL and the R, are the internal constant of IC's.
Substituting the equations (5) to (11), to the equation (4),
B(S) is;

KeNo\
100 /

Kr ( R2KvGere (14 w2/S)
14+S/wn) \R1(1+S/w1)(1+S/ws)

__ReKrKvGere
RiRn

BIS)=7

1+w2/S
(1+S/wn)(1+ S/ w1)(1+S/ws)

..R2KvGerL KeNo
. R > 100 )
To control speed with stability, A(S) and 8(S) are required to
have a relationship shown in Fig. 3. That is, the angular
frequency of the cross point of A(S) and B(S), w, should be
put between the angular frequency of an integrator, w, and

w,.

1,000

100~
Phase margin
>15

A(S), 1/8(S) (%/kg-cm)

10

L
10 100 1,000

w (rad/sec)

Fig. 3 Stable Relationship of A(S) and 53(S)
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HA13426

2.3 Design Procesure of the R, ,R,, C,, C, and C,

(1) Determining the w,
The w, uses the value of 1/10 to 1/30 of the wp, or the
angular frequency of FG, w¢g which is the lower. In
HA13426, the angular frequency of the hall signal is used
for w¢g, and the w, is the value of 1/30 to 1/100 of the
WFEG".

(2) Calculating the Ao
From the equation (3)

K 100,
Ao Foos " No (13)
(3) Designing R, and R,
From the Fig. 3 and the equation (12),
R Be (14)

Ri~ Kr-Kv.Geri-Ao
Each IC is designed to take the following Kv and GoT.

Type Kv (V/%) Gerr (V/IV)
HA13426 0.03 16 typ
HA13431 0.023 16 typ
HA13432/MP 0.023 8 typ

Small R, increases the C, and C, and large R, will cause
speed error by the cutoff current of the speed discri-
minator and the input bias current of the integrator.
Values of 10k ohms to 56k ohms are recommended.

(4) Determining w, , w, and w,
Will be determined as follows

w1 Z 3 wo
w2 = wo/3
w3 Z Jwo
(6) Designing C,, C,, C,
From the equations (9), (10), (11),

Ci=1/wiR2
C2=1/w2R2
Cs=1/wsR3

where the R, is designed to be 2.2k ohms.

3. When Using the External Clock

As shown in Fig. 4, external clock can be provided at the
OSC input pin. But, applying too large input causes the miss-
operation of IC's, the following resistor, Rs must be con-
nected in series to control the current.

(1) In HA13426

Rs=2.5(Vin—1.4)—-1.5 (kQ)
Rs=7.5(1.4—ViL)—1.5 (kQ)
A speeding-up capacitor parallel to Rs should be con-

sidered.
(2) In HA13431/432/432MP

Rs=3.7(Vin—1.7)—2 (kQ)
Rs=1.01.7—ViL)—2 (kQ)
Then, the input current Iy and I are restricted as

follows and the external clock must have larger driving
capacity.

_Vin—1.4
L= R:+ Ri (mA)
1.4— Vi
Iin=— - (mA)
]74 R'+ Rl

where, the Ri is the input resistance of the OSC and is
1.6k ohms in HA13426 or 2k ohms in the others,

External Cluck

Vin In
| | ' | put
Rs
Vi

100pF

0sC

Qutput

Fig. 4 Providing External Clock

4. Producing the Ready Signal

As shown in the Fig. 5, external comparator can produce the
ready signal. Since the DC gain is extremely high (70dB or
more), the rotation error, AN when the ready signal VR
becomes high is determined by the accuracy of the speed dis-
criminator without the influence of the window of a com-
parator.

Open collector output type comparators are recommended.

Ready Signal
Vr

10k Qhms

Integrator
Output

Fig. 5 Producing the Ready Signal
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HA1 3431 @ Three-phase Motor Driver with Speed Discriminator

HA13431 is a monolithic power IC with a speed discri-
minator for the three-phase brushless DC motor driving of
5% inch FDD. It is possible to construct a servo system
with quartz or ceramic resonator by fewer external com-
ponents. Especially EMI noise from motor driver is de-
pressed because of a voltage drive system.

B FEATURES

@® Possible to construct a servo system on a single chip

® Require no adjustment because of digital servo system

® The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused
EMI conventionally.

@® The Enable terminal of TTL level is attached, and the
current at the stop mode is less than 0.5mA

@® Maximum current at starting is depressed by the built-in
current limiter.

@® Wide selection for quartz & ceramic resonator is per-
mitted because of frequency divider

M BLOCK DIAGRAM

(SP-23T)

B PIN ARRANGEMENT

1

O Vee 14 [23] U Hall+
/L %(»,m 12v [ 22) U Hall~
2 0V Hall+
R -
o Hall Amp [20] V Hall
¢ 19 +
= 2) 9] W Hall
59 ] [ 18] W Hall—
Cron 7 - Chn
Cios Amp [17] W Out
G 14 Mt || e 78] Fiter
D roller i =] V Out
19 Current Sense
W “‘J
1) Y 1] U Ou
R e Cios Vee
) [11] Integrator Out
to Injector [10] 0SC Out
Enable b ] g‘;"a“” In
Hi o Stop) N - ) In
(}Sn gzm) OVSD 3 ;,L, [7]  Speed Discri. Out
pen - Stop E Control Amp 6] GND
Ciop [5] Mode Select
pt FG Amp TSP 315V | Inter 2] Injector
Cios ’ > — Ref. [3] Enable
> Zero- Cross 2
FG : ?A"v;'w; )5\ [ 2] FG Amp+In
pulse. =
cvele 1 Speed [1] FGAmp-In
Discrimi ® —
Cion nator
B N .
. Freq. Integrator (Top View)
g Josc|— h, I v
DTG U G -
Maode Injector T
Select A
o tre sy mAT
(1),7(»" : I/z)
0 GND 11 )
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol | Ratings | Unit | Note z2 w0 120C
Supply Voltage Vee 20 A% 1 Q;
Input Voltage Viy 0 to Ve \'4 2 s
k] With
Output Peak Current Iopeak | 1.5 A ;&_ 5 Infinity
Output Current Io 1.0 A & 1.5 Heatsink
IR 5 Without
Power Dissipation Pr 10 w 3 % Helatgi‘:nk
Junction Temperature T) 150 C o
0 1 1
Quersimg Joncin [T 0w i ¢ = ®
- Ambient Temperature Ta (C)
Storage Temperature Range | Tux —55to +125| C
Notes) 1. Recommended operating voltage
Vee =12V +157,(10.2V to 13.8V)
2. Applied to Hall Amp, start stop and mode select input.
3. See the derating curve.
5 S W @ HITACHI 175
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HA13431

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)
Item Symbol Test Condition min typ max Unit Note
Enable=2.0V - 0.2 0.5 mA
Quiescent Current fe Enable—0.8V, R..: Open | — 24| 31 | mA
Vi Shutdown Voltage 15 16 17 v
Total Over Voltage Shutdown Vin Hysteresis 05 08 12 v
Thermal Shutdown L Shutdown — 10 — <
Thys Hysteresis — 25 — T
Input Bias Current Ins Vi=6.0V - 1.0 5 «A
Hall Amp Input Common Mode Voltage Range | Vi 1.5 — | 10.5 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Vo 5.1 5.7| 6.3 A%
Difference of Quiescent Voltage AVa — — 1+0.3 v
Output Stage -
Saturation Voltage Veewan | To=0.TA — 2.0 2.8 A 1
Output Impedance Ro Io=0.2A — 0.3 - Q
Internal Ref. Voltage VrEr1 — 3.15 — \Y%
Control Amp Voltage Gain (CTL Amp to Output) Gere — 24 - dB
Difference of Gain AGeTL — — +2 dB
Internal Ref. Voltage VREF2 - 2.5 — v
Input Bias Current Ini — — 1£0.1 nA
Integrator . A+ Jo=+0.25mA - 1.3 — A%
Output Voltage Swing e To=—0 25mA o6 — v
Unity Gain Band Width BW Br=0dB — 0.3 — MHz
Injection Voltage Vi 1j=6mA - 0.9 — A%
Output High Voltage Vou Io=0.25mA 4.4 4.7 — v
ls)liJ:::liminator Output Low Voltage VoL lo=—0.25mA — 0.1 0.2 v
Cutoff Current Loy Charge Pump Off State — — +0.1 «A
Count Number — 1024 —
Input High Voltage Viu Stop 2.0 - — \'%2
Input Low Voltage ViL Start — — 0.8 v
Enable
Input High Current Iin Vi=2.0V — — +10 «A
Input Low Current I Vi=0.8V — — *10 A
Current Limiter | Reference Voltage VREFs 0.36 0.4 0.44 A
FG Amp Input Voltage Vinwer | f=200Hz 2.0 — 20 | mVpp
0SC Oscillation Frequency Sosc 0.1 — 1.0 | MHz
No Division Input Voltage Vin — - 0.8 v
1/2 Division Input Voltage Vi Open — 6.3 — \'
Mode Select 1/4 Division Input Voltage Viss 10 — — A%
No Division Input Current Iin Vin=0V — — -1.0 mA
1/4 Division Input Current ho Vin=12V — — 1.0 mA

Note 1) Sum of upper and lower TRS saturation voltages.
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HA13431
HEXTERNAL COMPONENTS
Parts No. Recommended Value Function Note
Riot, R - Hall Elements Bias 1
Rios, Rior, Ruws 2.2Q Stability
Rs - Current Sense 3
Ri, R: See Application Integral Constant 4
Cior, Ciro2, Cuos 0.1«F Stability 2
Cios =0.1,F Vee By —passing
Cos 10«F AC Coupling FG
Cros 47pF AC Coupling 0OSC
Cor 10#F Stability
Cios, Cios, Ciro =0.01,.F Stability
Ci, C: See Application Integral Constant 4
Cs See Application Filter Constant 4
X’tal See Application Resonator 4
Notes 1) Set Rin and Rinz at which output voltage of 30 to 100mVpp.
2) Use Cini to Cios which cause no 2nd resonance.
3) Output current is limited as shown below by Rs value.
Timr = Vrers
Rs
4) See HA13426.
HETIMING CHART
* v v W
Hall Amp (W
Input
120° 120° 120°
U o -\
fpin 131 o M
VO P
(pin li[.‘w .7\ /[/’\
W On ~\
(pin ;"71 5.7V L\f\
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HA13432,HA13432IMP ¢ mecsse tor e vt spss i

HA13432 and HA13432MP are monolithic power ICs with a

IR HA13432
speed discriminator for the three-phase brushless DC motor
driving of micro or compact FDD. It is possible to construct
a servo system with quartz or ceramic resonator, requiring
fewer external components.
Especially EMI noise from motor driver is depressed because
of a voltage drive system.
B FEATURES
@ Possible to construct a servo system on a single chip
@ Require no adjustment because of digital servo system
@ The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused (DP-24TS)
EMI (Electro-Magnetic Interference) conventionally.
@® The Enable terminal of TTL level is attached, and the HA13432MP
current at the stop mode is less than 0.5mA.
@® Maximum current at starting is depressed by the built-in
current limiter
@® Wide selection for quartz & ceramic resonator is per-
mitted because of frequency divider.
(MP-28)
HPIN ARRANGEMENT
@ HA13432 @ HA13432MP
U, —
Square Wave Out [T] 7] U Hall + £
FG Amp ~In [Z] 23] U Hall — . £ - gé
FG Amp +In (T [72) v Hall + =S AL
$ g
Enable 1 [T] [21] V Hall ~ 2 2 5 Z £ EE3
Enable 2 [T [20) W Hall + 3 mmnmm %) -
Mode Select [} [ W Hall — Speed - Enable 1
Disri. our L] (28] (Lo : Sar )
T T Hi, Open : Stop.
oND | A g GND Integrator In E O E FG Amp +In
.|B
Integrator Out | 6 23] FG Amp —
0SC Owt [% 8] Fiter o [23] FG Amo 1o
oscin ] (7] w ow Vee [7] 2] Square Wave Out
Speed Discri. Out [T [T6] Current Sense Injector E E U Hall +
Integrator In [10] [15] V' Ou
Integrator Qut !E [T U Ou U Ou E 20| U Hall =
Vee [I2] [13] Injector v ou [10] [19] ' Hall +
(Top View) Current Sense E E V' Hall —
B E)E A BnIE)
=1 5 2 o [ +
£ = -
S £ G % 3 3
Lz o=
_Enable Hi Open Lo (Top View)
1 Stop Stop Start
2 Start Stop Stop
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HA13432,HA13432MP
T Ou

HEBLOCK DIAGRAM

R <
2

O—

Hall Amp

Amplitude Crot
> Controller
Marix ||

Rioz

o Injector
Enable | I
(I.n Stan ) Current Limiter
Hi Z Open : Stop
OVSD
Cy
Control Amp
ble 2
<[Hi 1t )
Lo Open  Stop. B
Sy sh
7z

Inter Ref

Zero-Cross
Detector
(1 pulse/cycle)

Square Wave Out ()

Discriminator

X'u @ 0SC  |—— Frey. Divider

O) f]‘\
Y

Mode Injector

Select (>4mA)

Integrator
(OP Amp)

e ) e
to GND © 1A o
B ABSOLUTE MAXIMUM RATINGS (T=25C)

Item Symbol HA13432 HA13432MP Unit Note
Supply Voltage Vee 20 20 v 1
Input Voltage Vix 0 to Vee 0 to Vee v 2
Output Peak Current 1o Geaky 0.75 0.75 A
Output Current Io 0.5 0.5 A
Power Dis3ipation Pr 2.5 1.5 W 3
Junction Temperature T 150 150 T
Operating Junction Temperature Range Tjop —20 to +125 —20 to +125 T
Storage Temperature Range T —55 to +125 —55 to +125 c

Notes) 1. Recommended operating voltage Vee=12V £15% (10.2 to 13.8V)
2. Applied to Hall Amp, start/stop and mode select input
3. See the derating curves.

The right below figure shows the relationship between Pr and T. (the derating curve) in the case that HA13432MP is mounted on the surface of a metal
base substrate.

B HA13432 HHA13432MP
0C 100C L

With
Infinity
Heatsink

~
T

Without
Heatsink

With

Power Dissipation Pr (W)
Power Dissipation Pr (W)

1+ Infinity
Heatsink
0 1 L 0 L
=20 0 25 100 150 =20 0 25 100 150

Ambient Temperatre Ta () @ HlTAcHl Ambient Temperature Ta (C) 179



HA13432,HA13432MP
BELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)
Item Symbol Test Condition min typ max Unit Note
Enable 1 & 2 Open — 0.2 0.5 mA
Quiescent Current Iy Enable 1—0.8V — 19 2 A
Ri. Open
Total Over Voltage Shutdown Vit Shutdowrt Voltage 15 16 17 v
Vhys Hysteresis 0.5 0.8 1.2 A%
T Shutdown — 150 - c
Thermal Shutdown - -
Thys Hysteresis 25 — C
Input Bias Current Inn Vi=6.0V — 1.0 5 uA
Hall Amp Input Common Mode Voltage Range Vu 1.5 — 10.5 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Va 5.1 5.7 6.3 v
Difference of Quiescent Voltage AVo — | £0.3 \%
Output Stage -
Saturation Voltage Veksan | Io=0.35A 2.0 2.8 v *
Output Impedance Ro Io=0.1A — 0.45 — Q
Internal Ref. Voltage Vrery - 3.15 — v
Control Amp Voltage Gain (CTL Amp to Output) Gv 15 18 21 dB
Difference of Gain A Gy - - +2 dB
Internal Ref. Voltage Vier2 - 2.5 — v
Input Bias Current Int — | £0.1 A
Integrator Output Voltage Swing A Io=+0.25mA - 1.3 - v
A Io==—0.25mA - —0.65 —
Unity Gain Band Width BW Gr=0dB — 0.3 — | MHz
Injection Voltage v, I[;=6mA 0.9 — v
Output High Voltage Vou In=0.25mA 4.4 4.7 — A
[S):’:fd ) Output Low Voltage Vor | Io——0.25mA — T 01| oz v
Cutoff Current Lor Charge Pump Off State — - +0.1 nA
Count Number - 1024 -
Input High Voltage Vin 2.0 - - \
Input Low Voltage Vi - 0.8 v
. Enable 1 - +10 A
Enable Input High Current I Vi=2.0V
Enable 2 - 50 120 nA
Input Low Current I Vi.=0.8V Enable 1 — — £10 (A
Enable 2 - - +40 nA
Current Limiter | Reference Voltage VrEers 0.36 0.4 0.44 A
FG Amp Input Voltage Vinray | f=200Hz 2.0 - 20 | mVpp
0SC Oscillation Frequency Sfose 0.1 1.0 MHz
No Division Input Voltage Vi - 0.8 \'
1/2 Division Input Voltage Vi Open - 6.3 - v
Mode Select 14 Division Input Voltage Via 10 - - \'
No Division Input Current I Vix=0V - - -1.0 mA
1’4 Division Input Current I Viv=12V = 1.0 mA

Note * ) Sum of upper and lower TRS saturation voltages
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HA13432,HA13432MP
B External Components
Parts No. Recommended Value Function Note
Rio1, Rioz — Hall Elements Bias 1
Rio3, Rio4, Rios 2.2Q Stability
Rs — Current Sense 3
Ri, Re See Application Integral Constant 4
Cio1, Cioz, Cro3 0.1.F Stability 2
Cios =0,14F Vec By-passing
Cios 10.F AC Coupling FG
Cios 47pF AC Coupling OSC
Cuor 10uF Stability
Cios, Ciog, Ci10 =0.01.F Stability
Cy, C2 See Application Integral Constant 4
Cs See Application Filter Constant 4
X' tal See Application Resonator 4
Note 1. Set Rioi and Rioz at which output voltage of 30 to 100 mVpp
Note 2. Use Cior to Cios which cause no 2nd resonance.
Note 3. Qutput current is limited as shown below by Rs value.
1 limit =—VgEes
Note 4 See HA13426.
HE TIMING CHART
+ y v
. W
Input 0
120 120" 120°
U Out /‘ﬁ\"//
57V
V Out
5V
W Out \
5.7V
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Hc167o1 @ Thermal Head Drivet

HC16701 has a function of serial-in-parallel-out plus 32ch
driver, bi-directional shift register, two stage latches, strobe

gate and large current driver.

Logic circuits are composed of IIL and output 32ch driver

M FEATURES

@® Each driver of built-in 32ch drivers (NPN Open Collector)

has a capability of driving 70mA.

® Enable to shift the shift register in right and left direc-

tions by mode select terminals.

® Every channel has two stage latches and is available with
controlling output pulse width in the unit of channel.

HEBLOCK DIAGRAM

Qout

has a capability of driving large current. HC16701 is suitable
for applications of thermal head driver and LED display

driver.

® Enable to prohibit driver output by Dis terminal.
Available with prohibition against driver output at power

"“ON".

HC16701 IC's.

B

D _CLK D CLK

Az
D CLK

CLK

Q@ Q

CLK

)|

s © [>0—{>

HEMAXIMUM RATINGS (Ta=+25C)

Built-in D-F/F for selecting chip is available with the
application of chip selector in the system of using some

Item

Symbol

Rating

Unit

Remarks

Supply Voltage

Vee

7

Output Sink Current

Ien

100

mA

Output Terminal Voltage

Vou

+25

Power Dissipation

Pc

T, max =125C

Operating Temperature Range

Ta o

—20 to +70

Operating Junction Temperature Range

T o

—20 to +100

Storage Temperature Range

Tsre

—35 to +125

Notes) 1. Applied to output driver terminal Qo to Qi1 when output driver transistor “ON™.
2. Applied to output driver terminal Qo to Qs1, when output driver terminal "OFF".
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HC16701

BMELECTRICAL CHARACTERISTICS (T;,=+25C)

Item Symbol Test Condition min typ max Unit ?,:r:;?::::
Operating Supply Voltage Veeor Vee=5.0V, Driver:ON Duty 50% 4.5 5.0 5.5 V| Vee
Quiescent Current Icc Vee=5.0V, Driver : ON Duty 50% — 120 160 mA Vee
linj Operating Voltage (Note 5) Vins 3.0 — Vee \% Liny
Injection Current Lo Vee=5.0V Vi, =5.0V — 30 - mA | L,
Input High Voltage 1 Vim Vee=5.0V 3.0 - — V | S, PWC,Cp,.C
Input High Voltage 2 Vine Vee=5.0V 2.5 - - Cs,In I, DATA
Input High Voltage 3 Vins Vee=5.0V 3.0 — — D...R/L
Input Low Voltage 1 Vit Vee=5.0V — — 0.3 Sr.,PWC,Cr,C
Input Low Voltage 2 Vii: Vee=5.0V — — 0.8 Cs,In, In, DATA
Input Low Voltage 3 Vies Vee=5.0V — — 0.8 V |D..R/L
Input High Current 1 Ly Vee=5.0V,Cx -y =1 =5.0V — - 150 pA | Cs Iy I
Input High Current 2 Linz Vee=5.0V DATA -5.0V — — 150 HA DATA
Input High Current 3 Lins Vee=5.0V Di. 3.5V - — 150 uA | D
Input High Current 4 Tina Vee=5.0V R'L =3.5V — — 150 HA R/L
Input High Current 5 Lins Vee=5.0V, Sy~ PWC=Cp~Ci~3.5V — 120 180 A | Sr,PWC,Cy, Ct
Input Low Current 1 7 Vee=5.5V, Cs -1\ =1 ~GND —600 | —400 — sA | Cx In I
Input Low Current 2 Lic» Vee=5.5V, DATA - GND —600 | —400 — MA DATA
Input Low Current 3 Liis Vee=5.5V, Di. =R'L =GND —20 — — u#A | Di,R/L
Input Low Current 4 o Vee=5.5V, Sp~PWC-=Cr=C.=GND —20 - - kA | Sr,PWC,Cy,Cs
Output Low Voltage 1 (Note 1) Voia Vee=5.0V, oL =10mA — — 0.3 V | Quto Qun
Output Low Voltage 2 (Note 2) Voo Vee=5.0V,10.=0.6mA — — 0.5 V| Qua
Output Low Voltage 3 (Note 2) Vois Vee=5.0V,Io.=1.2mA — — 0.6 V | Duw
Output Current 1 (Note 3) Liir Vee=4.5V, Do - 2.7V 300 500 — #A | Dun
Output Current 2 (Note 3) Lz Vee=4.5V, Quu-2.7V 150 250 — MA | Quu
Output Leak Current (Note 4) Liestr Vee=5.5V, Qu to Qs1-25V — — 500 A | Qo to Qui

Notes

. When setting the state of output “LLOW".

. When output transistor is “OFF".

1
2
3. When setting the state of output “HIGH".
4
5

. Iinj is pin for IIL logic power supply.

O HITACHI

. When setting the measuring output driver transistor “ON" and other thirty one output driver transistors “OFF".
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HC16701

HPACKAGE (the chip product for sale)

® Chip size; 5.5 x 3.7mm

@® The number of pads; 56 pcs. (output driver; 32 pcs. Vcc;
3 pcs. GND:; 8 pcs. others; 13 pcs.)

@ Pad Arrangement; See the following figure. (an outline)

3.7mm

== QisQs ———

Output Drivers

/(lnclnded 7 GND pads)

5.5m

/(Included Vee 3 and GND 1 pads)

l I/0 Interface I

EDICE DIMENSION

1350 1715 2255 2680 3085 3425 3765 4145 4485
Origin(0,0) 135
1180 | 1530 1990 2470 | 2890 32|55 | 3595 | 3965 | 4315 | 4655 5365
135 e I =TeaTaaToalisalisalsalonnalnalgalnalnalsalanlualsalnalea NN 135
w5 [[1] e [ b b by e e e i il el et ks oy s el s e iy o
sss—H{ a8 Q20 Q21 Q22 Q23 GND2 Q25 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Ve Ct PWCCp Dout
GND2 1100
s25 —H{ -z 1
: 600
69s —H @17 *
sss—HH- Qi |
|
N1 FHH— 1550
1so—H{F3-onos 3700
vee 2180
| |
zass—-E}le
[l -
3005 LIQH ini {-‘ 3050
a1 T oz r/LH—3220
sss—H Qs QrQo @ @027 a5 o5 @ a3 @N%a Qo vee Dis sp Data 1 fTH— 3300
1565 ssis—H a2 _ FLU'!'II'LI HHIHHH M m I'LII"HI'"H'LI ul _ er hrh A 3565
CH e T e E o eIt td T un)
| I J T
135 180 | 1530 | 1890 | 2275 | 2700 | 3065 | 3410 | 3775 42'75 5100 5365
1350 1715 2065 2490 2900 3240 3580 4900 r;gyii;elSOum
5,500
Unit:um
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HC16701

EINPUT INTERFACE CIRCUIT

®Cs, ki, ls

®S,,C.,C:,,PWC

Vee
Vi Viy o——NW—
[>0--- 12L Inverter
®DATA ®R/L,D..
Vee Vee
Vix
Vis
HOUTPUT INTERFACE CIRCUIT
.Dw,Qau- 0Q.~Qs
Vee
o—————¢
Vee
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HA1 6628P @5-bit D/A Converter and Position Amplifier

The HA16628P is a monolithic integrated circuit designed for
use with the HA16629P to DC motor positioning system for
applications such as carriage/daisy-wheel position Control in

Typewrites.
B FUNCTIONS

@ 5 bit D/A Converter

® Error Amplifier

® Position Amplifier

B FEATURES

@ Single Supply Voltage 10V DC to 20V DC
® Compatible with TTL, LSTTL & C-MOS
@ Low Input Current (D/A Converter)

(DP-16)

B PIN ARRANGEMENT

HMABSOLUTE MAXIMUM RATINGS (Ta=25C) \_/

Item Symbol Rating Unit Note E""MEE 16 | Vee
Supply Voltage Ve 20 \'

iLs i i DA4E 15 | DA-In

Common Voltage Ve . 0.55Vece \Y
Power Dissipation Pr 450 mW DA3 E E] Va
Input Voltage Vi 6 \Y 1
Output Current Lo +5 mA 2 DAz E 18] DA-Ou
Operating Temperature Range | T 0 to +70 K oar [ 12| ERR-0ut
Storage Temperature Range Toe —50 to +125 °

Notes' 1. Apply to DA.~DA,, Sign, ENABLE, STROBE
2. Apply to Pos-Out, ERR-Out

HMBLOCK DIAGRAM

DA-In

®

DA-Out

®

Enable @

o @

a3 (3

oaz (@)

ol )

DAO @

Sign @

D/A
Conv-
erter

Position
Amplifier

Strobe @

186

’_V—-@ ERR-Out
N
Error

Amplifier

fb_‘ () Pos-Out
' ]
.4
®

DAO | 6 11 I POS-Out
Sign I 7 10| POS-In
GND I 8 9 I Strobe

(Top View)

——(®) Pos-In

7
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HA16628P
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vs=5V)
Item Symbol Test Conditions min typ max | Unit
Supply Voltage Vee 10 — 20 \Y%
Supply Current Icc No Loads — — 10 mA
Supply Current of Vs (Pin 14) Is No Loads — — 1 mA
®D/A Converter
Item Symbol Test Conditions min typ max Unit
Current Reference Input Range (Pin 15) | Iparn all inputs "L, 0.3 — 1 mA
Current Reference Off-set Voltage (Pin 15 to 14) | Vo Ipan=0.3 to 0.7mA —20 — 20 mV
Ipaout 01> Io4»=0.516mA, Sign="H_ Other input all'L_ 0.96 0.98 1.00 mA
Output Current ~
Ipacut 2> Ipan=0.516mA, Sign="L Other input all'L —1.00{ —0.98 | —0.96 mA
Ipaout 3 Sign="L_ Enable="L, Other input all'H_ -1 — 1 A
Output Current (Output Offset Current) - =
Ipaout o> Sign="H_ Enable.="L, Other input all'H, -1 — 1 HA
Low Level Input Voltage (Digital Inputs) Vie — — 0.8 A%
High Level Input Voltage (Digital Inputs) Viu 2.0 — — \%
Low Level Input Current (Digital Inputs) I Vi.=0V -1 — — | KA
High Level Input Current (Digital Inputs) LIy Viu=5V — — 20| uA
®Error Amplifier
Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio All inputs "H, DA-out to ERR-out -5 — 5| mV
Output Voltage Swing Vour Terror=1mA Ve—3.3] — Vs+3.3 \'
®Position Amplifier
Item Symbol Test Conditions min typ max Unit
Low Level Input Voltage (Pin 9) Vie - - 0.8 v
High Level Input Voltage (Pin 9) Vin 2.0 — — v
Vioas Strobe ="L, POS-IN to POS-out —-10f — 10{ mV
Input Offset Voltage
Vioc Strobe ="H, —-10f — 10 mV
Input Bias Current (Pin 10) Iis Strobe ="L, -1 - —| kA
Output Voltage Swing Viut Iros-ou=1mA, Strobe ="1.; Ve—3.3] — |Vs+3.3 \Y
HD/A CONVERTER LOGIC FUNCTION
Digital word
Sign | DA4 | DA3 | DA2 | DAL | DAO | ENABLE Commands
* * * * * * H DAout=Zero
* H H H H H L DAout=Zero
L H H H H L L DAout = +min
L L L L L L L DAout = +max
H H H H H L L DAout=—min
H L L L L L L DAout = —max
Notes) % =indifferent L=Low level H=High level
+min, +max=Source Current
—min, —max=Sink Current
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HA1 6629P @ Tachometer Converter (F/V Converter)

9

The HA16629P is a monolithic integrated circuit designed for
use with the HA16628P to DC motor positioning System for
applications such as carriage/daisy-wheel position control in
Typewrites.

HFUNCTIONS

@ Tacho Voltage Generator (F/V converter)
® Reference Voltage Generator

® Position pulse Generator

B FEATURES

® Single Supply Voltage 10V DC to 20V DC (DP-16)

® Position pulse output is open collector

WMABSOLUTE MAXIMUM RATINGS (Ta=25C) HPIN ARRANGEMENT

Item Symbol Rating Note Y}
Supply Voltage Vee 20 A Vs E 16] vee
Common Voltage Vs 0.55Vce \% Beos [Z EI Dsin
Input Voltage (Pin 4,10,13,14) Vias Vee |V sein [3 e
Input Voltage (Pin 6,7) Vi Vet$5 \Y
Dir E Ecos

Output Voltage (Pin 11,12,15) Vour 20 AY

Output Current (Pin 11,12, 15) Lo 1> 5| mA macko [3] [12] oeos
Output Current (Pin 2,3,5) L ) +1 | mA Meos [6] (1] pinx
Output Current (Pin 9) L o) -1.5 mA Msin E Eginx
Power Dissipation Pr 450 mW oND E zl Voer
Operating Temperature Range Topr 0to +70 ‘C

Storage Temperature Range Tos —50 to +125 ‘C (Top View)

M BLOCK DIAGRAM

Vee Vs GND
¢
P
—@ Dinx
Einx C1 Comparators
witl
Eain @ - b“y“e"s“ J/-——® Dsin
fone ® b ]N;’,——(:) Dcos
c3
—@ Vier
b Reference
Generator
‘ } 3) Bsin
—D>; r
) @ Beos
D O
Msin (D L TacHo
Mcos @—
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HA16629P
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vs=5V)
Item Symbol Test Conditions min typ min Unit
Supply Voltage Vee 10 —_ 20 \"
Supply Current Icc no Loads — — 20 mA
Supply Current of Vs (Pin 1) Is no Loads -2 — 2 mA
®Comparators with Hysteresis (C:,C. and Cs)
Item Symbol Test Conditions min typ min Unit
Input Bias Current Iis Veinx = Vesin= Vecos=5V —2 — — A
C: (Pin 10) 7.2 7.5 7.8 v
Input "H; Level Threshold Voltage Vrwn
C.;,C; (Pin 14,13) 5.1 5.3 5.5 \'
C, 5.7 6.0 6.3 \'
Input "L, Level Threshold Voltage Viwe
C.,Cs 4.5 4.7 4.9 A%
Output "L, Level Voltage Vor ToL=2.5mA — — 0.4 \Y%
) Output Leak Current Ton Von=5V — — 2 A
® Amplifiers (A, —Ai,A: and —A»)
Item Symbol Test Conditions min typ max Unit
Input "L, Level Voltage (Pin 4) Vi — — 0.8 \
Input "H, Level Voltage (Pin 4) Vi 2.0, — — A
Common Mode Input Voltage Range Vem Vet2.5 — | Ve%3.5 A%
Output Offset Voltage (A, and A.) Vosces D.r=L —30 — 300 mV
Output Offset Voltage | —A, and —A:) Vosc-» D.r=H —50 — 50 mV
Voltage gain (A, and A.) Avpce D.r=L — 1 - V/Vv
Voltage gain ( —A, and —A.) Avpc- D.r=H — -1 - V/V
Output Voltage Swing Vou Ve—3.3] — |Vat+3.3 \
®Reference Generator
Item Symbol Test Conditions min typ max Unit
Vrer Irer=—0.5mA, Note (1) 7.5 8.0 8.5 \Y%
DC Reference Voltage {Pin 9)
Viere Irer=—0.5mA Note (2) 6.7 7.5 8.3 A
Note (1) Note (2)
Test Conditions Test Conditions
No. Unit No. Unit
E sin E cos E sin E cos
1 Vi + 8 Vs + 3 Voe 1 Ve+3 Vs Voe
\/T J’—2_
2 Vs + 3 Vs~ 3 Voe 2 Vi Ve+3 Voe
/2 /2
3 v,,—j% Vu+—_:23: Vo Vs ¥
4 Vi — j;_ Ve— _J;- Voe
Va=5 \
® HITACHI 189
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®F/V Converter

Item Symbol Test Conditions min typ max Unit
Input Bias Current Iis Vit sin= Vi cos =5V — 5 15 HA -
. . Vracuor Note (1) 1.5 - 2.0 Voc
DC Output Voltage (Pin 5) Vracnor | Note (2) 8.0 — 8.5 | Voc
Output Voltage Swing Vour Ve—3.3 - Vs+3.3 v
Output Offset Voltage (Pin 5) Vio M =M c0e=Vs —80 — 80 mV
No. €% | Esin | Ecos | Msin | M cos
1 Vi Vi V. V-
Note (1) 2 Y Vi A v Vi=Va+1 (V)
3 Vi Vo V. V.
Vi=Vs—1 (V)
4 Vi Vi Vi Vi 1.6
5 Vi Vi V. V. V.= Vs+ﬁ (V)
6 Vu Vo V. Ve
Note (2) 7 i v | v [ v V= VB‘F V)
8 Vi \Z Vv V- Va=5 (V)
B WAVEFORMS

®Clock Wise Direction

Esin W Vs
eos —\/\/\/\_ "

kY

Mcos —\W Vg
Veer  _ /(A\/\.' '\\ WX N X

- v‘« \/ '\“l\.'vv | P Ve
-Esi . Ecos
(B )
( Meos X, Esml) (Msm % Eeos |)
-, \
TACHO SO KOO /’\/\\,\ Vs
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HAPPLICATION
Vee Vu GND
HAL6629P
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Einx 10 o
Comparator with
Hysteresis
. L1 s |eropracesor
From Esin @7 (.~'lj>
Encoder T2 ]\?7
—@ Deos
Ecas @ "'{b k
Ay
> Ref. Volt. Gen.
Amp.
’ 3) Bsin
)
0015, F
2 Beos
C2
Dix @ 0.0154F
- hl
o |
|
Msin |
: N + f) TACHO
X -
Mcos (6 i F'V Converter |
e e i —— )
R2 .&R,
820 Tazn
Rs
WkE
C3
Red 0.22u 22u
5k
DA-Out
13 .
©)
HAL6628P Ri[Re] [Ro
£2:5 g
Motor Drive Signal
Enable (1 ; 4
YN O; \ @ ERR- Ot
+
DA 3 (3}
v Error Amp.
RN bra A
Conv.
v O
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)
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1
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HA1 6631 P' HA1 6631 M P @Flexible Disk Read Amplifier

The HA16631P and the HA16631MP are monolithic read
amplifiers for flexible disk drive, and provide wave-shaped
output signals. The amplified signals from the magnetic head
generate data pulses by differentiator, zero-volt comparator
and waveform shaper section.

B FEATURES

@® Combined all the active circuit to perform the flexible
disk read amplifier function in one chip.
® Direct connection with TTL's.

HA16631P

(DP-18)

HA16631MP

Q‘

(MP-18)

HBLOCK DIAGRAM

Active
Differentiator
Components

Filter Network

Digital
Output

|
Active | Peak
Differen-
tiator

Magnetic
Head | 1 ? f Zl

Analog Input

AT

Gain Select One Shot 1 One Shot 2
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HPIN ARRANGEMENT
®HA16631P

. {II

Input

Offset
Decoupling

GND |5

&
Shee I{E
{

C]

E] Veee
l—d Amp.
E Qutput
E })xﬂ.
E nput
E Diff.
E Comp.
E Veer

(S)ne*
hot 2 Data
E 10 Output
(Top View)
®HA16631MP
Amp  Amp mp
Input Input  Vccz Output
2 1 18 17
o T e B e B o Y e
Offset
Debmpling 35 O 016 Amp Output
Offset 4 1 15 Diff. Input
Decoupling
GND 5[] [ 14 Diff. Input

One Shot 1 6 ]

One-Shot 1 7]

13 Diff. Comp.

12 Diff. Comp.

L5 o gy e g gy e
8

9 10 1

1

Data  Veor
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HA16631P,HA16631MP
HMAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Power Supply Voltage (Pin 11) Veer 7.0 A
Power Supply Voltage (Pin 18) Veee 16 \Y
Input Voltage (Pins 1 and 2) Vin —0.2 to +7.0 A%
Output Voltage (Pin 10) Vo —0.2 to +7.0 A
Differential Input Voltage (Pins 1 and 2) Vincaisss 0to +5.0 \Y
Operating Temperature Topr 0 to +70 C
Storage Temperature T —55 to +125 °C
HMELECTRICAL CHARACTERISTICS
®Operating Power Supply Voltage Range (Ta=25C)
Item Symbol Test Condition min typ max Unit | Test Circuit
Power Supply Voltage Range Veerr 4.75 5.00 5.25 A%
Power Supply Voltage Raoge Veezr 10.0 12.0 14.0 A%
®Amplifier Section (Ta=25C, Vcc1=5.0V, Vcca=12.0V : unless otherwise specified)
Item Symbol Test Condition min typ max Unit | Test Circuit
Differential Voltage Gain Avp fV=250k‘l/-lz, Vin=5mVrms 80 110 140 v/v 2
CC1R CC2R
Input Bias Current Iis Vee2 =12V, Veu=4V — 1 9 KA 4
Common Mode Voltage Range Vew 1.85 — 6.2 2
Output Distortion Ratio THD j‘./:lkH;’ Vin=25mVp-p — 1.5 5 % 2
CCIR CC2R
Differential Output Voltage Voo | Veern Vecen 3.0 | 42 | — | vep 2
wing
Output Source Current Io — 8.0 — mA 8
Output Sink Current _
(Pins 16 and 17) ]OS VCCIR YCCZR 2.8 4 mA 9
Input Resistance TIN 30 120 — kQ 5
Output Resistance To — 15 - [¢] 6
Common Mode Rejection Ratio CMRR | f=100kHz, Vin=200mVp-p 50 — — dB 11
Power Supply Rejection Ratio Vee=12.0V _ _
Vee, PSRRy | 4 75V Vee1=5.25v 50 4B 10
Power Supply Rejection Ratio Veer=5.0V _ _
Veer . PSRR: | 10 0V< Veco514.0V 60 dB 10
Differential Output Offset Voo _ _ 0.4 v 7
Voltage
Common Mode Output Voltage Veo — 3.1 — \% 7
Effective Differential Emitter
Resistance (Pins 3 and 4) Rerr 370 570 770 a 3
®Peak Detector Section (Ta=25C, Vcci=5.0V, Vcc:=12.0V: unless otherwise specified)
Item Symbol Test Condition min typ max Unit | Test Circuit
Sink Current (Pins 12 and 13) Iso 1.0 1.5 - mA 12
Peak Shift Ps f=250kHz, Vin=1.0Vp-p - — 5 % 13
Input Resistance Tip — 30 — kQ 17
Output Resistance Top — 40 — Q

@G HITACHI
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HA16631P,HA16631MP

ST T T

®Waveform Shaper Section (Ta=25C, Vccir, Vecer: unless otherwise specified)

Item Symbol Test Condition min typ max Unit | Test Circuit
. Vee1r=4.75V _ _
Output Voltage H (Pin 10) Vou Veer=12.0V, Ion=—0.4mA 2.7 \% 15
. VCCI =4.75V
Output Voltage L (Pin 10) Vo Veez=12.0V, Io, =8mA 0.5 \% 16
.. . . Veer=5.0V, Vee2=12.0V _ _
Rising Time (Pin 10) trow Viu—=0.5V—2.7V 25 ns 14
. . . Veer=5.0V, Vee: =12.0V _ _
Falling Time (Pin 10) tru V=2 7V—0.5V 25 ns 14
f=125kHz 600 — 2000 ns
Timing Range$1 tia, B
f=250kHz 600 — 1000 ns
- t1=0.625C: R\ +150
Timing Accuracy #1 h C1=200pF, R =6.8kQ) 850 1000 1150 ns 14
Timing Capacitance #1 C 150 - 680 pF 14
Timing Resistance#1 R 1.5 — 10 kQ 14
f=125kHz 150 — 1000 ns
Timing Range #2 t2a, 8
f=250kHz 150 — 750 ns
- 11=0.625C:i R,
Timing Accuracy #2 t2 €1 =200pF, R =1.6kQ) 170 200 230 ns 14
Timing Capacitance #2 C. 100 - 800 pF 14
Timing Resistance $# 2 R: 1.5 — 10 kQ 14

B TIMING CHART

Differentiator Input
(Pins 12 and 13)

Differentiator Output

Comparator Output

One Shot /1 Q

D-Flip Elop Q

One Shot 72 Q Pinl0
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HA16631P, HA16631MP

B TEST CIRCUITS

N

. Voltage Gain, Band-width, Output Voltage
Swing, Output Distortion Ratio

1. Power Supply Current

WO—C] 13——@———-0le 1 18 p————0 12V
-—
|2 17 e ) 7
3 16 3 16 1.5kQ
4 15 4 15 1.5kQ
6 13 6 13
7 12 7 12
8 1 8 1 0 4.75kV
9 10 9 10
AAA
yvy Y
1.6kQ 16k ar= Volb-Vo17
Vi
AMA
WY
6.4kQ
3. Pre-Amplifier Section Effective Emitter 4. Input Bias Current
Resistance (Pins 3 and 4)
Tim
—-—
012V
! o 12 ——@———— 1 18f—————0 12V
, ,
¢ 17 O Vo R 2 17
3 16
3 16
.
4 15 o Y s
B 1 5 14
6 13 ,;_ N 13
7 S 7 12
8 1 sy 8 n sy
— 10 9 i
Vie=5mVrms
J=250kHz
AN
L6kL W\
. 1.6k
AN\ M
6.4kQ 6.4kQ
BN Measure [inz in the same way.
2 Vir
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HA16631P,HA16631MP

5. Input Resistance

18 p————o 12V

170 VeurR
(0)

Vou R+ Riex
VIN= Vo0 Veu R

Riex
-1

Veur R

Rier=100kQ

7. Differential Output Offset Voltage, Common
Mode Output Voltage

4V I 18 12v

16— Vis

Voo=1 Viz—=Vis |

11 5V

© ® N s W N e
o =

1.6kQ

AAA

6.4kQ

6. Output/ Resistance

2.5uF
] 1 18 0 12V
4V o—2 17 Vou R
I e oy
piiaii S P 15 -
Roex
5 14
v ’; 6 13
7 12
8 11 0 5V
9 10
1.6kQ
AAA
WA
6.4kQ
Vour = Vou R
Vour = —2ul _ ot B,
ot v Roes
=Roes( Vou™/ Vouw R=1)
Roes=500Q

8. Output Source Current

© N DA w oo —

AAA

1.6kQ

AAA

Measure Pinl6 in the same way.
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HA16631P,HA16631MP

9. Output Sink Current

< O—¢—
© o ~ o & & e o —
o =

1.6kQ

6.4kQ

Measure Pinl2 in the same way.

11. Common Mode Rejection Ratio

2.5uF
1 1§f————o12v
2 17p————0 Vs
Vi b————o0
.
$ 3, 16 Vais
1 15
5 14
4V 7}; .
) 6 13
Vi =200mVp-p 7 12—
f=~-1.0MHz 8 11 5V
9 10

—AAA
VW\-

1.6kQ

—AAA
VWV

6.4kQ

I
CMRR=20l0g |, T’L_

s = Varr

Measurement is performed using Vector Voltmeter hp8405A, or equivalent.

10. Power Supply Rejection Ratio

50Q
AAA
VW~

18f———o0Vcc:

I RG>
16

509

AMA
W

121—-——1

Vear

© ® N oG A W N
=

Fluke 8375A

Digital Multimeter

12. Differentiator Output Sink Current

18p———o01.2V

MRS
23

© x
o
o
<

1.5kQ

AAA
Wy

6.4kQ

Measure Pinl2 in the same way.
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HA16631P,HA16631MP

13. Peak Shift

4V O—C‘l 18f————0 12V
2 17
J=250kHz
3 16
. 5 Via=1.0Vp-p
N
6 13 1kQ 0.1uF
7 12— —q
8 11 05V 519 Vour
Vou Pinl0
9 10 -0 5V tost tps2
1.5V
2.4kQ
MA q
WA
R 1.6kQ Loor
= 15p Lps1—tps2
AAA PS=1/2+ ————Xx100%
WA T toet+tps
Ri 6.4k 7 it
14. Timing Accuracy, Rising Time, Falling Time
4V 0‘——:‘1 18p———o0 12V
2 17
3 16
N
e 5 14
S s [ 13 ke O01gF  400mVpp
200pF 7 7 12
| 5V
c = i i N Vou S1e
200pF 9 10 0 %Y
2.4kQ
AAA 4
vy
Rz 1.6kQ L osr
T
vy
Ry 6.8kQ
triw=trhL 10ns
f=250kHz
50% Duty
0.4V
0.2V ﬁ ) Vie
T
27V
tia tiB
/ I Vour
Vou 0.5V
0
1.5V Z—I 1.5V Pinl Pinl0
tia tis t2
= X100% L ET2= X100%
Etia To00ms 100% Etig To00ms X100% " o
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HA16631P,HA16631MP

15. Output Voltage H (Pin 10) 16. Output Voltage L (Pin 10)
4V 0—:‘1 18 12V 4V © 1 18 0 12V
2 17 L 2 17
3 16 3 16
4 15 4 15
[;— 5 14 — 5 14
6 13 6 13
7 12 7 12 ‘SmA
8 11 0 4.75V 8 11 0 5V
9 10 0 Vou 9 10 Vou
l 400 A 4
1.6k 1.6kQ
Av‘v‘v Av‘v‘v
6.4kQ 6.4kQ
17. Input Resistance
1 18 pins 0
) 7 Other Pins Open
3 16 -]
4 15 —(D—= g5
e 5 up——T
6 13
7 12
0.5
8 11 R= ———
Tma (k)
9 10
B CIRCUIT EXAMPLE vCom
3 33
] ] — -/
i P-4 1 15} HAI78M05 P
o B3 3! | I
i b3 3 ¥ — Amp *
¢ b d 1.5k
2 YV
. L g
R/W SW T T
Head 0w £ 1.5k ‘;LSk
Select ‘—4- 0.1u ”
Active —'E'—“
— Differ-
Entia-
<& ] or 0.4
: e
1
___E g:lie B_zoo 1,800p
1001
300;;4: 3 50k A
N — One- — 9
WA~ 7 hot
56k L hor @ 2] imk
L L% i}
[ Q F/E ] Veer
160p
Mj———l 9 One-shot m. o
i ll)l Data Out
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HA16631P, HA16631MP

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

VeaiR
VeezR
-~ f=125kHz
2 Vin=0.4Vr-p
oL
s
S
£ 1.00
8
<
2
E
a
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta ('C)
COMMON-MODE INPUT VOLTAGE
VS, AMBIENT TEMPERATURE
1.8
Vear=5V
s 16 Veez=12V 7]
E 1.4
S
s S
3 12
£
Y
H
£ 1.0
g
S 0.8
0.6
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (1)
VeaR
5 1.05 VeezR
o
g
£ 100
5 —
]
=
g
3
0.95
0 10 20 30 40 50 60 70 80

Ambient Temperature Ta ('C)

Common-mode Input Voltage Vemes) (V)

Voltage Gain Avn/Avh (100kHz)

Supply Current Iccz/Iccz (25°C)

COMMON-MODE INPUT VOLTAGE

VS. AMBIENT TEMPERATURE

Veaa=5V
8 sz: =12v |
S —
\
7 ’\'\
\
6
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta (C)
VOLTAGE GAIN VS. FREQUENCY
1.2
1.0
\\
0.8
0.6
0.4
0.2
100k 200k 500k M 2M 5M 10M
Frequency f (Hz)
SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (2)
VeaiR
1.05 VeezR
1.00
. —
\
\
0.95
0 10 20 30 40 50 60 70 80

Ambient Temperature Ta (C)
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HA16631P, HA16631MP

Voltage Gain Avp/Avp (25°C)

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

Timing Accuracy ti1/t: (25°C)

Vea R
1.05 VceaR
1.00 b— R
\-
\
0.95
0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)

0.95

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

VcaR

VeezR

f =125kHz

Vin=0.4Vp-p
—

B
0 10 20 30 40 50 60 70
Ambient Temperature Ta(C)
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HA1 6632AP @ VFO IC for Flexible Disk Drive

The HA16632AP is a monolithic VFO IC for floppy disk

interface.

It is designed to accept the read out data from

floppy disk drive, which includes jitter caused by the wow
and flutter of the disk revolution, or peak shift by the mag-
netic effect on the disk. And it generates ‘“Window" signals
which are necessary to separate data pulse from clock pulse.

B FEATURES
® Applicable to both the 8 inch disk and the 5.25 inch disk
by changing the voltage level ““high’” or “low"” on the
control pin.
® Applicable to both the single density record format and (DP-28)
the double density record format by changing the voltage
level “high’ or “low’’ on the control pin.
® Applicable to various floppy disk controllers such as
FD1791, uPD765 by changing the voltage level “*high’’ or
“low’" on the control pin.
® Gate units in the IC chip are constructed by Low power
schottky TTL circuits.
EMAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Power Supply Voltage 1 Vee 7| v
Power Supply Voltage 2 Vine 7 v
Power Dissipation Pr 750 | mW
Operating Temperature Range Ta-op 0 to +60 °C
Storage Temperature Range Tos —55 to +125 °C
B ELECTRICAL CHARACTERISTICS (Ta=25C)
Item » Symbol Test Conditions min typ max | Unit ?Eﬂi‘?:;ilon Note
Operating Power Supply Voltage | Vcc o, 4.75 | 5.00 | 5.25 V| Vee, Viwr
Quiescent Current 1 Icc Vee=5.25V — 80 105 | mA | Vee
Quiescent Current 2 Iine Vee=5.25V — 28 37 | mA |Viwe
20 —RAW DATA
Input High Current 1 I Vee=5.25V, Viy=2.7V — - MA —}\I/l}l':‘(g/l SYNC
Input High Current 2 Iin, Vee=5.25V, Viy=5.25V, —IRS=3.0V — — 50 | MA :ilSNH(::"
Input High Current 3 Lins Vee=5.25V, Viy=5.25V — — 260 #A | —IRS
—RAW DATA
Input Low Current 1 I Vee=5.25V, V,.=0.4V —0.4 — — mA AVI;(&I SYNC
Input Low Current 2 In: | Vee=5.25V.V..=04V, ~IRS=3.0V | -1.8| — | — | ma :‘;'SN;A”‘
Input Low Current 3 Iivs Vee=5.25V, V;.=0.4V —4.0 — — | mA |—IRS
Input Bias Current Iis Vivr=5.25V, Vivn=2.4V — — 20 MA | Vi
Output High Voltage 1 Voir | Vec=4.75V, Iow=—2804A 21| —| = | v DA |
Output High Voltage 2 Voxz Vee=4.75V, Ion=—4004A 2.7 — — —PDL, —PDH 1
Output High Voltage 3 Vous Vee=4.75V, Iou=—100uA 3.4 4.0 — +PUL 1

Note)
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When setting the last output tap gate “High"
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HA16632AP

HELECTRICAL CHARACTERISTICS (Continued) (Ta=257C)

i L. . . Application
Item Symbol Test Conditions min typ max | Unit Terminal Note
+WIND
Output Low Voltage 1 Vor Vee=4.75V, Io.=1mA — — 1 0.45 \ _RD DATA 2
Output Low Voltage 2 Vor2 Vee=4.75V, To.=1mA — — | 0.45 V { —PDL 2
Output Low Voltage 3 Vors Vee=4.75V, To.=1004A — — 0.6 V | +PUL 2
Output Low Voltage 4 VoL Vee=4.75V, Io.=100xA — — 0.6 V | +PUH 2
Output High Voltage 4 Vowa | Vee=4.75V, loy=—4mA 3.15 | 3.65 — V | +PUH 1
Output Low Voltage 5 Vous Vee=4.75V, IToo=4mA — — | 0.55 V | —PDH 2
. NP Vee=5.25V, _ ol +WIND
Output Short-circuit Current 1| Ios: FWIND, —RD DATA=GND 70 14 mA _RD DATA 3
Output Short-circuit Current 2 | Ios. Vee=5.25V, —PDL, —PDH=GND | —100 — | —20 mA :gg;‘ 3
- +PUL
Output Short-circuit Current 3| loss Vee=5.25V, +PUL, + PUH=GND | —100 — | =20 mA +PUH 3
R Vine=5V, Cex=91pF _ _ -
VCO Oscillation Frequency Sveo Vix=2.4V., —IRS=GND 4.0 MHz 8 INCHII
Maximum VCO fmax Vine=5V, Cex=30pF 10 _ — | MHz | —8 INCHI

Oscillation Frequency

Vin=4.0V, —IRS=GND

. Vee=5V, C,=50pF _ _
M1 Output Pulse Width 1 twi s VR1=15k0, —IRS=GND 500 ns | +WIND

. Vee=5V, Ci=62pF _ _
M1 Output Pulse Width 2 twis VR1-30k0, —IRS—=GND 1000 ns | +WIND

. VL‘C=5V, Cz=240pF _ _ _
M2 Output Pulse Width 1 twz VR 2-25kQ. —IRS—GND 2.50 us RD DATA

. Vee=5V, C,=500pF _ _ _
M2 Output Pulse Width 2 twz s VR 2-25kQ. —IRS=GND 5.0 us RD DATA

. Vee =5V, Cu=34000pF _ -
M4 Output Pulse Width 1 twe 8 VR 4=47k0, —IRS—GND 0.50 ms |TP1

. Vee=5V, C,=68000pF _ _
M4 Output Pulse Width 2 twe s VR 4=47k0, —IRS=GND 1.0 ms [TP1

A Vee=5V, Cs=12pF . B o
M5 Output Pulse Width tws VR 5-15kQ, —IRS=3.0V 200 ns RD DATA

Notes! 1. When setting the last output tap gate "High”
. When setting the last output tap gate " Low™
3. When setting the last output tap gate "High”
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HA16632AP

HBLOCK DIAGRAM

MIC MIR Vee ~PDL —~PDH +PUL ~PUH Vin Viar
— ) c— -
/
—DFXQFV'I\ N Time Delay Phase Gain Voltage Cext
Circuit Comparator Switching Control
Circuit Oscillator Cox2
| (VCO) “
Loop
—{ SR Switch- |
_IRS Pulse ing
Circuit Circuit .
\
T Gisg
LN
1 r t
~8INCHI Dividing
Circuit
MFM D L — S TP
+ —=F == 1
| L] | |
MzR GAP Syne D VFO T
Reset "1 Count |1 Separator Sync | Decoder
M2C ' Circuit Circuit Circuit Circuit 1
] | :
| .
LSy Deveetimg Block ___ f L _ L _1_J
MR M4C ~FSHA GND M5R  MsC
B PIN ARRANGEMENT ..
+WIND 28 ~8INCHI_—©ﬁ SW2
~RD. DATA 27 Visn Vee
Cr
M5C % Ve A J;
MSR 25 Ct  —4—©
Cs
~VFOSYNC = 24 Ca  —4+—0O)
P Cy
—FSHA ~ 23 Guye ——-@—-?7 I—' Ris
- R ko | Co MFM
. )}
. MR 2 2 o 4—O Pt Vixk
B - ] Dz R | Rus
8 MdC < 21 PUL Rit Ris
SWi = Ds Rs 9 Q
7F—©__9 GND 20 oL O HgW—
Re . Ro Q: Ris
~“W——©@—}10 mx 19 e —O W r
2 ” Ds
T o+ mc 18 -1k —+—O—= vee
©—+F12 -mru 17 MIC -—@—_1 :
¢
©—t13 -RAWDATA 166 MIR ——-@—T—QNV-— Vee
Ri
©—1 -™ 15 Ve —4+—©
Di~Ds 3 152076
Qi Q2 : 2SC641®)
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HA16632AP

HPIN EXPLANATION

Item Pin Name Signal Remarks
Vee Power Supply for every block except VCO block
GND GND for every block except VCO block
Pin for Power Supply

Vine Power Supply for VCO block

Ging GND for VCO block

_RAW DATA Raw read data signal from fl-emble disk dnv(?. including
signal components of clock signal and data signal. Clock Data

Signal Signal

Input signal which shows detectionof SYNC Byte(periodic signal).

_VFO SYNC When—FSHA="Low”, this signal switches gain to lead-in loop.

—VFO SYNC="Low™ SYNC Byte detected
—VFO SYNC="High™ SYNC Byte undetected

Mode select pin for MFM or FM
—MFM -MFM="Low™ MFM mode (double density)

Pin for Input Signal
in for Input Signa -MFM="High"— FM mode (single density)

1. Select pin for 8inchi FDDor 5inchi FDD (—IRS~"High")
-8 INCHI="Low"+8inchi FDD
—8INCHI/(—VCO) —8 INCHI="High"—5inchi FDD

2. VCO oscillation output monitor pin(—IRS="Low")

Select pin for the kinds of Flexible Disk Contraller(FDC)
—FSHA —FSHA="Low"—FD1791, MB8876, 8877
—FSHA="High"—uPD765AC
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B PIN EXPLANATION (Continued)

Item Pin Name Signal Remarks
Pin for testing IC’s
Pin for Input Signal —IRS at using the packaged IC — —IRS ="High”
at testing 1IC = —IRS="Low”
Input Pin VIN Control voltage input pin for VCO
1. Window signal output pin to distinguish data signal from
signal which are included in —RAW DATA signal.
+WIND = “High”— for distinguishing clock signal
+WIND/(+M1Q) +WIND ="Low"— for distinguishing data signal
(—~IRS="High")
2. Monostable Multivibrator Output Pulse Monitor pin for
M1 (—IRS="Low”)
1. Adjusted Read data output signal pin(—IRS="High")
Pin for Output Signal | —RD DATA/(+M2Q)
2. Monostable Multivibrator Output Pulse Monitor pin for
M2(—IRS="Low")
—PDL Output signal for charge pump down at Low Gain
—PDH Output signal for charge pump down at High Gain
+PUL Output signal for charge pump up at Low Gain
+PUH Output signal for charge pump up at High Gain
TP1 IC test monitor pin
HPIN EXPLANATION
Item Pin Name Signal Remarks
Resistor Capacitor M1R Ready access pin to capacitor and resistor M1
M1C Ready access pin to capacitor for monostable multivibrator M 1
Ready Access Pin M2R Ready access pin to capacitor and resistor M2
M2C Ready access pin to capacitor for monostable multivibrator M 2
M4R Ready access pin to capacitor and resistor M4
M4C Ready access pin to capacitor for monostable multivibrator M 4
M5R Ready access pin to capacitor and resistor M5
M5C Ready access pin to capacitor for monostable multivibrator M5
CEX1 Ready access pin to capacitor for VCO
CEX 2 Ready access pin to capacitor for VCO
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HE TIME CHART

®Case 1 (8inchi, MFM, LOW Gain)

CL CL DATA CL DATA CL DATA CL CL
T
~RAW DATA ] | ! U HJ I ‘lL I
(Input) 200‘::‘ |l | ! ™~ —! '
" — - AL At
2us 2us luslys 2us !
CL CL DATA CL DATA CL. DATA CL. CL
(Output) Pl

~RD DATA u ] u | |u ] lll | U
|
| !

200ns !
+WIND |.|||||||||||||||||l|||||||
( ) | ]
Output I'\T'l“"llﬂsl I?|’I f i I\I i

500ns 500ns 500ns 500ns

®Case 2 (8inchi, MFM, High Gain)-------.. SYNC Sig.

CL CL CL CL CL CL CL CL CL CL

—RAW DATA Cli ]J H‘ [l u H_ u

-
l 2us | 2us 2us | 2us 0 2us t 2us | 2us ) 2us 1 2us 1 2us 1 2us 4

CL CL CL CL CL CL

~RD DATA Vo B we o I ws |

i -t -

suu:.s"/?ﬂ—-' r\J,", .'\3‘1 \ '“' W

2us 500ns 500ns 5l)lins 500ns 500ns

Case 3 (8inchi, FM, LOW Gain)
DATA DATA DATA
CL CL CL CL CL CL  CL CL CL CL CL CL
wws LT T VWL T T T
*4us | 4us _’Alh- 1""
zunns'P—'r‘—m B N

' ! DATA DATA DATA
CL__CL__CL CcL_CL__CLCL__CL__cL CcL__cL__ cL

—RD DATA

;]L N N A A
200ns : :
s ApEpEniipEpEpipEp NN pEp N

A

lus lus lus lus
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HA16636 P @Ground Fault Interrupter

The HA16636P is a monolithic circuit designed for ground
fault protection. It's applied for amplifier section of ground
fault interrupter, and consists of differential amplifier and

mono-stable multivibrator.

M FEATURES
Minimum external parts.

High packing density for SIP-8 package.

Output pulse from mono-stable multivibrator

current,
High surge voltage and wide noise compensated.

HMABSOLUTE MAXIMUM RATINGS (Te=25C)

Wide temperaturerange . . . . ... ... -20°C ~ +85°C

................. tow = 56ms typ, C = 0.68uF
Temperature compensated for sensitivity of leakage

(SP-8)

B PIN ARRANGEMENT

Item Symbol Rating Unit Note A\ =4
Supply Current Icc 10 mA Vear E:
Excess Supply Current 1> 150 mA 1 GNo E
Output E
Power Dissipation Pr 100 mW 2 c E
Operating Temperature Range Topr —20 to +85 K Vi E
Storage Temperature Range T —55 to +125 ° Veer E
Va | 7
150mA ne [3
Note 50% (Top View)
D
us 40us
2. Temperature range---:---- Topr

MBLOCK DIAGRAM AND APPLICATION CIRCUIT
Line ~NC HA16636P

]

Mono-stable
Multi

#

Diode
Bridge!

Load

NC: No Connect
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® Outline of the Function

1. Both input terminal “Vcc2” (6) and “Vin" (7) of a
differential amplifier connected the secondary coil of the
Zero-phase Current Transformer (ZCT) that detect a
leakage current. And further, “Vcc1” (1)and “Vcc2”
(6)connected to each other inner this IC,
So, if the appointed current are supplied, the terminal
voltage of ““Vecc1” (1) could fix the constant voltage by
the zener diode.

2. Sensitivity of a leakage detection can adjusted by the ex-
ternal variable resistance (R102) that connected to the

®Operating Time Chart
PSR ——
No Leak | Leak

Input Voltage from ZCT

Charge

C-Terminal Voltage

terminal “VR". (5)

. The signal that amplified by the differential amplifier

integrated by the capacitor (R102) that connected to the
terminal “C". (4)
If the terminal voltage of “C' (4) amounted to the
threshold voltage of the mono-stable multivibrator, a
output pulse would generate with the capacitor C102 and
the internal resistance and so, this pulse drive SCR that
connected to the output terminal. (3)

Veer

Breaker Cut Off

|
| tor  Output_pulse width

'
Cioz
Discharge
|

Output Voltage

I ELECTRICAL CHARACTERISTICS (Ta=25C)

Item Symbol Test Conditions min typ max Unit
Operating Supply Current Range I 1.3 — 10 mA
Refference Voltage Vier Iec=1.3mA, V=2V, Vou=0.8V 5.6 6.3 6.8 \
Lsockeer | Ice=1.3mA, Vyu=0.8V 245 400 - HA
Output Source Current
Isockerz | Ta=—20°C, Icc=1.3mA, Vox=0.9V 290 500 - KA
Voi Iec=1.3mA, lL.x=2mA - 0.1 0.2
Output Voltage Vi lee =3V, L.x«=3001A — 0.05 0.2
Vou lee=1.3mA, No-Load 3.5 - -
Output Pulse Width tow lee=1.3mA, C=0.68uF 30 55 100 ms
Vi Tal | Tu=—20C, Icc=3mA* —-12 - 12 %
Temperature Characteristic Vio Ta2 | Ta=70°C, lcc=3mA* —12 — 12 %
Vi Ta3 Tu=85C, Icc=3mA* —18 - 18 %

* refer to measuring circuit

E MEASURING CIRCUIT

= —— ——— 1
L Vees Veor
| t
| € o =, |
: Crot F [V
AL Output T flu 3mA D.C
50Hz | M v Ve ¢ GND I
Sinusoidal | Rin |
Wave I [
| |
I |
] |

®External Parts Constant
R101 = 25092 + 1% (Carbon Film Resistor)
R102 = Adjusted Resistance +5% (Carbon Film Resis-
tor)
R103 = 5109 *+1% (Carbon Film Resistor)
C101 = 0.47uF + 1% (Tantalum Electrolytic Capacitor)
C102 = 0.68uF + 1% (Tantalum Electrolytic Capacitor)

® Temperature Coefficient

_ Vin(T.a) -\ﬁin(25 C) x 100[%]
Vin(25°C)

(Ta=-20°C, 70°C, 85°C)
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210

TEMPERATURE REGULATION OF

SENSITIVITY VOLTAGE CHARACTERISTICS SENSITIVITY VOLTAGE CHARACTERISTICS
T I
n 10 Via=8.5mV_]
\ (at 25°C)
g » \ 8 5
3 N | Te=-20C it
2 0 1 f-g:'z 0 O
& L — _x—T)‘-“-a;BO'C :; o
— g3 AN
-2 5% - N
€ ! F3 0
0 2 4 6 8 10 12 -20 0 20 40 60 80 100
Sensitivity Voltage (mVrus) Ta (°C)
(at 25°C)
Tow-Ta CHARACTERISTICS OUTPUT CHARACTERISTICS
- 80 800
L
160 600 == _p00
= <
2 2 PO 23 S— Icc=1.3mA
f 40 Icc=13mA — § 400 85
3 Cr02=0.684 F =
- (Tantalum
g v Electorolytic 200
1] Capacitor)
0 0
~20 0 20 40 60 80 100 0 1 2 3 74 5 6
Ta ('C) Vou (V)
OUTPUT CHARACTERISTICS
0.10 /
s /
: Icc=13mA
=2 Ta=25C
0.05
0
0 1 2 3 4 5
Luak (mA)
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HA1 6640 NT @ Write/Mechanism Controller for Floppy Disk Drive

This IC can provide WRITE + MECHANISM CONTROL
function in one chip for FLOPPY DISK DRIVE

FEATURES

WRITE Circuit includes COMMON, WRITE, ERASE
drivers, and has capability of application for many kind of
FDDs.

WRITE Circuit also includes tripple power supply moni-
tor circuits, so can protect the Disk from abnormal writ-
ing or erasing at ON, OFF of supply voltage.

The delay time between write gate and erase gate timing is
generated by internal MONO MULT!I Circuit, so this IC is
able to apply for many kind of FDDs and HEAD com-
ponents.

The function of MECHANISM CONTROL circuit
conforms to the standard FDD's interface.

MECHANISM CONTROL Circuit has a power save func-
tion, and at the stand-by mode in operation, power save
circuit protects the equipment from internal temperature
increasing by inhibiting the load current in external com-
ponents, and also reduces the power dissipation in IC
chip.

The output interface has capability of large drive current,
and internal logic circuit has low power consumption by
means of Bi-CMOS technology. Especially, in the output
interface circuit, it is not necessary to have any external
TTL ICs because of including line drivers into IC chip.
With this device, it is able to design the print circuit board
without TTL ICs, and to reduce many external com-
ponents, also to shrink an area of print circuit board.
Signal processing and control circuit in FDD are able to
be constructed with only two ICs and some external dis-
crete devices by connecting with FDD READ IC,
HA16631P/MP.

B PIN ARRANGEMENT

SIDE 1 SELECT 41
WVop2 $2
COMMON 0 43
COMMON 1 M
WRITE CURRENT HL
WRITE a Vool
WRITE b T 00
ERASE HEAD LOAD
GND DIRECTION
INDEX STEP
READY STAND BY
TRACK 00 IN USE
WRITE_PROTECT WRITE GATE
READ DATA ERASE ON DELAY
Hv ERASE OFF DELAY
U wp
X
HanSl:: INDEX INTERVAL
WRITE DATA INDEX PULSE WIDTH
I READ DATA DISK IN

DRIVE SELECT

MOTOR ON

(Top View)

(DP-42S)

B BLOCK DIAGRAM

-

(©) CoMMoN 0
1 common [ > T
WRITE GATE 1 DRIVER — H
ERASE TIMER ©) CoMMON 1
(O WRITE a
W wiiTE i
A . DRIVER !
der 7 (© WRITE b
WRITE ;
CURRENT(© .
| ERASE ERASE
1 DRIVER '
WP @
.
I
TIREC
TION @ STEP MOTOR
1
CONTROL COUNTER
STEP ep@
T -
'
! 12V SUPPLY TIMER D-‘_
'
out
Too@ PUT 3—@ ACKO0
' GATE !
\ '
e o
T B GATE '
DRIVE (& . WRITE
SELECT — sjoutPuT PROTECT
L I 6ATE
STAND BY (Q ——— '
(SRVE™) 11 !
Co INDEX INDEX
xQ L‘PULSE puLse | BNPEX | Lour pur) READY
GENERA[TPERIODE " [Lonrer| [ICATE !
' TOR D.ETECTIO'N [
'
! ¥ ouT PUT] (©) TWDEX
|
4 '
I READ (:) T READ
bata @ out puT} DATA
! | cATE T
! '
NS @ fout puT] T
GATE
NMOTOR @ '
ov 1
K I8 (@ DISK IN fout PUT WoR
DISK N @ LaTCH | GATE T

* In the WRITE CIRCUIT, power supply monitor circuits
are included to watch the line voltage of 5V and 12V.
When the line voltage goes down to abnormal value, the
COMMON, WRITE, ERASE drivers are all inhibited

rapidly.
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B ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Vpop1 -0.3, +7.0 \ Vpp1
Supply Voltage Vpp2 -0.3, +14.0 \% VppD2
Interface Input Voltage VINT -0.3 to Vppy \ Note 1
Interface Input Voltage Vin2 -0.3 to Vpp2 \ Note 2
Interface Output Current loL1 50 mA Note 3
1U Terminal Output Current loL2 20 mA U
HV Terminal Output Current loLz 15 mA HV
MON Terminal Output Current loLs 5 mA MON
HL Terminal Output Current lOH5 10 mA HL
STEP Terminal Output Current loHE 5 mA o1 62 ¢3 ¢4
COMMON Drive Current (WRITE MODE) locw 100 mA COMMON O, 1
COMMON Drive Current (READ MODE) 'ocr 5 mA COMMON 0, 1
WRITE Drive Current loww 10 mA WRITE a,b
ERASE Drive Current loEw 85 mA ERASE
Input Current on the WRITE Current Set Terminal lwe 2.5 mA WRITE CURRENT
Power Dissipation Pp © t§55%°c) mwW
Operating Temperature Range . Top 0 to +70 °C
Storage Temperature Range Tstg -55to +125 °c
Notes 1. Applicable Terminal: SIDE SELECT, WRITE DATA, STEP, DIRECTION, IN USE, MOTOR ON, HEAD LOAD,
STAND BY, wm m 1 READ DATA

2. Applicable Termmal T00, DISK IN WP, IX and also Terminals from MM circuit connecting with the external C,R

time constant.

3. Except for TU, HV, MON, HL, ¢1 ¢2 ¢3 ¢4.
B ELECTRICAL CHARACTERISTICS (T, =25°C)

Circuit Block Item Symbol Test Condition min | typ max | Unit
Supply Voltage Range VpD1 4.5 5.0 5.5 \
Supply Voltage o T Voltage Range VD2 108 120 [13.2 [V
Output Voltage at v Vppg =12V 10.7 _ v
Selected WRITE Mode ocw Iocw =—100mA B :
Output Voltage at Vppz =12V
commoN | Unselected WRITE Mode Yocwu | Unselected e R
Driver Output Voltage at v Vppz =12V 4.7 v
Selected READ Mode OCR Icogp = —SmA - : ~
Output Voltage at v Vppa2 =12V 0.7 v
Unselected READ Mode OCRU | Unselected - - )
Output Current Range Icom - - 100 | mA
Input Current Range on the
=1 WRITE Current Set Terminal | /WC 0 - 25 |mA
g WRITE Driver output
: WRITE Current Accuracy Toww voltage = 10V 36| 4.0 | 44 |mA
= | Iwc=1mA
(<] WRITE Current Temperature Iwc=1mA
= | WRITE Coefficient i Tlow | 702 010 70°C - #0051~ |%LC
Driver a
Vppi1 =5V,
WRITE Current Symmetry Alow Vppz =12V -1 - +1 %
I owa'lowb
Vppi =5V,
Output Leak Current Ingw Vpp2 =12V - - 100 | nA
VOW =20V
Output Low v Vppi =4.5V. 0.6 v
ERASE Voltage OLER Iog = 80mA B - :
Driver Output Leak Current ILKER Kgﬁ == 525\\; - - 200 | A
Lower Line 12V Detection Voltage Verviz - 8.1 — v
Voltage 5V Detection Voltage V, — 3.8 - \
Protector € FRV3
(to be continued)
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Circuit Block Item Test Condition Symbol min | typ max | Unit
Signal High Level Input Voltage Vppy =5.0V Virr 24 - - \
Interface Low Level Input _
(Note 1) Voltage Vpp1 = 5.0V ViLr - - 0.8 v
High Level Input Current v, =5.5V
Signal ¢ P pp! Iy - - 10 | ua
Interface :ﬁ’" — ii‘;v
- (Note 1) Low Level Input Current VZD =1 (;V ’ Inry -10| - - A
High Level Input Voltage Vppj = 5.0V Vius 33 - - v
| Low Level Input Voltage Vppi1 = 5.0V ViLs - - 17 | V
Sensor I % =55V
Interface High Level Input Current VDDi 5 5;, Itys - - 10 | wA
(Note 2) ng; F =’5 5V
Low Level Input Current Vi =0V Ins -10 - - MA
Higher Threshold Voltage Vppi1 =5V VTH+IX - 3.5 - \
Index Lower Threshold Voltage Vpp1=5" Ver-1x | — 20 | - v
Input Hysterisis Vop1 =5V Vuys - 1.5 | - v
Interface ; Vop1 =45V o o
nput Current Vii = 2.6V Itarx -5 - 8 BA
Signal Low Level Output VDDI =4.5V _ .
Oﬁtput Voltage Iog = 48mA VoL 041V
Interface High Level Vpp1 = 5.5V
Output Current Vor =55V fon B ~ 250 | wA
E3 Low Level Output Vpp1 =4.5V
5 U Output 1y 1tage Ioz = 10mA VoL - - s v
g High Level VDDI =5.5V 8 _
S Output Current Vo= 5.5V fony - | 100 kA
S =
& Low Level Output Vpp1 = 4.5V VoLuv _ _ 0.5 v
g HV Output Voltage Iop = 15mA
Cé High Level Vpp1 =5.5V I ~ _ 100 A
2 Output Current Vo =13.2V OHHV .
= Low Level Output Vpp1 =4.5V VOLMN _ _ 04 v
3 MON Output Voltage Iop =5mA
= High Level Vpp1 = 5.5V I _ _ 50 A
Output Current Vo =5.5V OHMN “
High Level Vpp1 =5V _ _
HL Output Output Voltage Iog = ~-10mA VoHuL 36 v
Low Level Output Vbp1 = 5.5V I ~20 _ _ A
Current Vor =0V OLHL .
High Level Vpp1 =5V _ _
STEP Output Voltage Ioy = ~5mA Voustp 36 v
Output Low Level Output VDpp1 =55V 7 20 A
Current Vor =0V OLSTP _ " B b
Cex = 0.033uF
ERASE ERASE ON DELAY Rex = 33kQ2 tEN 044 | 0.52 | 0.60 | ms
Timer Cex = 0.069uF
ERASE OFF DELAY Rex = 33k tEF 091} 1.07 | 1.23 | ms
Index Output Pulse Cex = 0.033uF -
INDEX, Width Rex = 220k tIxXw 2.61 | 3.08 | 3.55 | ms
READY Index Detection Cex = 0.22uF - 42.1
Circuit Perio Rex = 390ke2 txi 3111366 | 42.1 | ms
12V Hold Hold Period Cex = 2.3uF
. . 39
Timer at 12V Rex = 56k22 'rv 471555 | 6 ms
Vpp1 = 5.5V, .
Supply Current 1 Vpps = 13.2V Ipp; - - 65 | mA
Dissipation No Load
Current . Vpp1=5.5V,
Supply Current 2 Vppg =13.2V Ipp2 - - 10 mA
No Load
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B Pin Description

Symbol Name Description
COM 0 Common Output terminal of Common Driver (SIDE 0). During the Head Select signal is selecting SIDE 0, a
Driver 0 common voltage appears on this terminal. The voltage value at WRITE Mode and that READ Mode
are shown in the Electrical Characteristics. This terminal supplies a current Which equals to write
current + erase current. When the SIDE 0 is unselected, a common voltage doesn’t appear, and this
terminal is pulled down to ground by a internal resistor with high resistance.
COM 1 Common Output terminal of Common Driver. (SIDE 1).
Driver 1 The function is as same as that of SIDE 0.
SIDE Side Input terminal for Head Select signal.
SELECT Select This signal selects the SIDE 0 or SIDE 1 of the common driver.
WRITE Write Driver | Output terminal of Write Driver.
a, b a, b The current multiplied by 4 with the determined current at the WRITE CURRENT terminal is sinked.
WRITE a and WRITE b turn on alternately according to the Write Data ‘1" or “0”".
ERASE Erase Driver | Output terminal of Erase Driver.
The drive transistor turns on during the period of Erase Gate signal keeping low, and the Erase Gate
timing is generated by write Gate signal in IC circuit.
This terminal has open collector NPN transistor, and erase current must be determined by an external
resistor.
WRITE. Write The terminal to determine the Write Current.

CURRENT Current

The Write current is determined with connecting an external resistor to +5V supply.
The Write Current on the WRITE a, b terminals is multiplied by 4 with the current on the WRITE
CURRENT terminal, as follow equation.

loww = x4 (mA)

where, Ioww: WRITE CURRENT on the WRITE a, b terminals.
Rex: External pull up resistor on the WRITE CURRENT terminal, and use the value in kQ
unit.

WRITE Write Data Write Data input terminal. -
DATA Input The signal is devided through the F/F circuit in IC, and drives the Write Driver.
WRITE Write Gate Input terminal for Write Gate signal.
GATE The write gate is enable at input Low, and allows data writing.
Erase Gate signal is generated with the determined delay from the negative and positive edge of Write
Gate signal, and drives an erase driver.
WP Write Input terminal for the detected write protect signal from the Disk.
Protect Common, Write, Erase drivers are all inhibited at input low, and WRITE PROTECT driver turns ON.
Input
ERASE ON Erase ON Terminal for connecting the external time contact Cex, Rex of internal Mono Multi circuit to deter-
DELAY Timer mine the delay time between the both negative edge of write Gate and Erase Gate signal.

It is necessary to determine the delay time for the fittest value according to the kind of FDD and
HEAD component.

ERASE OFF Erase OFF

As same as above, but the delay time is determined between the both positive edge of Write Gate signal

DELAY Timer and Erase Gate sxgnal
STEP Step Signal Terminal for step pulse input to drive the stepping motor to seek tracks.
Input With each one step pulse input, the driver outputs|e, , ¢,, ¢,, ¢, change sequentialy.
DIREC- Direction Input terminal for Direction signal to determine the direction of steppmg motor revolution.
TION Input Output drivers change with the direction of ¢, > ¢, > ¢, = ¢, at the input low, and ¢, —> ¢, = ¢, —
- ¢, = ¢, at the iuput High.
by, 0,, 0, 4 Phase Output terminals to drive the stepping motor coil. With each step pulse input, outputs change with
[N Stepper the direction determined by Direction signal.
Drive Output driver has emitter follower construction, but the driver cannot drive the stepping motor coil
Output directly.
It is necessary to have external driver devices such as discrete transistors.
BV Voltage Timer output terminal to drive an external transistors which switches supply voltage 12V to 5V each
Change other|for stepping motor coil.
Timer With each step pulse input or each head load execution, the output turns ON during the determined
period.
It is enable to switch supply voltage 12V to 5V alternately and to supply 12V for the stepping motor
coil during the period of Low level on this terminal.
HV TIME HV Timer Terminal for connecting the external time constant of internal Mono Multi circuit to determine the
period of keeping the JV output Low level.
WRITE Write Pro- When the input level of WP turns Low and the drive select is executed, this output turns ON.

PROTECT tect Qutput

214

(to be continued)
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Symbol Name Description
TOO Track 00 Input terminal for 00 track detection.
Input High level input makes the 00 track detection.
TRACK 00 Track 00 Output terminal for 00 track detection.
Output When the input level of T0O is High, and the both output ¢, , ¢, are High, this output turns ON.
X Index Input | Input terminal for the detected Index hole signal from the DISK.
Input Low shows the hole detection.
INDEX Index Output for the Index pulse.
Output With each input of the detected Index pulse at the IX terminal, the width formed pulse appears on this
terminal as a Index pulse.
INDEX Index Pulse | Terminal for connecting the external time constant of the internal Mono Multi circuit to determine the
PULSE Width Set output pulse width on INDEX.
WIDTH It is enable to adjust the pulse width independently to the diameter of the DISK hole.
READY Ready Output of the Ready signal.
Output When the disk revolution gets to the normal, after counting three index pulses, the output on this
terminal turns ON, and shows FDD has gone into READY state.
If the revolution goes down under the normal value, the output turns OFF rapidly and shows NOT
READY state.
And also the output shows High level continuously when Drive unit is not selected.
INDEX Index Terminal for connecting the external time constant of the internal Mono Multi circuit to determine
INTERVAL Interval the reference index period corresponding to the standard revolution number of the DISK
In case of the FDD equipment having another revolution number, it is easier to adjust reference period
by changing the time constant.
DRIVE Drive Input terminal for Drive select signal.
SELECT Select Input low makes the selected operation, and Write function, output interface, 1U output are all enable.
Input
STAND BY Stand by Input terminal for Power Save Signal to reduce the power consumption in FDD equipment and LSI.
Input Input high inhibits all output terminals in Write and Mechanism control circuit except common driver,
s0 power consumption in external circuit is reduced and this LSI makes itself into sleep mode.
At the same time, common driver turns the READ mode.
HEAD Head Load Input terminal for Head Load signal.
LOAD When READY is low and operation is under the not stand-by mode, head load is enable at the input
low.
HL Head Load Terminal for Head Load output.
Output Circuit has a emitter follower construction.
But this terminal cannot drive the coil of head load solenoid directly.
It is necessary to have an external driving transistor.
IN USE In Use Input terminal for IN USE signal.
Input When the DISK is charged and the DRIVE equipment is selected, and also the operation is under the
not stand-by mode, IU output is enable with the input low.
U In Use In Use Output.
Output Circuit has a open collector NPN transistor, and can drive LED directly.
1 READ Read Data Input terminal for Read Data from READ circuit such as HA16631P/MP, When both DRIVE SELECT
DATA Input and STAND BY are Low, inverted read data pulses appear on the READ DATA terminal.
READ Read Data Output terminal for Read Data.
DATA Output Circuit has an open collector driver, and negative data pulses appear on this terminal.
DISK IN Disk in Input terminal for Disk charge detection signal.
Input Input High shows the charged state. When the charged Disk is detected, MON output turns ON and the
motor starts, and also IU output turns ON too.
This function does not depend on the input level of MOTOR ON and IN USE. When the Disk revolu-
tion gets to normal state, after counting exght Index pulses, both MON and IU outputs turns OFF, so
the motor stops and IN USE LED turns OFF. _
After this operation, both MON and TU outputs depend on the input level of MOTOR ON and IN USE.
If the Disk is discharged, the motor stops and IU output is inhibited rapidly.
MOTOR ON Motor On Input terminal for the motor ON, OFF, control signal. MON is enable at the input Low.
Under the condition of the charged Disk and not-stand by, MON output turns ON with the MOTOR ON
input Low.
MON Motor On Output terminal for the motor ON, OFF, control signal.
Output Circuit has an open collector NPN dnvmg transistor,
Output Low makes the motor ON and High makes OFF.
Also this terminal is able to connect to the motor control IC, such as HA13431 and HA13432/MP.
VDD1 5V Power 5V Power Supply.
Supply
VbD2 12V Power 12V Power Supply.
Supply
GND Ground System ground
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B EXAMPLE OF APPLICATION CIRCUIT

+5V +12vV
}
R|2£ }
R ™
[Step Motor Coill
nerp o | p Mt idg. s
2 af R
SiDEQ Ro -
3 40f Tt ORI
? o e
ISiDE 1 Rs |
5 38| AT
5 37 He;dll..o?d |
olenoid
7 36 F
s 35 50
o 3
33 ©
HA16640NT 32 ©
31 ©
30, ©
Rex4 |
29] i
28 it x5 |
27 t
2 R3
25 :d 7 Rexz]|
24§ Rexsi e}
23 a2
22 ?_'@7
©]Input terminals from FDC
GND @©Output terminals for FDC
B TIME CHART
[HEAD OUTPUT [Tt ouTpuT
SIDE! SELECT IN USE -
WRITE GATE —— — DRIVE SELECT———} —i —i
{1 S
WRITE DATA AN ] [ I Y . —
COMMON 0 — L
Ter—l READY, HL OUTPUT] -
| 1< 1st 2nd 3rd
COMMON 1 L/ I L I L
WRITE a — INDEX --
1 [hnm R o e T T ot
WRITE b—— w = n-n?rl— READY —= I B
ERASE_".I EF— = EF-= HL—— | ]
STEP OUTPUT

TO0—ro—
DIRECTION ————

STEP y
vy Uiy
61 '
¢2
L L]
¢3 | -
— 04 1
TRACK 00
 S—
DISK 1§ lst 2nd 3rd ____Tth 8th
tixg JPLixe . tixy
M ON —— t
U
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|[READ DATA OUTPUT

I READ DATA

—nnn _n _nn___

|[HV_ouTPUT

HL (Output)
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O HITACHI



HA16642MP,HA16642N

® Read/Write Functions
for Floppy Disk Drive

This IC can provide READ and WRITE functions in one chip
for Floppy Disk Drive.

B FEATURES

@® Read Amplifier has a differential voltage gain of 200 typ.,
which is avairable to adjust by gain select terminal.

@® READ Circuit can be applied for the signal amplitude of
0.5mVpp to 10mVpp which is read out from HEAD
COIL, so that this IC has superior capability to apply for
a FDD less than 5 inches. .

@ In the read circuit, the peak shift is less than 1% for the
signal amplitude, 0.5mVpp to 10mVpp, at the Amp
input.

® In the WRITE circuit, the COMMON DRIVER, the
WRITE DRIVER, and the ERASE DRIVER can provide a
large current capability, so that can be applied to various
kinds of FDD's.

@ Write current can be established at any value according to
the external resistor. The write current is independent of
the supply voltage drift and temperature drift, with the
built-in stabilizing circuit.

@® This IC provides a function to reduce the write current at
the inner track on the disk with a external switching
signal. The reduce ratio of the write current can be
established at any value with the external resistor.

@® The WRITE GATE signal and the ERASE GATE signal
can be applied independently each other.

® A dual-mode supply voltage monitor circuit is built-in, to
inhibit a miss writing and a miss erasing at the power
supply timing, ON and OFF, and the abnormal supply
voltage.

® READ and WRITE functions are integrated in one chip,
resulting in broad reduction of external components.

EPIN ARRANGEMENT

HA16642MP

(MP-44)

HA16642NT

(DP-425)

@®HA16642MP
= o
« P
SEERE £i2z22
[sBalialalaliialafalalsl
51321 M2
vee 2]f6 3 BRC B
comogylr | = [N
com 1 ke A
GND 309 38| EANC.
eogfo 35|[ICOMP In
WT 2
34|PCOMP In
wT e 33PDIFF Our
Lwsd|i3 32| FADIFE Oue
swsgfus 3fEDIFE Cpl
wsod]fis 30[BbIEE Cpl
R/W SWCJJi6 29 BDIFF In
oNogfi7 24 EIDIFF [n
18 19 20 2192 2324 25 %6 27
UUUOy g uuy
e 222k cc 2
LR s e
< <
(Top View)
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O HA16642NT
wol O 2w
EC} [ vee
w3 40[JPSM
IS4 39 JGND 2
vee 25 38JRD
comoJe 31:|Rc~s
com1y 36JC-B
GND 3] 35{ _JRC-A
oo 34 JCOMP In
wT 20 33JCOMP In
wT i 32[JDIFF Out
LwsThe 3JDIFF Out
swsi3 3 %DIFF Cpl
wsoCJu 2 JDIFF Cpl
R/W SW[Jis 28] DIFF In
GNo e 27 DIFF In
Amp (17 260 Vs
Amp In[h8 25 JAmp Out
GND[Tho 24 Amp Out
GND 1T o0 230
vee 121 2207300

(Top View)
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HBLOK DIAGRAM AND APPLICATION CIRCUIT

+5\
(s Rs
L 1L "
o . Rext Rex2
Cr Ce Rs Cexl Cer2
1 A
R SDiff Diff Comp -
F Out n - MM1 MM?2 RD Data Out
)00 OO0 -1
fee 2 :
|
Y i
G\D1 S— m Time Domain t
renti- Comp. Filter !
ator, :
i
1T 1
= = = { | | !
|
Write . - Power
i ircui 3 Write Erase Write 3 i
HS@— Common Drive Circuit (é::“r;g:ﬂr — Driver Driver Logic ?/r:npllt\nr —@PSM
|
I
|
I
1
i
e o—-ﬁ--o-o———— o- _
R/W SW COMO COM1 ITS/ LWS WT1 WG WD Veez Vee  GND2
Dy Ds wsO D7
DK : >
e o
coi
Df K . D
D2 D« Side 1 Ds
Re Rz Ds Do
—< A D
iy
g Ecoll
- 1t
1oV Ds Side 0 Dio-

: * Integrated Blocks
RK.

Ro
R
Rn

! To determine a bias current for read mode
To determine the increase ratio of a write current at the inner track.
To determine a write current at the outer track.

(Write current at the inner track is a summation of the currents determined by Riv and Ri1 respectively.)

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Veer 7.0 \' Veer
Supply Voltage Veer 16.0 \' Vees
Input Voltage Viy =0.2 to +7.0 A AMP IN
Differential Input Voltage ViNaurn 0to 5.0 v AMP IN
Output Voltage Vour -0.2 to t7.0 \' RD DATA OUT
Common Drive Current Icon 150 mA COM 0, COM 1
Write Drive Current It 15 mA WT 1, WT 2
Erase Drive Current Ik 120 mA EO
Power Dissipation Pr 800 mW Veer, Veer, Vi
Operating Temperature Range Tupr 0to t70 «
Storage Temperature Range T 55 to 125 C
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BMELECTRICAL CHARACTERISTICS (Ta=25T)

Circuit Block Item Symbol Test Condition min typ max Unit
Via 4.5 5.0 5.5 A%
Supply Voltage Range
Veer, 2 10.5 12.0 | 13.5 \
Differential Voltage Gain Avp f=250kHz, V.»=5mVrms — 200 — v/v
Input Bias Current Iis — — 15 1A
Pre Amp.
Common Mode Input Voltage Range Veu 2.0 2.7 3.4 v
Output Harmonic Distortion THD f=1kHz, Vi, =10mVpp — — 5 %
Peak Detector | Peak Shift PS f=250kHz, Vi =0.5 to 10mVpp - - 2.5 %
Voun Ve =4.75V, lon=—4001A 2.7 — — \Y%
Output Voltage
Vou Voo =4.75V, Jo. =4mA - - 0.4 \Y%
Rising Time e V66=5V, Vau=0.4 t0 2.7V — 30 — ns
Read Data Falling Time tTHL Voe=5V, Vou=2.Tt0 0.4V - — 15 — ns
* Processor tan f=125kHz 1.3 — 4
Timing Range #1 us
f=250kHz 1.3 - 2
f=125kHz 0.15 - 1.5
Timing Range #2 t2an us
f=250kHz 0.15 — | 0.75
Output Voltage at selected Write Mode Virews Vee2=12V, Icoy =120mA - 11 — \'4
Output Voltage at unselected Write Mode Viwewes Vee2=12V, at unselected — — 0.7 v
Cm"nmon Output Voltage at selected Read Mode Vkcus Veer =12V, Icon =1mA — 2.7 — \%
Driver
Output Voltage at unselected Read Mode Vrewes Vec2=12V, at unselected — — 1 0.75 \4
Output Current Range Icon - — — 150 mA
Output Low Voltage Vore Voo =5V, Io.. =100mA — — 0.5 A%
Erase Driver Output Leak Current Touk ) Von =12V, Voo =5V — — 100 1A
Erase Current Range Ier — — 120 mA
Write Current Accuracy Aciv Ve =5V, Vec2 =12V -7 — +7 %
Write Current-Supply Voltage Sensitivity Psmw Voo =5V, Vcc2=10.8 t013.2V — *+1.5 — %/V
Write Current-Temperature Coefficient Temre Vec=5V,Vecz=12V, Ta=0 to+70T| — | £0.05 — %/C
Write Driver
Write Current Symmetry Alwr Voo =5V, Veco=12V, Iwr1— w2 -1 — +1 %
Write Current Range Ler Ve =5V, Veca =12V 1 — 10 mA
Leak Current at Off Driver Toher Voo =5V, Vec2=12V, Vur=20V — — 50 A
Supply Voltage Detection Voltage for 5V Supply Vyoxt Vee2=12V 3.5 ~3.9 4.3 \%
Monitor Detection Voltage for 12V Supply Vyoxe Voo =5V 8.0 9.0 9.8 \4
Logic Input Input High Voltage Vin Voo =5V 2.0. — — v
Gate Input Low Voltage Vi WG, EG — — 0.8 A%
Schmitt Type Input High Voltage Vius Vee =5V 2.0 — — v
Logic Input Gate Input Low Voltage ViLs HS, WD — — 0.5 v
Read — 25 40
12V Supply Icc Vee=13.5V - mA
Dissipation Write B 16 -
Current Read - 36| 60
5V Supply Icc Vie=5.5V mA
Write - 33 —
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® PIN DESCRIPTION

Symbol Name Description

AMP IN Pre Amp Input | Terminal for differential input of pre amplifier in read circuit. A signal voltage picked up
through R/W coil is applied.

oD Gain Select Terminal for DC offset compensation of pre amp, and for gain selection. The amp gain
is available to be changed by connecting a resistor to the compensation capacitor in
series.

AMP OUT Pre Amp Output| Terminal for differential output of the pre amp in read circuit. A low pass filter is
connected between the input terminal of differentiator and this terminal.

DIFF IN Differentiator Input terminal of differentiator in read circuit.

Input Output voltage from the pre amp is applied to this terminal through the low pass filter.

DIFF CPL Differential Terminal for connecting a capacitor for differentiation. R, CF and LF are connected in

Coupling series, as shown in the block diagram.

DIFF OUT | Differentiator Output terminal of the differentiator. The differentiated signal is appeared on this

Output terminal with the phase shifted by 90°. The output is coupled through the capacitor and
is applied to the comparator input.

COMP IN Comparator Input terminal of the comparator in read circuit.

Input A signal with the phase shifted by 90° through the differentiator is applied, and the zero-
crossing point is detected. This terminal is pulled up to the bias source by the external
resistor. -

MM1 Mono Multi 1 A capacitor and a resistor are connected to these terminals. The capacitance and the

h resistance determine the output pulse width of the Pre Mono Multi Vibrator in the Time

Domain Filter Circuit.

MM2 Mono Multi 2 A capacitor and a resistor are connected these terminals. The capacitance and the

. resistance determine the output pulse width of the Post Mono Multi Vibrator in the Time

Domain Filter Circuit.

RD DATA READ Output | Output terminal of the read circuit. A pulse which is synchronized to the peak position of

ouTt the read out signal from head coil is obtained.
The output pulse width is determined by the external capacitor and resistor of MM 2.
The signal output level is TTL compatible.

COM 0 Common Output terminal of Common Driver (SIDE 0).

Driver 0 During the Head Select signal is selecting SIDE 0, a common voltage is appeared on this
terminal. The voltage value at Write Mode and that at Read Mode are shown in the
Electrical Characteristics.

A current which equals to Write Current + Erase Current flows out from this terminal.
When the SIDE 0 is unselected, a common voltage is not appeared, and this terminal is
pulled down to ground by a high resistance in the IC.

COM 1 Common Output terminal of Common Driver (SIDE 1). The function is as same as that of COM

Driver 1 0.

HS Head Select Input terminal for Head Select signal. This signal selects the SIDE 0 or SIDE 1 of the
common driver. This terminal is consisted of Schmitt type input circuits. Input Low
selects COM 1.

R/W SW R/W Switch A transistor output for switching the bias state in head coil and in diode SW circuit,
according to READ/WRITE switching. This terminal is pulled down to ground level in
READ Mode, and it is pulled up to 12V in WRITE Mode.

WSO WRITE Output from regulated supply source in Write Current Setting Circuit.

Regulated

Voltage

Output )

LWS Low Current Terminal to set a low level write current.

Set The current is determined by connecting an external resistor Rll between terminal WSO
and this terminal.

N Difference Terminal to set the current difference (IwpF) between high level write current and low

Current Set level write current. The difference current is determined by connecting an external
resistor R () between terminal WHO and this terminal.

IwpF = (High Level Write Current — Low Level Write Current)
Iw = Iy, + lypF ) ) )
Where; Iwy is high level write current, and Iy is low level write current.
Iwy-to-Iwr, current ratio is;
IwH/Iwp = 1 + l\gDF/IWL
It can be set at any value by Ry and Ryj.
ITS Current Switch | Input terminal for Write Current SW signal at inner & outer tracks. High Level Write
Signal Input Current is selected at input Low, and Low Level Write Current at input High.
WD Write Data Write Data Input Terminal.

Input The signal is devided through the F/F circuit in the IC, and drives the Write Driver.

(to be continued)
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Symbol Name Description
WT 1,2 Write Driver Output terminal of Write Driver. The current determined by external resistors at terminal
1,2 SWS and terminal MWS is sinked. WT 1 and WT 2 turns on alternately, according to

the Write Data ““1” or ““0”.

WG Write Gate Input terminal for Write Gate signal.
The write gate is enable at input Low, and allows data writing.

EG Erase Gate Input terminal for Erase Gate signal.
The erase gate is enable at input Low, and allows erasing.

EO Erase Driver Output terminal of Erase Driver. It turns on at erase gate input LOW. The output on
this terminal is an open collector output of NPN transistor, and the erase current is
determined by external resistor Ry 9.

PSM Power Supply The monitor circuit monitors the VG(f;x (+5V) and V(2 (+12V), and will inhibit the

Monitor common driver, the write driver and the erase driver when the supply voltage becomes

abnormally low, and the FLAG signal will appear on this terminal PSM. The Driver
Inhibit is released only when both VGG and V¢ are more that the specified voltages,
regardless of the supply sequence.

Vcel Amp Voltage Voltage for Pre Amp in read circuit.

Vceez Voltage for 12V | Another Voltage (Excepting for Pre Amp.)

VGG Voltage for 5V

GND 1 Amp GND GND for Pre Amp read circuit.

GND 2 GND for read circuit. (Excepting for Pre Amp.)

GND 3 GND for write circuit.
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HA1 835P @ Voltage Regulator Control with Fail Detector for Digital System

The HA1835P is a monolithic voltage regulator control
designed for microcomputer system. In addition to voltage
regulator, it includes watch dog timer function and power on
reset function.

In various microcomputer system, this IC’s every function
‘can operate with a few external parts.

B FEATURES
® 5V Regulated power supply control circuit
o Voltage drop can minimize with external PNP-type (DP-14)
transistor.
o Internal over current protection circuit for external
PNP-type transistor. B PIN ARRANGEMENT
® Watch dog timer
o Internal Digital band pass filter control circuit of pulse S
width detect type and Oscillation control circuit of e E E RESET
constant current charge-discharge type,' so Watch dog Ca [z 7] RESER
timer function controled by microcomputer’s soft-
ware. CLKE 12 Vee
o Band pass filter characteristic and Oscillation charact-
eristic can also set up at will with external circuit. Ry E 1]cs
® Power on automatic RESET pulse generator ¢ E o] Veosr
B BLOCK DIAGRAM v [ i
GND | 7 8 | Vadj
Vi Re Q Vou
% -L ! M o (Top View)

HAL835P

Current

Limiter

Sske
Reference b3

Voltage

Comp

Vaos

| |
I [
|
! 1
I [
| !
| |
| |
|
! |
' O
|
! ®
: |
|
I |
|
' RESET
CLK@ Fail Detector Power on Reset Detector |
|
| I
| |
| |
| |

(Band Pass Filter) Reset Signal Oscillator RESET

Cr

Ry Cr Re
300kQ 0.01uF 560kQ 0.1uF
GND I
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B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee 30 \Y
Input Voltage Verk —0.3 to Vout \%
Vreser 17.5 \Y%

Output Voltage
VRESET 17.5 v
Ireser 2 mA

Output Current
Izeser 2 mA
Control Terminal Voltage Veoxr Vee \%
Control Terminal Current Icont 20 mA
Power Dissipation Pr* 400 mW
Operating Temperature Range Topr —40 to +85 ‘C
Storage Temperature Range Tg —50 to +125 °C
Operating Supply Voltage Range Vee copr 6 to +17.5 A
Soldering Temperature Tsota 260 (T <10sec) ‘C

* Value under Ta<77C, In case of more than it, 8.3mV/C derating shall be done.

HMELECTRICAL CHARACTERISTICS (Ta=25°C, Vcc— 12V, V,..=5V unless otherwise noted)

Item Symbol Conditions min typ max Unit
Supply Current Icc Vce=17.5V, with PNP Transistor — 6.3 12 mA
® Voltage Regulator Control
Outpat Voltage Vol | Fi00- H8C, 1058 475 5 5B v

Va2 | YO e 1A 4.70 5.1 5.30 v

Line Regulation Viut tine Vee=6~17.5V, I[,.=0.5A —50 — +50 mV
Load Regulation Viut toad Vee=13.3V, l.=10mA~0.5A —100 - +100 mV
Ripple Rejection Rees ei=0.5Vrms, fi=1kHz 45 75 - dB
Limiter Operating Current Ics Res=0.2Q ) l.__Om — 2.0 A
Output Voltage Temperature Coefficient vaVnul/UT — —0.6 — m\)/"C
®Watch Dog Timer
“L"-level input Current In Vis=0v ~120 | -60 1 — | A
“L"-level input Voltage Vi — — 0.8
“H"-leve? input Voltage Vin 2.0 — -
“H”-level input Current Lin Vee=13.3V, Vou=5V, Viy=5V — 1.8 3.0 ‘mA
®Power on Reset _
“RESET” Terminal Low-Voltage Vorl lo1=2mA - — 0.4 \%
W Terminal Leakage Current Tonl Von=5V — — 5 HA
RESET" Terminal Leakage Current Ton3 Von=17.5V . — — 30 HA
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Item | Symbol | i Conditions [ min L typ | max | Unit
®Reset Time
Power on Reset Time ton 80 130 200 ms
CLK off Reset Time tofs R/=300kQ, Rr=560kS, 60 130 220 ms
Reset Pulse Low Level Time tRL Cs/=0.01xF, Cx=0.1xF 40 80 160 ms
Reset Pulse High Level Time - tRH 50 100 200 ms

Il TERMINAL' S FUNCTION

Terminal No. Symbol Function

1 Rr Connect the resistor “Rz”. Reset pulse width depended on “Rz”.

2 Cr Connect the capacitor “Ci”. Reset pulse width depended on “Cx”.

3 CLK Clock pulse input terminal for watch dog timer.

4 “Ry Connect the resistor “R;”. Frequency band width of filter circuit depended on “R,”.
Connect the capacitor “C;”. Frequency band width of filter circuit

5 C g
depended on “C,”".

6 V. Connect the external PNP-type transistor’s collector.

out This terminal supply 5V regulated voltage for internal circuit.

7 GND Ground.

8 Vi, QOutput voltage fine tuning terminal.

9 COMP Phase compensate terminal. Phase compensate could obtained
by the capacitor less than 100pF connected between Vcc treminal.

10 Veownr The external PNP-type transistor’s base control terminal.

1 c The current sense resistor that protect the external PNP-type

s transistor connected between Vcc terminal.

12 Vee Supply voltage terminal. Operating supply voltage range is 6V to 17.5V.

13 RESET RESET pulse output terminal for “L” level reset type microcomputer.

14 RESET RESET pulse output terminal for “H” level reset type microcomputer.

Note) RESET and RESET terminal are open collector output type.
So both terminal should connect the pull-up resistor about 5k().

B TEST CIRCUIT

2SB857D
S
Veorr
CLK Veont Vour
= Cou
= 100u
RESET
HA1835P
RESE

S3
Vaan
R/ ¢ GND Re Cr

Counter
Ry C Re Cr
300k ; 0.01u GND sookJ; 0.1y Unit R:Q
C:F
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-APPLICATION CIRCUIT

0.2
VB 2SB857
o o- AN

I 0 Vrer
3 z .
T Zz 10u L Z 100
i - Y = 5k
cs Vee Veost Vour
ET To Digital System
47 RES
HA1835P
CLK f—————0 From Digital System
-—
R Cs GND Re Cr

R ..I. s
300k l 0.0

B OUTLINE OF THE FUNCTION

(1) Voltage Regulator

o Wide operational supply voltage range. 5V regulated
output voltage realized wide Vcc range. (Vcc = 6 ~
17.5V)

o The external PNP-type transistor should selected by
supply current value that flows the system.

o For the realization of 5V regulated output voltage,
connect the more than 100uF capacitor between Vout
terminal and GND terminal.

(2) Method of Output Voltage Fine Tuning

o Output voltage fine tuning could obtained by the resis-
tor connected from Vadj terminal to Vout terminal or
GND terminal.

o The resistor connected between Vadj terminal and
Vout terminal could decrease output voltage.

O The Resistor connected between Vadj terminal and
GND terminal could increase output voltage.

(3) Current Limiter

o For the protection of the external transistor from over
current, connect the current sense resistor between Cs
terminal and Vcc terminal.

The value of current sense resistor is given by the
expression:

0.3V
cs

lout (limit) =~

(4) Power on Reset

o The reset pulse could output for the microcomputer
reset start when power on.

o Reset time for microcomputer system reset when

Re —[—
560k == CR Unit R:Q

0.1p

power on could set external parts resistor *‘ R.’’ and
capacitor “‘C,".

(6) Watch Dog Timer (Prevent function of system run-

(o]

away)

Watch dog timer is fail-safe function. This function
could reset the microcomputer §ystem when system
run-away.

The pulse that output from microcomputer’s soft
ware would detected by this IC’s internal band pass
filter. If the pulse frequency is off the normal micro-
computer’s frequency band, then this IC output the
reset pulse.

The internal band pass filter’s characteristics could set
external parts “R; “"and "' C,".

Remarks: RESET terminal and RESET terminal are open

Vaottery

collector output type. So both terminal should
connect the pull-up resistor about 5k§2.

, System Burst
—_—

N 1

CLK
' ,._I_LI
RESET —‘—,

|
| ) Reset Output Signal 3Hz
! |

Power on Reset Signal
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Output Voltage Veur (V)

5
4 o
= (Ta=25C)
o
g 3
3
H
E
© ) Tout =I0A1<A>
05(A)
I
LOTA)
1
0
0 5 10
Input Voltage Vi (V)
Fig.1 Vin-Vout Characteristics
) Y — P
z ( Ta=25°C) Cr=0.22(u F)
/ s !
N < St Cr=0.1( F)
R=05(Q) 02(Q v
/ 4 s ow L
A /] s £ |
/ 7 s / Cr=0.047(uF)
3= ///"'/-I——‘
P
0 =]
50k 100k 200k 500k M
0 1 2 .
Output Current Low (A) Resiswor Ru ()
Fig. 2 Current Limit Operation Characteristics Fig. 3 R:-Reset “H’Time Characteristics
o 200 ! /
2 (Ta=25C) Ck=0.22(u F)
Z /
S~ Cr=0.1
&2 / (uF)
gg M0
= E
iF / d
Y — . T
< Cr=0.047(uF)
0 = — |
50k 100k 200k 500k IM
Resistor Ri (Q)
Fig. 4 R:-Reset“L”Time Characteristics
<
200 ! L
> ( Ta=25C)
C / -
- Ck=0.22(u F)
N / / ('u=l).l(;zF)
S E o100
£ /
§§ /// Cr=0.047(u F)
B -~
0 a/
50k 100k 200k 500k IM
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Fig. 5 R:-ton Characteristics
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Clock Pulse Frequency (Hz)

7
\\
2% /
1k AN
500 j
N Permibsion Operationa]
Clock ‘Pulse Duty
N
200
N
Q N
N
N
100 =
BSFER
N
50 [ >
30
0 20 10 50 30 100

Clock Pulse Duty (%)

Fig.6 Permission Operational Colck Pulse

Duty VS. Fregency
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Clack Pulse Frequency (Hz)

20k
System Run-away
- Sense Region
10k! K
Ao
B (Ta=257C)
2% ‘_X
1k N
Normal
Operation Region [
500

N

100

20

-

S

System Run-away

Sense Region

20k

50k 100k 200k 500k M

Resistor Ry (Q)

Fig.7 Clock Pulse Frequency Input RangeVS. R:
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HA17733G,HA17733P,HA17733

Amplifier

@Differential Video

HA17733 is a video amplifier for wide band with small phase-
delay and excellent gain stability. This amplifier eliminates
external phase compensation and can fix the gain 10, 100 or
400 without using external elements. If some external
elements are used, any gain from 10 to 400 is available.

It finds main application in terminal units of computers,
interface or video amplifiers.

Industrial Use: . . .......... HA17733G, HA17733P
Commercial Use: . . .. ............... HA17733
B FEATURES

® WideBandWidth . . . ... ............ 120MHz

HA17733G

@ Good Response (DG-14)
® Gain is Easily Adjusted in the Range of 10 to 400
® Eliminates External Phase Compensation HA17733P, HA17733
B CIRCUIT SCHEMATIC
Vee
(0
Rs %Rio
LM £ A ﬂLJqs
K Qs
<& on
(DP-14)
INPUT INPUT2[ 17 R Tk
@_KQ. Q@ ORI
p —®) DouT2
Gain [GIA Rs gg GiB{Gain. o Riz Tk H PIN ARRANGEMENT
SELECT i ELE
a2 4 x D)
G2A !i. Ry GaB U
-jltli)(—: 1—_—{ INPUT 2 E E INPUT 1
o e Qe g, c E 5]
%f;. S T B
& A ; G2B E 12| G2a
GIB E E GlA
2 ] e
NC E I' Ne
OUTPUT 2 E E OUTPUT |
(Top View)
B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
Item Symbol HA17733G HA17733P HA17733 Unit
Suooly Volt Vee +8 +8 +8 v
upply Voltage Vee —8 8 —8 v
Common Mode Input Voltage Vinccan +6 +6 +6 v
Differential Input Voltage Vinwisn +5 +5 +5 \%
Output Current Tout 10 10 10 mA
Power Dissipation Pr 625 *1 1625 *2 625 *2 mW
Operating Temperature Topr —20 to +75 —20 to +75 0 to +70 T
Storage Temperature Toe —65 to +150 —65 to +150 —55 to +125 C

% 1 When Ta is 70°C or more. the derating curve will be 7.6m\W/°C.
* 2 When Ta is 50°C or more. the derating curve will be 8.3m\V/°C.
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Il RECOMMENDED OPERATING CONDITIONS (Ta=257C)

Item Symbol Min Typ Max Unit

Sunnly Vol Vee 5.0 6.0 7.0 \'
y t

upply Voltage Vee —5.0 —6.0 ~7.0 v

M ELECTRICAL CHARACTERISTICS-1 (Vce=—Ver=6.0V, Ta=25T)

Item Symbol Test Conditions Min Typ Max Unit
Operating Supply Voltage Range Vee Note 1 3 — 8 v
Vee -3 - -8 \'
Gainl Note 2 250 400 600
Differential Voltage Gain Gain2 Avp Note 3 80 100 120
Gain 3 Note 4 8 10 12
Gainl - 40 -
Bandwidth Gain2 BwW R.=50 0 - 90 - MHz
Gain3 — | 120 =
Gain1l — | 10.5 -
Rise Time Gain2 t. R.=50 Q, V..=1V, , - 4.5 12 ns
Gain 3 - 2.5 -
Gainl — 7.5 -
Propagation Delay Time Gain 2 [ R,=50 Q, V.u=1V, , - 6.0 10 ns
Gain3 — 3.6 -
Gain 1 - 4.0 -
Input Resistance Gain 2 R.. 10 30 - kQ
Gain 3 - 250 -
Input Capacitance Gain 2 Cin - 2.0 - pF
Input Offset Current I - 0.4 5.0 HA
Input Bias Current I, - 9.0 30 HA
Input Noise Voltage Vicins R,=50 Q, BW =1kHz to 10MHz - 12# — #Vrms
Input Voltage Range v +1.0 - - \%
Common Mode Rejection Ratio Gain 2 CMR Vew=£1V ;;;z‘o‘:?z (ﬁ) 22 : dB
Power Supply Rejection Ratio Gain 2 PSRR | AVcc==10.5V, AVee=+0.5V 50 70 — dB
Input Offset Voltage Gainl Vocorn — Q.G 1.5 \
Gain2,3 — | 0.35 1.5
Output Common Mode Voltage Ve 2.4 2.9 3.4 A%
Peak to Peak Output Voltage Voo » 3.0 4.0 — Vp-p
Output Sink Current ) 2.5 3.6 - mA
Output Resistance R... - 20 - Q
Supply CurYent Ice — 18 24 mA
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B ELECTRICAL CHARACTERISTICS-2 (Vcc=—Vee=%.0V, Ta=0 to +70°C)

Item Symbol Test Conditions Min Typ Max Unit

Gain 1 Note 2 250 - 600

Differential Voltage Gain Gain 2 Avp Note 3 80 - 120

Gain 3 Note 4 8 - 12
Input Offset Current jm - - 6.0 HA
Input Bias Current I, - — 40 ~A
- Input Voltage Range 7 +1.0 — - \
Common Mode Rejection Ratio Gain 2 | CMR Vew=11V, f<100kHz 50 - — dB
Power Supply Rejection Ratio Gain 2 PSRR | AVie=710.5V, AVer=10.5V 50 — — dB
Input Offset Voltage All Gain| V..., - - 1.5 \'
Peak to Peak Output Voltage Voo » 2.8 — — Vp-p
Output Sink. Current J " 2.5 - - mA
Supply Current Ice - - 27 mA
Input Resistance ' Gain 2 R.. 8.0 - - Q

BELECTRICAL CHARACTERISTICS-3 (Vce=—Vie=6.0V, Ta=—20 to +75C)

Item Symbol Test Conditions Min Typ Max Unit

Gain 1 Note 2 200 - 700

Differential Voltage Gain Gain 2 Avp Note 3 70 - 130

Gain 3 Note 4 7 - 13
vlnput Offset Current I - — 7 . MA
Input Bias Current I - - 50 HA
Input Voltage Range Vi +1.0 — — \Y
Common Mode Rejection Ratio Gain 2 CMR Vey=*+1V, f=100kHz 46 - — dB
Power Supply Rejection Ratio Gain 2 PSRR | AVie=10.5V, AV,p=%0.5V 46 — — dB
Output Offset Voltage All Gain| V.., - - 1.5 AY
Peak to Peak Output Voltage Vo v 2.8 - - Vp-p
Output Sink Current Ink 2.5 - - mA
Supply Current I - — 29 mA
Input Resistance Gain 2 R.. 7.0 - — kQ

Note) 1. In this range. the apmlifier can be operating.

2. Connect G\ and G
3. Connect G\ and G:i.

4. Open all of the terminals for gain select.
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Single Ended Voltage Gain Avp (dB)
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RELATIVE VOLTAGE GAIN VS. PEAK-TO-PEAK OUTPUT VOLTAGE, OUTPUT
SUPPLY VOLTAGE SINK CURRENT VS. SUPPLY VOLTAGE
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Differential Voltage Avo (diff)

DIFFERENTIAL VOLTAGE GAIN VS. SUPPLY CURRENT VS.
ADJUSTING RESISTANCE AMBIENT TEMPERATURE
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HA1127 o5 ramsitor avors

Hl PIN ARRANGEMENT

S
C,E e,
B;E 13 | E4( Substrate)
E,E EB,
B.E _1_1_10.
c,E EE.
a,|_'6__ Zla.
Es| 7 8 |C,

(Top View)

Note) Use pin-13 as the lowest potential of this IC.

(DG-14)

CHANGE IN THE COLLECTOR-
POWER DISSIPATION BY THE
AMBIENT TEMPERATURE

450
B ABSOLUTE MAXIMUM RATINGS (Ta=25C) s
Item Symbol HA1127 Unit £
Collector-Base Voltage Veso 20 v f 300
Collector-Substrate Voltage Vero 20 \ fg
Collector-Emitter Voltage Vero 15 \ H
Emitter-Base Voltage Veso 5 \ 2 150
Collector Current I 50 mA :ci
Collector-Power Dissipation Po* 300 mW
Collecotr-Power Dissipation Pt 750 mW
Operating Temperature T, —55 to +125 °C 0 50 100 150
Storage Temperature T —65 to +150 °C Ambient Temperature Ta ('C)
* per transistor
% % per package
W ELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol Test Conditions Min Typ Max Unit

Collector -Base Breakdown Voltage Visw.cuo | Ie=10pA, 1.=0 20 - - vV
Collector-Emitter Breakdown Voltage Visr ceo | Ie=1mA, Ryr=c0 15 - — A%
Collector-Substrate Breakdown Voltage Viswocro | Te=10pA, Te=0, Is=0 20 - = vV
Emitter-Base Breakdown Voltage Voskoeso | Ie=10pA, 1:=0 5 — - vV
Collector Breakdown Voltage Teso Ver=10V, [.=0 - 0.002 40 nA

Ivo Ver=10V, Ryr=o0 - - 0.5 HA
Collector-Emitter Saturation Voltage Vit st I-=10mA, Is=1mA - 0.17 Ay
Base-Emitter Voltage Vi Ver=3V I =1mA — 0.72 - vV

il I-=10mA - 0.80
. I =1mA 40 140 -
Forward Current Transfer Ratio hie Ver=3V
I-=10mA - 120

Gain Bandwidth Product fr Ver=3V, I:=3mA - 460 - MHz
Collector Output Capacitance C. Vew=3V, I.=0, f=1MHz - 1.7 - pF
Emitter Input Capacitance C., Ves=3V, I.=0, f=1MHz - 2.0 - pF

Lo , , - 35 - ns
Switching Time Loy Vom0V, - 130 ns

Io=10 T4 = —10I4: =10mA
[ - 75 - ns
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SWITCHING TIME MEASURING CIRCUIT

RESPONSE WAVEFORM
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Collector to Emitter Voltage Vee (V)
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COLLECTOR TO EMITTER SATURATION BASE TO EMITTER VOLTAGE VS.
VOLTAGE VS. COLLECTOR CURRENT AMBIENT TEMPERATURE
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HA17555GS , HA17555PS ,HA17555

@Precision Timer

HA17555 is an IC designed for accurate time delays or
oscillations.

It provides both of trigger terminal and reset terminal in
order to enable a wide scope of application including Mono
Multi Vibrator and Astable Multi Vibrator, and the number
of external components is fewer. Further, it's compatible
with NE555 of Signetics.

Industrial Use: . . ... ...... HA17555GS, HA17555PS
Commercial Use: . . . . .. .. ........... HA17555
B FEATURES

® Mono Multi Vibrator can be constructed with one resistor
and one capacitor.

® Astable Multi Vibrator can be constructed with two re-
sistors and one capacitor.

® Delay time can be established widely from several
useconds to several hours.

@ Pulse Duty can be controlled.

® The maximum value of both sink current and source
current is 200mA.

® Direct connection of output to TTL is possible.

® Temperature/delay time ratio is 50ppm/°C (typ).

® Qutput is normally in the ON and OFF states.

W APPLICATIONS

@ Delay Time Generator (Mono Multi Vibrator)

® Pulse Generator (Astable Multi Vibrator)

@ Pulse Width Modulator

® Puise Location Modulator

® Miss Pulse Detector

H BLOCK DIAGRAM

R 5
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Voltage
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Discharge
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HA17555GS
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HA17555GS, HA17555PS, HA17555

Hl ABSOLUTO MAXIMUM RATINGS (Ta=25C)

Item Symbol 1)HA17555GS | 2)HA17555PS 2)HA17555 Unit
Supply Voltage Vee 18 18 18 \%
Discharge Current I 200 200 200 mA
Output Source Current Turce 200 200 200 mA
Output Sink Current ) 200 200 | 200 mA
.Power Dissipation Pr* 600 600 600 w
Operating Temperature Topr —20 to +75 —20 to +75 0to +70 °C
Storage Temperature T —65 to +150 | —55 to +125 | —55 to +125 °C
%*1) : Value under the condition of Ta =35°C. In case of more than it, 6.7mW/°C derating shall be performed.
2) : Value under the condition of T« =60°C. In case of more than it. 6.7mW/°C derating shall be performed.
M ELECTRICAL CHARACTERISTICS (Vcc=5 to 15V, Ta=25C)
Item Symbol Test Condition Min Typ Max Uuit
Supply Voltage Vee 4.5 | - 16 v
Vee=5V, R,=00 - 3.0 6.0
Supply Current * Ioe mA
Vee=15V, R =00 - 10 15
Timing Inherent Error - 1.0 —_ %
Error ** Ta Dependency E, Ta=--20 to +75C - 50 — ppm/°C
Voltage Dependency Vee=5 to 15V — 0.01 - %/V
Threshold Voltage Vir - 2/3 = xVee *
Trigger Voltage Vi Ve 15V — 5.0 — \%
Vee=5V - 1.67 -
Trigger Current I - 0.5 - #A
Reset Voltage Vi 0.2 | 0.5 1.0 v
Reset Current Iy - 0.1 - mA
Threshold Current Lin*** - 0.1 0.25 HnA
Control Voltage Ve Voo 18V 9 10 1 A
Vee=5V 2.6 | 3.33 4.0
I..+=10mA - 0.1 0.25
Veom15V I...+=50mA — 0.4 0.75
Vi I.+=100mA - 2.0 2.5 \
I..=200mA — 2.5 -
Output Voltage Vie=5V, Il.,.=5mA — 0.25 0.35
Voom15V Liree=200mA - 12.5 -
Vi l.uee=100mA 12.75 13.3 - \%
Vee=5V, I....=100mA 2.75 3.3 —
Output Rise Time t. - 100 - ns
No loading
Output Fall Time tr - 100 - ns
Oscillation Pulse Width t. b 10.0 - - Hs

*When output is Low (When it is high. .. is lower by ImA typically.)

* %R\ R.-1k to 100kQ, C- 0.1xF, T.. 5V or 15V

*k¥(R,- R at V.. 15V is determined by the value of Ith. It is 20MQ max.
* % % ¥ Output pulse width at mono multi circuit Output high level pulse width at astable circuit
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HA17555GS,HA17555PS, HA17555

l CIRCUIT SCHEMATIC

Supply Voltage Vcc Output Voltage Vou (V)
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HA17555GS, HAS55PS, HA17555

Relative Delay Time

OUTPUT VOLTAGE (Vo) VS.
SINK CURRENT (2)

OUTPUT VOLTAGE (Vo ) VS.
SINK CURRENT (3)
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HMDESCRIPTION OF HA17555 OPERATION

HA17555 is an Integrated circuit which can provide accurate
a time delay and oscillation. As for time delay or mono
multi operation, output pulse width can be determined by an
external resistor and a capacitor. At astable operation,
oscillation  frequency and duty cycle can be controlled by
two external resistors and an external capacitor separately.
It is possible to attract and induce 200mA current by output.
And also, operating voltage can be used at a wide range of
supply voltage, 5 to 15V. Particularly when supply voltage is
5V, output level is compatible with TTL input. '
HA17555 consists of reference voltage circuit, two kinds of
comparators, flip-flop, output circuit, reset and discharge
circuits.

1. Reference Voltage Circuit

Supply voltage is divided into three by 5k$2 resistance of R,
R, and R,. The edge of (2/3) Vcc is connected to compara-
tor A, the edge of (1/3) Vcc is connected to comparator B.
And (2/3) Vcc is drown out as a control terminal. By im-
pressing bias at (2/3) Vcc from the outside, it is possible to
change threshold level and trigger level of comparator.

2. Comparator A

Comparator A consists of Q, and Q,, R,, R,, R, and R;.
The base of Q, is connected to reference voltage (2/3) Vcc.
It switches when voltage of threshold terminal switches (2/3)
Vce off. In other words, when voltage of threshold terminal
is beyond (2/3) Vcc, Q, and Q, which have been cut off is
turned “ON”, and Q, and Q, are turned “OFF". So, Q, is
turned “ON’’ and resets flip-flop.

3. Comparator B

Comparator B consists of Q, through Q,,, R, and R,. The
base of Q,, is connected to reference voltage (1/3) Vcc, it
switches when voltage of trigger terminal cuts (1/3) Vcc off.
In other words, when voltage of trigger terminal decreased to
less than (1/3) Vcc, Q,, and Q,, which have been cut off are
turned “ON". Q,, and Q,, are turned “OFF". So, trigger is
supplied to the set side of flip-flop from the collector of Q,,,
and flip-flop is set.

4. Flipflop

PS flip-flop consists of Q,, through Q,,, R,, and R,,. Itis
stabilized when Q,, is turned “ON" and Q,, “OFF”, by
reset signal from comparator A. On the other hand, it is
stabilized when Q,, is turned “OFF"” and Q,, “ON", by set
signal from comparator A.

5. Output Circuit

Output circuit consists of Q,, through Q,,, R,, through
R,s;. Output level is determined, according to the state of
output transistor Q,, of flip-flop. When Q,, is “ON",
output level is “Higg”, and when Q,, is “OFF", itis “Low".

6. Reset

By making reset terminal “Low’’ level, prior to any other
input, the reset function can make it ““Low’’ level and start-
ing point of a new cycle.

7. Discharge Circuit

Discharge circuit can discharge or charge timing constant con-
nected to the both edges, by “ON" or “OFF" of Q,,. Q,, is
turned “ON" and discharged at “Low' level or when the
above reset is made.
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HA17555GS, HA17555PS, HA17555

l AN EXAMPLE OF OPERATING CIRCUIT
1. Mono Multi Operation

V(Cfc
(4)[ (8) R,3 R,
Reset Vee A
o
@ Output @ Output
InputO———{Trigger
Discharge
(5)] Control &
Voltage
Threshold
0.1uF
u GND (6) 1.
Fig.1 Mono Multi Circuit
mn_ E
10
3 b O = ==
M ====: g:—_-;\‘* = =
> L
it
i
; &
j,,* 100ng
;: Y 1 V 1
E / A1y /
2
£ 1om
g
[S]
4
<5
Im -
4 il
1001 =
101 I
0.001 .01 .1 0 100

Timing Capacitance (' (uF)

Fig.2 Output Pulse Width vs. Timing Capacitacne

Fig. 1 shows a mono multi circuit using HA17555. It is
assumed that the external capacitor C is discharged by dis-
charge transistor Q,, inside IC in the beginning.

By adding trigger terminal to negative-going input trigger
pulse, flip-flop is set and Q,, us turned “OFF"”. Output is
driven to “High"".

Capacitor C is charged through resistor R at time constant 7

= RAC. When voltage at both edges of capacitor C reach
threshold voltage of comparator A, flip-flop is resetand Q,,
is conducted, capacitor C is discharged. So, output is re-
turned to ““Low’. Mono multi operation is occurred when'
negative-going input pulse reaches trigger level. When once
mono multi operation is occurred, re-trigger could be made,
even if re-trigger signal is added during this period.

According to Fig. 1 and Fig. 2, output pulse width is deter-
mined to be tw = 1.1 RAC. If negative-going pulse‘is added to
reset and trigger terminals at the same time during mono
multi operation, capacitor C is discharged and mono multi
operation is occurred again at positive edge of reset pulse.
Output remains “Low” as long as reset terminal is “‘Low"”.
When the reset terminal is not used, it is better to connect
reset terminal to Vcc in order to prevent miss operation.
Fig. 2 shows the characteristics of output pulse width when
the values of Ra and C are changed. Operating waveform is
shown in Fig. 3. If the reset terminal is connected to mono
multi circuit subordinately, it is possible to make sequential
timer.

2. Astable Operation

If the second resistor Rp is added to the circuit shown in Fig,
1 and threshold terminal is connected to trigger terminal,
HA17555 operates as an astable circuit. Fig. 4 shows the
circuit construction of HA17555,

Capacitor C is charged through Ra and Rp, discharged
through RB in this circuit. Therefore, duty cycle can be con-
trolled by Ra and RB. In Fig. 4, capacitor C charges and dis-
charges between threshold voltage (about 0.67 Vcc) and
trigger voltage level (about 0.33 Vcc). Fig. 5 shows a typical
example of astable operation. In this figure, time (tH) when
output is “High" level, time (t{) when output is ‘‘Low",
oscillation frequency (f) and duty cycle (D) are calculated as
follows;

t1=0.693(Ra+R5)C

t.=0.693Rz-C
_ 1.44
f (Ra+2Rs)C
RB
Duty Cycle D=m
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HA17555GS, HA17555PS, HA17555

Input

Output

Output at
Terminal C
(6pin)

5V

100us

(a) Vec =5V

5V

10v

Input
(5V/div) 0

Output
(10V/div) 0

Output at

Terminal C
(6pin) ¢

(10V/Adiv)

10V

(b} Vec =15V

Ra=8kQ
C=0.01uF
RL=1kQ

Ra =8kQ
C=001uF
RL=1kQ

Fig.3 Operation Waveform of Mono multi circuit

Open

0.1uF

Vee
(4) (8) R
S R
Reset Ve L T
(2) Output 3)
—{ Trigger
Disch
Sl
5)] Control Re E
Voltage
Threshold
(6)
GND L
5 » !

Fig.4 Astable Circuit

0 Output
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T T T
v |
L |
: — Ra=3.9kQ
| Rs =3.2kQ
Outpiit I C=0.1uF
o ; ? Ru=1kQ
Output at — 3 .
Terminal €T N\ N -~
(6pin) T !
0 +
v 200u's
e tw
(a) Vee =5V
T ]
v |
1 1
N |
i Ra=3.9kQ
Output | Rs =32k
T i : C=0.1uF
ofeers Ru=1kQ
i
Qutput at
Terminal C | 1 ] LN
NA
(6pin)
0
v 200us

(b) Vec =15V

Fig.5 Operation Waveform of Astable Circuit

3. Cautions in Use

Such integrated circuit for timer as HA17555 tybe may
produce switching noise on power supply and GND line dur-
ing usage. In this case, abnormal outpht waveform may be
produced by impedance inside power supply or impedance
between power supply and GND. So, please take considera-
tion in order to make impedance of each wiring less than the
following value at packaging.

Ko Ra
i _‘ E 3
ki 1 8
Vee ﬁ 2 7 J, Rs
'l’ 3 6
4 S .
0.luF T
’ R
o
R,: Power supply output impedance
R, £50mQ
R, , R, ¢ Lead wiring resistor
R, t+R,;, £100mQ
R,,. R, Substrate wiring resistor

R,, +R,, <20mQ
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HA16605W e conrse

Recently burner control equipment has been improved and
required to obtain small outline, high performance and multi
functions. And now, electronic burner controller is going to
become more popular to save energy and to have better
safety functions. -

The HA16605W is a one chip monolithic IC, integrated of
the sequential control part in the burner ‘control equipment.
This IC has four sequence control modes, so that it can
provide functions for various burner systems.

In each mode, fail-safe functions are provided. And this IC
has capability of drive relays directly.

W FEATURES

Four kinds of fixed control sequence

Commercial frequency 50/60Hz can be used for the clock
pulse of internal timer.

Transistors which can drive the power relay directly are
built in.

Comparators are built in.

Provides safety functions.

M BLOCK DIAGRAM

Input frm e — e m e oo

Terminal ! -: Out;
e ! i upu?
5 ===n  Terminal
@ 1 | ! | 1
] i i
@ : H P Timer S Timer : E
o I | e
® il | IR
il 2 2
e MR NN
. Lol
(R R
- [l bl
e L
Q| Iz h—et Control Circuit e 2 :>@
SRE |
| & E
®| ! e
1
nput Lheck: I
Terminal i
R !
|
® e
® ’

H PIN ARRANGEMANT
oY
ne [2]

s[5] 18] FDe
vee [1] 17] st
EV E 16] T
ic: [4] [15] wr
ro 7]

w (] ] e

aum ] 12] Ne
axp [io] 1] cp

(Top View)

(DP-20)
Hl PIN DESCRIPTION
Pin No. [ Symbol Description
1 P Decoder input to discriminate four
kinds of control sequence.
2 NC Non Connect
3 s Decoder input to discriminate four
” kinds of control sequence.
4 Vee Power Supply
Power transistor output for driving
5 EV* the magnetic-valve.
6 1G* Power transistor output for driving
the ignition equipment
Power transistor output for driving
7 RUN* the operation lamp
8 M+ Power transistor output for driving
the blower motor
Power transistor output for driving
9 ALM* the alarm lamp
10 GND GND
11 CcP Clock signal(50/50Hz)input
12 NC Non connect
13 EM Emergency stop signal input
Output of the water temperature
u WTe detection signal
15 wT Input of the water thermo signal
16 T Input of the reference voltage for the
water thermo and for the safety thermo
17 ST Input of the safety thermo signal
18 FD. Output of the flame detection signal
g
19 FD< Input of the flame detection signal
D Input of the reference signal for the
20 FD& flame detection

*Open collector output of NPN transistor
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HA16605W

HMABSOLUTE MAXIMUM

RATINGS (Ta=25C)

Item Symbol Rating Unit Applied Terminal Note
Supply Voltage Vee 7.0 V| Vee
—0.5 to Vec+5.0 CP, EM
Input Voltage Vin —0.5 to Vec+1.0 VvV |P, S
—0.5 to Vec+3.0 FD&, FD&, T, ST, WT 1
—0.5 to Vec+3.0 FDec, WTce
Output Voltage Vour \
—0.5 to +25 IG, EV, RUN, M, ALM 2
2 FDe, WTe
Output Current Lot 75 mA |IG, EV, M, ALM
100 RUN s
Power Dissipation Pr 500 mW
O»perating Temperature Range Topr —20 to +75 ‘C
Storage Temperature Range Tes —55 to +125 °C
Notes! 1. Internal impedance of the drive source should be more than 1kQ.
2. Allowable value when the output transistor is in OFF state.
3. Allowable value when the output transistor is in ON state.
BMELECTRICAL CHARACTERISTICS
Item Symbol Test Condition min max Unit | Application Terminal | Note
Low Vie — 0.6
Input Voltage V | CP,EM 1
High Viy 2.8 —
Input Clamp Voltage Vie Iice=-—12mA -1.5 - V | CP,EM
Vee=4.5V, JoL=2mA — 0.3 V | FDc, WTe
Output Voltage (Low Level) Voo Vee=4.5V, [o.=75mA — 0.7 V | IG,EV,M, ALM
Vee=4.5V, Io.=100mA — 0.7 V | RUN
Low I Vee=5.5V, V. =0V —200 —| KA
Input Current CP,EM
High Lin Vee=5.8V, Vin=5.5V — 100 wA
Vee=5.5V, Von=8.5V - 0.2 MA | FDc,WTc
Output Current (High Level) Ton Vee=5.5V, Vou=20V - 50| uA |IG,EV,RUN,M
Vee=5.5V, Vou=25V - 1.0/ mA [ALM
Comparator Input Bias Current Lis Vee=5.5V, V=0V —250 — nA 2
Comparator Input Offset Voltage Vio Vee=5.0V, V.y=1.4V - 10| mV 3
Comparat:)r Common Mode Input Voltage Vew 0 | Vec—1.6 v 3
Supply Current Iec | Vee=5.0V - 70| mA
Power Supply Voltage Vee 4.5 5.5 v
Maximum Clock Frequency fecr 10 —1! kHz
Notes' 1. Low and High signal levels applied to terminals CP and EM.
2. This item is applied to the inputs of comparators, FD+, FD—, T, ST and WT.
3. These items are applied to FD+<«=FD—, T++ST and T++WT of the comparators.
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HA16605W

M SIGNAL STATES AND LEVELS OF I/0 INTERFACE

Interface Block

Terminal Name

Signal State

Signal Level

Decod Connect to Vcc at “1” level input, and to GND at “0” Vinz4.0V
ecoder level input. ViL=2.0V
Clock Interface CP
E P : N Vinz2.8V
mergency state is detected at Low level input on this Vit<0.6V
Emergency Input EM terminal, and ALM output turns ON.
FDG High level on this terminal turns the sequence to the flame
detected state.
Comparator ST Low level on the inverting input turns the ALM output ON. [ 0= Vcow< Vcc—1.6V
Low level on the inverting input turns the all sequence
WT R
eset.
-Driver EV, IG, Output OFF equals to “1” level."
RUN, M, ALM Output ON equals to “0” level.

B SYSTEM CONNECTION

* 1
* 2
*3
* 4
*5

248

Vrs iy

Voo ey

*4

Clock Pulse

AL
1

HA16605W

*5

[ >_Eiﬁ
L]

- LEI,HEJLTITJFJL?I Lill;TJL;JE?L’

Emergency Stop

(50/60Hz)

LED for alarm lamp.

¥

Signal

LED for operation monitor lamp.

Relay coils to drive the electromagnetic-valve, the ignition equipment and the blower motor.
Device for flame detection ‘e. g. Cds’

Thermistors for detection of water temperature.

@ HITACHI



HA16605W

Il SEQUENCE TIME TABLE

Sequence Code | P 0 P P 0 P 1

Item S 0 S 0 S 1 S 1

Pre-purge Timing 8 sec 17 sec 17 sec 68 sec

Ignition Timing *1 9 MAX 4 MAX 8 MAX -

Post-ignition Timing - - 17 170

Safety Switch Timing 9 4 8 -

Ignition Return None None Possible -

Pre-purge Return Provided Provided Provided —

Note) *1 Ignition should be turned off at the same time of flame O}

%2 All values shown in this table are measured under the condition of that:
clock input : f= 60Hz (commercial frequency)

Il SEQUENCE CHART

®P:0, S:0 ®oP:1, S:O0

£ 0 8 7 b 0 17_21

E FAN S v = VALVE J_-_—-"_‘#

JR—

E- SNt — e, 6N —

B5g| D B5% | FD

52| TH r —_ 25| TH —r —
252 ALM —_ 232 ALM D o

Reset to

z o 8 “initial z 0 17 2

Z I —state H AN _a - —
] VALVE | ______r T - VALVE | ______ I | S
@ [oman »n IGN m

— RUN — RUN -  —

S FH) — o — i ED -

= TH i, 1 = _r —
z"g ALM 22 ALM

Pre-purge return

= o 17 £4 0 17 21

23| FAN ——— 3 AN PR — 1
SEZ | VALVE | ™ — ©E VALVE | = 1

@55 | IGN — «5 3| IGN —

57 [ RUN - E2 2| RUN e

Swe | FD —— Cw2E|l F-D —_—

=ga | B SE® 1y

PR —— 252q| ALM [N s W
£5% | AM - £5 e :

H 0 3 17 Y 0 17 21

SET | pan T I $23 | Fan T | —
CEE| VALVE | T 1 p N SEZ | VALVE (= ___ ot __
232 | IGN [ W g3® | IGN n

525 | RUN + EST | RUN | Tt —
S S | S Y

= ED — ——— =g | ED e T o o S
g % S
EEZ | Alm — F3E | Alm
Note) The values in the Time Chart show the operating time (in second)

at f=60Hz clock input.



HA16605W

®P:0, S:1 oPpP:1, S:1
-~ 0 172 3 0 68 170 204 )
— Y i
3 | vaLve — £ ALVE | _r L__r ! —
Eawg| 1GN — _w | HEATER |
29EE| PUN £ |rUN T
5858 E:D EZ |FD .
ZEwa KEM - g D 24 XIL{M T |
e S
4 0 17 % 34 E 0 68 170
E VALVE | — | S 3 o B P O O ——
———————— L £.= VE Jre—————1
e 1N - —— 535 |HEATER |5 1
3£ RUN r A g2 |RUN —
55 | TH ! — 2so2|ED
25 ALM | — SSEEITH, I _—
E223
s 0 17 34 m
g‘g -§ m g FAN _"0_;53_1
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H e
re 2232
< —
Se 0 17 ! ) o
35 z5 0 68 170204
oo -t 1 | N 2
Sirg| AN [T —| i | |
Haatll ] 1 £ HEATER [ T
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HA16617P ,HAT6619P eruorcscent vissay orvers

HA16617P and HA16619P are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respectively.

H FEATURES

® Capable of driving fluorescent display tube directly
because of the built-in 8 circuits and the built-in pull
down resistors at output.

@ For the inputs, CMOS or TTL accepted.

® The output pulse is non-inverted or inverted from the
input pulse in HA16617P or HA16619P, respectively.

(DP-18)

M CIRCUIT SCHEMATIC (1/8) HPIN ARRANGEMENT
®HA16617P ®HA16617P

w [1] 18] oumi
e [z [17] out2
s 3] [16] ouTs
v 1] [15] ours

R
IN " s 5] E 0TS
«X i 6| E 0UTe
w7 [7] E ouT?
1N E [11] ouTs
®HA16619P
GND E _1—0_.] Vee
GND
R:% (Top View)
IN o—m—-ﬂ «—— Q2
Cow

& @ HA16619P
. Q4

" —o OUT INI E ~ [18] oumi
2Rs N2 | 2 E 0UT2
oV N3 E 16] 0UT3
IN¢ E [15] ours
s[5 E ouTs
s 5| [13] ouTs
w [7] [12] out7
INg E (1] ouTs
Vee E E GND

(Top View)
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HA16617P,HA16619P

MABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA16617P HA16619P Unit
Supply Voltage Vee —0.3 to +65 +0.3 to —65 \'
Input Voltage Vin —0.5 to +10 +0.5 to —10 \Y
Output Voltage Vour —0.3 to +65 +0.3 to —65 A
Output Current* Lot —45 —45 mA
Power Dissipation** Pr 625 625 mW
Operating Temperature Topr —20 to +75 —20 to +75 K
Storage Temperature Tos —55 to +125 —55 to +125 °
* When only one cin‘-cuit turns ON.
* % Value when Ta<50°C. Derating curve above Ta=50C shall be 8.3mW/°C.
HELECTRICAL CHARACTERISTICS (Ta=—20 to +75C)
HA16617P HA16619P
Item Symbol Test Conditions - Unit
min typ max min typ max
Vec=60V, Vo=57V 2.4 — — — — —
Vin \'
Vee=—60V, Vo= —55V — — — — — | —1.5
Input Voltage -
Vec=60V, Vo=3V — — | 0.4 — — —
Vie v
Vee=—60V, Vo= —3V — — — —4 — —
Vee=60V, Vi.=2.4V — — | 0.22 — — — A
In Vec=60V, Via=5V — 1 —Jos| | | 1"
Vee=—60V, Vi,=—1.5V — — — | —280 — — | MA
Input Current -
Vee=60V, Vi.=0.4V — — 80 — — —| KA
I Vee=—60V, Vi.=—4V — — — | -1.2 — -
mA
Vee=—60V, V.,.=—7V — — — | —2.6 — —
V. Vee=60V, Vi,=2.4V, Jo=—40mA 57 58.5 — — — - v
° Vee=—60V, Va=—4V,lo=—d0mA| — | —| —| -3[-15] —
Output Voltage
Vee=60V, V.,=0.4V — — 3.0 — — —_
Voo \
Vee=—60V, Vi,.=—1.5V — — — | —55 — —
Icciorrs Vec=60V, all Circuit Vi.=0.4V — | 0.04 0.4 — — — A
Irecorrr | Vee= —60V,All Circuit Ve —1.8V] — | — | —|-1.3] —| —| "
Quiescent Current
Icccony Vec=60V, One Circuit Vi,=2.4V — — 4.0 — — — A
Irecons | Vee=—60V,All Circuit Vo= —4V | — | —| —| 12| —| —| "
B APPLICATIONS
O®HA16617P ®HA16619P
ov +55V
T T ¥+5v
Ve Voo) [ Vee ) Vel Vaa) [ GND .
1L or cMog— Hatgorrp [T Fluorescent T or cMos—'8] atesiop [T | Fluorescent
GND GND Display Tube GND Ver Display Tube
i‘_—_‘—_, lO\" l~55\'
-5V
T+5V T+60V oV
Vee( Vop) Vee Vee! Voo GND B
o IN oUT Fli o IN OUT Fl cent
FIL or CMO HAloo17p Dioatay Tabe I or chos Halgop Display Tabe

oV
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HA16617P,HA16619P

HMBASIC CIRCUIT

,);ldpcd:-‘!-ab—_l Aipcd el ab ‘ ,,,—Ppcdf"nbm
I I I JUse as the
Segment Driver
THAL6617 P
sl sl s
1 [~ /I

[ I [ [
hy 5L, B
c—/— [-

,{\,-___J\___(Lﬂ,

Ve
FiL

(a) Static Type
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HA16617PJ,HAT6619PJ «rucrescent oispiay orivers

HA16617PJ and HA16619PJ are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respectively. '

W FEATURES

® Capable of driving fluorescent display tube directly
because of the built-in 8 circuits and the built-in pull
down resistors at output.

® For the inputs, CMOS or TTL accepted.

® The output pulse is non-inverted or inverted from the
input pulse in 16617PJ or HA16619PJ, respectively.

(DP-18)

ECIRCUIT SCHEMATIC (1/8) M PIN ARRANGEMENT

®HA16617PJ ®HA16617PJ

w1 [1] [18] oumt
e 2] [17] our2
3 3] [16] outs
s e [1] [15] ours
IN o—~m—; Q R | ws [5] 1] ours

P ¥ | Re P 136 6] [13] outs
S GND wr [7] [12] oum7
N8 E E ouT8

®HA16619PJ GND E I_T] Vee
GND (Top View)
R %
1 o
x
@ % ®HA16619PJ
e g
fs " ot N E 18] OUTI

' e [7] [17] oute
. i 3] 16] 0uTs
wa 7] [15] ours
s 5 [14] outs
INg E [13] ours
w7 [7] E ouT?
s [8] [11] ouTs
Vee E E GND

(Top View)
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HA16617PJ, HA16619PJ

W ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol HA16617PJ HA16619PJ Unit
Supply Voltage Vee —0.3 to +65 +0.3 to —65 A
Input Voltage Vin —0.5 to +10 +0.5 to —10 \Y%
Output Voltage Viur —0.3 to +65 +0.3 to —65 \Y
Output Current * L —45 —45 mA
Power Dissipation ** Pr 625 625 mW
Operating Temperature T, —40 to +85 —45 to +85 C
Storage Temperature T —55 to +125 —55 to +125 °C

* When only one circuit turns ON
* % Value when Ta<50°C. Derating curve above Ta=50"C shall be 8.3mW/°C.

B ELECTRICAL CHARACTERISTICS (Ta=—45to +85°C)

HA16617PJ HA16619PJ .
Item Symbol Test Conditions - - Uuit
Min Typ Max Min Typ Max
Vee=60V, Vo257V 2.5 - - - - -
Viu \
Vee=—60V, V,=—55V = - - - - | —1.4
Input Voltage
v Vee=60V, Vo=3V - - 0.4 - - — v
B Vee=—60V, Vo= —3V - - - [ —43 - —
Vee=60V, V,,=2.5V - - 0.22 - — =
Iy Vee=60V, V,=5V - - 0.45 — - - mA
Vee=—60V, V.=—1.4V - — | —280 | —280 — -
Input Current .
Vee=60V, V.,=0.4V - - 80 - - - 1A
I Veg=—60V, V.,=—4.3V - - - -1.2 - - mA
Veg=—60V, V,=—7V — — - | —2.6 - -
Vee=60V, V.,=2.5V _ _ — -
y Io= —40mA 57| %85 v
o Ver=—60V, V,=—4.3V _ _ _ 31 —15 _
Output Voltage Iy=—40mA )
V. Vee=60V, V.,=0.4V - - 3.0 — - - v
ot Vee=—60V, V.=—1.4V - - - | -5 - -
Vee=60V, All _ _ _ _
Tccoorr Circuit V.=0.4V 0.04 0.4 N
Tieiors Vee=—60V, All _ _ _ 1.3 _ _
) EECOFF) Circuit Vi—=—1.4V .
Ouiescent Current -
Iec. on Vee=60V, One _ _ 4.0 _ _ _
cecom Circuit V,,=2.5V ) mA
I Vee=—60V, All _ _ _ 12 _ _
EECON Circuit V,,.=—4.3V

Il APPLICATIONS
®HA16617PJ ®HA16619PJ
Input voltage within O to +7V shall be used with regard to Input voltage within 0 to -7V shall be used with regard to
GND. GND.
ov +55V
T T Tf%\'
Vee( Voo) Vee Veeo Vag) GND .
C "
ITL or cMos— HAlgs17p [AT_f Fluorescent L or CMos— natsgrop [T Fluorescent
GND GND GND Vee
ll) v L -3V
t~sv
T*sv Tﬂsov oV
Vee Voo) Vec Ve Vun CN\D
T 1 -
7L or cMoS— HAteai7p [T Fuorescent TTL or CMOS—N tiatgsiop |1 Fluorescent
GND GND G\D Vee
r-—l ) l— 5\ l - 60\
(A
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HA16617PJ,HA16619PJ

HEBASIC CIRCUIT

i_ippcde‘n-b .ﬂpcd;n?ab
L | Ly

 — N —

===~

Vee
J
Use as the ‘élz
Segment Driver
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HITACHI AMERICA, LTD.
SEMICONDUCTOR AND IC DIVISION

HEADQUARTERS

Hitachi, Ltd.

New Marunouchi Bldg., 5-1,

Marunouchi 1 chrome

Chiyoda-ku, Tokyo 100, Japan

Tel: Tokyo (03) 212-1111

Telex: J22395, J22432, J24491,
J26375 (HITACHY)

Cable: HITACHY TOKYO

U.S. SALES OFFICE

Hitachi America, Ltd.
Semiconductor and IC Division
2210 O’Toole Avenue

San Jose, CA 95131

Tel: 408-942-1500

Telex: 17-1581

Twx: 910-338-2103

Fax: 408-942-8225

Fax: 408-942-8880

REGIONAL OFFICES

NORTHEAST REGION

Hitachi America, Ltd.

5 Burlington Woods Drive
Burlington, MA 01803
617/229-2150

SOUTH CENTRAL REGION

Hitachi America, Ltd.

Two Lincoln Centre, Suite 865
5420 LBJ Freeway

Dallas, TX 75240
214/991-4510

NORTH CENTRAL REGION

Hitachi America, Ltd.
500 Park Blvd., Suite 415
Itasca, IL 60143
312/773-4864

NORTHWEST REGION

Hitachi America, Ltd.

2099 Gateway Place, Suite 550
San Jose, CA 95110
408/277-0712

SOUTHWEST REGION

Hitachi America, Ltd.

21600 Oxnard St., Suite 600
Woodland Hills, CA 91367
818/704-6500

SOUTHEAST REGION

Hitachi America, Ltd.

4901 N.W. 17th Way, Suite 302
Fort Lauderdale, FL 33309
305/491-6154

DISTRICT OFFICES

e Hitachi America, Ltd.
1700 Galloping Hill Rd.
Kenilworth, NJ 07033
201/245-6400

e Hitachi America, Ltd.
3500 W. 80th Street, Suite 660
Bloomington, MN 55431
612/831-0408

e Hitachi America, Ltd.
80 Washington St., Suite 302
Poughkeepsie, NY 12601
914/485-3400

e Hitachi America, Ltd.
6 Parklane Blvd., #558
Dearborn, M| 48126
313/271-4410

e Hitachi America, Ltd.
6161 Savoy Dr., Suite 850
Houston, TX 77036
713/974-0534

e Hitachi America, Ltd.
5775 Peachtree-Dunwoody Rd.
Suite 270C
Atlanta, GA 30342
404/843-3445

e Hitachi America, Ltd.

18300 Von Karman Avenue, Suite 730

Irvine, CA 92715
714/553-8500

e Hitachi America, Ltd.

10300 S.W. Greenburg Rd., Suite 480

Portland, OR 97223
503/245-1825

e Hitachi (Canadian) Ltd.
2625 Queensview Dr.
Ottawa, Ontario, Canada K2A 3Y4
613/596-2777



@ HITACHI

A World Leader in Technology

Hitachi America, Lid.

Semiconductor and IC Division

2210 O'Toole Avenue, San Jose, CA 95131
1-408-942-1500

10M Printed in US.A



